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Preface

In recent years, research on teacher training and teaching practices has been increasingly  
enriched by scientific contributions from disciplines other than pedagogy. If we 
think about the didactic conduct that teachers must put into practice, we realize that 
interdisciplinary studies in areas ranging from psychology to philosophy, from neuro-
science to anthropology, and from sociology to linguistics are necessary to understand 
and refine teachers’ efficiency and effectiveness. This interconnected scientific 
network reflects the complexity of our society and invites researchers to reflect on a 
very delicate question: How is it possible to respect the methodological rigor of inves-
tigation and/or experimentation procedures while at the same time being open to 
interdisciplinary innovations characterized by a plurality of approaches to research? 
This question was, for me, the interpretative key with which I tried to examine the 
valuable contributions proposed by the authors of this volume, aware that in order to 
understand the fertile heuristic potential of the world of education and of teaching 
practices, it is necessary for scholars to “dare with awareness.”

In recognizing the scientific value and the future implementation of the research 
within this volume, I would like to present this preface as a connecting thread that 
intersects the contributions through the Embodied Cognitive Science (ECS) paradigm 
(Gomez Paloma, 2017).

At the basis of the ECS paradigm, there are a series of scientific constructs that 
span several disciplines but that univocally respond to the value of the Body–mind– 
environment relationship, according to a holistic and interconnected vision of the 
three entities. All the chapters, while having as their object a specific research model, 
investigate their field of study recognizing, albeit indirectly, the anthropological 
framing of the person as a complex unit. It is therefore evident that the authors’ vision 
is to frame teaching and teacher practices by enhancing didactic interaction and 
aware of the interdependent variables that come into play in training processes.

In my, “Introductory Chapter: Teacher Education between Science and Consciousness”, 
I emphasize this dialogue between disciplines, without which teacher training risks 
failing.

Chapter 2, “A Comparative Study of Groups of Teachers on the Perceived Nature of 
Effective Teaching and Learning Science” by Kenneth Adu-Gyamfi, Isaiah Atewini 
Asaki, and Benjamin Anim-Eduful, clearly illustrates how teaching cannot fail to 
consider the complex plurality of the capabilities to be developed in students, valuing 
the principles of active participation and qualitative circularity between the teaching 
and learning process.

Chapter 3, “Assessment of Students’ Reading Comprehension Skills in Teaching 
English” by Farida Huseynova, confirms the need for an interactive role of the 
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student. Naturally, this didactic interaction, which is necessary for the student to 
build knowledge and develop talents, goes hand in hand with the personality of 
the teacher, specifically with the teacher’s perception of his or her own professional 
identity.

The teacher’s professionalism understood as the ability to interact empathically with 
and among students, acquires increasing value for a teaching practice to be effec-
tive and meaningful. This is also confirmed by Norway’s national education system, 
which, through its institutional documents, calls for the acquisition of methodological 
skills to stimulate new abilities already in preschool children. Chapter 4, “Critical 
Thinking, Problem-Solving and Computational Thinking: Related but Distinct? An 
Analysis of Similarities and Differences Based on an Example of a Play Situation in an 
Early Childhood Education Setting” by Francesca Granone, Elin Kirsti Lie Reikerås, 
Enrico Pollarolo, and Monika Kamola, in addition to examining the differences and 
similarities of the constructs of the three cognitive abilities, shows how useful it is to 
assume specific ways of didactic conduct, also through technology, to solicit one or 
the other ability, aware of how incisive the relational attitude of the teacher is as well 
as his or her verbal cues.

This professionalism, in order to be translated into valid, effective, and satisfactory 
teaching practices, requires training that shifts the focus away from the content to be 
learned, directing the focus towards the transformation of the teacher’s forma mentis 
as a person. Chapter 5, “Physical Education in the Academy – Learning Takes Body” 
by Filippo Gomez Paloma, Chiara Gentilozzi, and Antonio Cuccaro, focuses on the 
didactic approach used to teach Motor Education in the five-year degree course that 
trains future teachers in Italy. The chapter examines the specifics of the ECS approach 
to understand its relevance within the college world, to be reflected as an approach 
in the didactic implementation of future teachers. Teacher’s competencies that we 
consider indispensable are therefore closely linked to the anthropological and complex 
vision of the person, being authentic must prevail over having knowledge.

In inviting readers to view and reflect on the contents of this volume, I would like to 
congratulate the authors for their precious contributions and thank them for having 
argued and thus given scientific weight to such important issues. It is thanks to these 
small research steps that we build the human architecture for our civilization’s future.

Filippo Gomez Paloma
Department of Education Science,

Cultural Heritage and Tourism,
University of Macerata,

Macerata, Italy
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Chapter 1

Introductory Chapter: Teacher 
Education between Science and 
Consciousness
Filippo Gomez Paloma

1. Introduction

Teacher education has been—is and will always be—a topic dear to my heart and 
of great social impact and significance. Perhaps it is because my career began with 
teaching in a middle school, or perhaps it is because, albeit for a little more than a 
year, I served as a headmaster; what is certain is that, although I am now a scholar (of 
course in Education Science), my heart always beats for and within the school world.

This strong passion and motivation of mine prompted me to study teacher educa-
tion pathways not only from a mono-perspective point of view, hence pedagogical, 
but also an interdisciplinary one, starting with cognitive psychology and cognitive 
neuroscience. This is because in recent decades, the mentioned disciplines, together 
with philosophy, linguistics, and anthropology, have invested major energy and 
substantial funding toward investigating the topic of learning and training.

That is why this introductory chapter of mine will focus on the necessary dialog of 
these disciplines, without which teacher education risks failure. Its fragility, in fact, 
will manifest itself very soon if the cultural and deontological heritage of the teacher 
is not supported by a rich scientific knowledge of the neurobiological mechanisms, 
which include the processes of learning and training, as well as by an examination 
of the person/teacher, aimed at a deep awareness of the emotional significance and 
subjective value attached to the role and mission of a teacher.

To enhance this view of mine, I will articulate this contribution according to two 
paragraphs: the first on recent neuroscientific research that has elevated and detailed 
the knowledge of the mechanisms underlying learning processes and that, therefore, 
underpins the quality of methodological approaches inherent in teacher education; the 
second, consequently, on the pedagogical, didactic, and training implications that the 
aforementioned research has induced, focusing on an innovative, internationally recog-
nized paradigm—embodied cognitive science—that, in order to qualify the profession-
alism of teachers, allows the indispensable richness of science to be combined with the 
ethical, emotional, intimate, and singular depth of each teacher’s consciousness.

2. Educating, starting with the learning and forming brain

Recent contributions of neuroscience in pedagogy and education begin to consider 
the body as an integral part of the learning moment in that “...the mind must not 

XIV
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only move from a nonphysical cogito to the realm of biological tissues but must also 
be related to a whole organism, possessing an integrated brain and body and in full 
interaction with a physical and social environment” ([1], p. 341).

Learning, moreover, is a process that can take place even without the appearance 
of new behavior; the fact that learning has taken place, in fact, can also be inferred 
from changes in preexisting behaviors, since “both observable changes in behavior 
and other changes that cannot be inferred from simple observation of external behav-
ior reflect learning-induced brain changes” [2].

Concerning the topic of embodiment and corporeality, the dialog between psy-
chological studies, cognitive research, neuroscience, and mathematical models on 
the one hand and phenomenology, cultural studies, and semiotic studies of language 
on the other could nowadays foresee a new breakthrough: the creation of intermedi-
ate models, such as the study of spatiotemporal patterns through which we humans 
perceive ourselves in an environment as well as in relation to body/space coordina-
tion and coordination between body and objects [3]. We could say with a slogan: 
neither bottom-up nor top-down, but levels that are the result of continuous mutual 
translation.

As we all know, excitable cells specialized in receiving stimuli and conducting 
impulses from nerves transmit information to other parts of the body thanks to 
synapses which, as H. Maturana and F. Varela argue, “...are the point of close contact 
between neuron and neuron or between neuron and other cells; at these points the 
membranes of both cells, besides adhering closely, are specialized for the secretion of 
special molecules, the neurotransmitters. Therefore, a nerve impulse, which travels 
through a neuron and finally reaches a synaptic termination, causes the secretion of 
the neurotransmitter that crosses the space between the two membranes and triggers 
an electrical change in the following cell” [4].

“The main consequence of this arrangement,” writes Antonio Damasio, “is that 
whatever neurons do depends on the group of neurons that surrounds them...; that 
whatever systems do depends on how groups influence other groups, in an archi-
tecture of interconnected groups” (1995, p. 66). It is in the body, then, that there is 
an uninterrupted activity of information exchange, processing, and storage. This 
demonstrates the enormous pliability of the brain, especially in the early years of 
life, and the capacity for change in relation to environmental stimuli: the cognitive 
functions that have helped to establish the architecture of the mind are nothing 
more than the result of continuous interactions between precreated structures at 
the genetic level and the environment, in a feedback system that has enabled man, 
from the very beginning to process information, storing the data necessary for his 
adaptation.

Inputs from a stimulating environment can decisively affect synaptic formation 
because, although there are billions of them, the neurons that characterize an adult 
human brain are connected in a specific way; there are, in fact, orderly and well-
defined connections and what comes to be, as Elisa Frauenfelder explains, is a kind of 
“...neural Darwinism: cells assemble, forming sets, groups of cells, that repeat them-
selves thousands of times and tend to compete to acquire the possibility of transmit-
ting the greatest number of reproductions of themselves, thus fitting into the law of 
evolution” (2002, p. 46).

In a broader sense, such plasticity is identified with man’s own ability to learn, 
through mechanisms of synaptic connection and disconnection. The phenomenon of 
sprouting, which literally means sprouting, explains how the number of synapses can 
increase exponentially during the early years of childhood. This is mainly due to an 
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environment rich in stimuli and the presence of critical periods so defined because of 
their sensitivity to external stimulation that causes synapses to increase.

“It can be hypothesized that the first 10–15 years of life constitute the most fruitful 
period in which, in fact, new conceptual structures are formed: new cellular assem-
blies arising directly from sensory stimulation, or new higher-order assemblies. It 
is a period in which both the structural parts and the patterns of later thinking are 
developed. And this process may come to an end with the progressive channeling and 
control of perception by the earlier perceptual structures: new wine goes into the old 
barrels. After that, in adult thinking, each new concept is a reorganization of the pre-
existing ones; the possible quantity of new ideas depends on the quantity and variety 
of the more primitive ones, which were formed earlier” [5].

Another element to be considered in the study of the body/learning relationship 
is the assurance that affectivity conditions the learning and cognitive processes. 
On a biological level, in fact, there is a part of our brain, namely the limbic region, 
that is the seat of emotionality. It is connected to the environment by afferent nerve 
pathways, which convey sensations and perceptions to the brain, and is integrated 
with the cerebral cortex. Affections, therefore, are “the original magma of the self,” 
and “the building blocks of its identity,” as they dominate the subject and structure it. 
There is a deep connection between emotional processes and learning since it “always 
develops within an affective relationship.” The educational relationship means the 
existential presence of the educator for the learner [6].

The emerging view of embodied cognition considers cognitive processes deeply 
rooted in the body’s interaction with the world. This position, as read by scholar 
Margaret Wilson of the University of California at Santa Cruz, currently harbors 
several distinct versions, some of which are more controversial than others. The fol-
lowing six versions are distinguished and evaluated:

1. cognition is situated;

2. cognition is subject to time;

3. we reduce cognitive workload through the environment;

4. the environment is part of the cognitive system;

5. cognition is for action;

6. autonomous cognition is body-based.

Of these, the first three and the fifth appear to be at least partly true, and their 
usefulness is best assessed in terms of the range of their applicability. The fourth ver-
sion, the scientist argues, is very problematic. The sixth has received less attention in 
the literature on embodied cognition, but may in fact be the best documented and the 
most powerful. To arrive more clearly and functionally at this concept, it is appropri-
ate to start with some basic mechanisms of neural networks.

Understanding how these individual molecular axon guidance systems function 
at the individual axon level and how they compete to initiate and divert axon migra-
tion is, in fact, one of the main goals of neurobiology. Neural networks have been 
shown to be capable of adaptation and learning, although a deep and comprehensive 
study of the activity of their circuits has so far been prevented by the complexity of 
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mammalian networks. Network plasticity can be defined as the modeling of network 
morphology and as the function induced predominantly by experience.

This process is based on the complex, activity-dependent changes in neurons that 
modulate the ability of the neural network to transfer, process, and store information.

After the first period of genetically determined development, neural circuits 
are continuously modified and shaped by experience (epigenetic development). 
Therefore, synaptic connections that are sparsely used are weakened, even to the 
point of disappearing, while frequently used synapses are strengthened and eventu-
ally grow in number [7].

As mentioned above, synaptic efficiency can be modulated, very finely and on a 
widely varying time scale, by a set of factors, including previous network activity, 
generation of second messengers, and functional changes in pre- and postsynaptic 
proteins, as well as regulation of the expression of genes involved in synaptic growth, 
survival, and transmission.

This results in changes in the efficiency of synaptic transmission, which can last 
from fractions of seconds to minutes in the case of short-term synaptic plasticity, to 
hours, days, or months in the case of long-term synaptic plasticity. These changes 
profoundly affect information processing between inputs and outputs of the network, 
ultimately shaping its flow.

Wanting to outline the salient points of the new neuroscientific research in order 
to reflect on possible spillovers in the field of teaching, particularly on the body/learn-
ing relationship, we can consider the following points incisive.

1. LeDoux’s studies argue that changes in synaptic connectivity underlie learn-
ing and that memory represents the consolidation of these changes over time 
“...when weak and strong inputs to a cell are active at the same time, the weak 
pathway is enhanced through its association with the strong pathway” [8].

2. The theory of Giacomo Rizzolatti in which it is inferred that mirror neurons are 
a class of neurons that are selectively activated both when an action is performed 
and when its performance is observed by others. The observer’s neurons thus 
“mirror” what is taking place in the mind of the observed subject, as if the ob-
server himself were performing the action [9].

3. Vittorio Gallese’s Embodied Cognition (“EC”) theory encapsulates a notion of 
cognition rooted in the body’s states and in the specific systems of our brain, 
emphasizing the fundamental role of the sensorimotor system in representations 
and cognitive operations [10].

A deepening of the discovery of mirror neurons, specifically the theory of lan-
guage evolution proposed by Rizzolatti and Arbib [11], the discovery of audiovisual 
mirror neurons [12] and the discovery of mouth mirror neurons [13] lay the ground-
work for new research aimed at investigating the involvement of linguistic cognitive 
activity in action understanding.

Very interesting has been the research already undertaken to understand whether 
and how far the conjugation of verbs in the future and past tenses can be related to the 
motor representations required to drive an upper limb movement forward or back-
ward, respectively, referring to the studies conducted by Buccino et al. [14] regarding 
the representation of space and time.
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For this purpose, a pilot experiment was performed involving 18 subjects who 
were required to semantically decode acoustically presented verbal stimuli conjugated 
in the present, future, and past tense and give a behavioral response involving a 
forward or backward movement of the upper limb. In the pilot experiment, analysis 
of the results was performed by analysis of variance (ANOVA), which considered 
past, present, future, forward movement, and backward movement as factors within 
groups and movement and time as factors between groups.

There was evidence of a tendency for subjects to respond faster in performing the 
forward motion associated with a future-conjugated hand motion verb. The faster 
reaction time of the subjects’ forward movements following the presentation of the 
verb in the future tense is related to the direction of the movement itself; it is easier 
for the subject to perform a movement that goes in the same direction as the move-
ment spatially evoked by the presented verb. In the present experiment, the acoustic 
stimulus itself represents the motor priming that modulates the response, as the 
subject listens to the verb and has plenty of time to discern and understand it before 
receiving the arrow stimulus that indicates the direction of the movement eventu-
ally to be made. The innovation brought by the results of this experiment lies in the 
modulatory effect on the motor response exerted by an implicit representation of the 
movement contained in the cognitive processing of the time that takes to conjugate 
the verb. In fact, the stimulus we presented explicitly does not actually manifest any 
reference to the direction of the movement to be made in the response, unlike studies 
conducted so far [14], in which the stimulus phrases explicitly reproduced spatially 
directed hand and foot motions. The experimental data thus seem to confirm that 
semantic comprehension modulates the motor system differently depending on the 
experimental delivery and the stimulus presented to evoke it. This data is, however, 
in the same vein as studies that confirm the involvement of the motor system not only 
in observing action but also in processing linguistically presented actions, both in 
reading and listening.

3. From science to consciousness, the step is short but complex

Recognizing the value of neuroscience, many scholars have been engaged for 
years in the study of links between new theories that have emerged from the latest 
research and psycho-pedagogy, in an attempt to understand, build, and possibly 
adopt new approaches to educational intermediation with respect to an interdisciplin-
ary view of the subject of teacher education. However, it is essential, in our opinion, 
to point out some aspects in order to better understand how to make effective use 
of these findings and how to avoid their inappropriate use and/or distorted cultural 
dissemination.

While the criticisms made by some psychologists, who conceive of neuroscience 
and, in particular brain scanning techniques, as a new phrenology seem to us to be 
frankly excessive and misplaced, it remains true that the evidence provided by brain 
imaging is to be read as correlation data and not causation data. It is not enough, in 
our opinion, to identify which neural areas are activated to fully understand and pos-
sibly justify the mechanisms that regulate behavior.

Moreover, the risk of uncritically adopting a pure functional localization 
approach, or more or less explicit forms of phrenology, is always around the corner. 
In other words, it is not enough to stop proving that a given process corresponds to a 
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given pattern of neural activation. We need to question not only the correspondences 
but the underlying mechanisms—not only the where but also the why.

Let us begin by reflecting on the recent discovery of mirror neurons, a discovery 
that testifies to the identification of a powerful mechanism, which can be referred to 
by the sometimes-debated term motor simulation [15, 16]. The research on mirror 
neurons has been conducted with an approach that, in our opinion, should be taken as 
an example; in fact, it represents an area of study that, far from a merely phrenologi-
cal approach, identifies simulation as a mechanism that can help to better elucidate a 
variety of phenomena, ranging from the understanding of imitation to the develop-
ment of empathy and the evolution of language.

However, this very hypothesis and discovery hints at the urgent need for interme-
diate models of applied translation; a conversion of the brain’s neurological structures 
and related mechanisms into phenomenological justifications that function as filters 
linking bodily dynamics to the space in which bodies live and move: a space that, let 
us not forget, is perceived through a cultural and social construction.

In fact, as previously mentioned, from a theoretical and content point of view, 
a risk that the development of neuroscience has entailed and may entail is to 
emphasize the prominence of the brain and neural processes in explaining behavior. 
Highlighting the importance of the neural basis of behavior is crucial and helps to 
overcome the traditional Cartesian dualism between mind and brain, which has long 
influenced cognitive science. Nonetheless, the emphasis on the brain can lead to 
neglecting the role that the body plays in interacting with the environment. Only in 
recent decades has a new, embodied perspective emerged taking into account not only 
neural processes, but also emphasizing that organisms are endowed with a body as 
well as a brain, that the mind is not something separate, and that cognitive processes 
are based on sensory-motor processes.

Relatively recently, therefore, it has been emphasized in several areas that cogni-
tion is not information processing but is movement and action. The question now is 
whether it is sufficient to consider the body as a situated device of action or whether 
it is necessary, as we believe, to arrange such a view according to a constructivist 
perspective in the educational and didactic sphere, an even more complex element.

It is evident, therefore, that our reading of the listed scientific phenomena leads 
us to think that we need to shy away from forms of biological essentialism and from 
reductionism that do not help us understand complex behaviors. In more technical 
terms, embodiment and situatedness travel together. Cognition is not only embodied 
but also situated, variable, and contextually conditioned. And our body is our first 
context, our first element of cognitive genesis.

It must be acknowledged and socialized that the cultural hurricane brought 
about by the irruption of biology on the scene excites us greatly, but it also finds us 
somewhat unprepared, exposing us to new challenges as well as new risks. Within 
this framework, we really believe it becomes essential to invest in people who are 
open to the recognition of the synergy of multiple disciplines, who know the meth-
ods but are not confused by the new techniques, who have depth and theoretical 
aptitude, who are not naive in the uncritical adoption and misuse of the concept of 
the body, and who eschew the easy reductionism that the biologizing of phenomena 
can entail.

In short, make use of that healthy competition that drives us to scientifically delve 
deeper into our field, but which always keeps us aware that every discovery acquires 
value and expendability only if it is meaningfully and functionally connected to the 
web of studies of the phenomena of life and everything around us.
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But what does all this mean for the world of education? And even more precisely, 
what do such neuroscientific theories imply in the dynamics of educational relations 
in the field of education?

Regarding the first point, starting from Donald Hebb’s [5] “download and con-
nect” theory, scholar Ivano Gamelli’s [17] pedagogy of the body, and Maria Grazia 
Contini’s [18] pedagogy of the emotions have researched a series of scientific elements 
to empirically justify the emotional valence of corporeality and its related spillover 
in the field of education. Plurisensoriality as well as a pedagogy that exalts emotional 
education have, in fact, outlined the cultural framework within which it was neces-
sary to intervene with scientific discoveries of a biological nature; a framework that 
welcomes and tends to functionally metabolize the innovative neuroscientific theo-
ries, almost as if it expected them.

The discovery of mirror neurons, in fact, helped to revisit the way of conceiving 
the relationship between action, perception, and cognitive processes. It is at this point 
that the encounter with education through the phenomenology of perception takes 
place.

This means that when we are about to perform a given action, we are also able to 
predict its consequences. This kind of prediction is the result of the activity of the 
action model. If it were possible to establish a process of motor equivalence between 
what is acted upon and what is perceived, thanks to the activation of the same neu-
ronal substrate in both situations, a direct form of understanding of others’ actions 
would be made possible. And it is impossible to deny the value of such spillover in 
education [19, 20]. It is useful to recall that already Alain Berthoz was among those 
scientists who corroborated the proactive function of the brain, recognizing in move-
ment not only the “physical and dynamic form of action” but also the tool that comes 
closest to a ‘sixth sense’ for the ability to anticipate action (1998).

Perceiving an action—and understanding its meaning—therefore, amounts to 
simulating it internally.

In this way, the strategy of mirror neurons provides the scientific basis for over-
coming those solipsistic and egocentric logics hinging on the reductive mind-brain 
pair: their action can be encoded from the perspective of a “virtual resonant cavity,” 
in which neural encoding makes dialog interactive and shareable. The resulting neural 
representations are thus shared, jointly, already at the intentional level. The existence 
of the other, of others, is in a sense written in our neurons; in fact, the mirror neuron 
system determines the emergence of a shared space of action, in which the process of 
communication and intersubjective understanding is generated. The root of human 
subjectivity is actually an original intersubjectivity. Husserl [21], for example, in the 
second volume of the Ideen, argues a comparison with recent findings in neurophysi-
ology. According to the phenomenologist, in fact, every human being, thanks to his 
or her corporeality, stands in the spatial context, among things; within every other 
living body inheres its own empathetically posited psychic life, so that, when a living 
body moves and comes to be in new places, its psyche also moves; the psyche is in fact 
constantly fused to the living body.

Neuroscience, then, in order to contextualize its research, needs the contribution 
of the humanities, a contribution that, with what is asserted by Maurice-Merleau 
Ponty, we fully support. Indeed, he asserts the need to “find the origin of the object 
in the very heart of our experience. Our experiences suggest meanings to us, enable 
us to make hypotheses, and ...such a procedure brings out the spontaneous method 
of perception that sort of life of meanings, which makes the concrete essence of the 
object immediately legible and only lets its sensible properties appear through it 
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(1945). In fact, the object/subject of our research pathway turns out to be the body 
in its interaction and full integration with a specific learning environment in which 
sensory stimuli, appropriately arranged, offer an original key to access disciplinary 
and nondisciplinary knowledge; in fact, “the influx of information from sensory 
organs and the continuous interaction with the environment then determine how the 
brain takes shape” [22].

Awareness of this information is also essential for understanding how knowledge 
construction takes place and is of fundamental relevance for teachers who aim to 
implement meaningful teaching through which students can be enabled to achieve 
authentic learning. As teachers, it is necessary to provide space for the widest possible 
expression through the practical and lived experience of students; indeed, if we want 
to form a solid foundation for their creative activity, we need to make them experi-
ence school actively, as the more they will explore, experience through their senses 
and assimilate, the more fertile their imaginative capacity will be [23].

Apart from the models just mentioned, which have long been studied by many sci-
entists, embodied cognitive science to date represents one of the scientific approaches 
that is most influencing, especially internationally, in the research field of educational 
neuroscience [24]; the latter, thanks to the establishment of a virtuous dialog between 
different fields of study such as pedagogy, didactics, psychology, neuroscience (i.e., 
between the so-called soft sciences and hard sciences), has provided in the last two 
decades a solid contribution in explaining the functioning of the human mind, 
bringing evidence in favor of a close connection between mental functions and the 
relationships that exist between the body and the environment [25].

For some time, various authors have contributed to highlighting how complex 
phenomena need a nonlinear, manifold glance, more representative of the variety and 
unpredictability of developmental and educational dynamics and outcomes [26–29]. 
Thanks to this interdisciplinarity, and the studies derived therefrom, the notion takes 
shape that the mind is not independent and unrelated to the body but is one with 
it. Therefore, cognition results to be embodied or embedded, that is, it sees in the 
body the dimension from which the mind emerges. Based on this condition, cogni-
tion requires not only the participation of the brain and the body but also that of the 
environment in which it is immersed; this has opened an interesting, constructive, 
decade-long dialog between pedagogy and architecture [30]. Learning environments, 
as an extension of the human mind [31], therefore play a fundamental role in the 
interconnectedness of cognitive processes. The realization that cognition is embodied 
and dependent on bodily features, particularly our perceptual and motor systems, 
should therefore be acquired by all those working in the field of education.

A number of preliminary exploratory studies have been conducted in recent 
years [32]. During these studies, the structuring of the constituent elements of the 
EC-based integrated training approach has been gradually defined.

The EC-based approach is defined as integrated into that it involves the articula-
tion of three nonhierarchical phases: theoretical training, practical experiential 
workshop, and final discussion. Each aims to influence and, in turn, be influenced by 
the others, through reflective practices [33] designed to activate metacognition.

Confirming the extent to which teaching professionalism is composed of elements 
of identity, personality, and value, in literature, reflection on one’s core qualities has 
been found useful “[...] in consciously directing one’s own professional development, 
establishing a harmonious link between one’s personal identity and one’s aspirations 
and enthusiasm for the profession” ([34], p. 91). The sharing of personal perceptions 
respects the observation of certain rules of communication, such as respecting one’s 
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own and others’ elocution time, suspending judgment, practicing active listening, 
and exercising positive feedback; this is to sharpen each teacher’s empathic and 
relational skills as well as derive the appropriate reflections on communication with 
and among students.

The main objective of EC-based Integrated Training is the possibility of generat-
ing in the learner embodied awareness and skills, strongly linked to concrete and 
simulated experiences “so that the elements of cognition are linked to experiential 
and pragmatic ones, so as to guide future decisions, leaving a sensitive, emotionally 
tangible, meaningful trace in the bodily memory of each learner” ([32], pp. 232–233).

So, in summary, reflexivity and narrative, action, sharing, and self-evaluation are 
the strategic principles and guidelines, which can direct the construction of educa-
tional experiences consistent with EC theory.

4. Conclusions

From this quick excursus, it can be seen, in addition to the many variations that 
have occurred over the years that, as much as we aspire to break away from it, the 
logic behind school teacher training courses is still predominantly transmissive, 
content-driven, and tied to disciplinary programs and theoretical knowledge of vari-
ous teaching methodologies and strategies [35].

Although teachings regarding pedagogical and didactic areas, through inconsis-
tent alternations, have been introduced over the decades, it cannot be thought that 
these teachings, concentrated in a few exams, are sufficient to establish a real dialog 
between disciplinary knowledge and the didactic approach based on interaction [36]; 
that is, an approach that is constructive in nature, offering space for expression and 
critical thinking to students, so as to allow their real growth, aimed at the autono-
mous construction of their own knowledge.

We also know that teachers tend to reintroduce the styles and attitudes they have 
experienced, which they have seen their teachers adopt, in a sort of consolidation of 
habits, conscious and unconscious, by reintroducing them to their students. This is 
because the teachers themselves continue to feel as a direct experience only the mode 
of teaching that they have already experienced, even in their internship experiences. 
All this generates the comfortable and reassuring conviction that “this is how it has 
always been done” is the best and easiest way to go.

To train professionals capable of implementing a change, universities should also 
change their approach, offering their students the possibility of experiencing these 
new teaching models in the common practice of teaching classes, not limiting them 
only to laboratory or internship activities. This would allow fostering the creation of 
a motivating learning environment that engages students through practical experi-
ences, aimed at reducing the disconnect that occurs between what is learned at the 
theoretical level and what will be later and actually done in the classroom.

Alongside this innovative mode of university teaching, a further significant 
breakthrough in forming/changing the mindset of future teachers is to lead them to 
a greater awareness of themselves, how first and foremost they themselves learn, as 
well as what teaching really means to them. For example, by beginning to understand 
how the brain works, namely being aware of the fact that in each student the mecha-
nisms that are generated as a result of the teaching stimuli will determine new circuit 
activations and new synapses, changing the anatomy and physiology of each student’s 
nervous system differently. These aforementioned modalities, at first glance exciting 
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and convincing, can acquire real significance only if the ways in which training 
actions are to be conducted respond, juxtaposedly, to a genuine rethinking of profes-
sional training. This implies that, in order to attribute significance to a real formative 
impact with the EC-based approach, first it is indispensable that trainers achieve deep 
awareness of the following cardinal principles of teacher education:

1. Too often the pedagogical focus of professional training turns out to be the 
cultural object (a specific topic to be studied in depth, the application of new 
reform, innovative methodological skills, etc.), without realizing that the real 
purpose is to make the person (future teacher) acquire a new mindset. In this 
delicate transition, what should often be considered the objectives to be learned 
become cultural mediators, objects of comparison, fields of experience, and 
experimentation. The active role of the trainee [37], on the other hand, enables 
participation by investing one’s own ideas and one’s own readings of the phe-
nomenon to support a new construction of thinking and of actions to be taken. 
It is a training of the person, not of the knowledge and methodologies.

2. A rethinking that recognizes, not only in words but through attitudes and 
languages, the complex unity of body-mind. However much our rational minds 
may claim to recognize and marry such unity, the deep implicit world still 
directs actions and behaviors in education according to compartmental and 
dichotomous logics, denying the complexity of our body as a holistic entity 
through which knowledge and skills can be built [35, 38, 39].

3. Recognize and accept that emotions represent significant and indispensable 
elements in the learning process. It is precisely emotions, in fact, that attribute 
meaning and significance to cognition, making it permanent and usable even in 
different contexts [1].

4. Overcome the deterministic view of a being by approaching it in an anthropo-
logically human way. The perceptual and action variables of each living being 
make up the configuration of the “synaptic self” [8], where the uniqueness of 
each reigns supreme and does not automatically respond to standards of inten-
tion and behavioral homologations.

5. A formative transformation that operationally recognizes the value of commu-
nity as an integrating background on which to build personalization processes. 
Inclusion is not a phenomenon that concerns only people with disabilities but 
extends its gaze beyond, where cooperating in spite of differences is the greatest 
wealth that can be had [40].

6. A culture soaked with the acceptance of the complexity of phenomena [41], one 
that does not presume to govern them linearly and understands that immersing 
oneself within them is the only way to guide them. Rational control and gov-
ernance are possible for what is predictable, not for the unpredictable world of 
educational complexity on which education “must feed.”

7. Leverage especially the beliefs/cultures of the individual as the determining 
agent of the community to which he or she belongs. Each person’s repertoire of 
knowledge always filters through cultural values constructed through experience 
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and is perceived implicitly by lived social patterns. The absolutism of knowledge 
clashes with the principles of the neuro-phenomenology of a living being  
(edited by Gomez Paloma [42]).

8. A rethinking that does not deny the value of technology and the opportunity 
it offers to learn about the world and to range culturally in divergent ways. At 
the same time, however, it does not deny the value of tradition, of “smells,” and 
of affective experiences that represent the roots of our being a person. In this 
scenario, the local and the global are now not so “distant.”

9. Deep awareness that providing fertile ground for sharing is the basis for the 
respect of everyone’s rights/duties. Sharing does not only mean socializing one’s 
ideas and skills but also autobiographically narrating one’s experiences and 
lived experiences (edited by [43]), strong in the fact that, in a real way, only the 
stripping of roles and labels offers an authentic and respectful confrontation of 
differences to be accepted and valued.

10. In order to try to better understand dimensions and phenomena, as well as act 
effectively for their improvement, the formation of the person must take place 
starting from the principle of the extended mind [31], aware that, in light of the 
new neuroscientific paradigms, the mind is not enclosed in the person’s head 
but expresses its full functions only when considered in its interaction with the 
world and its perceptual and action variables.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

A Comparative Study of Groups of
Teachers on the Perceived Nature
of Effective Teaching and Learning
Science
Kenneth Adu-Gyamfi, Isaiah Atewini Asaki and
Benjamin Anim-Eduful

Abstract

The teacher is influential in the processes of teaching and learning science,
organizing instruction to transform concepts into the understanding of students.
Hence, teacher effectiveness is discussed in most educational forums as stakeholders
look for more plausible ways of effective teaching and learning. As part of a large
study on teachers’ conception of an effective science teacher, we studied comparative
views of mentors, mentees, and supervisors on the perceived nature of effective
science teachers in the processes of teaching and learning science in basic schools. In a
triangulation mixed methods design, 271 mentees, 160 mentors, and 85 supervisors
were selected through multistage sampling procedures to respond to Effective Science
Teacher Questionnaire and Interview Schedule. The data from the questionnaires
were reduced to three factors through exploratory factor analysis. The qualitative data
were analyzed thematically in line with the three factors. It was revealed that there
was no statistically significant difference as supervisors differed not in their perceived
nature of an effective science teacher compared to that of mentors and mentees. The
Ministry of Education through the Ghana Education Service should provide opportu-
nities for the three groups of teachers to share experiences on effective teaching and
learning science in basic schools.

Keywords: effective teaching and learning, mentees, mentors, science, supervisors,
and teachers

1. Introduction

Science educators, researchers, and stakeholders of science education among
others have over decades agreed that the role of the [science] teacher in the classroom
cannot be underestimated [1–6]. The role of the science teacher like any other teacher
is to guide students to learn [1, 7]. However, this guidance (teaching) transcends just
having a bunch of activities in the classroom [8]. It, thus, leaves science educators and
researchers raising legions of questions including what is considered science teaching?
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Is there anything that militates against the teaching process without which it cannot
be considered science teaching? What does an analysis of the concept of teaching
contribute to an appropriate conception of teaching science? [9]. For Ref. [10], the
questions to be asked should be: what is science teaching about and who is an effective
science teacher?

Across many disciplines, Ref. [11] looked at teaching as a social process that
involves the teacher communicating and interacting with students focusing on help-
ing the students develop their cognitive, affective, and psychomotor domains. It
involves the teacher giving directions, asking questions and accepting or rejecting
responses [11]. It is, also, seen as a scholarly activity, involving collecting experiences
and critical thinking [12]. The teaching process involves guiding students to acquire
higher knowledge or skills [13]. In the context of science education, effective science
teaching is an art involving creativity, imagination, and innovation, along with
planning, practice, decision-making, and evaluation.

Studies on effective [science] teachers and effective science teaching date over
decades [3, 7, 14–17]. The literature also refers to effective teachers as good teachers
[18, 19] and exemplary teachers [6]. Despite decades of studies, the puzzle of who an
effective teacher is yet to be resolved [20–22]. It is noted that effective [science]
teaching is difficult to describe [20, 21, 23] because it is multidimensional, highly
individualized, and not always observed except only by students [21, 24]. Hence, the
purpose of this research was to compare the views of three groups of teachers on the
perceived nature of effective teaching and learning science in basic schools. To
achieve this purpose, the following research question was crafted as a guide in this
research:

How do supervisors’ (college tutors’) views on the perceived nature of effective
teaching and learning science differ from that of mentors (in-service teachers in basic
schools) and mentees (preservice teachers in colleges of education)?

To answer this research question, we explored the perceived nature of effective
teaching and learning science from the three groups of teachers and the factors
accounting for this perceived nature of effective teaching and learning science in basic
schools. Finally, we examined whether there was a difference in how supervisors
viewed the perceived nature of effective teaching and learning science in basic schools
from that of mentors and mentees.

1.1 An effective teacher

In contemporary times, there is no widely accepted agreement about what exactly
effective teaching is and how it should be measured [20]. Borich [20] explained that in
the past an effective teacher was regarded as a good person and a role model who met
community ideals for a good citizen, good parent, and good employee. Explaining
further, Borich [20] noted that effective teacher was identified on the basis of their
goodness as people with little attention to the teacher’s classroom behavior and
impact. Identifying teachers on this basis is untenable [15, 20]. Thus, in the past three
decades, Borich [20] asserted that there is now a shift in this definition of an effective
teacher with the focus being on teacher behavior and impact on students rather than
their best.

Effective [science] teachers may be regarded as those who instill life-long
learning habits in their students [25]. They share some common features regardless of
their different teaching styles, disciplines (chemistry, physics, and biology), and
backgrounds [25]. For Goe and Stickler [23], teacher effectiveness is a value-added
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assessment of the degree to which in-service teachers contribute to their student’s
learning, as indicated by higher-than-predicted increases in student achievement
scores. Again, in contemporary studies, the effective teacher is described as one who
does things right, that is they plan their lesson, prepare the learning environment,
conduct proper lesson introductions, ask questions, and use instructional material
[26]. Simply, in any field of study, effectiveness is the ability to produce the desired
outcome [5].

Walker [27] identified 12 characteristics of effective teachers needed for students
to behave appropriately and acquire information. These features are preparation, a
positive attitude, high expectations, creativity, fairness, personal touch, developing a
sense of belonging, accepting mistakes, a sense of humor, respect for students, a
forgiving attitude, and compassion. Bransford et al. [28] noted that effective teachers
do not only appreciate what students everywhere can agree that teaching is not just
talking and learning is not just listening [8] but they can figure out in one breathe
what they want to teach and in another breathe doing it in a way that students can
comprehend and utilize the knowledge and skills acquired.

1.2 An effective science teacher

In the context of science teaching, what does the literature say about effective
science teachers? Effective science teachers are persons who combine teaching skills
with an active belief that instruction can make a difference in science learning [15].
Ginns and Watters [29] pointed out that the starting point for examining the attri-
butes of an effective teacher of science is to assess the nature of a preservice teacher
education program and the expectations implicit in that program. However, contem-
porary ideas about the teaching of science suggest that the effectiveness of classroom
science teaching may be investigated using an analytical framework that takes into
account the initial teachers’ preparation, and implementation of lessons and the class-
room learning environment established by the teacher [29]. Those frameworks may
include examining the characteristics that effective teachers possess. Fitzgerald et al.
[24] reported that effective science teaching is essential in changing students learning
outcomes positively and that there is a need to extract the components of effective
science teaching to get a better comprehension of their work in the classroom and why
they do what they do.

Teachers’ characteristics in science education have been studied under these areas:
knowledge of science content and instructional pedagogy, learning environment,
interest in students’ academic improvement, instructional materials, advanced prepa-
ration, and time management [6, 14, 25, 30, 31]. For instance, Stronge [31] catego-
rized the teacher characteristics into six ways: the teacher as a person, classroom
management and organization, organizing and orienting for instruction,
implementing instruction, monitoring student progress and potential, and profes-
sionalism. Cherif [25] asserted that in the perspective of literature, the characteristics
of an effective science teacher can be categorized as understanding; explaining that
this encompasses understanding the subject matter, student’s needs and the various
teaching models and evaluation techniques, and the learning environment; teaching
philosophies and approaches; stating clear objectives and practical methods; manage-
ment; evaluation philosophies and technique; professionalism; demonstrating equity,
quality, and diversity; and teaching beyond the classroom.

In addition, Cimer [7] concluded from a review of literature that effective
teachers deal with students’ prior ideas and conceptions, encourage students to
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apply new knowledge in diverse contexts, encourage students to take part in les-
sons, encourage student inquiry, encourage cooperative learning among students,
and offer continuous science. That is, effective science teachers utilize effective
managerial practices, use strategies and activities that enable students, encourage
student engagement in learning tasks, and maintain a favorable classroom
environment [6].

1.2.1 Content knowledge of an effective science teacher

Among the various characteristics of effective science teachers so categorized
in literature, knowledge of content and pedagogy (otherwise termed knowledge-
based teaching) [32, 33] has been regarded as an integral part of effective
teaching. Ababio [1] espoused that content knowledge is the subject matter, ideas,
skills, or substance of what is taught. The three key areas advanced by Ababio [1] in
relation to content, knowledge encompasses the teacher’s familiarity with current
knowledge in their subject area; the history and philosophy of teaching the subject;
how the knowledge base of the subject informs or is formed by other disciplines; the
teacher’s knowledge and understanding of the different fields in their subject area
(that is, the broad view of the subject in all its aspects); a firm understanding of its
concepts, principles, values, theories, and generalizations; and having an unending
enthusiasm for its study. Grant and Gradwell [34] referred to this enthusiasm as a
teacher being ambitious, explaining that the teacher must have a good depth of
understanding of the subject matter and effortlessly strive to connect it to students’
experience.

From Ref. [1] three key areas, the teacher’s content knowledge should be in-depth
and must know the probable sources of knowledge in his/her subject from
textbooks, journals, national dailies, and unpublished materials from where he/she
should tap his/her content. According to Bransford et al. [28], content knowledge
encompasses knowledge of learners and how they learn and develop within social
contexts; knowledge of subject matter and curriculum goals; knowledge of
teaching, such as subject matter, diverse learners, use of assessment; and classroom
management.

A science teacher’s knowledge has been found to be much more useful to
students when it is combined appropriately with pedagogy [32, 35]. This pedagogy
implies the whole philosophy and value system that leads teachers to make the
choices they do in what and how to teach [16]. Cherif [25] opined that in the entire
life of the effective teacher’s career, he or she continues to develop the horizon of
knowledge and understanding in their field of study and that he or she understands
that it is one thing knowing how to teach and another having the content
knowledge.

1.2.2 Assessment practices as a measure of an effective science teacher

Another characteristic of an effective science teacher is the attention paid to
assessing students and providing feedback [19]. According to Zango et al. [19], effec-
tive teachers enable students to track their own performances, grade their homework,
give oral and written feedback to students, document student progress and achieve-
ment, make instructional decisions based on student achievement data analysis, cir-
culate in the room to assist students and provide praise, give pretests and graphs
results, consider multiple assessments to determine whether a student has mastered a
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skill, use student intervention plans and maintains records of the plans’ implementa-
tion, record team conference or teacher conference with students, give assessments on
a regular basis, vary instruction based on assessment analysis, exercise testing accom-
modations for special-needs of students, and maintain copies of all correspondences
concerning student progress.

1.2.3 Classroom management as a measure of effective science teacher

Effective teachers are also known to be good managers of time for teaching
and learning and student behavior so as to maximize learning [36, 37] and as well
consider how students learn best [38]. Teachers manage the teaching and learning
sessions so that there is minimum wastage of class time and high levels of engage-
ment [37]. According to Woolnough [37], effective teachers monitor their
classrooms by anticipating disruptive behaviors as well as checking on student
engagement by moving around the classroom during small group work. For Zango
et al. [19], an effective teacher’s plan for the environment, both the organization of
the classroom and of students, allows the classroom to run itself during student-
teacher interaction; positions chairs in groups or around tables to promote
interaction; manages classroom procedures to facilitate smooth transitions; manages
student behavior through clear expectations and firm and consistent responses to
student actions; maintains a physical environment where instructional materials and
equipment are in good repair; covers walls with student work, student made signs,
memos, and calendars of student events; emphasizes students addressing one another
in a positive and respectful manner; and encourages interactions and allows low hum
of conversations about activities or tasks. Also, an effective teacher maximizes the
physical aspect of the environment, manages emergency situations as they occur,
maintains acceptable personal workspace, establishes routines for the running of the
classroom and the handling of routine student behavior, disciplines students with
dignity and respect, shows evidence of established student routines for responsibilities
and student leadership, exhibits consistency in management style, posts classroom
and school rules, and posts appropriate safety procedures. According to Cherif [25],
effective teachers ensure there is a welcoming environment that fosters positive
relationships among students regardless of disparities in ethnic background,
gender, social class, handicap, or prior academic achievement. Tobin and Fraser [6]
reported that effective science teachers actively monitored student behavior in
their classes by moving around the room and speaking with individuals from
time to time, but they also maintain classroom discipline at a distance over the
entire class.

1.2.4 Instructional strategies as a measure of an effective science teacher

Clarity of lesson, as well as the use of varied instructional strategies in delivery,
has also been found to be a feature of effective [science] teachers [20]. That is,
according to Borich [20], being clear in a lesson implies communicating lesson
objectives to learners (describing what behaviors will be tested or required on
future assignments as a result of the lesson); giving learners advance organizers;
giving instructions patiently and uniquely; and using examples, illustrations, and
demonstrations to explain and clarify. Consequently, instructional variability is
about how the teacher is flexible in delivering the lesson. Instructional variety is
also about using supporting instructional resources, such as computer software,
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displays, the internet, and space in your classroom [20]. Hence, the “physical
texture and visual variety of the classroom” also form part of the instructional
variety ([20], p. 8). Table 1 shows the indicators and instructional strategies effec-
tive teachers use.

Moreover, questioning has been found to be the hallmark of effective teachers
[20, 37]. According to Woolnough [37], effective teachers encouraged students to
raise questions and respond to them without making the students feel stupid.
Thus, the effective teacher needs to know the art of asking questions and how to use
the different questioning as: fact questions, process questions, convergent questions,
and divergent questions [20]. Effective teachers, check on students’ developing
understanding by questioning and inviting questions from the students [37].
According to Tobin and Fraser [6], effective teachers use questioning as a form of
verbal strategy to stimulate thinking and to probe student responses for clarification
and elaboration.

1.3 Empirical views an effective teaching and learning

In an exploratory study conducted by Lumpkin and Multon [21] using 69 male and
30 female teaching fellows (recognized as effective teachers) reported that these
effective teachers used various instructional strategies to convey course content to
students and enhance their learning. Moreover, in analyzing the profile of effective
college and university teachers, Young and Shaw [10] noted that effective teachers are
rated very high because of their genuine respect for students, concern for student
learning, and value of the course. Also, effective teachers are not necessarily effective
in all aspects but they can have some deficiencies. However, an effective teacher can

Using variety (an effective teacher) Examples of teaching strategies

a. Uses attention-gaining devices (for
example, begins with a challenging
question, visual, and example)

b. Shows enthusiasm and animation through
variation in eye contact, voice, and gestures
(for example, changes pitch and volume
and moves about during the transition to a
new activity)

c. Varies modes of presentation (for example,
presents and asks questions and then
provides for independent practice)

d. Uses a mix of rewards and reinforcers (for
example, extra credit, verbal praise, and
independent study)

e. Incorporates student ideas or participation
in some aspects of instruction (for example,
uses indirect instruction or divergent
questioning)

f. Varies types of questions (for example,
divergent and convergent)

a. Begin the lesson with an activity in a
modality that is different from the last
lesson or activity (for example, change
from listening to seeing)

b. Change position at regular intervals (for
example, every 10 minutes change speed or
volume to indicate that a change in content
or activity has occurred)

c. Establish an order of daily activities that
rotate cycles of seeing, listening, and doing

d. Establish lists of rewards and expressions of
verbal praise and choose among them
randomly. Provide reasons for praise along
with the expression of it

e. Occasionally plan instruction in which
student opinions are used to begin the
lesson

f. Match questions to the behavior and
complexity of the lesson objectives. Vary
the complexity of the lesson objectives in
accordance with the unit plan.

Table 1.
Indicators of instructional variety and corresponding instructional strategies [20].
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compensate for deficiencies in one or two areas by demonstrating outstanding skills in
other areas.

In examining the profile of effective teachers in Greece, Koutrouba [39] concluded
that many of the Greek secondary school teachers increased teaching effectiveness
with their involvement of students in multimodal learning procedures, using commu-
nication techniques that helped to disseminate knowledge in a simpler, more under-
standable, individualized, and participatory way. Also, one thing that contributes to
the effectiveness of the Greek teachers was their swift response to student needs
during instruction, and they considered the classroom not as a technical workshop but
as a place where human characters are being built. Greek teachers appeared to believe
that a teacher’s ability to satisfactorily ensure productive classroom management is an
important feature of the effective educator, probably because “effective” does not, in
any way, means unjustifiably soft and too pliant, but on the contrary, steady and
objective during demanding. In addition, Greek teachers perceive cared about stu-
dents’ prior knowledge, simplifying the provided learning material in ways that meet
individualized needs and respecting a diversity of any kind, ensuring solidarity and
implementing democratic procedures, reducing students’ learning load, and encour-
aging feedback, tend to be considered as effective teacher characteristics [39].

In analyzing the instructional practices of more versus less effective US teachers,
Haynie and Stephani [4] reported that the most effective teachers have a more com-
plete package of rigor, relevance, and relationship strategies than less effective
teachers. More so, effective teachers have strong content knowledge, prepared their
own materials, taught reading and note-taking skills, use time wisely, recognize the
need to have a good relationship with the students, give frequent positive feedback,
and believe that all students could succeed, create an atmosphere of mutual respect, in
which both teachers and students are enthusiastic [4].

In Ghana, in a study involving pre-service teachers, Boadu [2] found out that the
preservice teachers perceived effective teaching as comprising the acquisition of con-
tent knowledge, knowledge of learners, adequate planning, and collaboration with
other teachers. In a related study in science, Adu-Gyamfi [14] examined 100 pre-
service students on how they conceptualize who an effective science teacher is and
reported that the pre-service teachers conceptualized an effective teacher in six ways.
In these six ways, pre-service teachers conceptualize effective teachers to create an
enabling learning environment suitable for teaching and learning, select and use
appropriate teaching-learning materials, use appropriate teaching approaches and
techniques, be mindful of what is expected of them as professionals, be interested in
students’ academic success, and have adequate content knowledge as well as instruc-
tional approaches.

Again, empirical study has shown that teacher preparation has a correlation with
effective [science] teaching [40]. Because teacher preparation gives teachers knowl-
edge, skill, and ability that are essential to their professional life [40]. Also, “teacher
training molds the personality of teachers such that their attitudes are reshaped, their
habits are reformed, and their personality is reconstituted through teachers training”
([40], p. 151). There are two types of teacher preparation: preservice training (train-
ing provided before employment of teachers and is generally required for employ-
ment) and in-service training (ongoing training teachers receive continuously
throughout the educational life of a teacher). In assessing 80 participants to determine
the relationship between teacher preparation and teacher effectiveness, Rahman et al.
[40] reported that teachers had a positive attitude toward teacher training and its
effectiveness in a classroom situation, such as actual instruction or academic work,
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classroom management, evaluation procedures, assignments, and developing human
relationships with students, principal, and society in general. This relationship should
be positive. Similarly, Druva and Anderson [3] found a relationship between teacher
preparation programs and what their graduates do as teachers and noted that science
courses, education courses, and overall academic performance are positively corre-
lated with successful teaching. In this regard, Cimer [7] recommended that college
science teachers (supervisors) should prepare preservice [mentee] teachers to develop
appropriate knowledge, strategies, and techniques relevant to creating an enabling
environment for learning science. Skamp and Mueller [41] in a longitudinal study of
preservice teachers’ conceptions of effective primary science teaching noted that
preservice teachers’ conceptions of good science teaching do influence their practice
and indicated it is problematic. Thus, teacher educators need to be aware that many
conceptions held on entry to preservice education may be retained despite methodol-
ogy units and practicum experiences.

According to McKnight et al. [5], nations worldwide recognize that to obtain
improvement and equity in educational outcomes, attention should be directed toward
teacher effectiveness and a primary way of achieving this is for individual countries to
identify the competencies required for effectiveness and take that as the basis for
developing teaching standards, preservice teacher preparation, professional develop-
ment programs, and performance evaluations. More so, for an impact to be made, those
systems and processes will need to be based on common comprehension, within each
country, of what it means to be an effective teacher [5]. To this far, making a compar-
ative analysis of what college teachers (supervisors), in-service teachers (mentors), and
preservice teachers (mentees) perspectives of effective teaching and learning science
will be one of the best ways to contribute to the development of teaching standards for
effective delivery of science lessons in basic schools in Ghana.

2. Research methods

2.1 Research design

This research was structured and executed along the procedures of triangulation
mixed methods design. This was necessary as we intended to compare the quantitative
results on effective teaching and learning science in basic schools to qualitative results.
This helped to validate the quantitative results with the qualitative results in order to
understand the views of supervisors, mentors, and mentees on the perceived nature of
effective teaching and learning science in basic schools.

In this triangulation mixed methods, we intended to collect as much qualitative
data from teachers as possible, collecting both qualitative and quantitative data at the
same time. The quantitative data on effective teaching and learning science were
analyzed separately from the qualitative data. Thereafter, the two results were com-
pared to establish any convergence or divergence in the views of teachers on effective
teaching and learning based on the five-point Likert scale questionnaire and interview
schedule employed in the data collection.

2.2 Sample and sampling procedures

The colleges of education in Ghana were mandated to prepare preservice teachers
for basic schools (comprising primary and junior high schools). Initially, the colleges
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of education awarded diplomas in basic education to graduating preservice teachers
but since 2018 they have been mandated to award bachelor of education. To achieve
this mandate, there were 46 public colleges and four private colleges of education
spread across the 16 regions of Ghana involved as accredited institutions. The
preservice teachers and their tutors, as well as the in-service teachers in their partner
schools, in the 46 public colleges of education were the target population for this
research. The 46 public colleges of education were mentored by the University of
Ghana (six colleges), University for Development Studies (six colleges), University of
Cape Coast (14 colleges), University of Education, Winneba (15 colleges), and Kwame
Nkrumah University of Science and Technology (five colleges). The private colleges
were as well mentored by some of the leading universities.

The 46 public colleges of education were classified into science colleges and non-
science colleges. That is, there were some colleges of education that did not offer
preservice teachers the sciences (as chemistry, biology, and physics) as major courses.
Of the 46 public colleges of education, 12 were science colleges where preservice
teachers pursued science as a major field of study. It was estimated that there were 96
science tutors in the 12 colleges who were selected by the census for this research. Per
the best practices of the colleges, preservice teachers were assigned in a group of four
members to each partner school of practice. Hence, there was one expected science
mentee in 410 schools, where 300 were simply randomly selected together with their
mentors to participate in this research. However, 85 science tutors (supervisors), 160
in-service teachers (mentors), and 271 preservice teachers (mentees) gave a total of
516 teachers who participated in the research by responding to the questionnaire. Of
the 516 teachers, only 28 supervisors, 54 mentors, and 71 mentees participated in the
interviews. Because most of the teachers gave reasons for engagement elsewhere and
that they cannot be ready for the interviews at the scheduled times. The 153 teachers
interviewed represented approximately 30.0% of the teachers who responded to the
questionnaire.

2.3 Data collection instruments

There are two instruments used in this research to collect both quantitative and
qualitative data to explore the perceived nature of effective teaching and learning
science in order to compare the views of three teacher groups linked to colleges of
education in Ghana [42]. The instruments were Effective Science Teacher Question-
naire and Effective Science Teacher Interview Schedule.

2.3.1 Effective science teacher questionnaire [ESTQ]

ESTQ was designed and developed by the researchers based on the findings of
Adu-Gyamfi [14]. ESTQ had two sections. Section A comprised four items on teacher
background information, such as the zone of college, sex of the teacher, level of
teaching, and role of teachers. Section B comprised 69 items on the perceived nature
of effective teaching and learning science. The items relating to the perceived nature
of effective teaching and learning science were measured on a five-point Likert scale,
ranging from a lower level of agreement of one to a higher level of agreement of five
(Appendix A). To measure the internal consistency of ESTQ, it was pilot-tested with
10 science teachers outside the research zone. Thereafter, Cronbach’s alpha coefficient
of reliability was calculated. As the calculated value of Cronbach’s alpha coefficient of
reliability was .94, ESTQ was considered reliable, and none of the items was dropped.
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2.3.2 Effective science teacher interview schedule [ESTIS]

ESTIS was designed and developed by the researchers with the intent of triangu-
lating the findings from ESTQ. There were nine items grouped under Sections A and
B. Section A had three items measuring the demographics of the teachers and six items
in Section B measuring the views of teachers on effective teaching and learning
science along instructional strategies, instructional materials, management of instruc-
tional time, academic improvement of students, teacher knowledge of content and
pedagogy, and learning environment. Under each construct, there were carefully
selected prompts to guide the interactions between interviewers and teachers
(Appendix B). ESTIS was also designed along the lines of ESTQ and the findings of
Adu-Gyamfi [14]. The validity of ESTIS was further achieved through honesty, depth,
and richness of qualitative data collected on effective teaching and learning science
from the three teacher groups. That is, teachers’ views were reported as they were in
detail for our audience to make their own judgment. Also, large data will be presented
to support any induction leading to qualitative results on effective teaching and
learning science. In addition, ESTIS was pilot-tested with 10 teachers and data were
analyzed through thematic analysis. The themes were shared with teachers who par-
ticipated in the pilot test for them to query how their views were used. This approach
was repeated in the presentation of results in this chapter. That is, we shared the
qualitative results with teachers who were interviewed prior to reporting them here.

2.4 Data collection procedures

The researchers visited the 12 colleges of education and discussed with college
science tutors (supervisors) our intent to study effective teaching and learning science
with them, their level 300 preservice teachers (mentees), and the mentors in the
partner schools [42]. The three teacher groups were happy and prepared to contribute
to the research though not all agreed to be interviewed. We used 4 weeks to collect
both quantitative and qualitative data on effective teaching and learning science from
teachers. ESTQ was first administered to teachers followed by interviews using ESTIS.
That is, in each college researchers had first interactions with supervisors followed by
mentees and mentors. There were instances the interviews were held immediately
after the administration of ESTQ but for others, it took a day or two as we needed to
schedule dates of convenience with teachers who were engaged as a result of their
tight schedules. The interactions between researchers and teachers using ESTIS were
audio-recorded.

2.5 Data processing and analysis

The data from ESTQ were checked to see that teachers had responded to all items.
Thereafter, the five-point Likert scale was coded as 1 for a lower level of agreement, 2
for low agreement, 3 for moderate agreement, 4 for high agreement, and 5 for higher
agreement. An exploratory factor analysis was used to reduce large data to factors.
Multivariate ANOVA was used to examine whether differences existed among super-
visors, mentors, and mentees on the factors established as the perceived nature of
effective teaching and learning science.

The audio recordings were transcribed and cleaned. Thereafter, the qualitative
data on effective teaching and learning science were open-coded and constantly
compared using the factors generated from the exploratory factors analysis as the
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main themes. We made sense of the views of teachers and compared them as coming
from supervisors, mentors, and mentees. Sample views and codes of supervisors (such
as S001 for supervisor 1), mentors (such as MR001 for mentor 1), and mentees (such
as ME001 for preservice teacher 1) were provided to support any induction made on
the themes.

3. Results

3.1 Perceived nature of effective teaching and learning science

The research question, in part, explored how the three groups of teachers per-
ceived the nature of effective teaching and learning science in the basic school. To
study this, ESTQ was administered to 516 teachers and their mean perceptions are
tabulated in Table 2. The results showed the perceptions of supervisors, mentors, and
mentees leading to the perceived nature of effective teaching and learning science
among the teachers. The selected teachers had a highly positive perception of effective
teaching and learning science in basic schools. That is, all supervisors, mentors, and
mentees highly agreed to effective teaching and learning science (N = 521, M = 4.25,
and Std. = 1.013). For instance, under Items 1–11, the results showed that a science
teacher was considered effective when his or her teaching in the classroom was geared
toward using alternative instructional strategies to support student learning science
concepts (Items 1 and 2). Of the 521 teachers, 351 (Item 3, 67.4%, M = 4.44, Std. =
.971) highly perceived that an effective teaching and learning science involved a
teacher reviewing the previous knowledge of the learner and choosing activity-based
strategies (Item 4, 54.7%, M = 4.22, Std. = 1.070) rather than an expository strategy
(Item 5, 16.9%, M = 2.56, Std. = 1.508). The selected teachers, also, highly perceived
the instructional strategies of an effective science teacher as being practical and
collaborative in nature (Item 6, 65.3%, M = 4.41, Std. = .976), and the instruction was
moderately perceived as often carried out in laboratories (Item 8, 20.5%, M = 3.07,
Std. = 1.467) rather than relying on textbooks. In addition, the instructional strategies
of an effective science teacher were perceived as teachers used of strategies that
enable students to learn by applying knowledge acquired to their life experiences
(Item 9, 91%, M = 4.22, Std. = 1.065) and by this, an effective science teacher used
illustrations that were real life experiences (Item 10, 62.2%, M = 4.35, Std. = 1.065)
and varied the strategies (Item 11, 63.9%, M = 4.37, Std. = 1.043) to aid teaching and
learning science in basic schools. Thus, there is a generally high positive perception of
effective teaching and learning science that is aided by instructional strategies used by
teachers to create opportunities for students learning, perhaps one that lends itself to
the constructivist approach.

Again, from Table 2, the results showed that an effective teaching and learning
science was considered by the majority of the selected teachers to be one where
teachers used instructional materials in teaching to aid student learning of science
concepts (Items 12–17). For instance, an effective teacher used more than one of those
instructional materials in science lessons (Item 12, 56.6%, M = 4.32, Std. = .0942)
made sure the resources were available before the start of the lesson (Item 13, 63.5%,
M = 4.40, Std. = .951), was good in improvising instructional materials where neces-
sary (Item 14, 53.2%, M = 4.26, Std. = .991), employed multiples teaching and learning
resource for explaining the same concepts (Item 15, 50.3%, M = 4.19, Std. = 1.021),
used the instructional materials to arouse students’ interest in learning (Item 17,
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61.0%, M = 4.37, Std. = .942), and aided students’ comprehension of science concepts
in basic schools (Item 16, 57.2%, M = 4.34, Std. = .917). Hence, supervisors, mentors,
and mentees perceived positively that characteristically, and effective teaching and
learning science involves teachers acquiring and appropriately using instructional
materials for lesson delivery to aid learning science by students in basic schools.

The results under Items 18–28 of Table 2 provided the image of effective teaching
and learning science in terms of preparation and time management of teachers. For
instance, the selected teachers highly perceived that an effective science teacher
prepared in advance (Item 18, 66.4%, M = 4.43, Std. = .968) to ensure his or her
confidence to produce higher students’ achievement (Item 19, 63.5%, M = 4.40,
Std. = .962). Also, the selected teachers highly perceived that creativity was needed
in teaching and learning science (Item 22, 57.4%, M = 4.29, Std. = 1.005) to make
effective use of materials in the immediate environment to aid learning science con-
cepts (Item 20, 53.2%, M = 4.26, Std. = .950). Besides the selected teachers perceived
that an effective science teacher was punctual (Item 23, 47.2%, M = 4.10, Std. = 1.068)
making effective use of time in lesson delivery (Item 24, 55.1%, M = 4.25, Std. = 1.036)
to demonstrate science concepts and explain difficult parts of the concept (Items 26
and 27) and not misusing instructional hours (Items 28, 53.6%, M = 4.25, Std. = .992).
Hence, all teachers (supervisors, mentors, and mentees) perceive that another nature
of effective teaching and learning is related to advanced preparation and instructional
time management in basic school science.

Moreover, the results showed that the selected teachers perceived that an effective
teaching and learning science was a unique one and should be held in a conducive
learning environment (Items 29–55). For instance, the majority of the selected
teachers highly perceived an effective science teacher was one who created a condu-
cive environment for students to learn (Item 29, 57.2%, M = 4.33, Std. = .969), leading
to interesting lessons on science concepts (Item 30, 54.3%, M = 4.26, Std. = .992).
Because students can ask questions and are responded to (Items 31, 53, and 54)
establishing a good personal relationship with students and their teachers to foster
learning science by students in basic schools (Items 33, 34, 35, 37, and 38). Thus, in
creating a conducive learning environment, the selected teachers perceived that
effective science teachers made attempts to motivate and inspire students to learn
science (Items 36 and 39) and to assess students’ learning (Items 32 and 45). Also,
effective teaching and learning science demanded that lessons were presented by
teachers systematically and sequenced from simple to complex with well-ordered
concepts (Items 42, 43, and 44). Hence, the three groups of teachers perceive
that another nature of effective teaching and learning science is teachers’
creation of a conducive environment friendly to students’ learning science in the basic
schools.

Again, the results showed that the selected teachers perceived effective teaching
and learning science as that of which teachers were interested in students’ successes in
their academics. Because under Items 56–60, teachers perceived that an effective
science teacher considered the individual intellectual capability when teaching to aid
students in learning science concepts (Items 56 and 57), allowing this to guide the
selection of instructional strategies and resources (Item 58, 58.0%, M = 4.33, Std. =
.960). Besides, the selected teachers highly perceived that an effective science teacher
used instructional strategies and materials to create room for addressing student
weaknesses in science concepts (Item 59, 53.9%,M = 4.26, Std. = .979) aiding students
in preparation for examinations to perform creditably well (Item 60, 55.1%, M = 4.29,
Std. = .965). Hence, characteristically, the three groups of teachers perceive that
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effective teaching and learning science should be geared toward great interest in
students’ success.

Also, the results from Table 2 showed that the selected teachers perceived
effective teaching and learning science as one where teachers demonstrated
adequate knowledge of content and instructional strategy. Because under Items 61–
69, supervisors, mentors, and mentees perceived that an effective science teacher
should have sufficient knowledge of science concepts (Items 61 and 62) through
research to demonstrate detailed explanations of science concepts to basic school
students (Items 65 and 66). More so, an effective science teacher was capable of
transforming content knowledge using appropriate instructional strategies in science
lessons (Items 68, 59.1%, M = 4.37, Std. = .936) and being able to sustain students’
interest (Item 69, 68.3%, M = 4.47, Std. = .936). Hence, the supervisors, mentors,
and mentees perceive that another nature of effective teaching and learning science
is demonstrated through teachers’ knowledge of science content and instructional
strategy.

3.2 Factors accounting for perceived nature of effective teaching and learning
science

Having established the nature of effective teaching and learning as perceived by
supervisors, mentors, and mentees, there was need to explore further the factors that
accounted for this positive perception of the selected groups of teachers. In order to
explore the factors that accounted for the teacher’s perception of effective teaching and
learning science, a principal component analysis (PCA) was conducted on the 69 items on
ESTQ. To begin with, the Kaiser-Meyer-Olkin (KMO) measure was verified to be .979
with Bartlett’s test for sphericity (34066.712) being significant (p = .000, df = 2346). With
KMO above .50 and Bartlett’s test for sphericity being significant, factor analysis was
conducted because none of the assuptions under factor analysis was violated [43–46].
Factor analysis was conducted with the 69 items and based on Kaiser Criterion of 1, seven
components were obtained with a cumulative explanation of variance being 67.8%. The
percentage variance of the seven components is presented in Table 3.

In order to ascertain if all components were worth retaining, the scree plot was
examined. The results from the scree plot are presented in Figure 1.

From Figure 1, it is apparent that three components were worth retaining. Because
according to Pallnt [45], when checking the scree plot to determine the factors to retain,
one needs to look for the change in the shape of the plot and consider only components
above it for retention. Thus, components 1, 2, and 3 were retained as the factors that
accounted for the perceived nature of effective teaching and learning science. Aside
from the three components being above the change in shape, they explained more
(60.1% cumulative explanation) of the variance than the other components.

A parallel analysis (PA) was further run to ascertain if the three components were
worth retaining [47]. The actual eigenvalues from the PCA were compared with the
criterion values from the PA. A decision was made to accept eigenvalues of the PCA
greater than the criterion value of the PA, and fewer values were rejected [45, 47, 48].
The results of the comparison of the PCA and PA are presented in Table 4.

The results from Table 4 showed that only three factors were to be retained.
Because only the three factors have their eigenvalues greater than the criterion values
from the parallel analysis. Therefore, only three factors were retained for the deter-
mination of the selected teachers’ perception of effective teaching and learning
science in the basic school.
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The principal component analysis was conducted again with only the three factors.
Inspection of the commonalities of the various items revealed some extremely low
commonalities. Hence, items whose commonalities were below .6 [44, 46] were

Component Total % of variance Cumulative %

1 37.146 53.835 53.835

2 2.628 3.809 57.644

3 1.775 2.572 60.215

4 1.542 2.235 62.450

5 1.346 1.951 64.401

6 1.283 1.859 66.261

7 1.032 1.496 67.757

Table 3.
Percentage variance explained by the extracted components.

Figure 1.
An illustration of components of the perceived nature of effective teaching and learning science.

Component
number

Actual eigenvalue from PCA Criterion value from parallel analysis Decision

1 37.146 1.798937 Accept

2 2.628 1.729698 Accept

3 1.775 1.681724 Accept

4 1.542 1.641841 Reject

Table 4.
Comparing eigenvalues from PCA to criterion values from PA on effective teaching and learning science.
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deleted and a re-run of the PCA was conducted. Consequently, 36 items were re-run
after the deletion of 28 items with low communalities and those 36 items gave a KMO
value of .975 and Bartlett’s test for sphericity (17625.684) to be (df = 630, ρ = .000).
However, to make the data interpretable, varimax rotation was conducted [44–46].
For practical significance, a factor loading of .7 or above for a sample size of 100 or
more was appropriate [44], as it implied such factor loading accounted for more than
50.0% of the variance explained by a variable. Thus, in this research, factors that
loaded above .5 were considered. In the case of cross-loadings, only factors with
higher loading under a particular component were considered [39]. From the varimax
rotation as shown in Table 5, factor 1 explained 59.97%, factor 2 explained 4.66%, and
factor 3 explained 2.75%. However, the total variance explained remained almost the
same 67.38% as obtained from the initial analysis. The reliabilities of the factors were
determined to be .973 for factor 1, for factor 2, .921, for factor 3, .932, and the overall
reliability was .981. The factor loadings together with the variance explained and
Cronbach alpha of the components are shown in Table 5.

The three factors retained were conceptualized as a conducive learning environ-
ment (being teacher’s knowledge of how to transform the content in a classroom that

Statement Eigenvalues

An effective science teacher often reviews students’ relevant previous knowledge and
builds on them

.664

An effective science teacher uses methods that make his/her lessons practical, and
collaborative/participatory

.749

An effective science teacher is a teacher who uses real-life illustrations to explain
various scientific concepts

.740

An effective science teacher varies instructional strategies and techniques when
necessary to suit the learning needs of students

.652

An effective teacher uses more than one teaching and learning materials .647

An effective science teacher studies the curriculum to guide their choice of appropriate
teaching method

.708

An effective science teacher selects and uses teaching and learning materials in
teaching to enhance students’ conceptual understanding of scientific concepts and
ideas

.497

An effective science teacher prepares in advance before coming to class .638

An effective teacher is confident because he prepares well in advance to produce
higher students achievements

.654

An effective science teacher is hardworking whose effort enables his/her students to
excel in examinations and assessment

.619

An effective science teacher is creative in teaching science .650

During practical lessons, an effective science teacher finds enough time to demonstrate
concepts to students

.674

An effective science teacher is a teacher who will have time to explain to students
aspects of topics that are difficult to understand

.626

An effective science teacher uses instructional time consciously to the benefit of
students

.659

An effective science teacher has good human relationships between science teachers
and students during science lessons

.626
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Statement Eigenvalues

An effective science teacher loves and shows empathy for students .691

An effective science teacher motivates students to learn science .574

An effective science teacher creates a learning environment that allows students to ask
questions about the materials being studied,

.616

An effective science teacher guides students on how to search for answers to questions
raised

.732

An effective science teacher builds his/her students’ confidence in learning of the
subject science

.671

An effective science teacher provides students with experiences needed to learn
science

.703

An effective science teacher presents his/her lessons systematically and orderly .630

An effective teacher arranges topics sequentially in a systematic order to allow him/her
to teach from simple to complex

.529

An effective science teacher gives students enough work examples for them to practice .694

An effective science teacher always gives an assignment, to his/her students, marks,
and discusses it so the students know their shortcomings for rectification

.714

An effective science teacher distributes questions to all students in science lessons .759

An effective science teacher uses simple vocabulary that can be understood by all
students in a science lesson

.732

An effective science teacher communicates science terminologies very well to the
understanding of students

.677

An effective science teacher can be tolerant of all students’ questions and issues in
science lessons

.727

An effective science teacher provides students with opportunities to develop
knowledge, skills, and attitudes they need in the classroom

.646

An effective science teacher considers the level and stages of the students in order to
know the techniques, strategies, and methods to use in teaching

.542

An effective science teacher always provides students with an opportunity to work
toward improving their shortfalls in learning science

.584

An effective science teacher conducts research to update his/her knowledge and
conceptual understanding of scientific concepts, ideas, and principles

.564

An effective science teacher demonstrates his/her knowledge of the content by giving
detailed explanations of scientific concepts, ideas, and principles when teaching

.550

An effective science teacher can justify what he/she is teaching using the appropriate
approach

.527

An effective science teacher uses appropriate instructional strategies to present the
content

.602

% variance explained 59.97 4.66 2.75

Cumulative % variance explained 67.38

Cronbach alpha .973 .921 .932

overall Cronbach alpha .981

Table 5.
Factors evolving from the component matrix on the perceived nature of effective science teachers by
supervisors, mentors, and mentees.
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is friendly enough to meet the learning needs of students), instructional processes (the
steps taken by the teacher to support students make meaning of science concepts in
the classroom), and consciousness of professional demands (being teacher awareness
of what are expected of him or her and preparing to in advance to boost confidence to
implement lessons within scheduled time) [14].

3.2.1 Conducive learning environment

This factor explained what effective science teachers do in the classroom as they
attempt to transform their knowledge of the content to suit the learning needs of
students in a friendly manner. The means of agreement of the groups of items under a
conducive learning environment are presented in Table 6.

The results showed that the average mean of conducive learning environment
was 4.32 (Std. = .97). This indicated that the selected teachers highly perceived
conducive learning environment as nature of effective teaching and learning
science in the basic school. To further understand this, all three groups of teachers
were interviewed using ESTIS. From the analyzed interviews, the selected teachers
viewed effective teaching and learning science as associated with the creation of a

Statement M Std.

An effective science teacher has good human relationships between science teachers and
students during science lessons

4.27 1.023

An effective science teacher loves and shows empathy for students 4.16 1.072

An effective science teacher motivates students to learn science 4.39 .957

An effective science teacher creates a learning environment that allows students to ask
questions about the materials being studied,

4.41 .897

An effective science teacher guides students on how to search for answers to questions raised 4.22 .987

An effective science teacher builds his/her students’ confidence in learning of the subject
science

4.32 .978

An effective science teacher provides students with experiences needed to learn science 4.32 .958

An effective science teacher presents his/her lessons systematically and orderly 4.37 .964

An effective teacher arranges topics sequentially in a systematic order to allow him/her to
teach from simple to complex

4.39 .966

An effective science teacher gives students enough worked examples for them to practice 4.26 .979

An effective science teacher always gives an assignment, to his/her students, marks and
discusses it so the students know their shortcomings for rectification

4.34 .968

An effective science teacher distributes questions to all students in science lessons 4.27 1.014

An effective science teacher uses simple vocabulary that can be understood by all students in
a science lesson

4.38 1.001

An effective science teacher communicates science terminologies very well to the
understanding of students

4.32 .984

An effective science teacher can be tolerant of all students’ questions and issues in science
lessons

4.17 1.063

An effective science teacher provides students with opportunities to develop knowledge,
skills, and attitudes they need in the classroom.

4.37 .932
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conducive learning environment to inspire students to learn science concepts. An
excerpt is;

By creating a very conducive and good teacher-student relationship in order to arouse
the interest of students during lessons. This eliminates fear from students and subse-
quently boosts learning (ME006).

In a conducive learning environment, teachers motivated students to freely ask
questions. Excerpts are;

Yes, because when there is a good relationship between teacher and students, a very
conducive academic environment is created for students to willingly ask questions and
teachers demonstrate their knowledge here (ME050).

Yes, when there is a conducive environment and a good relationship between teacher
and student, they are motivated to feel free and willing to ask questions during lessons.
In this kind of environment, students feel the knowledge of their teacher (S024).

Also, in a conducive learning environment, teachers demonstrated in-depth
knowledge of the content of science to make students feel comfortable in learning. An
excerpt is;

Should be well knowledgeable in scientific content and instructional strategies so as to
know what they teach and to instill confidence in his/her students (MR028).

3.2.2 Instructional processes

The instructional processes described effective teaching and learning science as
encompassing all the steps taken by teachers to aid in the presentation of science
concepts in lessons to the understanding of their students. Table 7 shows the mean
agreement on the perceived nature of effective teaching and learning science in
relation to instructional processes.

Statement M Std.

An effective science teacher considers level and stages of the students in order to know the
techniques, strategies, and methods to use in teaching

4.33 .960

An effective science teacher always provides students with an opportunity to work toward
improving their shortfalls in learning science

4.26 .979

An effective science teacher conducts research to update his/her knowledge and conceptual
understanding of scientific concepts, ideas, and principles

4.32 .989

An effective science teacher demonstrates his/her knowledge of the content by giving
detailed explanations of scientific concepts, ideas, and principles when teaching

4.31 .970

An effective science teacher can justify what he/she is teaching using the appropriate
approach

4.39 .890

An effective science teacher uses appropriate instructional strategies to present the content 4.37 .936

Overall 4.32 0.97

Table 6.
Mean agreements of teaching and learning science in conducive learning environment.
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It can be deduced from Table 7 that the selected teachers had a high positive
perception (M = 4.38, Std. = .980) of the instructional processes as a factor of effective
teaching and learning. That is, all supervisors, mentors, and mentees perceived highly
that instructional processes such as making science lessons practical and participatory
(M = 4.41, Std. = .976) through the use of multiple teaching and learning resources
(M = 4.32, Std. = .942), and selecting and using relevant resources in science lessons
(M = 4.44, Std. = .963) contributed to effective teaching and learning science in basic
schools. Also, teachers taking steps to vary the instructional strategies in a lesson
(M = 4.37, Std. = 1.043) and using real-life illustrations to explain concepts (M = 4.35,
Std. = 1.019) were dimensions of instructional processes that contributed to effective
teaching and learning science in basic schools.

To further understand issues relating to instructional processes, the outcomes of
the interviews using ESTIS with supervisors, mentors, and mentees were analyzed
under this theme. The three groups of teachers confirmed that effective teaching and
learning science involved the use of participatory approaches in science lessons.
Because the teachers interviewed were of the view that adopting steps to use group
activities, demonstrations, hands-on activities, and other participatory instructions
was key to effective teaching and learning science in basic schools. Excerpts are;

These participatory teaching methods are effective because learners are able to
construct knowledge among themselves and this aids their understanding (ME051).

The use of group activities helps involve everybody in the class including the weaker
ones to make meaning with some ease (MR055).
… because students learn well when they are made to actively participate through
hands-on experiences (experiments) (S021).

There appeared to be agreement on the viewpoint of the teachers interviewed that
effective teaching and learning science involved selection and usage of more than

Statement M Std.

An effective science teacher often reviews students’ relevant previous knowledge and builds
on them

4.44 .971

An effective science teacher uses methods that make his/her lessons practical and
collaborative/participatory

4.41 .976

An effective science teacher is the teacher who uses real-life illustrations to explain various
scientific concepts

4.35 1.019

An effective science teacher varies instructional strategies and techniques when necessary to
suit the learning needs of students

4.37 1.043

An effective teacher uses more than one teaching and learning materials 4.32 .942

An effective science teacher studies the curriculum to guide their choice of appropriate
teaching method

4.44 .963

An effective science teacher selects and uses teaching and learning materials in teaching to
enhance students’ conceptual understanding of scientific concepts and ideas

4.34 .917

Overall 4.38 .980

Table 7.
Mean agreements of effective teaching and learning science in relation to instructional processes.
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one instructional resource and that they either improvise these or go for realia.
Excerpts are

They improvise or buy them from shops. Because teachers need variety to spice their
teaching (ME013).

Picking them from their locality is important but measures should be put in place by
the science teacher to use more conventional materials. Because they enrich students’
experiences (MR001).

… purchase them from the market and also through the internet. Because to be
effective, you will need the materials and then, adopt means as a teacher to help
students in the classroom (S028).

Teachers taking steps to use a variety of instructional resources in science lessons was
made stronger as the teachers interviewed believed that the multiple uses of instruc-
tional materials aided students’ comprehension of science concepts. Excerpts are;

To give students the experience of diversified ways of learning and solving problems
using a number of materials in a single lesson is important (S008).

… the more instructional materials used, the more in-depth knowledge and under-
standing they provide to students (S021).

3.2.3 The consciousness of professional demands

Continuous professional development described a teacher’s awareness of what was
expected of him or her leading to preparation in advance to boost confidence in
implementing lessons within the scheduled time. The mean agreement on the per-
ceived nature of effective teaching and learning science in relation to the conscious-
ness of professional demands is presented in Table 8.

As shown in Table 8, the selected teachers’ highly perceived effective teaching and
learning science was influenced by teacher consciousness of professional demands.
Because all supervisors, mentors, and mentees highly agreed that teacher conscious-
ness of professional demands (M = .4.33, Std. = .991) is one of the factors of effective
teaching and learning science in basic schools. That is, effective science teachers
prepared in advance prior to meeting students in science classrooms (M = 4.43, Std. =
.968) to boost their confidence in teaching (M = 4.40, Std. = .962) leading to effective
management of instructional time in teaching difficult science concepts (M = 4.38,
Std. = .950) to the benefit of students (M = 4.26, Std. = .992).

To validate the factor and consciousness of professional demands as contributing
to effective teaching and learning science, some selected supervisors, mentors, and
mentees were interviewed with ESTIS. The outcomes of the interviews were analyzed
with the consciousness of professional demands as one of the themes. From the
viewpoint of the teachers interviewed, effective teaching and learning science should
involve teachers making a conscious effort to meet the demands of their job, especially
their interactions with students in the classroom. For instance, teachers interviewed
mentioned that effective teaching and learning science involved teachers preparing
well ahead to address any envisaged shortfalls to aid students in learning science
concepts. Excerpts are;
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… teachers prepare by planning and allocating a number of minutes that will be used
at every stage of the lesson because when teachers prepare ahead, they can work around
any problem that will hinder effective teaching (S008).

… prepares by having proper planning on when and what to use. You see without
preparing in advance the teacher will not see any problem ahead (MR001).

Professionally, teachers teaching in basic schools needed to plan their lessons. That
is, planning for effective teaching and learning science included their preparation of
lesson notes. A well-planned lesson contributed to teachers’ confidence in the process
of teaching and learning science. Excerpts are:

Effective teaching is achieved through the preparation of lesson plans. This makes you a
professional teacher from the nonprofessionals (MR045).

… This makes the teacher confident to do a better explanation of scientific concepts
without deviating (ME005).

The demands of the lesson plan as professional teachers make lesson presentations
effective, efficient, and good time managers (MR013).

The teachers interviewed mentioned that, professionally, the essence of advanced
preparation helped teachers to manage their time well. Excerpts are:

Yes, in order not to spend so much time, which will lead to waste of time, as a would-
be professional teacher, I’m trained to plan for effective use of time during teaching
(ME028).
Time budgeting is an important aspect of a well-planned science lesson. Hence, to be
effective in science lessons, I look forward to seeing how teacher trainees manage time
during science lessons as I supervise them (S0031).

Statement M Std.

An effective science teacher prepares in advance before coming to class 4.43 .968

An effective teacher is confident because he prepares well in advance to produce higher
students achievements

4.40 .962

An effective science teacher is hardworking whose effort enables his/her students to excel in
examinations and assessments

4.25 1.034

An effective science teacher is creative in teaching science 4.29 1.005

During practical lessons, an effective science teacher finds enough time to demonstrate
concepts to students

4.32 1.024

An effective science teacher is a teacher who will have time to explain to students aspects of
topics that are difficult to understand

4.38 .950

An effective science teacher uses instructional time consciously to the benefit of students 4.26 .992

Overall 4.33 .991

Table 8.
Mean agreements of effective teaching and learning science in relation to consciousness of professional demands.
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3.3 Differences in perceived nature of effective teaching and learning science
among supervisors, mentors, and mentees

Also, the research question sought to examine whether differences existed among
supervisors, mentors, and mentees on the three factors established as contributing to
the perceived nature of effective teaching and learning science. To achieve this, multi-
variate analysis of variance (MANOVA) was used. To be sure of having selected the
right statistics, first, normality and the presence of multivariate outliers were deter-
mined using the Mahalanobis distance [45]. Tabachnick and Fidell [46] explained
Mahalanobis distance as the distance of a case from the centroid of the remaining cases
where the centroid was the point created at the intersection of the means of all the
variables. The purpose was to reveal any cases that lie at a distance from the other cases
and such cases were considered outliers. In order to detect which cases were multivar-
iate outliers, the critical X2 value of the degree of freedom of the independent variables
was compared with the Mahalanobis distance of the cases [46]. Any case whose
Mahalanobis distance value was greater than the critical X2 was considered an outlier.

According to Tabachnick and Fidell [46], research with the independent variable
at three levels, such as teachers (supervisors, mentors, and mentees) should have a
critical X2 value of 16.27. Thus, with the three independent variables in this research,
the Mahalanobis were examined and five cases with extremely high critical values
(case 49 with a critical value of 56.8; case 287 with 54.64; case 425 with 31.09; case 515
with 30.72, and case 498 with 29.24) were deleted [45, 46]. Another calculation of the
Mahalanobis distance after deletion produced a few outliers whose critical values were
much closer to the cutoff point. Hence, it was maintained to form part of the study.
When Cook’s distance (a measure of the influence of outliers on the model) was also
examined, the maximum value was found to be .056. According to Ref. [46], if the
Cook’s distance was greater than 1, then there was suspicion of the presence of outliers
with a potential effect on the results. Since Cook’s distance was less than 1, then the
researchers assumed there was no problem and that the data on effective teaching and
learning science was suited for MANOVA statistics.

In furtherance, an inspection of the mean scores and results of the mean percep-
tions are presented in Table 9.

The results from Table 9 indicated that mentors’ perception of an effective science
teachers’ instructional processes was slightly higher (M = 22.52, Std. = 3.46) than
supervisors (M = 21.88, Std. = 3.78) and mentees (M = 21.76, Std. = 4.74). Their lower
standard deviation values also implied the scores were closely spread around their
mean values. Again, the mean perception of effective teaching and learning science in
terms of consciousness of professional demands in relation to supervisors (M = 30.78,
Std. = 5.72), mentors (M = 30.51, Std. = 5.12), and mentees (M = 30.20, Std. = 6.18)
were virtually the same. For a conducive learning environment, all three groups of
teachers showed slight differences in their means with mentors showing a higher
mean score (M = 105.54, Std. = 14.68) than mentees (M = 103.77, Std. = 18.51) and
supervisors (M = 102.25, Std. = 15.54). Although differences in mean values existed in
some cases, it was difficult to claim the difference was significant. Hence, there was
the need to further examine the perceived nature of effective teaching and learning
science by the groups of teachers using MANOVA.

In addition to assessing the fitness of the data on effective teaching and learning
science for MANOVA statistics, homogeneity of variance was assessed and the results
are presented in Table 10.
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From Table 10, the results showed that the Box’s M (37.81) was significant
(p = .000). This implied there was a violation of the assumption on the homogeneity
of variance. However, Tabachnick and Fidell [46] reported that with a large sample
size, such as 516 in this research, the violation can occur because Box’s M was too strict
for larger sample sizes. Also, given that in this research the sample size was over 500,
the violation was not a problem and hence, MANOVA was run. The researchers then
went further to examine Levene’s test of equality of variance. The results on equality
of variance are presented in Table 11.

From Table 11, the results showed there was a violation of the assumption of the
equality of variance at a significance value of .01. However, Pallant [45] indicated that
where there was a violation of assumptions, Pillai’s trace should be chosen over Wilker
in presenting the findings and that a more conservative significance level of .01 was
needed.

Having checked these assumptions, a one-way between-groups MANOVA was
performed to investigate how the three groups of teachers perceived the nature of
effective teaching and learning science. The dependent variable, the perceived nature
of effective teaching and learning science were of three levels; conducive learning
environment, instructional processes, and consciousness of professional demands.
The independent variable, the three groups of teachers (caption as the role of the
teacher) was of three levels; supervisor, mentor, and mentee. The results of the
multivariate test of significance are presented in Table 12.

N Role as a teacher M Std.

Instructional processes 85 Supervisor 21.88 3.78

160 Mentor 22.52 3.46

271 Mentee 21.76 4.74

516 Total 22.02 4.23

Consciousness of professional demands 85 Supervisor 30.78 5.72

160 Mentor 30.51 5.12

271 Mentee 30.20 6.18

516 Total 30.39 5.79

Conducive learning environment 85 Supervisor 102.25 15.64

160 Mentor 105.54 14.68

271 Mentee 103.77 18.51

516 Total 104.07 16.95

Table 9.
Mean scores on perceived nature of effective teaching and learning science.

Box’s M F df1 df2 p

37.81 3.17 12 328844.497 .000*

*Significant at p < .01.

Table 10.
Test of homogeneity of variance on effective teaching and learning science for MANOVA.
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The results from Table 12 showed there was a statistically significant difference
between the three groups of teachers (supervisors, mentors, and mentees) on the
perceived nature of effective teaching and learning science. Because the calculated
Pillai’s Trace vale (.087) was significant (F(3, 511) = 7.77, p = .000). Hence, there was
the need to examine further the differences in relation to supervisors, mentors, and
mentees on the perceived nature of effective teaching and learning science. To do this,
the researchers set a high alpha level to avoid committing a type 1 error. As the
perceived nature of teaching and learning science was of three levels, the alpha level
was set at .017. The results are presented in Table 12.

This MANOVA was conducted to examine the role of teacher (supervisor, mentor,
and mentee) differences on the perceived nature of effective teaching and learning
science. The continuous variables used in this aspect of the research were instructional
processes, the consciousness of professional demands, and a conducive learning envi-
ronment. The results are presented in Table 13.

F df1 df2 p

Instructional processes 6.961 2 513 .001*

Consciousness of professional demands 3.653 2 513 .027**

Conducive learning environment 6.895 2 513 .001*

**Not significant at p > .01.

Table 11.
Test of equality of error variances on effective teaching and learning science using Levene’s test.

Effect Value F Hypothesis df Error df p Partial Eta Squared

Role as a teacher Pillai’s Trace .087 7.77 6.000 1024.000 .000* .044

*Significant at p < .017.

Table 12.
Multivariate test of significance on perceived nature of effective teaching and learning science.

Source Perceived nature of
effective teaching and

learning science

Type III
sum of
squares

df Mean
square

F p Partial
Eta

Squared

Corrected
model

Instructional processes 59.699a 2 29.850 1.670 .189* .006

Consciousness of
professional demands

25.099b 2 12.550 .374 .688* .001

Conducive learning
environment

654.766c 2 327.383 1.140 .321* .004

Intercept Instructional processes 201675.326 1 201675.326 11284.625 .000** .957

Consciousness of
professional demands

385550.665 1 385550.665 11483.662 .000** .957

Conducive learning
environment

4472229.780 1 4472229.780 15574.763 .000** .968
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The results from Table 13 showed that there was no statistically significant differ-
ence (using a Bonferroni adjusted alpha level of .017) in how the selected teachers
perceived effective teaching and learning science in the basic schools. Because the mean
perceived nature of effective teaching and learning science in relation to a conducive
learning environment (M = 104.07, Std. = 16.95, F(2, 513) = 1.140, p = .321) was not
statistically different from the mean perception of instructional processes (M = 22.02,
Std. = 4.23, F(2, 513) = 1.670, p = .189) and the mean perception of consciousness of
professional demands (M = 30.39, Std. = 5.79, F(2, 513) = .374, p = .688).

To triangulate this finding of no difference in the perceived nature of effective
teaching and learning science among supervisors, mentors, and mentees, some
selected teachers were interviewed using ESTIS. The results from the interview
suggested all three groups of teachers perceived the nature of effective teaching and
learning science in similar ways in terms of a conducive learning environment,
instructional processes, and consciousness of professional demands. For instance,
when all the teachers interviewed were quizzed “How would you describe the effective
science teacher’s knowledge of content and instructional strategy?” In terms of how he/she
demonstrates the knowledge to create a conducive learning atmosphere. All supervi-
sors, mentors, and mentees explained that effective teaching and learning science
involved teachers giving a correct explanation of science concepts. That is, it reduced
the ease with which students learn science in the classrooms. Excerpts are;

Source Perceived nature of
effective teaching and

learning science

Type III
sum of
squares

df Mean
square

F p Partial
Eta

Squared

Role as a
teacher

Instructional processes 59.699 2 29.850 1.670 .189* .006

Consciousness of
professional demands

25.099 2 12.550 .374 .688* .001

Conducive learning
environment

654.766 2 327.383 1.140 .321* .004

Error Instructional processes 9168.177 513 17.872

Consciousness of
professional demands

17223.381 513 33.574

Conducive learning
environment

147305.860 513 287.146

Total Instructional processes 259324.000 516

Consciousness of
professional demands

493726.000 516

Conducive learning
environment

5736299.000 516

Corrected
Total

Instructional processes 9227.876 515

Consciousness of
professional demands

17248.481 515

Conducive learning
environment

147960.626 515

*Not significant at p > .017.

Table 13.
MANOVA statistics of three groups of teachers on perceived nature of effective teaching and learning science.
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… explaining concepts well for learners to understand and attract their attention in
class (ME053).
An effective science teacher is someone who is confident and competent in explaining
scientific concepts to students. You see this confidence will attract students to your
lessons (ME040).

… his/her ability to teach well the content with mastery and engagement of students
for better understanding (MR033).

through his/her lesson delivery on how systematic topics are explained for students'
understanding. I must say I have seen students asking that mentees whose delivery is
good should be retained in our school (MR014).

The classroom environment strives for teachers' know-how. … by explaining concepts
taught well for learners to understand (S005).

A good learning classroom is attained through his/her lesson delivery on how systematic
topics are explained for students' understanding (S011).

The teachers interviewed mentioned that at times some skills are needed in creat-
ing an enabling environment for students to learn science concepts. Those skills and
knowledge can be acquired through professional development programs. Excerpts are:

personal reading and attending seminars, workshops, and symposiums on curriculum
updates (ME001).

Through reading science books and watching science documentaries. It can also be
attained through researching more scientific concepts from the internet for further
knowledge or attending seminars and workshops for the needed skills and knowledge
teaching in the basic schools (MR033).

personal reading and attending seminars, workshops, and symposiums on curriculum
updates (S002).

By upgrading through schooling or seminars. I must say knowledge of some skills is vital
for the classrooms. They make students learn science at ease (S005).

Also, the teachers interviewed mentioned that effective teaching and learning
science should occur in a learning environment that sought to build students’ confi-
dence. Excerpts are:

… the classroom should be ideal for encouraging learners by placing them at the center
of teaching and learning processes (ME028).
Yes, because it builds students' confidence in the classroom and helps them satisfy their
curiosity (MR013).

building confidence by applauding students who perform well and encouraging those
who do not do well” (MR046).
by encouraging learners and then building their confidence in learning science … the
teacher places the students at the center of teaching and learning processes (S010).

45

A Comparative Study of Groups of Teachers on the Perceived Nature of Effective Teaching…
DOI: http://dx.doi.org/10.5772/intechopen.110366



To create a conducive learning environment for students learning science in the
basic schools, effective science teachers managed their classrooms. This was achieved
through effective class control measures put in place by teachers. Excerpts are:

Yes, the creation of a learning classroom by giving clear and simple directions to obey
rules and regulations in class which is seen through quietness … effective teachers use
question skills to achieve this (ME018).

students have been made to set classroom rules themselves knowing their respective
consequences regarding rewards and punishments to help in class control (ME024).

Yes, by giving clear and simple directions to obey rules and regulations in class, which
is seen through quietness and giving questions to inattentive students in a class (S012).

The teachers viewed mentioned that good class control would result in a conducive
environment for a good teacher-student relationship leading to students feeling free to
ask questions to aid their understanding of science concepts. An excerpt that was
common to all teachers is:

Yes, when there is a conducive environment and good relationship between teacher and
student, they are motivated to feel free and willing to ask questions during lessons
(ME024, MR013, and S024).

This and other common views probably explain why the mean perception values of
the three groups of teachers are slightly different but not statistically significant.

With respect to the instructional processes, the teachers interviewed mentioned
that effective teaching and learning science involved teachers selecting and using
appropriate instructional strategies in the classroom to aid students’ active participa-
tion in learning science concepts. Excerpts are:

Learning through active involvement in the lesson ensures quick absorption of science
concepts by learners, hence, I expect an effective science teacher to organize his lesson to
achieve that (ME016).

An effective science is aware that the use of group activities helps involve everybody in
the class including the weaker ones, so I present my lessons with that in mind (MR055).

The use of group activities for teaching science is effective because two heads are better
than one so students working in groups help them to share ideas (S001).

The teachers interviewed mentioned that how teachers structured their instruction
contributed to students’ development of understanding of science concepts. Hence,
instructional processes were key to effective teaching and learning science. Excerpts are:

The way the teacher plans and implements his or her teaching will make the lesson
effective because students are able to construct knowledge among themselves and this
aids their understanding (ME051).

This is effective due to the different ideas possessed by group members, which are shared
among themselves. It helps students to understand even difficult science concepts
(S002).
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With respect to the consciousness of professional demands, the teachers
interviewed held a much similar view. That is, for effective teaching and learning
science to occur in basic schools, teachers should appreciate that they were to prepare
a lesson plan and implement it in the classroom as planned. Excerpts are:

An effective science teacher prepares by planning and allocating a specific number of
minutes to every stage and making sure times are used as planned (ME028).

Effective teaching involves a teacher who prepares by having proper planning on when
to use even the teaching materials (MR001).

prepares by planning and allocating a number of minutes that will be used for every
stage. The teacher has to follow the plan when teaching being conscious of the time
scheduled for each stage of the lesson. I normally check and discussed with teacher
trainees during supervision (S008).

4. Discussion

The findings that effective teaching and learning science involves teachers who are
mindful of instructional strategies to use in aiding students learning, perhaps one that
lends itself to a constructivist approach confirms the findings of Adu-Gyamfi [14] that
effective science teachers use appropriate teaching approaches and techniques and of
Lumpkin and Multon [21] that effective teachers use various instructional strategies to
convey course content to students to enhance their learning. It could be that the three
groups of teachers are aware of Borich [20] indicators of instructional varieties and
instructional strategies and that form the basis upon which all three groups of teachers
evaluate effective science teachers. Because the characteristics of effective science
teachers are evident and common [25] and can be recognized everywhere by science
educators such as the three groups of teachers. Hence, it is not out of place that the
three teacher groups (supervisors, mentors, and mentees) have a highly positive
perception of teaching and learning science in basic schools. The Ghana Education
Service through heads of the basic schools should occasionally engage the three
teacher groups in professional development programs to share best practices and
experiences on effective teaching and learning science. Again, the finding that effec-
tive teaching and learning science involves teachers who use instructional materials in
their lesson delivery resonates with Lupascua et al.’s [26] assertion that in contempo-
rary times effective science teachers use instructional materials. It, thus, implies that
effective science teachers need to use instructional materials taking into consideration
the concepts in context to explain the different learning styles of the learners and
employ multimodal instructional materials as well as vary them. The perception of the
three teacher groups of effective teaching and learning science is linked to teachers
who prepare in advance and manages instructional time judiciously. This finding
confirms earlier studies on effective [science] teachers as they manage their classes so
that there is minimum wastage of class time and high levels of engagement [4, 36, 37].
Perhaps, it could be that they are able to do this because they prepare in advance
[4, 27] and appreciate that contact hours are one of the important resources that
teachers need not waste in order to cover the selected content by the curriculum
developers. It is worth learning from this finding that when science teachers prepare
in advance, they do things right [26]. Hence, school inspectors, during the monitoring
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of schools, should look out for whether teachers consciously budget for the time they
would spend in the classroom with students. Moreover, effective teaching and learning
science involve teachers who have the ability to establish a good learning environment
to facilitate the teaching and learning of science concepts. This finding is in line with
earlier findings and descriptions of effective science teachers as those who plan for the
environment, both the organization of the classroom and students [6, 19, 25, 29, 31].
Those organizations are geared toward creating a welcoming environment that fosters
positive relationships among students regardless of disparities in ethnic background,
gender, social class, handicap, or prior academic achievement [19]. It could be that
effective science teachers are able to establish their enabling learning environment by
monitoring students’ behavior in the classroom [6]. In this enabling environment of
science, teachers show great interest in their student’s success and this cannot be
ignored. It is, also, in line with Young and Shaw’s [10] finding that effective teachers
are rated very high because of their genuine respect for students, concern for student
learning, and value of the course. Consequently, this enabling learning environment is
one where teachers demonstrate adequate content knowledge and instructional strat-
egy [2, 14]. Since knowledge is not constant, it stands to mean that effective science
teachers strive to update their knowledge through research. It is also worth suggesting
that opportunity needs to be provided to science teachers through in-service training,
by managers of basic schools, to keep updating their knowledge and to broaden the
horizon of their knowledge for effectively teaching science.

Three factors principally accounted for the teacher’s perception of the nature of
effective teaching and learning science are a conducive learning environment,
instructional processes, and consciousness of professional demands. In a conducive
learning environment, it is apparent that the teachers perceive that effective teaching
and learning science involves teachers who show love and empathy to their students
and create a good human relationship with their students. Such environments make
students feel comfortable to ask questions to help build their knowledge and under-
standing [14, 37]. The supervisors, mentors, and mentees who have gone through
science training themselves recognize that proper knowledge of the content of science
and knowledge of how to transform this content form an integral part of science
teaching and learning. Thus, teachers perceive that an effective teacher demonstrates
this knowledge by giving detailed explanations of concepts, which is well justified
with an appropriate instructional strategy. As educators, the teachers appreciate that
effectiveness needs to be sustained as such they perceive effective teaching and
learning science involves a teacher who conducts research to update his/her knowl-
edge and conceptual understanding of science concepts, ideas, and principles that
needed explaining to students. There is, therefore, a need for Ghana Education Service
to organize professional development programs for experts to share experiences on
contemporary approaches to creating a conducive learning environment for basic
school students. On the part of instructional processes, it came to bear that effective
teaching and learning science involves teachers who by nature care about students’
prior knowledge, simplifying the provided learning material in ways that meet indi-
vidualized needs and respecting the diversity of any kind, ensuring solidarity and
implementing democratic procedures, reducing students’ learning load, and encour-
aging feedback [39]. The teachers’ perception that as part of the instructional pro-
cesses of effective teachers, they make their lessons participatory could be because
they might have been aware that participatory approaches, a constructivist approach,
enable students to make meaning of science concepts by themselves. Moreover, the
teachers’ perception of effective teaching and learning science in relation to teacher
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consciousness of professional demands helps basic school teachers to manage their
time well. This confirms earlier findings [14, 37] that effective teachers manage their
time to avoid wastage of instructional time. The teachers perceive that effective
science teachers by their nature take time to explain to students difficult concepts. As
much as possible, science educators in colleges of education should maximize the use
of instructional time as they prepare preservice teachers. This will make their students
see them as role models and, hence, adopt best practices as they handle science in the
basic schools.

The findings that there was no statistically significant difference in the mean
perceptions of the three groups of teachers on conducive learning environment,
instructional processes, and consciousness of professional demands in relation to
effective teaching and learning science implies that the science teacher educators
(supervisors) might be doing a good job. Because of this, no statistically significant
difference among supervisors, mentors, and mentees has once been reported [42] on
teachers’ perspectives on the effective use of teaching and learning resources in
science lessons. Hence, science educators and researchers should conduct further
research to investigate curriculum structure and how college tutors conduct their
classroom activities to share with the world what the initial teacher training is and its
impact on preservice teachers. It could also be that the supervisors have instilled in
their students (mentors & mentees) lifelong learning of effective teaching and learn-
ing science. In addition, it could be a confirmation of earlier studies that educators
have an influence on preservice (mentees) and in-service (mentors) teachers’ con-
ception of effective teaching, and this also influences their practices [3, 40, 41]. It is
that the supervisors prepare the preservice teachers to develop appropriate knowl-
edge, strategies, and techniques relevant to creating an enabling environment for
learning science who eventually continue this acquired (mentors). However, the
supervisors need to be aware preconceptions held on by preservice education may be
retained by preservice teachers despite methodology units and practicum experiences
[41] and help them to address them appropriately.

5. Conclusion and implications

This chapter studied the perceived nature of effective teaching and learning sci-
ence among supervisors (who were college tutors), mentors (who were in-service
teachers in basic schools), and mentees (who were preservice teachers in colleges of
education). These teacher groups were linked in common as they were mandated to
effective teaching and learning science in the basic schools. Having responded to a
questionnaire and interview, through the triangulation mixed methods, the three
groups of teachers had highly positive perceptions of effective teaching and learning
science in basic schools. Hence, science educators and researchers should case-study
effective teaching and learning science in basic schools through observer participation
or participation observer to further investigate whether teachers practice what they
professed to teach. The factors underpinning this highly positive perception of effec-
tive teaching and learning science were a conducive learning environment, instruc-
tional processes, and consciousness of professional demands. However, supervisors,
mentors, and mentees shared a common perception and did not differ statistically on
conducive learning environments, instructional processes, and consciousness of pro-
fessional demands in relation to effective teaching and learning science though qual-
itatively some issues were expressed differently by the three groups of teachers.
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Hence, the Ministry of Education through the Ghana Education Service should pro-
vide opportunities for the three groups of teachers to meet and share experiences on
effective teaching and learning science in basic schools.

Appendix A

A.1 Effective science teacher questionnaire

Dear teacher,
This questionnaire seeks your opinions and concerns about the perceived nature of

an effective science teacher. You are required NOT to write your name and the name
of your college or school. Your response(s) to this questionnaire will remain confi-
dential and any comment made will not be personalized in this research. The infor-
mation provided will be used to improve the teaching and learning of science in
schools and colleges. Completing the questionnaire means you are consenting to take
part in the research.

Please carefully read all the instructions in each section before giving your
response(s).

SECTION A: Background Information.

1. Zone
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … .

2. Sex
Male [] Female [].

3. Level of Teaching
College Tutor [] Primary School Teacher [] JHS Teacher []

4. Role as a Teacher
Supervisor [] Mentor [] Mentee []

SECTION B: Perceived Nature of Effective Teaching and Learning Science.
Indicate your level of agreement (from 1 to 5) to the following statements on how

you consider as an effective science teacher. A rank of 1 is the lowest agreement and a
rank of 5 is the highest agreement.

Tick [√� to show your level of agreement.
Lowest to Highest Agreement

Item Statement 1 2 3 4 5

5. An effective science teacher selects and uses instructional strategies

6. An effective science teacher studies the curriculum to guide their choice of
appropriate teaching method

7. An effective science teacher often reviews students’ relevant previous knowledge
and builds on them

8. An effective science teacher uses activity-based methods of teaching

9. An effective science teacher uses the lecture method of teaching

10. An effective science teacher uses methods that make his/her lessons practical, and
collaborative/participatory
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Item Statement 1 2 3 4 5

11. An effective science teacher teaches science through practical works that are
laboratory-based to enhance student understanding

12. An effective science teacher relies on textbooks to teach science

13. An effective science teacher teaches scientific concepts and ideas using a
methodology that aids the application of the knowledge to everyday life experiences

14. An effective science teacher is a teacher who uses real-life illustrations to explain
various scientific concepts

15. An effective science teacher varies instructional strategies and techniques when
necessary to suit the learning needs of students

16. An effective teacher uses more than one teaching and learning material

17. Effective science teacher ensures that their teaching resources are available before
they start their lessons

18. An effective science teacher is good at improvisation of teaching and learning
materials

19. An effective science teacher uses multiple teaching and learning materials for the
explanation of the same concept

20. An effective science teacher selects and uses teaching and learning materials in
teaching to enhance students’ conceptual understanding of scientific concepts and
ideas

21. An effective science teacher employs teaching and learning materials that arouse the
desire of learners to learn

22. An effective science teacher prepares in advance before coming to class

23. An effective teacher is confident because he prepares well in advance to produce
higher student achievements

24. An effective science teacher is someone who tries as much as possible to find
something in the community, within his busy schedule, to relate every topic for easy
student understanding

25. An effective science teacher is hardworking whose effort enables his/her students to
excel in examinations and assessments

26. An effective science teacher is creative in teaching science

27. An effective science teacher is one who never misses his/her instructional hours

28. An effective science teacher plans and teaches within the given instructional time

29. An effective science teacher takes his/her time to teach without rushing through the
presentation of lesson

30. During practical lessons, an effective science teacher finds enough time to
demonstrate concepts to students

31. An effective science teacher is a teacher who will have time to explain to students
aspects of topics that are difficult to understand

32. An effective science teacher uses instructional time consciously to the benefit of
students

33. An effective science teacher creates a conducive environment for students learning
of scientific concepts and ideas

34. Effective science teachers’ lessons are always interesting and enjoyable.

35. An effective science teacher always responds appropriately to questions students
ask
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Item Statement 1 2 3 4 5

36. An effective science teacher uses formative assessment to sustain students’ interest
in learning

37. An effective science teacher has good human relationships between science teachers
and students during science lessons

38. An effective science teacher loves and shows empathy for students

39. An effective science teacher is an open-minded person creating room for
constructive criticism

40. An effective science teacher motivates students to learn science

41. An effective science teacher creates a learning environment that allows students to
ask questions about the materials being studied

42. An effective science teacher guides students on how to search for answers to
questions raised

43. An effective science teacher builds his/her students’ confidence in learning of the
subject science

44. An effective science teacher provides students with the experiences needed to learn
science

45. An effective science teacher has good class control

46. An effective science teacher presents his/her lessons systematically and orderly

47. An effective teacher arranges topics sequentially in a systematic order to allow him/
her to teach from simple to complex

48. An effective science teacher ensures that everyone understands the first topic
before moving to the next topic

49. An effective science teacher gives a kind of exercise that will demand a lot of
research for about week

50. An effective science teacher evaluates learners in science class

51. An effective science teacher monitors learners in science class

52. An effective science teacher gives students enough work examples for them to
practice

53. An effective science teacher always gives an assignment to his/her students,
marks, and discusses it for the students to know their shortcomings for
rectification

54. An effective science teacher distributes questions to all students in science lesson

55. An effective science teacher uses simple vocabulary that can be understood by all
students in science lesson

56. An effective science teacher communicates science terminologies very well to the
understanding of students

57. An effective science teacher can be tolerant of all students’ questions and issues in
science lessons

58. An effective science teacher responds swiftly to students’ questions raised during
lesson

59. An effective science teacher provides students with opportunities to develop the
knowledge, skills, and attitudes they need in the classroom.

60. An effective science teacher considers individual intellectual abilities in teaching
scientific concepts and ideas to a class of students
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Item Statement 1 2 3 4 5

61. An effective science teacher considers the academic level of students in teaching
scientific concepts and ideas

62. An effective science teacher considers the level and stages of the students in order to
know the techniques, strategies, and methods to use in teaching

63. An effective science teacher always provides students with an opportunity to work
toward improving their shortfalls in learning science

64. An effective science teacher prepares students to perform creditable well in
examinations.

65. An effective science teacher demonstrates sufficient knowledge of science to
students

66. An effective science teacher should have in-depth knowledge of the topic before
teaching

67. An effective science teacher is a teacher who justifies what he/she is teaching to the
admiration of students

68. An effective science teacher is abreast of the current state of scientific knowledge

69. An effective science teacher conducts research to update his/her knowledge and
conceptual understanding of scientific concepts, ideas, and principles

70. An effective science teacher demonstrates his/her knowledge of the content by
giving detailed explanations of scientific concepts, ideas, and principles when
teaching

71. An effective science teacher can justify what he/she is teaching using the
appropriate approach

72. An effective science teacher uses appropriate instructional strategies to present the
content

73. An effective science teacher uses a variety of approaches to avoid boredom during
science lessons

Appendix B

B.1 Effective science teacher interview schedule

This interview schedule is designed to interact with science teachers on a one-to-
one interview to seek their views on who an effective science teacher is. Your response
(s) to this interview will remain confidential and any comment made will not be
personalized in this research. The information provided will be used to improve the
teaching and learning of science in schools and colleges. Transcribed audiotapes will
be sent to teachers for their approval and any materials that will form part of the final
study will have their consent.

A. Bio-Data for teachers

1.How long have you been teaching in this school?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

2.How long have you been teaching science?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …
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3.What is your academic/Professional qualification?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

B. Who is an effective science teacher?

4. What instructional strategies do effective science teachers normally use in
teaching science?

Prompt 1: why those strategies?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 2: is it by group activities? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: is it by hands-on activities? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 4: is it by demonstration? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 5: is it by lecture? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

5. How does an effective science teacher acquire and use Instructional materials?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 1: what type of instructional materials do they use? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 2: how do they get them?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: do they use more than one instructional material for lesson delivery?
Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

6. How does an effective science teacher prepare in advance as well as manage his/
her time for science lessons?

Prompt 1: does he/she prepare lessons before coming to class? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …
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Prompt 2: does he/she allocates time for each stage of lesson delivery? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: how does he/she organizes his/her instructional materials? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

7. How do you see the learning environment of an effective science teacher’s class?
Prompt 1: does he/she build the student’s confidence? how?

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 2: does he/her have good class control? What are the indicators?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: are students free and willing to ask questions? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 4 does he/she provides students with opportunities to develop the knowl-
edge, skills, and attitudes they need in the classroom? How?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

8. How would you describe the effective science teacher’s interest in students’
academic improvement?

Prompt 1: does he/she considers the students in the preparation of lessons? Why
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

prompt 2: is his/her lesson structured to prepare to work toward their success?
Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: does he/she consider the intellectual abilities of the learners? Why
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

9. How would you describe the effective science teacher’s knowledge of content
and instructional strategy?

Prompt 1: how is his/her knowledge being demonstrated?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 2: how does he/she updates his/her knowledge? why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

55

A Comparative Study of Groups of Teachers on the Perceived Nature of Effective Teaching…
DOI: http://dx.doi.org/10.5772/intechopen.110366



… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

Prompt 3: how does he/she explain scientific concepts, ideas, and principles when
teaching? Why?
… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …

… … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … …
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Chapter 3

Assessment of Students’ Reading 
Comprehension Skills in Teaching 
English
Farida Huseynova

Abstract

This article presents the reading comprehension skills of freshmen and sophomores 
majoring in English at the Azerbaijan State Pedagogical University. The main goal of 
the paper is to discuss the value of assessment in identifying students’ reading profi-
ciency in higher education. Another goal is to help teachers identify assessment criteria 
and give feedback to students in developing reading comprehension skills. In addition, 
the article explains the application of assessment strategies and evaluation criteria for 
various reading comprehension skill levels. The last goal of the research paper is to 
demonstrate the benefits of formative assessment to both teachers and students. For 
this purpose, the experiment examines the students’ reading comprehension abili-
ties. The study included 31 female and 23 male student participants from the English 
language faculty. The participants were chosen on purpose from the first and second 
years of the academic year 2021-2022. The designed survey questions were used to 
collect data. Qualitative analyses were used to analyze the students’ results. According 
to the findings, teachers believe that reading assessment is an important component of 
effective reading instruction. Throughout the study, both teachers and students valued 
the role of formative assessment in improving reading comprehension.

Keywords: reading comprehension, strategies, formative assessment, bottom-up, 
top-down, criteria

1. Introduction

This research presents the importance of assessment as one of the most effective 
steps in teaching English. Moreover, developing reading comprehension skills in 
teaching English is more explored by many researchers [1, 2]. Recent research high-
light a few considerations exploring measuring reading comprehension that is most 
typically performed among university students [3].

The term “assessment of reading skills” [4] is seen as the practice of defining the 
students’ reading ability of their skimming, scanning, pronunciation, and inter-
pretation skills). In addition, the term “assessment criteria” is used to refer to the 
reading process and what criteria measure reading scores in teaching. The concept of 
“ongoing assessment” includes elements of formative assessment, such as activities, 
methods, or techniques used in evaluating students reading skills regularly. In brief, 
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“giving constructive feedback” conduct’ or “washback effect” [5] mean what happens 
between teacher and students to determine students’ strength and weaknesses while 
reading texts of different genres.

The research will focus on the following research questions:

• What are the benefits of applying reading assessment?

• What are the challenges faced by the teachers in implementing reading assessment?

• How is the role of formative assessment in reading comprehension defined?

Assessment in developing reading comprehension skills involves the ability of 
readers to critically evaluate information in a text in addition to word decoding and 
content comprehension [6, 7]. Moreover, this research aims to explore the main 
obstacles and difficulties that impede students’ text comprehension, as well as devel-
oping linguistic, communication, and critical thinking skills. The article presents a 
new type of standardized reading assessment tasks formats by applying formative 
assessment tasks that motivate students in reading comprehension.

It is known that from the secondary school level, students have experience with 
linguistic assessment of reading, and at the university level, there is a need to acquire 
new skills based on previous knowledge.

Furthermore, this research introduces one of the main issues, the differences 
between the assessment and evaluation process, in many cases, teachers find it difficult 
to explain the difference between assessment and evaluation. Although these two terms 
are each a quality factor, they are used interchangeably, there is a noticeable difference 
between them. Assessment collects evidence of learner performance, evaluation pro-
cess provides a measurement of performance based on data collection and analysis [8].

Additionally, it is essential that assessing students’ reading skills in English at an 
intermediate level is crucial in starting the steps of bachelor’s degrees in universi-
ties. It is known that freshmen and sophomore students at the university should take 
reading classes in English at a more adequate level. In this case, students’ interest in 
reading is measured by the assessment of their comprehension skills.

The evaluation of reading comprehension in the teaching English language 
provides teachers with important information about students’ weaknesses and read-
ing needs, obstacles, and challenges. The article attempts to provide fair evidence for 
adequate assessment of reading comprehension.

It is contradictory, in many cases, accepting the assessment from the learning as a 
separate process makes a great challenge in the assessment of language skills because 
of time limitations [9].

Another purpose of the paper aims the importance of using reliable criteria to 
assess reading skills in achieving learning outcomes and to give constructive feedback 
to the students for improving their reading. In this paper, the authors introduce essen-
tial skills that must be assessed in reading, as well as good morphological, syntactical, 
and vocabulary knowledge, recall of relevant details, and summarizing skills for these 
study levels. Therefore, this article focuses on examining to assess students’ interpre-
tation skills in reading texts when using interactive and genre knowledge [10].

Recently, many studies have been conducted on the correct assessment of reading 
in the development of bottom-up and top-down skills in reading.

According to Richards and Alderson, curricula play an important role in provid-
ing students with the necessary skills to understand fiction, documentaries, and 
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non-academic texts at the intermediate reading level. There has been a growing inter-
est in the development of an English language curriculum that promotes the acquisi-
tion of bottom-up and top-down skills in reading effectively [11, 12].

Nevertheless, in checking the comprehension level of reading texts of differ-
ent genres teachers face many problems in evaluating reading performance at the 
initial stage of higher education [13]. However, the university system is focused on 
test-based examinations or taking the paper-based exam on writing theoretical rules 
of reading strategies to provide sophomore students with reading effectively. Short-
answer items are the most preferred tests utilized in ongoing assessment (formative 
assessment) methods.

Thus, it is necessary to avoid such assessment tools that disturb students to dem-
onstrate their true abilities. Therefore, it was important to ask them about the effec-
tive assessment criteria that they do not use. The students emphasized the importance 
of using ongoing classroom tasks and activities as useful assessment tools during the 
experiment. Thus, assessment tools for developing reading abilities do not impose test 
conditions and help students learn without fear or stress.

2. Literature review

2.1 Reading assessment in the English language teaching

Assessment has become an essential part of effective teaching and learning. 
Azerbaijan Education has shifted the assessment norms in English language teaching 
in universities. Several guidelines have already been developed on the simultaneous 
application of assessment in education in teaching English. Although there has been 
some progress in applying new assessment guidelines, the summative assessment has 
been taken as a student outcome in learning. Traditionally, summative assessment has 
been accepted to identify students’ English language knowledge and skills [14].

Developing reading comprehension skills in teaching English is considered an 
essential language skill in foreign language teaching. Therefore, this study examines 
and presents the exploration and analysis of different new theoretical approaches to 
developing adequate reading assessment.

According to Douglas Brown [15], assessment is an integral part of the teaching 
cycle and is applied throughout the learning process. Assessment tasks and tests 
in reading can provide motivation, feedback, and authenticity to the students in 
learning. Moreover, the role of reading comprehension in English in students’ under-
standing of problems, evaluation, and independent thinking is undeniable in higher 
education [1].

In addition, the researchers Barr, Tagg [16], Black, Wiliam [17] state that the 
effective acquisition of reading skills in teaching English in higher education is also 
measured by the assessment obtained in the exams. It is known that an exam-oriented 
assessment process does not ensure uniform language skills in reading. Students can 
play an active role in the learning process to evaluate each other’s reading skills with 
peers [8]. Rethinasamy [18] and Mermelstein [19] noted that classroom assessment 
is an ongoing process that uses judgments about students’ language learning, knowl-
edge, skills, abilities, and other achievements. Thus, reading assessment should allow 
them to improve their reading in English.

Literature analysis shows that the difficulties during the reading process are 
indicated in three areas: students’ low-level communication skills in reading activities 
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and low students’ motivation to engage in reading. Though teachers use reading 
assignments and class tests to evaluate student reading skills and development, they 
are more likely to choose the summative assessment method than the formative or 
alternative assessment for improving reading comprehension. It allows teachers to 
assess as part of the classroom’s ongoing learning activities, thus directly linking 
assessment with the curriculum. The curriculum should reflect learning outcomes 
related to acquiring bottom-up and top-down skills in reading comprehension. It is 
essential to evaluate student performance in direct relation to the curriculum and 
learning outcomes [20, 21].

Furthermore, reading assessment in English language teaching is considered 
in four aspects: students’ general reading level, students’ reading comprehension, 
reading for information and argument, reading strategies, and reading as leisure [22]. 
Regarding these, conducting a formative assessment is more productive than a sum-
mative assessment in the learning process. Black and Wiliam [9] stated that assessing 
reading is the main factor influencing students’ ability to develop reading comprehen-
sion skills in formative classroom-based assessments.

Finally, it is proved that the assessment should be carried out by teachers in the 
classroom and get an opportunity to use formative assessments instead of summative 
tests. Students feel free to demonstrate their performance in the classroom perfor-
mances and participate in the reading process using dialogs, role plays, stories, and 
summaries. It allows students to develop their personalities, talents, needs, and inter-
ests in the reading process. Classroom-based assessment promotes student progress in 
reading and contributes to their language learning [16].

2.2 Reading assessment strategies

Recently Perera-Diltz and Moe [23] claimed that formative assessments improve 
teachers’ instructional practice and allow them to track students’ progress toward 
standards. This assessment motivates students to build self-confidence pre, while, 
and after the reading process to comprehend the content. Linse & Nunan [24] and 
Freeman and Brown [17] point out that reading strategies open good opportunities 
for assessing reading in an ongoing process. Reading strategies encompass many 
aspects in conducting pre, while, and after the reading process. Students can respond 
to all questions, select a word or structure, identify new information, visualize it, 
schematically interpret content, or summarize in a short context.

It is clear that to become efficient readers of English, two required skills are 
crucial:

a. bottom-up strategies for recognizing words and phrases to enrich vocabulary size.

b. top-down skills to drive reading strategies and conceptual comprehension.

Moreover, bottom-up strategies entail assessing reading ability measured for the 
effectiveness of comprehension. In the top-down approach to reading, students can 
comprehend content and format schemata to demonstrate cultural experiences for 
interpretation. The main essential factor in bottom-up strategies is assessing students’ 
metacognitive skills (predicting, questioning, paraphrasing, visualizing, evaluating, 
and summarizing) through using formative classroom assessments [15, 25].

Additionally, reading comprehension skills in English are understood as read-
ing for comprehending meaning in different genres and entertainment. It involves 
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decoding specific words to demonstrate higher-order thinking skills. First, they must 
be able to practice fundamental bottom-up strategies, such as selecting new words, 
phrases, and appropriate terminologies, and new information on fiction, documenta-
ries, and non-academic texts [7].

Finally, the readers boost a top-down approach, freewriting in summarizing 
the content on a schema, using prior knowledge and background information, and 
acquiring all interpretations effectively [26].

2.3 Formative assessment criteria in reading

According to Gipps [27] and Gladwell, L. Leslie [28], the main goal of applying 
formative assessment are to provide students with appropriate tasks and tests that 
motivate them to read. Moreover, Cohen [25] and Hudson [29] emphasized that the 
teacher should make descriptive rubrics for analyzing students’ cognitive and meta-
cognitive skills in reading. Teachers should prepare holistic and analytic assessment 
criteria for assessing various reading activities. In addition, the assessment criteria 
or descriptive rubrics aim to boost students’ critical and creative skills to accomplish 
reading tasks. According to these criteria, students should improve their linguistic, 
communicative, and discourse skills in reading. For this purpose, teachers should give 
constructive or judgmental feedback to each student with clear explanations. Thus, 
the analysis of the study shows formative assessment tasks and testing are help-
ful for students to achieve the main goal and support teachers’ activity in teaching 
[13, 30, 31]. Finally, Cohen [25] presents the following formative assessment criteria 
for reading comprehension (Table 1).

Brown [17], Linse and Nunan [24], Rouet and Britt [7] stated that the compre-
hension process constructs meaning and fluency. Fluency is the main criterion for 
checking to understand and focuses on developing spoken language. Fluency contrib-
utes to students’ boosting memory and provides an opportunity for understanding 
reading [32].

They mentioned that university students must become efficient readers of English. 
The different types of reading help develop students’ micro-skills in reading com-
prehension. Learners should focus on learning reading style to acquire short-term 
memory in reading fiction, documentaries, and non-academic reading. Recognizing 
words, word classes, as nouns and verbs, and sequence of tenses, agreement, and 
different grammatical forms is significant for effective paraphrasing.

According to Kendeou et al. [13] different genres improve students’ macro skills that 
entail developing communicative functions. Therefore, it is essential to assess learners’ 
genre reading skills to identify their purpose for reading. They read extensive types of 

Bottom-up strategies criteria Top-down strategies criteria

Demonstrating reading speed and fluency  
Showing phonemic awareness
Reading Think aloud
Recognizing words and phrases
Comparing morphological and syntactical structures
Demonstrating reading speed and fluency

Demonstrating scanning
Identify types genres and meaning
Predicting the content
Participating in questioning
Visualizing events and facts
Analyzing the passages
Summarizing the text

Table 1. 
Reading assessment criteria [25].
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reading, as well as novels, fiction, non-fiction, journals, magazines, announcements, 
job-related articles, schemata, and other genres of reading. The learners should describe 
facts and opinions, chronological events, causes and effects, and problem solutions. 
Several issues were raised in reading schemata in reading. The schemata reading assists 
students in extracting appropriate meaning and accomplishing the purpose of informa-
tion. In this case, students need to relate data using numbers and activities for a good 
interpretation. It is essential to read schemata in English at the university level.

2.4 Standardized reading tasks in formative assessment

Standardized reading tests are conducted for assessing students’ linguistic skills, 
phonemic, lexical, grammatical, reading aloud, vocabulary, and grammar skills. This 
assessment has only one tool for indicating students’ cognitive or bottom-up skills [6]. 
On the contrary, Dennis [33] and Brown H. Douglas [15] proved that utilizing differ-
ent formats of tests can improve comprehension skills as the best assessment tool.

According to Perera-Diltz and Moe [23], contrary to using standardized assess-
ment tasks, formative assessment must be used for students’ reading comprehension 
to acquire essential top-down skills (Table 2).

Comparing formative assessment tasks with standardized general reading tests in 
the table, it can be seen that ongoing assessment tasks are more effective in develop-
ing critical thinking and understanding. Standardized testing in reading seems very 
traditional today. The formative assessment tasks on reading comprehension make it 
possible for the readers to acquire both linguistic and communicative skills [3].

2.5 Methodology

The participants in this study enrolled 54 undergraduate students, 4 teachers, 
and 2 instructors from the teaching department of the university were registered for 

No. Assessing reading comprehension

Standardized reading tasks Formative assessment tasks

1 Filling in gaps Choosing keywords for specific information

2 Cloze test Finding the main idea

3 C-tests (removing initial letters of words) Answer the open-ended questions

4 Making the passages in order Read aloud and pronounce correctly

5 The gaps in the text Delete the extra ideas from the text

6 Putting heading in paragraphs Visualize the content of the text

7 Multiple choice test Choose the author’s ideas and paraphrase

8 Sentence completion Evaluate the new information

9 Matching the sentences Combine the paragraphs on schemata

10 Choosing extra ideas Relate the new ideas to the real life

11 Choosing True and False answers Use the “Think aloud” method in reading

12 Summarizing Prepare a short report on reading text

Table 2. 
Formative assessment tasks for reading comprehension [23].
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the study. The average age of the participants is between 19 and 20. The setting is 
Azerbaijan State Pedagogical University. First, there was a whole assessment criterion 
for selection. Secondly, the participants were divided randomly among boys (N = 23) 
and girls (N = 31). Gladwell [34] claimed: “Qualitative Reading Inventory is more 
important to identify students’ strengths and difficulties in assessing reading skills”. 
Qualitative research is a methodology tool for exploring challenges and searching 
for research questions to gather all of the information on the anticipated study. 
Therefore, the study presents the following research questions:

1. What measurement tools should be used in assessing freshmen and sophomore 
students’ reading skills?

The qualitative research approach was utilized to examine students’ and teachers’ 
perceptions of using formative assessments in reading classes. Participants claimed 
that formative assessment is the best tool to identify their strengths and weaknesses 
in reading. The research conducted open-ended interview questions so that partici-
pants could share their reading skills, and experiences with formative assessment. 
Additionally, the interviews and observations were compared and problems were 
identified. The records were taken from focus group members and teachers’ responses 
are compared to reading assessment criteria.

First, all interviews were recorded in transcription.
Interview questions:

1. What kind of tasks is appropriate to assess students’ reading skills?

2. What can you say about bottom-up technologies in reading?

3. How do you explain top-down or metacognitive skills in reading?

However, the study planned procedures in the following phases for adjusting 
students’ reading levels.

Phase 1. To select participants from the general student population, including 
English Language Learners and other respondents.

Phase 2. The goal of assessing students’ reading levels and selecting appropriate 
test items must be clear to generate feedback and assign valid scores. In addition, 
tests should have various purposes to evaluate students’ different reading skills. The 
content of tests is to achieve students’ cognitive and metacognitive skills. Participants 
were provided holistic and analytic rubrics for assessing reading comprehension to 
identify their levels. Thus, it is also crucial for teachers and learners to understand 
specific criteria and scores in reading [11].

Phase 3. Developing reading tasks and testing items according to the scoring 
criteria.

The first step in this phase is to develop reading tasks that can assess score items.
The items are supposed to measure specifications on learning outcomes in reading 

comprehension and content standards. Reading assessment should be measured on 
standardized assessment tasks (Rethinasamy S. and Ramanair J.) [18].

The common problem realized that teachers and students improve only linguistic 
skills (bottom-up) in reading comprehension skills than communicative or discourse 
skills. They need to achieve metacognitive skills (top-down) in comprehending 
completely.
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2.6 Findings and discussion

Surveys were conducted among the students enrolled, and the purpose of the sur-
veys was to design the students’ strengths and weaknesses in their reading skills. The 
data survey questions included student levels, and gender differences among students 
were mainly included. A survey was conducted to check the level of understanding of 
reading strategies among boys and girls. Tests and exercises were presented to deter-
mine the levels of comprehension among the students, and as the survey result, the 
frequency of reading, acquisition rate, and the final score were described in the table 
(Table 3).

The survey aimed to collect several assessment methods and activities learners 
applied in the learning process and how they acquired good reading skills. They 
could demonstrate comprehension, predict, and recognize the words, improve 
vocabulary, use it in interpretation, and analyze different types of texts adequately. 
The observations showed that the girls have more achievements than the boys 
participating in reading activities to demonstrate good reading comprehension 
skills (Table 4).

Another survey was conducted between boys and girls on reading comprehension 
frequency, quick understanding of new information and the percentage of under-
standing and mastering the content of the text, and finally the acquisition of meta-
cognitive skills. For this purpose, several evaluation techniques were incorporated 
into the survey design. As a result, respondents were able to obtain a medium score 
after completing the formative assessment tasks (Table 5).

Survey analysis proved that many students have good linguistic skills in read-
ing and approved that comprehending seemed challenging perceptions. Several 

Assessment methods Boys Girls 

Spelling in vocabulary 37% 63%

Identifying the meaning of words 42% 42%

Skimming for specific information 42% 58%

Scanning for analysis in details 38% 62%

Participating in questioning 45% 55%

Doing multiple choice test 34% 66%

Comprehending cloze test 32% 63%

Generalizing ideas 36% 64%

Table 3. 
Survey analysis on doing reading comprehension tasks between girls and boys.

Gender Frequency Rate Medium score

Boys 16 39% 28

Girls 21 61% 35

Total 40 100% 63

Table 4. 
Survey results of students’ reading acquisition levels (frequency, rate score).
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time observations were taken during the learning process to determine students’ 
perceptions in assessing their reading skills. The class observations are conducted 
in some reading sessions as constructive tools to take notes or data in detail [35]. 
Regarding the qualitative research methodology, it is more important to collect 
data on students’ progress in getting knowledge and skills in assessing reading. 
Thus, observation lists were used in the classes, and some notes in comparison 
were taken.

2.7 Challenges in reading assessment

Observations realized that students have some issues with predicting, identify-
ing information, questioning, visualizing, and summarizing. Sophomore students 
have background knowledge in reading with translating, identifying new words 
and structures, choosing true and false answers, and responding to close-ended 
questions on a text model. They have some problems getting confused about 
the meaning of words and sentences; lack of skills to connect ideas in a passage; 
eliminate some words that are not important; analyze statements to distinguish 
important information from the text using minor detail; making passages in order; 
to explore cause and effect relationship; to use comparison and contrast; to con-
centrate themselves during reading [16, 36, 37]. Students’ attitudes toward reading 
skills in different genres were observed with different indicators between boys and 
girls (Table 6).

The biggest problem is in reading and understanding texts of different genres. The 
main problem is reading various genres without analyzing them because of misunder-
standing. The study proved that students have more interest in reading non-academic 
texts in English.

Reading comprehension skills Agree Disagree

I can spell and recognize the words 77% 23%

I can memorize the meaning of words 58% 42%

I can select specific information 49% 51%

I can comprehend the meaning 62% 38%

I can answer the questions 71% 29%

I can do grammar test 78% 22%

I can visualize the events 37% 53%

I can make a short summary 31% 69%

Table 5. 
The survey analysis of students’ attitudes in doing reading assessment tasks.

Gender Fiction (%) Documentaries (%) Non-academic text (%)

Boys 14% 23% 26%

Girls 32% 29% 35%

Total 46% 52% 61%

Table 6. 
Survey analysis of students’ reading skills in different genres.
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2.8 Teachers’ challenges in the assessment of reading skills

The research aim is for students to improve assessment reading comprehension 
skills and explores various theoretical basis on this issue. Rethinasamy and Ramanair 
[18] suggests that teachers should implement reading assessment as an activity and 
procedure in English language teaching. These procedures include planning, imple-
menting, and documenting the assessment process. However, teachers’ assessment 
experience of reading skills is limited [13] in teaching. Teachers’ main problem is to 
design formative assessment tasks for assessing reading. They get satisfied having 
students do more linguistic tasks, vocabulary tasks, multiple-choice tests on master-
ing good grammar, and several phonetic tasks for spelling in reading [34].

Artieda [38] and Veloo et al. [39] discovered that more university teachers hardly 
used classroom-based assessment in developing reading skills because they do not 
consider it helpful to the students. This explains why they practice limited classroom-
based assessment because the higher education assessment model determines students 
reading levels by doing paper-based tests instead of practicing reading strategies. They 
argued that high-stakes testing has negative effects on reading assessment.

First, the discussion revealed that the majority of students should be aware of the 
requirements of assessment in improving their reading comprehension skills. They 
argue that the assessment criteria were helpful to identify their levels of reading. 
Only a few of them (2–3 students) feel stressed while assessing. Secondly, the study 
discovered that high leveled exam tests that entail theoretical explanations on papers 
cause fear in students and they could not solve any problems in the current situation.

It is a fact that in the assessment of reading comprehension, students should be 
involved in various tests, assignments, and daily classroom activities to develop cogni-
tive and metacognitive skills in reading. The variations of tasks are based on well-
structured tests and activities to ensure a comprehensive understanding of the texts 
for assessment. According to the survey responses, most of the teachers were able 
to make some progress in reading comprehension by using these types of tasks. The 
study has related factors that several measurements in formative assessment provide 
evidence in reading [40]. This evidence was identified in students’ activities in the 
classroom-based reading process.

Moreover, data analysis shows that teachers’ practice in assessing students’ reading 
skills should be based on using different instructions to measure students’ reading 
comprehension. They preferred using linguistic tests to communicative task tech-
niques. Hence, students have challenges in involving reading activities and assessing 
their linguistic, cognitive, and communicative skills to comprehend texts. Another 
challenge is to have a lack of motivation, reading fluency, and using vocabulary in 
reading.

Additionally, formative assessment tasks provide all requirements shown above 
so that teachers could collect all detailed information about their student’s progress. 
Furthermore, all information allows teachers to provide students with appropriate 
feedback to the students that master their expected skills in reading.

Discussing some lack in the observation process with students expressed their 
lack of motivation and getting stressed in the assessment process. Therefore, this 
lack is shown in comprehension of the text and achieving top-down skills. They need 
appropriate activities to predict the content, predict further events, find cause-effect, 
make the comparison, analyze the passages, and give a short summarization.

Finally, teachers and students mentioned that effective feedback is the best option 
to boost learners’ further learning. Students are unaware of what areas are being 
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assessed during reading or if they needed feedback to improve their reading. The 
feedback from the teacher helps them be aware of their level. Another finding was 
that teachers have an average level of insufficient experience in assessment or mea-
suring scores of reading comprehension, therefore they need to involve training in 
implementing the assessment.

3. Conclusion

The research paper presents the importance and the role of assessment in reading 
comprehension which has been proven by many theoretical studies. This study showed 
that the reading comprehension assessment of undergraduate students makes them 
aware of their strengths and weaknesses in reading. The assessment provides students 
with opportunities for them to improve their reading comprehension skills across 
different reading strategies. Therefore, the assessment process should depend on clear 
criteria to indicate and inform teachers and learners about their reading levels.

Moreover, the article proved that it is necessary to provide freshmen and sopho-
more students with productive assessment tasks that provide metacognitive skills, 
rather than linguistic tests and tasks. The formative assessment tasks presented in the 
article respond to assessing students more adequately.

Nevertheless, both teachers and students have enough difficulties in the assess-
ment of reading. It was pointed out that linguistic tests in reading comprehension do 
not develop any thinking skills, only content repetition and grammar knowledge. It 
realized that summative assessment in reading has a negative effect on students’ com-
prehension. Students get stressed because of a lack of knowledge of reading strategies 
in a short period of time.

For this purpose, motivation, stress relief, and the principle of authenticity should 
be fully provided so that they feel self-development in reading, but not a test of 
knowledge in reading. In this case, the tasks on reading strategies should be applied in 
the reading assessment.

The methodology of the research showed that the qualitative method was the most 
successful tool for conducting this research. The article comments on the importance 
of tasks applied in formative assessment and evidence showed students’ dynamic 
growth in reading comprehension skills through surveys.

Formative assessments based on measurable criteria and rubrics can also provide 
correlation in daily reading activities. It is a fact, the formative assessment allows 
teachers to see intensively students’ strengths and weaknesses in reading. Therefore, 
tasks that meet formative assessment criteria can provide excellent information about 
learner achievement. The survey results showed that the respondents believed that 
ongoing formative assessment was the best tool for assessing reading comprehension.

In addition, teachers need sufficient training and experience in assessing reading 
comprehension skills in English. This research realized that teachers need to assess 
this skill on the criteria and to get.

a clear view of their learners’ needs.
Hence, this study can benefit the improvement of English reading comprehension 

skills of lower-course university students and new strategies can be effectively applied 
in the assessment of reading skills.

At the same time, it will improve both students’ and teachers’ assessment knowl-
edge and skills in the.

reading process.
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Critical Thinking, Problem-Solving 
and Computational Thinking: 
Related but Distinct? An Analysis 
of Similarities and Differences 
Based on an Example of a Play 
Situation in an Early Childhood 
Education Setting
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Abstract

In the twenty-first century, four important different and intertwined domains 
for children’s skills have been identified: cognitive, interpersonal, intrapersonal and 
technical. In the cognitive domain, key terms such as critical thinking, problem-
solving and computational thinking have been highlighted. Although these terms 
have been identified as fundamental for preschool children, the literature draws 
attention to early childhood teachers’ difficulty in including them in curriculum 
activities, which can therefore hinder children’s learning. This chapter aims to analyse 
the similarities and differences in the characteristics of the three terms computational 
thinking, problem-solving and critical thinking. Such analysis of the terms will be of 
importance, both for further research in the area and for clarification in communica-
tion with teachers. In this way, the concepts may be more accessible for teachers. In 
particular, in this chapter, the concepts will be analysed and explained through an 
example from an educational setting where a group of children and a teacher play 
together with a digital toy.

Keywords: computational thinking, problem-solving, critical thinking, ECEC, 
teachers’ competence

1. Introduction

In a rapidly changing world, supporting children in developing specific skills that 
help them understand and make choices in various situations has been recognised as 
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essential. These skills have been identified as twenty-first-century skills [1]. Amongst 
the skills classified as cognitive competencies, critical thinking, problem-solving and 
computational thinking have been highlighted and considered part of higher-order 
thinking skills [2–4]. These terms have been identified as fundamental for preschool 
children [1, 5, 6], especially when mathematics is the learning goal [7, 8]. Granone 
et al. conducted a study in Norway on early childhood education settings (ECECs), 
where some terms, such as problem-solving and critical thinking, are known and 
well-introduced [8, 9], whereas computational thinking at an educational level is only 
mentioned in the curriculum for schools [10].

Wing, who introduced for the first time the term “computational thinking” [11], 
stressed the importance of making this term accessible, to allow teachers not only 
to use it but also to understand its meaning in all its parts without only carrying 
out procedures [12]. Some attempts have been made in the literature to analyse the 
similarities between the constituent characteristics of the three terms computational 
thinking, problem-solving and critical thinking [13] but never through a detailed 
analysis of the different elements that characterise each of them. Moreover, each of 
these terms has been analysed through Bloom’s taxonomy [14] or the revised Bloom’s 
taxonomy [15], but never all together [16–18]. However, the taxonomy seems to be a 
possible key for analysing all these terms together.

This chapter intends to present this analysis to identify any common aspects. Such 
an analysis of the terms will be of importance, both for further research in the area 
and for clarification in communication with teachers. In this way, the concepts may 
be more accessible for teachers, and this will help them to support children’s acquisi-
tion of problem-solving, critical thinking and computational thinking skills more 
effectively [7, 8]. In this chapter, the concepts are analysed and explained through an 
example from an educational setting.

2. Problem-solving, critical thinking and computational thinking

The three skills that we analyse (problem-solving, critical thinking and compu-
tational thinking) can all be enhanced in different ways; they can also be enhanced 
through technology [7, 19]. Children’s learning of these skills is considered funda-
mental, and teachers’ roles have been highlighted in the literature as essential [20–22]. 
Hence, we explain these terms through an example taken from an educational setting 
where a group of children and a teacher play together with a digital toy.

A possible way to compare these terms seems to be offered, as anticipated, from 
the revised Bloom’s taxonomy [15].

This taxonomy is a framework elaborated by Bloom [14] and modified by 
Anderson and Krathwohl for expressing skills through verbs. It consists of six major 
categories for describing learning skills: three defined “lower-order skills” (remem-
ber, understand and apply) and three defined “higher-order skills” (analyse, evaluate 
and create). Each category contains subcategories:

• Remember

○ Recognising: Locating knowledge in the long-term memory that is consistent 
with the presented material.

○ Recalling: Retrieving relevant knowledge from long-term memory.
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• Understand

○ Understand: Changing from one form of representation (e.g. numerical) to 
another (e.g. verbal).

○ Exemplifying: Finding a specific example or illustration of a concept or principle.

○ Classifying: Determining that something belongs to a category.

○ Summarising: Abstracting a general theme or major point(s).

○ Inferring: Drawing a logical conclusion from the presented information.

○ Comparing: Detecting correspondences between two ideas, objects and the like.

○ Explaining: Constructing a cause-and-effect model of a system.

• Apply

○ Executing: Applying a procedure to a familiar task.

○ Implementing: Applying a procedure to an unfamiliar task.

• Analyse

○ Differentiating: Distinguishing relevant from irrelevant parts or important 
from unimportant parts of the presented material.

○ Organising: Determining how elements fit or function within a structure.

○ Attributing: Determining a point of view, bias, value or intent underlying 
presented material.

• Evaluate

○ Checking: Detecting inconsistencies or fallacies within a process or product; 
determining whether a process or product has internal consistency; detecting 
the effectiveness of a procedure as it is being implemented.

○ Critiquing: Detecting inconsistencies between a product and external criteria; 
determining whether a product has external consistency; detecting the appro-
priateness of a procedure for a given problem.

• Create

○ Generating: Coming up with alternative hypotheses based on criteria.

○ Planning: Devising a procedure for accomplishing some task.

○ Producing: Inventing a product.
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2.1 Problem-solving

Children’s problem-solving is presented as a key element in Norwegian ECECs [9].
The term problem-solving has been used for identifying a cognitive activity (what 

problem-solvers do), a learning goal (something to be taught) and an instructional 
approach (something to teach through) [23]. Furthermore, it has also been high-
lighted that problem-solving is a quite complex term that presents many nuances and 
that has been described according to many interpretations [24].

For example, the literature presents problem-solving from different points of 
view, referring to it as a cognitive process. It has been presented as a process that has 
as a goal to find a way out of difficulties or as a variety of cognitive processes, such as 
attention, memory, language and metacognition [25–27].

If we consider problem-solving as a learning goal, it has been described as a com-
petence that children can reach through very different approaches, such as technology 
[7], or during outdoor activities [28].

However, problem-solving can also be identified as an instructional approach for 
helping children learn, for example, mathematics [29].

If we look at the evolution of the problem-solving framework [30], it is possible 
to see that it has been a development from the original definition introduced by 
Polya [31]. For example, we can find a model that identifies six steps instead of four 
[32] or a model that focuses more on the solver than on the process [33]. Because we 
are more interested in the process than in the solver and because Schoenfeld phases 
can be related to Polya’s phases, we choose Polya as a reference for the analysis in 
our study. The three first phases of Schoenfeld (“read”, “analyse” and “explore”) can 
be related to Polya’s phase “understand the problem”, whereas the other phases are 
clearly similar.

In addition, recent literature still uses Polya as the main reference [7, 25–29]. 
Hence, we analyse Polya’s problem-solving process, aiming to increase accessibility to 
this term.

Polya describes problem-solving through four phases: understand the problem, 
make a plan, carry out the plan and look back. Each phase is important because it 
leads to a different understanding of the problem and the process [31] (Table 1).

2.2 Critical thinking

Children’s critical thinking is another key element presented in ECECs [9].
Critical thinking has been defined in different ways in the literature, and a consen-

sus has not been reached [34]. In particular, some authors consider the terms critical 
thinking and problem-solving components of separate domains, whereas others 
include problem-solving in the term critical thinking or vice versa [34]. The term 
problem-solving has also been used as a synonym for thinking and as related to cre-
ative thinking and critical thinking [35]. This is because creative thinking is described 
as the ability to generate an idea that can be used to solve a problem, whereas critical 
thinking is more on evaluating ideas that can be used to solve a problem.

With the aim of describing in more detail critical thinking through the roots that 
he has in academic disciplines, three separate academic strands can be identified: the 
philosophical approach, the cognitive psychological approach and the educational 
approach [34].

The focus of the philosophical approach is on the critical thinker rather than on 
the actions that a critical thinker performs. This approach describes a critical thinker 
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as a person who is open-minded, flexible and interested in being well informed and in 
understanding other perspectives [36]. Some researchers have defined this approach 
as not always in accordance with reality [37].

The cognitive psychological approach is instead more focused on the thoughts 
and mental processes used to solve problems [37], identifying the critical thinker by 
the action or behaviour that they have [38]. An important element recognised is the 
ability to see both sides of an issue [39].

The educational approach is based on years of experience and observations 
and has Bloom’s taxonomy as a key element [40], where the three highest levels are 

Polya’s 
subphases

Description

Understand 
the problem

Getting 
acquainted

The problem has to be understood, identifying what is known and 
unknown and what is allowed.
The problem has to be seen as a whole without concerning the details 
too much.
The problem should stimulate memory and prepare for the 
recollection of previous knowledge.

Working 
for better 
understanding.

The principal part of the problem can be isolated. Then, each part has 
to be considered in turn in various combinations and in relation to the 
main problem.
The problem’s details can be identified.

Make a plan Generalisation The phase “making a plan” means understanding the steps, at least 
in a rough way, that leads to determining what is unknown. This 
“bright idea” needs to be based on past experience, formerly acquired 
knowledge and formerly solved problems.
Generalisation refers to seeing the problem more generally to find if 
there are similar aspects, in some related problems.

Specialisation This implies that a possible answer or a possible solution can be tried 
out if we know that it is incomplete. In any case, this leads to a new 
situation that must be reanalysed to elaborate a new strategy for 
finding the solution.

Analogy Analogy is used to identify connections amongst various problems, 
identify similar elements and determine how they can help in solving 
similar problems.

Dropping a part 
of the condition.

All elements are not considered, and the problem is seen as a similar 
but simplified one.

Carry out the 
plan

Insight The plan must be carried out carefully, checking each step.
The correctness of each step can be checked intuitively.

Formal proof The correctness of each step can be checked formally.

Look back Solution 
improvement

The results and the process have to be checked.
The solution can always be improved (a solution that can need less 
time, fewer steps, …).

Understanding 
improvement

The understanding of the solution will improve.
Re-examining both the solutions and the process (results and 
arguments) will consolidate knowledge and develop the ability to 
solve problems because they will use the same process for solving 
other problems.

Table 1. 
Polya’s phases. Ref: Polya [31].
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related to critical thinking. However, this approach has been criticised for being too 
undefined [34].

Because these approaches are quite different, we refer to the definition presented 
in Lai’s literature review [34], where critical thinking is identified through skills that 
include both cognitive skills and dispositions. In this article, we focus only on cogni-
tive skills (abilities) for analysing which common aspects can be identified amongst 
problem-solving, computational thinking and critical thinking (Table 2).

2.3 Computational thinking

Even if the term computational thinking is not explicitly present in the.
Norwegian Framework Plan for Kindergartens [9], other similar concepts, such as 

digital practice and the use of digital tools, are presented.
The term computational thinking was introduced by Wing as “a fundamental 

skill […] that involves solving problem, designing systems and understanding human 
behavior, by drawing on the concepts fundamental to computer science” [11].

The definition has evolved, and the literature presents various models that can be 
used to describe the computational thinking process. A framework is presented by 
Angeli [41], where computational thinking is described as a process where various 
steps occur, such as algorithmic thinking, modularity, debugging, pattern recogni-
tion, generalisation and abstraction.

In contrast, another framework points out abstraction, decomposition, debug-
ging, remixing and productive attitudes against failure as the elements that should be 
considered for describing computational thinking [42].

Another model describes computational thinking as composed of the ability to 
think algorithmically in terms of decomposition, generalisations, abstractions and 
evaluation [43].

The models presented have some common aspects but also some differences. 
The description presented originally by Wing is broader and contains all the aspects 
presented later in various models [11]. The step “reformulating or reduction/transfor-
mation” is in relation to “remixing” [42]; “decomposition or thinking recursively” is in 
relation to “modularity” and “algorithmic thinking” [41, 43]; “choosing a representa-
tion” is in relation with “pattern recognition” [41]; and “learning” is in relation with 
“debugging” [41, 42], “productive attitudes against failure” [42] and “evaluation” [43].

Hence, we analyse the description of the different phases of computational think-
ing, starting from Wing’s definition (Table 3).

3. Method

Four stages that compose a content analysis method have been followed in content 
analysis [44]. These stages are “decontextualisation”, “recontextualisation”, “categori-
sation” and “compilation”. Decontextualisation is the stage in which meaningful units 
are identified. After reading a whole text to understand its meaning, a small part is 
identified and coded. Each researcher wrote a coding list to avoid changing during the 
analysis. The articles were analysed through an inductive approach, identifying the 
keywords that describe the various steps of each term. On the contrary, the practical 
example was analysed deductively, trying to identify the different parts in the tran-
scription used as an example. The decontextualisation process was conducted repeat-
edly to guarantee stability.
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Recontextualisation is necessary to ensure that all aspects of the content have been 
covered. This foresees that the text is read in its whole again, and that all the uncoded 
parts are evaluated with attention to understanding if those can also be coded. If 
those parts are evaluated again, not in relation to the aim of the study, they are then 
definitively excluded.

The categorisation process indicates when the codes are condensed and assembled 
into categories and themes. The themes should be chosen to avoid data that fit into 
more than one group or that fall between two themes.

Compilation is the process of choosing the appropriate units for each theme.
As suggested in the content analysis, each stage was performed several times to 

guarantee the quality and trustworthiness of the analysis. To draw realistic conclu-
sions, different authors checked the keywords identified, as well as the connec-
tions amongst them. This is necessary for maintaining the quality of the process, 
assuring both the validity and the reliability of the study and avoiding mistakes or 
biases.

A content analysis of a vignette from an educational setting, including a group of 
children and a teacher playing together with a digital toy, was the basis for developing 
a comparison of the three terms. The play situation was in an early childhood setting, 
with four children aged 4–5 years and their teacher. They were all participants in the 
larger project DiCoTe “Increasing professional digital competence in early childhood 
teacher education with a focus on enriching and supporting children’s play with 
coding toys”, which the present study is a part of. The teacher and the parents of the 
children gave written permission to participate.

A second comparison starts from the results of the previous analysis and discusses 
a possible explanation of those results through the revised Bloom’s taxonomy [45].

Steps in computational thinking Description

Stating of the difficulty of a 
problem.

To understand if the problem can be understood and solved and how 
approximate the solution can be.

Reformulation or reduction/
transformation.

The ability of describing the same problem in a different way (more 
understandable) or to transform the problem into another problem.

Decomposition or thinking 
recursively.

The process of dividing a problem into smaller problems so that they 
can be solved one by one, in sequence. This is connected to what is 
called modularisation.

Choosing of a representation. To choose a representation (a pattern) that can be identified as a model 
for describing a possible solution/procedure.

Generalisation To identify the common elements amongst various patterns or 
problem-solving situations.

Abstraction The process of eliminating information that is not fundamental in 
order to shape a procedure that can be used in another problem-solving 
situation.

Heuristic reasoning The approach of solving a problem through shortcuts, strategies and 
through estimation.

Planning Following the different steps described before for reaching the goal.

Learning A result of applying computational thinking is learning how to solve a 
problem.

Table 3. 
Steps in computational thinking. Ref: Wing [11].
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4. Results and discussion

Given that the purpose of this study was to highlight any similarities and 
 differences between the terms problem-solving, critical thinking and computational 
thinking in an understandable way, we made two types of comparisons.

As indicated in the methods chapter, the analysis shows a comparison of the three 
terms based on practice, that is, on an example from an educational setting, where a 
group of children and a teacher play together with a digital toy. The use of technol-
ogy is useful for having a greater chance to identify all three terms. The results are 
reported in Table 4.

The second comparison starts from the results of the previous analysis and dis-
cusses a possible explanation of those results through the revised Bloom’s taxonomy 
[45]. The results are presented in Table 5.

Example from the field of 
practice

Problem-solving Critical thinking Computational 
thinking

The teacher asks the children to 
remember what they did before 
with the arrows and how the robot 
moved on each arrow.

Getting 
acquainted.

Stating the 
difficulty of a 
problem.

The teacher asks the children to 
explain what they have understood 
in order to check if they know how 
to proceed with the activity.

Working 
for a better 
understanding.

Asking and answering 
questions for clarification.
Defining terms.
Reasoning verbally, 
especially in relation to the 
concepts of likelihood and 
uncertainty.

Reformulating 
or reduction/
transformation.

The teacher invites the child 
to look at each step, trying to 
exemplify how the robot can move 
on each arrow to go through the 
whole path.

Working 
for a better 
understanding.

Decomposition 
or thinking 
recursively.

To solve the problem, the teacher 
invites the children to observe the 
situation and try to understand 
if the present problem is similar 
to some situation previously 
encountered.

Analogy Analysing arguments, 
claims or evidence.
Making inferences using 
inductive or deductive 
reasoning.

Choosing a 
representation.

Having identified some 
similarities, the teacher invites the 
children to use the same solution 
previously used, trying not to be 
too focused on the differences and 
observing if something has to be 
modified.

Generalising Generalisation
Abstraction

The teacher then asks the children 
to guess how to build a new path 
based on their experience.

Insight Predicting Heuristic 
reasoning

Then, the children must build a 
new path using the same approach 
previously used.

Analogy Making inferences using 
inductive or deductive 
reasoning.
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Example from the field of 
practice

Problem-solving Critical thinking Computational 
thinking

The children then try out the new 
solution.

Making a decision or solving 
a problem.

The teacher invites the children to 
apply the solution that they have 
learned to a new situation (a new 
starting point and arrival point).

Analogy
Formal proof

The teacher invites the children to 
observe the robot moving on the 
path that they have built.

Analogy
Formal proof

The children are invited to analyse 
the solution they have chosen 
and distinguish relevant from 
irrelevant parts or important from 
unimportant parts.

Dropping a part of 
the condition.

The teacher observes what the 
children have done in building the 
path and challenges them to think 
differently without following some 
unrevealed limitation that they 
have decided.

Specialisation Identifying an assumption.

The robot moves on the path but 
suddenly turns right when it is 
supposed to go forward.
The teacher asks the children 
if they identify some errors, if 
everything is how they thought, or 
if they think that another solution 
could have been better.

Formal proof Judging or evaluating.
Interpreting and explaining.

Learning

The robot moves on the path but 
suddenly turns right when it was 
supposed to go forward.
The teacher invites the children to 
observe each step in the path that 
they have built to see whether they 
can identify any errors. Then, she 
asks if someone can change the 
arrow that seems wrong and asks 
for an explanation of the error.

Formal proof Judging or evaluating.
Interpreting and explaining.

Learning

The teacher invites the children to 
find a new path that starts at the 
same point and arrives in the same 
arrival point but that is shorter.

Solution 
improvement.

Seeing both sides of an 
issue.

The teacher decides on a new 
starting point and arrival point 
and asks the children to explain 
to her the path that they want to 
build, planning their strategy.

Planning

The teacher asks the children to 
invent a path and justify their 
choice.

Understanding 
improvement.

Table 4. 
Example from the field of practice analysed through the terms.



87

Critical Thinking, Problem-Solving and Computational Thinking: Related but Distinct?…
DOI: http://dx.doi.org/10.5772/intechopen.110795

Problem-solving Critical thinking Computational 
thinking

(Anderson & 
Krathwohl, [45])

Getting acquainted. Stating the 
difficulty of a 
problem

Recognising

Getting acquainted. Recalling

Working for a better 
understanding.

Asking and answering questions 
for clarification.
Defining terms.
Reasoning verbally, especially in 
relation to concepts of likelihood 
and uncertainty.

Reformulation 
or reduction/
transformation.

Interpreting

Working for a better 
understanding.

Decomposition 
or thinking 
recursively.

Exemplifying

Analogy Analysing arguments, claims or 
evidence.
Making inferences using 
inductive or deductive 
reasoning.

Choosing a 
representation.

Classifying

Generalising Generalisation
Abstraction

Summarising

Insight Predicting Heuristic 
reasoning

Inferring

Analogy Making inferences using 
inductive or deductive 
reasoning.

Comparing

Making a decision or solving a 
problem.

Explaining

Analogy
Formal proof

Executing

Analogy
Formal proof

Implementing

Dropping a part of the 
condition.

Differentiating

Organising

Specialisation Identifying an assumption. Attributing

Formal proof Judging or evaluating.
Interpreting and explaining.

Learning Checking

Formal proof Judging or evaluating.
Interpreting and explaining.

Learning Critiquing

Solution improvement. Seeing both sides of an  
issue.

Generating

Planning Planning

Understanding 
improvement.

Producing

Table 5. 
Discussion based on the revised Bloom’s taxonomy. Ref: Anderson and Krathwohl [45].
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4.1 Comparison based on an example from practice

The present vignette is an example of a play situation in an early childhood setting 
with four children aged 4–5 years and their teacher.

The teacher is sitting on the floor in a circle with four children. They have a coding toy 
in the centre of the circle. The coding toy is a robot that can be programmed without 
a screen through tactile arrows that can be puzzled on the floor and on which the 
robot moves. It is not the first time that the group is playing with the coding toy, so 
the teacher asks the children to remember what they did the day before, when they 
observed the movement of the robot on each arrow. To ensure their understanding, the 
teacher asks the children to verbally explain what they have learned, step by step. The 
teacher asks the children to build a path from a decided starting point to an arrival 
point. The children start building the path, and the teacher asks them after each step 
why they are choosing those arrows. A child puts an arrow that is for a “forward” 
movement, but he says verbally that the robot is going to turn. The teacher asks the 
child to reflect on a similar situation that happened the day before to help him see the 
similarity of the two problems and invite him to use the same solution that he used 
the day before. Then, the teacher asks for a verbal explanation of the error and of the 
correcting process. To help them further, the teacher highlights that when they have 
to find a solution, it is wise to try to remember similar problems without focusing too 
much on details. The teacher points out that many solutions are good, but sometimes, 
some solutions are better, maybe because a solution needs fewer arrows or maybe 
because it is faster. The teacher asks them to build a path from the same starting point 
and to the same arrival point, but that is shorter.

The teacher challenges the children to build a new path but asks them to guess what 
they need before building the real path. The children suggest a solution and build it.

The teacher then challenges the children again to use the same building strategy, 
suggesting a new starting point and a new arrival point. Whilst the robot moves on 
the path, the teacher invites the children to observe the robot and asks them if some 
elements could have been different because not every arrow may not be necessary. 
Then, the teacher challenges the children to think differently, going beyond some 
decisions and limitations that were correct but not necessary.

As a last challenge, the teacher asks the children to decide on a new path, define the 
starting point and the arrival point, describe it verbally and justify how they will 
build it.

Each part of the vignette was analysed through the three terms to highlight how 
each step of each term can be visible in a practical situation. The results in Table 4 
present a clear explanation.

4.2 Comparison based on the revised Bloom’s taxonomy

To understand the results presented in Section 4.1 more clearly, we focus on 
the verbs used in each description to analyse whether they can be put in relation to 
Bloom’s taxonomy in his revised form [45]. When the teacher asked the children to 
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remember and describe what they learned through a verbal explanation, she was 
clearly helping the children to understand the problem [31], to reason verbally [34] 
and to decompose the problem [11]. Looking at the verbs used, we can identify a 
connection with the thinking skills “remember” and “understand” from the revised 
Bloom’s taxonomy (Anderson and Krathwohl, [45]). In the same way, the teacher 
invited the children to think about similar problems and try out similar solutions. 
This can be seen as an invitation to think in analogy [31], making inferences [34] 
and choosing representation [11]. Then, she explained that the solutions could be 
different, that another solution can be better, and that it is important to reflect and 
analyse the situations to identify errors or possible improvements. This can be seen as 
a suggestion for a solution improvement [31], and a process of judgement and evalua-
tion [34] or a learning process [11]. The thinking skills that can be identified here are 
“apply”, “analyse” and “create”.

However, from a more detailed analysis based on the specific verbs used in 
each step of each term and on each thinking skill, important considerations can be 
deduced.

Table 5 presents a discussion about how computational thinking, problem 
 solving and critical thinking can be related to the educational goals that are relevant for 
the 21st-century skills [1], which are related to higher-order skills (Brookhart, [2]).

In our analysis, we can see that the three terms problem-solving, critical think-
ing and computational thinking have similar elements, but they do not completely 
overlap. For example, the element “identifying assumptions” [34] can be considered 
as a way for “understanding the problem” [31]. However, because of the specificity 
of the definitions, we did not include it in the first line of the table. This can, in our 
opinion, reduce the bias related to our point of view. The same consideration can 
be done for “planning” [11] and the step in problem-solving called “carry out the 
plan” [31].

The description that Polya gives on the step “make a plan: specialisation”, and that 
can be identified through the guiding questions reported in the second part of his 
publication [31], point to a quite creative approach. It is not an approach composed 
only of various steps that are compiled recursively (as in the step “decomposition or 
thinking recursively” [11]) or a heuristic approach, but is connected to the question 
“What can I do with an incomplete idea?” [31]. This means having a plan that may 
not be complete yet, but that can be tried out for developing a different plan when a 
partial answer is acquainted.

Similarly, we were not able to create a relation between the various steps of 
computational thinking and one element that composes the critical thinking defini-
tion. The element “seeing both sides of an issue” [34] implies a broader analysis of a 
situation than the one that is in the step “stating the difficulty of a problem” [11]. This 
is because a path must be chosen to apply a computational thinking approach. This 
means that it should not be possible to change the condition during the process or 
analyse both sides of an issue at the same time.

What can be highlighted is that some skills can be supported simultaneously 
through enhancing children’s problem-solving, critical thinking or computational 
thinking skills. However, some skills can be supported merely by enhancing chil-
dren’s problem-solving (recalling, executing, implementing, differentiating and 
producing), others by merely enhancing children’s critical thinking (explaining) 
and others by merely enhancing children’s computational thinking (exemplifying 
and planning).
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This provides evidence of the importance of supporting all these skills, for exam-
ple, by playing activities in ECEC. The analysis presents the key role of the teacher 
in supporting children’s learning through questions and guidance. What seems to be 
highlighted is that different skills can be supported depending on the type of ques-
tions or guidance that the teacher uses.

5. Conclusions

The aim of the present article was to investigate the existing relationship 
amongst three important twenty-first-century skills: problem-solving, critical 
thinking and computational thinking. The results indicate a significant degree of 
congruence between the concepts but also highlight some differences. In particular, 
the analysis shows that all three terms can stimulate skills that can be described 
through Anderson and Krathwohl’s taxonomy [45], but those skills are different 
if problem-solving, critical thinking or computational thinking is enhanced. The 
analysis, based on a correlation amongst a practical example from a play situation 
in an early childhood setting with four children aged 4–5 years and their teacher, 
shows that all three skills can be stimulated. However, the role of the teacher and 
how she stimulates and supports children’s learning seem crucial. The example 
analysis suggests that a teacher’s questions and guidance can lead children to learn 
various skills. This points out the fundamental aspects of a teacher’s knowledge 
and awareness.
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Physical Education in the  
Academy – Learning Takes Body
Chiara Gentilozzi, Antonio Cuccaro and Filippo Gomez Paloma

Abstract

This contribution, starting from the scientific framework of the Embodiment 
phenomenon, wants to focus on the specific issue of university education aimed at 
students from an Embodied Cognition-based (EC-based) perspective. For several 
years now, European educational policies have required member states to create 
programmes to increase the educational level of the population and to give more 
importance to the training of key competences in order to guarantee continuous 
learning for all citizens. At the same time, the importance of promoting meaningful 
learning processes is emphasised, where the individual is able to actively construct 
the meaning of what is presented and to transfer their knowledge and skills. It is from 
these considerations that the research expressed in this paper takes shape, analysing 
the application and outcomes of the EC-based approach in the educational pathway 
of the students of the Physical Education course enrolled in the Primary Education 
degree course at the University of Macerata during the 2022/23 academic year.

Keywords: embodied cognition, training, motor education, workshop, academic 
teaching

1. Introduction

This contribution, starting from the scientific framework of the Embodiment 
phenomenon (edited by Gomez Paloma [1]), intends to focus on the specific issue 
of university education aimed at students from an Embodied Cognition-based 
(EC-based) perspective [2–4].

It is necessary, therefore, to focus attention on some fundamental aspects that 
characterise the educational process understood as the practice of human training, in 
a narrative and context-oriented perspective [5, 6], namely, the centrality of the body 
in learning processes [7], the places in which these processes are implemented [8], the 
workshop activity as a teaching methodology and search for meaning [9]. We cannot 
but start from the primary place where every learning dynamic is implemented and, 
contextually, located.

As an interpretative lens of corporeality as the nodal point of every cognitive 
acquisition of the human being, as well as the meeting point between subjectivity and 
intersubjectivity, we use the scientific paradigm of Embodied Cognitive Science, with 
particular reference to the Embodied Cognition approach [7]:
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A human body is never given for itself, but in relation to others. Bodies near and far, 
touching or looking at each other, dancing together, building worlds. Bodies that evoke, 
reflect feelings and knowledge, tell lived stories and prefigure future ones ([8], p. 111).

In this dynamic of continuous relationship with itself and the environment, the 
body shapes its knowledge of the world, overcoming the scientific conception that 
would have it as a mere object of evaluation to ultimately acquire the dignity of a 
subject of cognition [10]. For some time now, various authors have contributed to 
highlighting how complex phenomena require a complex, non-linear view, open to 
plurality, more representative of the variety and unpredictability of evolutionary 
and educational dynamics and outcomes [11–14]. On the basis of this evidence, the 
phenomenon of knowledge does not only require the participation of the brain and 
the body but also that of the environment in which it is immersed: an interesting con-
structive dialogue between Pedagogy and Architecture has been open for more than 
a decade [1, 15]. Learning environments, as an extension of the human mind [16], 
therefore, play a fundamental role in the interconnectedness of cognitive processes. 
As Merleau-Ponty [17] reminds us:

The influx of information from sensory organs and the continuous interaction with 
the environment then determine how the brain takes shape.

2.  Scientific framework: neurobiological bases of learning and educational 
implications

The realisation that cognition is embodied and that it depends on bodily 
characteristics, in particular our perceptual and motor systems should therefore 
be acquired by all those working in education. Numerous neuroscience studies, 
moreover, have shown how at the moment we receive information or a stimulus 
from the environment, there is an activation of neural circuits in our brain/body 
that are expressed in mental processes, processes that would not take place without 
the neural circuit activation of areas of the brain and not primarily dedicated to 
perception [18–20], action and emotions; the same happens when these mental 
processes activate response reactions, i.e. neural circuits that manifest themselves 
in the lived environment through behaviour [21, 22]. The body becomes a situated 
device of cognitive action as, in addition to being embodied, it is also situated in a 
context that defines it. Perceptual and motor systems, therefore, are of fundamental 
importance in the formation of structures from which ‘global functions’ arise, that 
is, those activities that give rise to categorisation, memory and learning [23]. In 
this complex process, a very significant role is played by emotions, which represent 
the main ‘spark’ through which the brain processes the value to be attributed to the 
information coming from sensory channels [24]. As soon as the input information is 
relevant, an emotional circuit is activated that can lead to the execution of automatic 
responses, or the planning of the response, by virtue of previous experience or the 
result of decisions elaborated in contingent contexts [25]. Thus, following a stimu-
lus, our output responses are influenced by prior experiences that have been formed 
throughout our lives during the interactions we have activated with the world around 
us: the way we speak, reason, and construct concepts are the result of a continuous 
exchange between the perceived and the experience gained from embodied percep-
tions. Study, learning, and training contribute substantially to neural stimulation, 
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to the possibility of the constitution of new synapses and thus from synaptogenesis 
generate the possibility of the construction of new patterns [26]. Taking up Kandel’s 
[27] theories, it is possible to clearly outline the meaning of neuroplasticity: it is not 
neurons that change over time, but rather synaptic connections through continuous 
interaction with the environment. Studying and understanding the neuroscience 
that explains the neurobiological mechanisms, the nervous system and the function-
ing related to the mental and social processes that are activated in a person allows us 
to understand what complex system is involved in the functioning of a person and 
how these processes have come to be configured over time based on experiences, 
allowing for a true anatomical and physiological modification of the nervous system 
[28]. Our individual experiences and behaviour are rooted in the interaction between 
genes and environment that shapes our brain (epigenetics) [29, 30]. Knowledge of 
these basic constructs is also essential for understanding how knowledge construc-
tion processes are substantiated and is of fundamental relevance for teachers who 
aim to implement meaningful teaching, through which students can be enabled to 
construct authentic learning [31]. As teachers, it is necessary to offer as much room 
for expression as possible through the practical and lived experience of the pupils; if 
we want to form a solid foundation for their creative activity, we have to make them 
experience school actively because the more they are explored, experienced through 
the senses and assimilated, the more fertile their imaginative capacity will be [32]. 
The brain, if not appropriately stimulated also from an emotional point of view, will 
tend to construct mechanical learning that will be recorded in short-term memory 
and that will not leave a strong, felt mnemonic trace. Take, for example, the function 
of the amygdala, which is crucial in its ability to bring to consciousness an emotional 
stimulus, albeit a latent one, by returning feedback to the primary sensory cortices, 
such as to influence perceptual processing itself [33]. It is therefore necessary to offer 
a methodological approach that goes in the direction of multisensory involvement, 
for a non-standardised didactic in which all subjectivity is eliminated, a model that 
therefore goes towards personalisation for all [34]. It is necessary to recognise to ‘all’ 
teachers the burden and honour of constituting themselves as levers of change [35] 
by promoting inclusive paths where the context acts as facilitator of the subject’s 
functioning in terms of activity and participation [36]. To do this, one must not leave 
aside the human relationships established between teacher and student: the major-
ity of school experiences focus on the acquisition of skills and knowledge related to 
the contents of various disciplines, but personal well-being and prosocial behaviour 
require the cultivation of the ability to understand oneself and be empathetic from 
an early age, qualities that emerge when one acquires an awareness of the value of 
being reflective [37].

3. An embodied cognition-based training model

The EC-based approach assumes and promotes a multi-perspective view that 
recognises and enhances the existing circular dialogue, in learning processes, in order 
to outline more effective training paths in the three pivotal dimensions of embodied 
theory - cognitive, bodily and emotional [7, 18, 19, 38, 39] - that jointly and signifi-
cantly determine the teacher’s teaching actions [40].

In recent years, a number of preliminary exploratory studies [4, 29, 41] have been 
conducted in which the structuring of the constituent elements of the EC-based 
integrated training approach was gradually defined.
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This contribution, starting from the EC-based approach, illustrates the academic 
experience conducted with the students of the LM-85bis Primary Education Degree 
Course at the University of Macerata. This training, accompanied by a qualitative-
quantitative research design, had as its pedagogical focus Physical Education 
understood not so much as a discipline in the primary school curriculum, but as a 
methodological glue, a cultural and anthropological hinge with which to intervene 
professionally in teaching interaction.

3.1 Structure and design of training interventions

The EC-based approach is defined as integrated in that it envisages the articulation 
of three non-hierarchical phases: theoretical training, practical-experiential workshop 
and final discussion. Each of them aims at influencing and, in turn, being influenced 
by the others, through reflexive practices [42] aimed at activating metacognition, also 
fostering relational group dynamics, where emotions and empathy are declined as 
interdisciplinary constructs for the understanding and educational management of 
indifference, a pathology of our time [43]. In this sense, a training structured accord-
ing to the Embodied Cognition theory stands as a possible model capable of meeting 
the training, educational and didactic challenges of teachers of our time.

The theoretical phase occupies the first part of each meeting and consists of a dis-
cussion of subject-specific content placed in continuity with the training principles. 
Theoretical training aims to stimulate meaningful learning [44] through continuous 
references to prior learning and systematic reflections that relate the contents and 
experiences of the learners or situations in real contexts; all with the aim of linking 
learning to the learners’ training needs.

The second phase of the meetings are the practical-experiential workshops, which 
represent the core of the EC-based approach. These consist of situations of role 
playing, problem posing, problem solving, project-based learning, E.A.S. (Situated 
Learning Experiences), storytelling, writing and reading, outdoor education, small 
group cooperation activities in the co-construction of artefacts; games involving the 
active involvement of the body; peer to peer situations in practical experiences of 
‘observing’ students in the classroom context, with the mediation of the trainer [45]. 
The observation of complex real-life experiences enables the simulation of situations 
and fosters the identification and active participation of teachers/learners, bridging 
the gap between theory and practice [46, 47]. These activities succeed in engaging the 
teachers’/learners’ bodily, emotional, cognitive and motivational dimensions from 
a multisensory and emotionally meaningful point of view, activating situations of 
perception through vision and, consistent with the mirror system construct, favour-
ing immediate referral to action, stimulating the ability to analyse, predict and choose 
possible strategies. Each day of academic training concludes with a final discussion, 
in which the lecturers invite the group to report their views on their experiences. 
Confirming the extent to which teaching professionalism is composed of identity, 
personal and value elements, reflection on one’s core qualities is useful in the literature.

The sharing of personal perceptions respects the observation of certain rules of 
communication, such as respecting one’s own and others’ speaking time, suspend-
ing judgement, practising active listening and exercising positive feedback: this is in 
order to refine each teacher’s empathic and relational skills and derive appropriate 
reflections on communication with and between students. Therefore, reflexivity and 
narration, action, sharing and self-evaluation are, in short, the strategic principles 
and guidelines capable of guiding the construction of training experiences consistent 
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with the theory of Embodied Cognition, in a recursive process that emphasises 
the developments and interconnections that human communication is capable of 
generating.

3.2 Research design

This contribution illustrates the perceptions and experiences of students who 
attended the subject course in Physical Education using the ECS-based approach.

In order to obtain useful data for research from a qualitative point of view, a 
question was posed during the opening lecture through Mentimeter, an online 
platform that allows students to create interactive presentations and obtain feed-
back with elements such as questions, surveys, word clouds, reactions and more. 
Students can use their smartphones to view the presentations and interact by 
answering questions or surveys while guaranteeing their anonymity. An open ques-
tion was designed at the beginning of the course that allowed students to express 
themselves freely: ‘What do you expect from this course?’. The subsequent meet-
ings followed the design shown in Table 1. Finally, during the last of the training 
days, a final restitution was carried out by means of a digital artefact [48], again 
constructed with Mentimeter, which was followed by a discussion in the form of a 
narrative restitution. The guidelines for this restitution were created by the trainer 
in such a way that the various key themes emerging from the training experiences 
could be opened up to the horizons of the discussion. All this is also in order to 
return to the teachers/learners the effectiveness of their commitment as well as, in 
an indirect and recursive manner, to operate a form of metacognitive processing of 
the experience, [49] as a means of recognition, taking charge of the individuality of 
each person and personalisation of the training paths. In this sense, it is noted that 
adequate training on Feedback Literacy, for both teachers and students, can foster 
the ability to understand feedback effectively, attribute meaning to the information 
received, manage it adequately also from a relational point of view and exploit it 
to improve and regulate one’s own learning, taking into account one’s active role 
and co-responsibility with the teacher and classmates. Conceptualised in a socio-
constructivist dimension, as a bilateral flow of information, in reality, feedback 
is an active process, based on dialogue and interaction, which enables those who 
receive it to ‘acquire information about their own work and to identify its greater or 
lesser compliance with a given standard, as well as the quality of the work itself, in 
order to produce better work’ ([50], p. 6).

Getting to the heart of the matter, the qualitative analysis of the responses was 
based on the interpretation of the answers provided by the sample to the open-ended 
questions with the aim of reducing the complexity and breadth of the information 
collected, against which the answers considered useful for research were considered. 
This type of analysis allows texts to be deconstructed into a limited number of catego-
ries through the use of analytical decomposition, classification and coding procedures 
[51]. The open-ended questions were intended to explore the perceived effectiveness 
of the approach, leaving the opportunity to justify the answers in order to broaden the 
reflections on its strengths or weaknesses.

Specifically, the following operations were conducted:

• manual content analysis of the first type [52];

• occurrence count;
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• decomposition of texts into a limited number of categories;

• analytical decomposition, classification and coding procedures [51].

ARGUMENT TOPIC ECS-BASED ACTIVITIES

ECS: Embodied Cognitive 
Science foundations and 
theoretical models

Educational implications of 
neuroscience; From perceptual 
to cognitive processes; 
Intersubjectivity; Capability 
approach; ECS contribution to 
inclusive education.

Dramatisation by the students of 
the main cognitive and biological 
processes through the use of body 
and speech, creating original ‘scripts’ 
structured from the theoretical 
awareness acquired.

Body, environment, 
relationship

Perceptual neurophenomenology; 
Mechanisms of environmental 
conditioning; Body/brain-mind-
environment relationship; Space/
time/relationship design.

The students took part in a theatrical-
assisted workshop, through which 
they were able to experience the main 
dynamics involved in the construction 
of the educational setting, in the 
awareness and management of their 
own bodies, and in the ability to 
verbally and in writing return their 
experience by exposing it to the group 
in narrative form

Anatomical-functional 
aspects

Anatomy and physiology; 
Systems and apparatuses; Motor 
skills and abilities; Modes of task 
organisation; Assistance and 
equipment.

The students took part in a 
mindfulness course in the search for 
greater awareness of their own bodies 
and breathing; afterwards, the various 
theoretical constructs were presented 
based on the reflections gained from 
the experience.

Theoretical models Representation in body format; 
Somatic Marker; Mirror Neurons 
and Embodied Simulation.

The students were stimulated to 
experiment with alternative learning 
modes: the construction of knowledge 
in accordance with the Morinian 
construction of knowledge (Chaos 
Theory) and from the perspective of a 
Gadamerian-derived hermeneutics of 
knowledge.

Motor skills and abilities Motor skills and abilities; Ways 
of organising the task; Assistance 
and tools.

The students took part in a workshop 
course where coarse and fine motor 
skills were experimented with in 
ways of organising the task with 
increasing difficulty and using specific 
equipment.

Educational planning and 
inclusion

Corporeality as a mediator 
between neuroscience and 
didactics; Innovative teaching 
models and methodologies; 
Embodied Cognitive Design: 
learning environments; Didactics 
for competences; International 
Classification of Functioning 
(ICF); Technologies for inclusion

The students were divided into small 
groups. Each group designed motor 
activities for primary school students, 
taking into account real contexts 
and specific situations. Each group 
reported on their work and submitted 
it for collegial discussion

Table 1. 
Proposed EC-based topics and activities.
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The research design also envisaged the collection of quantitative data collected at 
the end of the workshop activities through Google forms (questions with quantitative 
measurement on a Likert scale from 1 to 10, where 1 corresponds to ‘not spendable’ 
and 10 corresponds to ‘fully spendable’).

3.3 Statistical survey

The sample of the present research is represented by the students of the Physical 
Education course - enrolled in the Primary Education Degree Course held at the 
University of Macerata in the year 2022–2023; during the first semester they attended 
48 hours of teaching, without compulsory attendance, and 10 hours of laboratory 
with compulsory attendance, for a total of 157 students, 11 of whom were males and 
146 females.

82.8% of the students are enrolled in the first year, 6.4% in the second year, 5.1% 
in the third year, 2.5% in the fourth year, 0.6% in the fifth year and 2.5% of students 
enrolled out of course.

The students who attended both curricular lessons and the workshop in presence 
were 58.6% of the sample and 7.0% in e-learning mode. 17.8% stated that they occa-
sionally attended curricular lectures, while 16.6% did not attend any of the curricular 
lectures.

The constitution of the sample by age is shown in Table 2, by educational qualifi-
cation in Table 3.

3.4 Results

The number of open-ended responses that students actually uploaded onto the 
Mentimiter system during the first curricular lesson was 87, while 157 responses were 
recorded upon completion of the workshop training cycle, via Google forms.

An initial observation of the preliminary analysis of occurrences, which is cur-
rently in progress, about the first question on initial expectations, shows the most 
frequent use of content/disciplinary terms such as ‘motor schemes’, ‘functioning of 
the human body’, ‘anatomy’ and ‘motor skills’ and methodological terms on how to 
construct a Physical education lesson such as ‘psychomotor exercises’.

A preliminary analysis of the occurrences on the answers given as final feedback 
during the last lesson of the course to the question ‘Were the expectations you had, 
with respect to this teaching, fulfilled? Justify your answer’. the words of satisfaction 

18–24 25–39 40–50

77,07% 19,11% 3,82%

Table 2. 
Sample age groups.

Higher Education Diploma Degree Other/Unspecified

69.4% 26.08% 3.8%

Table 3. 
Qualification.
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emerged for ‘non-frontal lessons’, ‘reflection’, ‘connection between theory and prac-
tice’, ‘emotionally involving’ and also thanks to the answers to the second feedback 
question proposed immediately after ‘What impressed you most about this course’ 
the words emerged are in line with the satisfaction of the initial expectations and 
with the answers given to the first question, with a greater attention to the relational 
aspect. In fact, we note the recurrence of ‘interaction and participation’, ‘involvement’, 
‘human relationship’ and ‘enthusiasm’.

From the preliminary survey of occurrences, the words ‘body’ and ‘mind’ ‘emo-
tions’ are most frequently used, confirming the centrality of the active involvement of 
the body in the training approach and its ability to guide cognitive content as well.

The responses collected at the end of the workshop activities through Google 
forms revealed the following data.

1. ‘How spendable do you think the skills acquired during this workshop will be 
in the professional field?’, 77% answered in a range between 8 and 10 points, 
expressing a high perceived spendability, while 21% between 6 and 7, thus 
indicating a sufficient spendability and finally 1.9% attributed 5 points, noting a 
spendability below sufficient (see Figure 1).

2. ‘How much do you think this workshop further clarified the concepts illustrated 
during the teaching and facilitated their understanding?’, 49% of the partici-
pants expressed a score in the range 8–10, 28.7% expressed a score between 6 and 
7, while 21% expressed a score between 4 and 5. Finally, 1.3% expressed a score 
of 2 (see Figure 2).

Figure 1. 
Percentage of answers of the students on the level of marketability in the professional field of the skills acquired 
during the workshop.

Figure 2. 
Percentage of answers of the students on the level of impact of the workshop on the understanding and 
clarification of the concepts illustrated during the teaching.



103

Physical Education in the Academy – Learning Takes Body
DOI: http://dx.doi.org/10.5772/intechopen.112650

4. Discussion

Here are some extracts from the most significant open-ended responses: ‘…I 
thought it would be a frontal lesson, but dialogue, debates and questions have 
positively developed each lesson’, ‘I actually expected the usual frontal lessons with 
content, so, it was a pleasant discovery that above all has made me reflect a lot on 
how I want to shape my teaching’, ‘yes (expectations were met), because I found that 
involvement, that passion, that stimulation of curiosity and emotion that I expected. 
Thank you for this Physical education course, which was also a life course and an 
incentive to improve ourselves’, ‘yes (expectations were met, Editor’s note), because I 
was able to better understand everything that lies behind the world of Physical educa-
tion, which until now I only associated with the two hours of gymnastics’, ‘it was an 
interactive course, in which many of us actively participated with questions, group 
work. The lessons were never boring’; ‘yes (expectations were fulfilled, Ed.),) because 
teaching Physical education in a purely notional way would have been extremely 
boring both for the teachers/colleagues and of course for us students. Instead, the 
brilliant idea was to involve them emotionally as well,’ the expectations I had were 
quite different…. I am happy that the professor aimed above all to make us construct 
our own thinking’, ‘from this course I didn’t know what to expect clearly and even 
now that it is over I couldn’t really describe what it left me, but certainly positive 
traces. I think the fruits of this course I will reap and understand over time’.

Finally, a deconstruction of the texts into a limited number of categories was car-
ried out, which made it possible to trace back the words used, through a conceptual 
map and subsequent categorisation, to the constructs underlying the approach.

As can be seen from Table 4, the ability of integrated training to influence the 
personal dimension and morphology of the teacher emerged as a common element 
among the open-ended responses: to engage the three embodied dimensions in an 
integrated manner by offering the opportunity for a holistic training experience; to 
motivate and activate participation and leave significant traces of the experience; to 
establish a relationship of trust with the teacher; to establish a bridge between theory 
and practice through direct perception experiences that fostered constant reference; 
to promote metacognition.

This element offers the opportunity to emphasise how experiential theoretical-
practical training is deliberately declined within university didactic lessons, and not 
merely relegated to laboratory hours, as a ‘bridge’ connecting theory and practice to 
offer an opportunity to reinforce the theoretical and specific training content that is 
indispensable.

With regard to the quantitative data, it is interesting to reflect on a few points. 
First of all, comparing these data with the answers to the question on the frequency of 
both teaching and laboratory (where 16.6% of the sample declared that they did not 

Relational dimension Motivational dimension Theory-practice connection dimension

Future teacher Dialogue Active participation

Personal growth Openness of mind Reflection

Passion Involvement Metacognition

Table 4. 
Main categories of the teacher’s personal dimensions and professional morphology emerged as recurrences 
expressed in the open answers of the students.
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attend the curricular course), it is evident that participation in the curricular part is 
a fundamental factor in answering the question. On the other hand, it is possible to 
infer that the perception of laboratory activities as a necessary, integrative and inter-
acting part of the curricular course remains high, making the laboratory an essential 
component for the construction of a meaningful learning pathway.

With regard to the expendability of the training experience in real teaching 
contexts, 77% of the students involved noted a very high possibility (between 8 and 
10) of being able to use the knowledge and skills acquired during the training in 
practice. In this sense, the participants note that activities structured with an ECS-
based approach allow not only a co-construction of the learning phenomena and 
the necessary content knowledge but also a recursive relationship between theory 
and practice that increases the perceived expendability in real contexts. 21% of the 
participants noted a sufficient possibility, while a very low percentage (1.9%) did not 
point to a direct link between ECS-based approach and spendability. Precisely with 
regard to the desirable recursiveness between theory and practice, it is possible to 
note that the non-compulsory nature of the curricular didactic course, as opposed 
to the compulsory nature of the laboratory course, created a discrepancy for at least 
16.6% of the students who did not attend any of the curricular lessons, making the 
laboratory experience the only didactic experience they tried out. At the same time, 
this percentage of students is precluded from comparing the two components of the 
experience. In fact, 49% of the students expressed the perception of a greater clarity 
of the contents exposed in the curricular didactic part thanks to the laboratory prac-
tice, to which we can add - in the perspective of an all in all positive perception - the 
28.7% of the students who identify as sufficient the perception of integration between 
didactic activity tout court and laboratory practice. 21% of the students noted an 
unsatisfactory perception of the experience: in this percentage, it is possible to infer 
that the part of the students who did not take part in the teaching activities and only 
participated in the laboratory experience (16.6%) is involved. Finally, only 1.3% noted 
a substantial didactic non-usefulness of the laboratory part compared to the curricu-
lar teaching component of the training course.

5. Conclusions

On the basis of the results outlined above, it is possible to note that one of the sub-
stantial elements of the university training pathway for primary cycle school teachers 
is the recursiveness between teaching theory and practice, emphasising the need to 
actively construct one’s own training pathway, participating in the construction of 
meanings and activating oneself in order to effectively connect what has been learnt 
in one’s own study pathway and what has been physically experienced. It is possible 
to note that, taking into account the different cultural backgrounds of the students 
participating in the training project and the different age ranges to which they belong, 
it is necessary to promote ongoing and continuous training courses that take these ele-
ments into account. In this sense, for several years now, European educational policies 
have required member states to create programmes to increase the educational level 
of the population and give greater importance to the training of key competences in 
order to guarantee continuous learning for all citizens [53, 54]. With regard to the 
expendability of acquired knowledge and skills in real-life contexts, the importance 
of promoting meaningful learning processes is emphasised, where the individual 
is able to actively construct the meaning of what is presented and to transfer his or 
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her knowledge and skills. For this reason, the research focused on the promotion of 
self-determination and self-regulation in school and vocational learning. The high 
percentage of satisfaction found with the ECS-based approach to didactics makes it 
possible to emphasise the importance of a substantial reconstruction of didactic and 
training logics useful for rethinking and problematising in such a way that the com-
plexity and unity of the elements at play in learning processes, i.e. body-mind-envi-
ronment, can be recognised. The ECS-based approach enabled students to become the 
protagonists of their own learning process and not just the subjects of the educational 
intervention. From the qualitative elements found in the research (Table 4), it can be 
seen that at least three fundamental dimensions characterising the training process, 
i.e. the relational, motivational and theory-practice connection dimensions, come 
together. If the occurrences underline a deep rootedness with respect to the percep-
tion of oneself in the perspective of personal and professional growth, identifying 
one’s own path as directed towards the construction of the figure of the future 
teacher, passion turns out to be an equally important element. It therefore becomes 
necessary to recognise and accept that emotions represent significant and indispens-
able elements in the learning process. It is precisely emotions, in fact, that attribute 
meaning and significance to cognition, making it permanent and usable even in 
different contexts [55]. The results emerging from the research lead us to recognise 
the value of the motivational dimension in an academic training process. In this sense, 
the concepts of dialogue, open-mindedness and involvement assume relevant value 
and significance. In this sense, pedagogical reflection on the trainer’s didactic actions 
must necessarily take these elements into account, preparing the setting in a shrewd 
and targeted manner, addressing not so much a passive audience as an audience to be 
understood as active, alive, relationally connected. The open-mindedness, the non-
preclusion of one’s own training space to the other and to the idea of the other, creates 
the prerequisites for a greater involvement to be implemented through a substantial 
and not merely formal perception of a dialogic syntony. A syntony that can be built 
by taking into account the human, emotional and personal elements present in each 
of the students, understanding them not as mere users of an investment in didactic 
terms but as a human group in training, profoundly interrelated, the subject of com-
plex dynamics, positively interdependent. It is, therefore, necessary to implement an 
educational transformation that operationally recognises the value of the community 
[56] as an integrating background on which to build customisation processes.
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