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Abstract—Cognitive and metacognitive skills are recognized and studied
since antiquity. From the theory of Aristotle, according to which knowledge is
product of the human mind and Platonic gnosiology and the theory of true
knowledge, to the modern cognitive science, the question of how people acquire
knowledge, has occupied a multitude of scientists. In this article we present a
cognitive-based approach to the process of acquiring knowledge, we analyze
the dominant theories of knowledge, theories of intelligence, as well as learning
theories, and thus we propose an eight-layer pyramid of knowledge. We also
analyze the cognitive processes and metacognitive skills required to get an indi-
vidual to the highest layer of the knowledge pyramid.
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1 Introduction

Two people read the same book but they draw different meanings. Two friends
watch the same movie: one is inspired by the movie as it transmits to him senses that
resemble his own experiencees, while the other finds no interest. Two classmates
attend the same lecture but keep different notes and retain different data. Even the
same person in similar situations, during different phases of his life, may realize
things otherwise and collect different amounts of information through the stimuli
provided. Universe is a ‘hard disk’ full of stimuli. Human brain, transforms these
stimuli into data, and data into information, through the cognitive functions. Through
the information we receive, we start the hunt of acquiring more and more knowledge.
Some of this information we are not ready to perceive, while most of it we will never
perceive. Intelligence, as well as cognitive functions, play a decisive role in whether
we are ready to perceive the existing information around us and gain knowledge.
People should continiously train and improve their cognitive skills through
knowledge, in order to perceive more and more information and thus knowlegde,
from the innumerable stimuli that exist in the universe.

In this paper we are going to analyze the most discussed theories of intelligence, as
well as the knowledge theories. We propose a cognitive-based approach of an 8-layer
model (pyramid) of knowledge, which adapts to the different types of human
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intelligence, and we define the metacognitive components that will help us move from
one layer to the other and finally reach the top of the knowledge pyramid.

2 Theories of Knowledge & Learning.

According to Piaget’s interpretation, the process of learning and the acquisition of
knowledge are based on the evolution of intelligence. In other words, the process of
gaining knowledge (in a wider sense) and the evolution of intelligence could be
considered as the same thing. In his effort to analyze the psycho-spiritual
development of children and adolescents, Piaget (1936) presented the Developmental
Stage Theory. Piaget’s theory of cognitive development consists of four stages, each
one of them builds on the previous: Sensorimotor Stage (0-2 years) where children
learn how to coordinate sensory data and motor skills in order to understand their
environment, Preoperational Stage (2-6 years) where children present symbolic
thinking without cognitive processes, Concrete Operational Stage (7-12 years) during
which there are signs of verbal understanding and logical reasoning, and Formal
Operational Stage (12 years and above) where adolescents present abstract reasoning
[1]. Benjamin Bloom (1956) created a taxonomy with six levels of reasoning skills
(Knowledge, Comprehension, Application, Analysis, Synthesis and Evaluation).
Teachers should guide students, so that they move up the taxonomy of learning
objectives, as they progress in their abstract reasoning [2]. Anderson & Krathwohl
(2001) proposed the Revised Bloom’s Taxonomy, an update of the original one
dimensional Taxonomy to two dimensions, the Knowledge Dimension (factual,
conceptual, procedural, metacognitive) and the Cognitive Process Dimension
(remember, understand, apply, analyse, evaluate, create) [3]. The structural changes
on Bloom’s Taxonomy, enabled the utilization of the two dimensional framework
(Taxonomy table) in the curriculum and instruction, based on stated objectives,
instructional activities and assessments [4]. In 1982, Biggs & Collis presented the
SOLO Taxonomy (Structure of the Observed Learning Outcome) an instructional /
evaluative tool which could be used by educators, in prder to evaluate learning quality
in various subject areas. The SOLO Taxonomy describes five different levels of
understanding: 1. Pre-Structural Level, 2. Uni-Structural Level, 3. Multi-Structural
Level, 4. Relational Level and 5. Extended Abstract Level. Teacher can adapt the idea
of the Taxonomy to his /her specific classroom needs and differentiate the instruction
as well as the evaluation, to optimise learning outcomes [5]. Gagné (1970) ap-
proached knowledge selectively and tried to classify the theories of knowledge hierar-
chically. His taxonomy is actually a classification of learning consisting of five types:
Intellectual Skills, Cognitive Strategy, Verbal Information, Attitude and Motor Skills
[6]. According to Gagné each of these five learning outcomes requires a different kind
of instruction [7]. Ackoff (1989) in his article From Data to Wisdom proposed a mod-
el (wisdom hierarchy) including the following levels:

Data — Information - Knowledge — Understanding - Wisdom
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His model could be considered as pyramid as each level includes the previous
levels. According to Ackoff, wisdom is the ability to increase effectiveness, while
intelligence is the ability to increase efficiency [8]. Bellinger, Castro & Mills (2004)
considered understanding, more as a cognitive process that supports transition from
one level to another, than a separate level, transforming thus Ackoff’s model to the
Data-Information-Knowledge-Wisdom (DIKW) hierarchy [9].

3 The Pyramid of Knowledge

Individuals have to improve their skills of observing control, as well as of adapting
their cognitive processes, through mental self-observation of their cognitive skills, in
order to complete successfully the process of ‘building’ the pyramid of knowledge
(Figure 1) and utilize the information to reach the top layer. As we can perceive, for
each layer of the pyramid of knowledge we have to define these skills that will help
individuals to organize their knowledge, in order to jump directly to the next layer
(Figure 2). In other words, it is obvious that metacognitive skills of each layer are not
necessary the same with any other layer.Preschool children observe stimuli and
behaviour and using their awareness of conflicting mental representaions give
meaning to various concepts [10]. Invading stimuli enter encoded, as neural
representations, into the cognitive processing system and thus can be used for
subsequent processing [11].

Data is a collection of facts, generated by sensory stimuli that individuals perceive
through their senses [12]. According to the definition of Information Science, the term
data refers to the unprocessed information that have no inherent structure and are not
always correlated to each other [13]. Data, if processed, acquire meaning and compile
information. Correlation and synthesis of data should be governed by specific rules.
Through these rules, individuals give value to a given set of data and store in their
memory the resulting information or store the data as such for a possible later
exploitation.

The information generated by the human brain every day, is of particular
importance, as it is the basis for gaining knowledge through their systematic
organization. Information could be defined as organized and structured data. The
importance of some data for a specific purpose differs among individuals, as it
depends on their cognitive schema and the existence of other relative information
[14]. There is a clear distinction between the terms information and knowledge. The
amount of information we perceive will not necessarily lead to the process of
knowing. This explains a certain pathogenicity of the educational system, as in many
cases students acquire information but not knowledge [15].

Human brain transforms information into knowledge through personal experience,
beliefs and values, and thus knowledge formed though the same information differs
from an individual to another [16]. Individuals engage with information processing in
order to discover relations between concepts and construct knowledge [17]. We could
discern knowledge in general, defined as understanding of general concepts and
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theories, and contextual, refering to individuals who can answer basic questions about
a particular subject, drawing on general knowledge [18].

Expertise could be characterized as well-organised and interconnected domain
specific knowledge, which allows individuals (experts) to overlap working memory
limitations [19]. Expertise offers to the individual a wide range of cognitive
capabilities, including the ability to make reliable and consistent discriminations
between different stimuli, to estimate numerical values, to predict future outcomes,
etc. [20]. If we look back at Plato’s theory of knowledge we will see that through
‘aitias logismos’ as presented in Meno, Plato makes a crusial discrimination for
gnosiology in general between ‘frue belief’ and ‘knowledge’, as true beliefs are not
fully immovable in the way we consider the knowledge is [21]. In order to be reliable,
cognitive mechanisms of individuals should enable them to discriminate incompatible
status of affairs [22].

According to Rogers (1959), from the bith of an individual and through his life, the
only driving force is the tendency for actualization, while aiming at the positive
recognition from his/her social environment [23]. The process of becoming an expert
requires the development of creativity, motivation and self-actualization, and in most
cases involves failure [24]. According to Mashlow (1965), the far objective of self-
actualization is the intrinsic learning, i.e. to help people achieve what they are capable
of. Individuals can reach self-actualization, only if they have covered all of their other
needs and are now possessed by the desire for creativity [25]. Based on an optimistic
view of the human nature, Carl Rogers argues that the only driving force of every
individual is the tendency of self-actualization [26]. The achievement of self-
actualization makes more possible self-transcedence, as the individual can merge
himself/herself as a part of a larger whole [27].

With the term universal knowledge, we define the integrated knowledge that unites
all the existing theories of the universe, in one global theory. Hawking (1979)
presented an innovative theory of cosmology, based on the union of Einstein’s general
relativity and quantum mechanics [28]. Following the example of physicists, in his
‘Theory of Everything’, Wilber (2001) attempted to relate the unrelatable, as he
suggested a model which combines human psychological and behavioral
development, with cultural and social development. Unification of laws and theories
governing the universe, requires expertise in various knowledge domains, mastering
of self-skills and the abitity to see what others don’t [29].

According to Mashlow (1969), the sense of getting absorbed, fascinated and
concentrated, could lead an individual out of his/her own psyche and cause loss of
self-consiousness and finally transcedence of the ego [30]. Transcendence is strongly
correlated with self-esteem and emotional well-being. Individuals who have reached
self-transcendence can encourage others to expand self-boundaries and self-actualise
[31]. There is a clear coreelation between Sternberg’s theory of wisdom, talking about
the balance between intrapersonal, interpersonal and extrapersonal interests in order
to achieve a common good, and Mashlow’s notion of self-transcendence [32]. The
notion of self-transcendence is similar to Habernas’ emancipator form of knowledge,
which involves increasing freedom from biological and social conditioning [33].
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Fig. 1. The Knowledge Pyramid (8 Layer Model). Stimuli (neural representations), Data
(recruitment of discrete elements, communication), Information (interconnected data),
Knowledge (Acceptance, interest in knowledge, organization of information, theories,
axioms), Expertise & Discrimination (applied knowledge, creativity, experience,
skills), Self-Actualization (Desire for creativity / innovation, mastering of skills), Uni-
versal Knowledge (Unification of laws and theories, conceptualization, prediction of
behavior, needs and problems, problem solving) Transcendence (Self-forgetfulness,
loss of self-consciousness, transcendence of ego).

4 Metacognitive Procedures-Consciousness

The cognitive processes of the human brain contribute to the organization and
representation of knowledge. These cognitive structures and processes change as the
individual evolves, acquires experiences and conquers knowledge. Cognition consists
of a set of skills and brain functions through which individuals perceive their
environment. Cognitive skills, such as working memory, attention, perception,
visuospatial processing and various executive skills, play a crusial role in the
formation of the learning process. Development of cognition requires a rich
knowledge base. Cognitive skills should be considered as general tools for retrieving
and managing domain-specific knowledge [34]. Adolescence is a crusial period for
cognitive development though the formation of a conscious, self-directed and self
regulating mind [35]. Cognitive enrichment depends on the magnitude to which
individuals have occupied procedural skills, as well as on their prior knowledge and
expertise, and requires promotion of meaningful intellectual activities [36].

Development of meta-cognitive procedures, which we define as monitoring, regu-
lation and adaptation, or in one word consciousness, is the key for the individuals in
order to move from one layer to the next one. We consider consciousness as the axis
that supports the pyramid of knowledge, as it is a private, continuous and always-
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changing process, and not a state [37]. Metacognition is the ability of individuals to
know their cognitive functions, monitor them while they operate, to control and adjust
them, in order to optimize the adjustment to equivalent needs and requirements
presented during the whole learning process [38, 39]. Researchers indicate a variety
of components and subcomponents of metacognition, such as metamemory,
monitoring, feeling of knowledge, judjment of learning and conditional knowledge
[40]. Development of metacognition and specifically of monitoring, regulation and
adaptation, requires training of cognitive skills, such as attention, short-term and
working memory.

Information seems to have a negative correlation with the probability of an event
occuring. The less likely is an event to occur, the greater the amount of information it
delivers. In an attempt to quantify the information, researchers called this amount,
entropy [41, 42]. According to the seceond law of thermodynamics, all spotaneous
changes lead to an increase of the entropy in the universe. In the case of knowledge, if
entropy of the environment increases more than the entropy of the system decreases,
the overall change will be positive. Consequently, in order to move a system to higher
energy levels and greater organization, there must be energy expense. In the pyramid
of knowledge, in order to move from a layer to the higher one, some kind of energy
should intervene and so we can go from senses to data, from data to information, from
information to knowledge and so on. According to the constructivist perspective,
gaining knowledge could be performed through self-organization [43].

Fig. 2. Cognitive and Metacognitive processes required in order to move from a layer to
another.

5 Intelligence & Knowledge

Based on his two-factor theory of intelligence, using the general g-factor and the
factor of specific intellectual abilities (s-factor), Spearman (1904) described the
concept of General Intelligence. After using a technique known as factor analysis in
order to examine a number of mental aptitude tests, Spearman concluded that scores
on these tests were remarkably similar. People who performed well on one cognitive
test, tended to perform well on other tests, while those who scored badly on one test
tended to score badly on others. He concluded that intelligence is a general cognitive
ability that could be measured and numerically expressed, as it depends on the
accuracy with which the examination of intellectual fitness can be concluded, the
hierarchical intellictive rank of the examination, as well as on the hierarchical
intellective rank of the duties involved for any given post [44].

In an attempt to explain the different performance of individuals in the various
tests, Thurstone proposed a multiple factor method, which was supplementary to the
Spearman’s two factor method, as there are no restrictions to the number of general
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Fig. 3. The Eight Inteligences: Visual-Spatial Intelligence is related to the ability to perceive

visual-spatial stimuli. Verbal-Linguistic Intelligence concerns paricular skills in
different spoken and written functions of language. Bodily-Kinesthetic Intelligence
refers to the ability to control body movements and skillful handling of objects.
Logical-Mathematical Intelligence refers to arithmetic skills and mathematical
thinking, as well as the ability to handle logical and numerical patterns. Inter-Personal
Intelligence intelligence contains abilities to discern the purposes, the motivations and
the moods of the others. Intra-Personal Intelligence is related to the ability of an
individual to control his/her own feeling and self-knowledge. Musical Intelligence
involves sensitivity to sounds, abilities to appreciate rhythm, execute and composite
musical structures. Naturalistic Intelligence refers to the ability of an individual to
detect and connect different elements in nature as well as the ability to recognize
natural forms and patterns.

factors, as well as to the number of group factors [45]. In his book Primary Mental
Abilities [46] he presented a different theory of intelligence. Instead of viewing
intelligence as a single, general ability, his theory focused on seven different abilities:
Verbal Comprehension (ability to understand verbal information and read), Reasoning
(the ability to utilize data and draw conclusions), Perceptual Speed (quick and
accurate perception ability), Numerical Ability (ability to perform quick and accurate
arithmetic operations), Word Fluency (ability to handle oral and written language),
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Associative Memory (abilty to learn and recall relationships of unrelated data) and
Spatial Visualization (ability to determine position and orientate).

Gardner’s theory of multiple intelligences, as presented in his book Frames of
Mind [47] and completed in his book Intelligence reframed: Multiple intelligences for
the 21st century [48], changed the established until then viewpoints about
intelligence, mentioning what researchers perceived as social skills, types of
intelligence. Instead of focusing on the analysis of test scores, Gardner proposed that
expressions of human intelligence are not a full and accurate depiction of people’s
abilities. His theory describes eight distinct intelligences (Visual-spatial, Verbal-
linguistic, Bodily-Kineshetic, Logical-mathematical, Interpersonal, Musical,
Intrapersonal, Naturalistic) that are based on skills and abilities that are valued with
different cultures (Figure 3).

The Triarchic Theory of human Intelligence [49] argued that intelligence is related
to the internal world of the individual, life experiences, as well as the external world
of the individual. While he agreed with Gardner that intelligence is much broader than
a single, general ability, he suggested that some of Gardner’s intelligences should be
considered as individual talents. According to Sternberg, in order to reach ‘successful
intelligence’, individuals should have a balance between the three kinds of
intelligence: Analytical Intelligence, which refers to problem solving abilities,
Creative Intelligence, an aspect of intelligence that involves the ability to deal with
situations using past experiences and current skills, and Practical Intelligence,
refering to the ability to adapt to a changing environment.

Many researchers argue that inteligence can be enhanced by training, as working
memory is highly correlated with intelligence. Furthermore, cognitive exercise and
especially continuous training of working memory could slow down the process of
intellectual decay [50]. Based on Gardner’s theory of multiple intelligences, we
propose that the 8-layer model of knowledge could be adapted to each one of the
different types of intelligence, defining thus the levels of domain specific knowledge
(Figure 4). The conquest of the top of this pyramid presupposes the ‘Unity Level of
Knowledge’, the ultimate level which could be defined as total knowledge or
omniscience [51, 52].

6 Conclusion

Based on the cognitive approach, the acquisition of knowledge is not the result of
dependent learning, accumulation of information or teaching exclusively. It is a com-
plex process in which the structure and the functions of the cognitive system play a
key role. This article presents the different cognitive processes which are involved in
the identification, selection, recruitment, processing, storage, organization and trans-
formation of the subject. The development of meta-cognition plays a decisive role in
the process of acquiring knowledge so that we have not only improvement of the
academic performance of the individuals, but also better functioning of the whole
cognitive mechanism. Through various intervention techniques and training of meta-
cognition and cognitive skills, individuals could improve all different types of intelli-
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Fig. 4. The Consciousness-Intelligence-Knowledge Pyramid .

gence such as verbal, mathematical, and visual-spatial, as well as particular cognitive
skills such as perception, understanding, memory in all its forms, pattern recognition
and problem solving. With the pyramid of knowledge, we present all the eight levels
that the individual has to conquer in order to reach transcendence. In essence, each
higher level of the pyramid is a higher state of self-organization, awareness and con-
sciousness, while at the same time reduced entropy levels. Indicative of the interdisci-
plinary application of the consciousness-intelligence-knowledge pyramid is the uni-
formity with the ISO’s Open Systems Interconnection model (OSI model), a concep-
tual model for telecommunications and computer networks which integrates applied
cognitive science [53].
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