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Risk of autism in the use of assisted reproduction techniques: An
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ABSTRACT

This paper investigates the existence of a relationship between assisted reproductive technology
(ART), such as intracytoplasmic sperm injection (ICSI) and the birth of autistic children. Based on
abundant bibliography (Danan et al, 1999; Cummins, 2000; Riva & Giorgi, 2000; Palmen, 2004;
Allen, 2005; Tavano et al, 2007; Palmieri & Persico, 2010; Bolduc et al., 2011, 2012; Stoodley et
al., 2012; Konopka, 2013; Lyall et al, 2013; Sandin et al, 2013; Chen et al., 2015; Fountain et al.,
2015; Siddiqui et al., 2016; Punaméki et al, 2016; Liu et al, 2017; Babinska et al, 2017; Griffiths &
Levy, 2017; Liang et al., 2017) propose that the possibility of transference of paternal mitochondrial
DNA through these techniques is a determining factor to be taken into account in the alteration of
Ca"" homeostasis that has been detected in some autistic patients. This condition would facilitate,
according to the theory of psychic functioning (Salatino, 2013, 2016), the cancellation of low
frequencies (20 Hz) in the brain, which manage the sociocultural system. If we add to this the
decrease in the cerebellar Purkinje cells that are usually found in patients with autism, it would
explain the alterations of the psychic structure and function that produce deterioration or lack of
language and social treatment shown by these patients. Taking Hempel's nomological-deductive
method as a guide and complementing it with transcurssive logic, a reasonable explanation can be
given to the following hypothetical case: after the use of the ICSI technique, an autistic child was
born. Since this technique gives the possibility that part of the paternal mitochondrial DNA,
contained in the sperm, passes to the ovule upon fertilization, and produce a case de paternal
heteroplasmy. By reviewing the aforementioned etiological aspects, we were able to predict the
appearance of the psychic disorders of these children, taking into account structural and functional
aspects of the psychic apparatus, with firm neurobiological bases. The hypothetical case analyzed
justifies paternal heteroplasmy as one of the possible causes of autism, according to some of the
statistics presented by other authors.

Keyword: autism spectrum disorder (ASD), assisted reproduction techniques, psychic disorders,
scientific explanation, transcurssive logic.
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1.0 INTRODUCTION

Autism is a disorder of neuropsychic development that with a practical purpose, we will
characterize only through two of its relevant clinical aspects: lack of language development and
lack of social functioning leads, in addition to a deterioration of the socio-communicative behavior,
to the appearance of repetitive and restrictive behaviors (Konopka, 2013).

From a specific theory of psychic structure and functioning (Salatino, 2013, 2016), the
previous findings can be explained. This theory proposes that the psychic apparatus is responsible
for managing subjective reality, that is, the subject's own, which is constituted by three real
systems: 1) Bio-external system (responsible for maintaining life and perpetuate it), 2) Psycho-
internal system (which is responsible for achieving proper adaptation to the immediate
environment), and 3) Sociocultural system (ready to adjust relationships with our peers).

In this work, we investigate the significant relationship detected between the technique of
assisted reproduction of intracytoplasmic sperm injection (ICSI), among others and the birth of
autistic children. We propose that the possibility of transference of paternal mitochondrial DNA
(See Appendix A) through this technique, perhaps associated with failures in the mechanism of
mitochondrial elimination of the ovule, is a strong determinant of the alteration in Ca ++
homeostasis that has been detected in some autistic patients. This condition would facilitate,
according to the theory of psychic functioning mentioned, the cancellation of low frequencies (20
Hz) in the brain, which are the ones that manage the sociocultural system. If we add to this the
decrease in the cerebellar Purkinje cells that are usually found in patients with autism, it would
explain the alterations of the psychic structure and function that produce deterioration or lack of
language and social treatment.

2.0 ANTECEDENTS

Sandin et al. (2013) showed that in 2.5 million children born between 1982 and 2007, 30,959
(1.2%) were conceived through IVF. In general, 103 of 6959 children (1.5%) with autistic disorder
and 180 of 15,830 (1.1%) with mental retardation, were conceived by IVF. Therefore, the RR for
ASD after any procedure compared to spontaneous conception was 1.14% (95% CI, 1.01-1.36: 46.3
vs. 39.8 per 100,000 persons/year). Comparing IVF without ICSI with fresh embryo transfer, there
was a statistically significant increase in the risk of ASD, followed by ICSI using surgical sperm
extraction and fresh embryos. (RR, 4.60 [95% CI, 2.14-9.88]; 135.7 vs. 29.3 per 100,000 persons
per year). They conclude that the use of specific procedures, IVF with ICSI, for paternal infertility
was associated with a small (though significant) increase in RR for ASD and mental retardation
compared to IVF without ICSI. (Table I).

Table 1. Extracted and modified of Sandin et al. (2013)

Autism and Mental Retardation Among Offspring Born After In Vitro Fertilization
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Fountain et al. (2015), studying children born in California, between 1997 and 2007, showed
that in the general population, the incidence of the diagnosis of autism was double in births using
ART, that in spontaneous births. This incidence was more noticeable and was directly related to the
fact of multiple births (twins, triplets), something very common in cases where ART is used (Table
).

Table 2. Extracted and modified of Fountain et al. (2015)

OO0
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FIGURE 1 Unadjusted prevalsnces of autism with 9205% confidence intervals for all Births by
Pplurality and, for the anabsis subset, by ART conceplion status: Califernia 1997 -2007.

Liang ef al. (2017) evaluated the risk of ASD in offspring obtained through ART, in a meta-
analysis. A bibliographic search was performed in PubMed, Embase, and Web of Knowledge
databases until April 30, 2016, to identify all relevant records. Risk indices (RR) and 95%
confidence intervals (95% CI) were calculated to analyze the strength of association by using fixed
or random effects models based on the heterogeneity test in subgroup analyzes and totals. The
analysis of the total of 11 registers (3 cohort studies and 8 case-control studies) revealed that the use
of ART is associated with a higher percentage of ASD (RR = 1.35, 95% CI: 1.09- 1.68, P = 0.007).
Also, subgroup analyzes were performed based on the study design, study location, and study
quality, and some subgroups also showed a statistically significant association. This study indicated
that the use of ART could be associated with an increased risk of ASD in the offspring. However,
more prospective, large and high-quality studies are still required (Table III).

Table 3. Extracted and modified of Lian et al. (2017)

Forest Plot of ASDs Risk/ART
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3.0 PSYCHIC APPARATUS

The proposed structure of the psychic apparatus is based on the anatomy, physiology, and
neurobiology of the central nervous system (CNS) (Figure 1).As can be seen in the diagram, there
are six gray structures of the CNS, which are involved in the constitution and management of the
psychic apparatus. These structures are: 1) Thalamus, 2) Basal ganglia, 3) Limbic system, 4)
Cerebral cortex (associative and sensorimotor), 5) Cerebellum, and 6) Inferior olive (I0).The
stimuli that arrive, both from the social environment (socio-cultural system), as well as from the
immediate environment (psycho-internal system) and even from the organism itself (bio-external
system), enter through the sensory pathways, to the thalamus (set of gray nuclei) , located in the
center of the brain mass). From there, they are derived to the basal ganglia (a group of gray nuclei
that are at the base of the brain) that are responsible for "identification" the entries. This
"identification" does nothing but determine from what real system the stimulus comes, so that our
psyche can elaborate the appropriate response. The input information remains momentarily,
retained in the "transient memory," which is located in the cerebral cortex. If the stimuli come from
the bio-external system (of our body), their solution has absolute priority; it is the basal ganglia
themselves that promote the immediate response through a series of innate, unconscious
movements.

Fig. 1. Neurobiological fundamentals of the psychic apparatus
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On the other hand, if the stimuli come from the immediate environment (psycho-internal
system) or the social environment (sociocultural system), the basal ganglia, together with the limbic
system (arranged around the corpus callosum, the structure that connects both hemispheres ), they
give the motivational framework to the entrance. Although the basal ganglia are what determine
whether the new stimuli are "known" or not. When we already "know" the answer, that is, when we
have already made a "habit" of responding in the same way to the same requirements, the basal
ganglia "consult" the associative cerebral cortex (prefrontal cortex, located fore of the sensorimotor
cortex). ), to see if there is an antecedent of this situation. If this antecedent exists, they give the
order to execute the known motor response. This "anticipated response" is "recorded" in the cortex
of the cerebellum (posterior part of the brain), which we know as "operative memory."

Something very different happens when the challenge posed by incoming stimuli has no
antecedents. Consciousness is involved for the first time since it is a new situation, of which we
must have an apprenticeship, some experience. On this occasion, the stimuli received by the
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thalamus are derived to the basal ganglia for their "identification" and their "classification" (process
that we will deal with in detail, later), once it is verified that there is no history of the present
situation, the limbic system assigns an important emotional charge, because it is unknown.
Produced the "classification" of the stimuli, which indicates to the psychic apparatus the relevance
of the aspects that determine the real fact perceived, according to their order of precedence, are sent
to the thalamocortical circuit (thalamus-associative cortex). This circuit is responsible, in the first
place, for temporarily "contextualizing" the perceptive act. This meticulous process is carried out by
the specific nuclei (that contemplate what comes from outside the psyche) and the non-specific
nuclei (which do the same with what emerges from the subject) of the thalamus. In the second
place, the thalamocortical circuit records the fact of having learned, and, therefore, of having
achieved a certain knowledge and an understanding of the new reality, will become part of the
"psychic structure" of the subject. This "structure" will be housed in the "structural memory," that,
which residing in the cerebral cortex, is indelible and unconscious.

When the registration of a new event was confirmed, the basal ganglia, the limbic system,
the cerebellum and the inferior olive (gray nucleus belonging to the medulla oblongata, which is
located at the upper end of the spinal cord), combine the corresponding adaptive response, with the
due emotional tenor. This response or these "learned movements," at least in the first times they
occur, are of a conscious nature. Then, if they are repeated often and successfully, they will become
part of a habit that is of unconscious nature.

4.0 IDENTIFICATION AND CLASSIFICATION OF STIMULUS

Phylogenetic evidence shows us a CNS with a tripartite neuroanatomical architecture related to the
organization of behavior (movement and other behaviors) (Salatino, 2012) (Figure 2). According to
evolutionary antiquity, and only for didactic purposes, we can identify each of these parts as 1)
neuronal brain where the psychic structure depends only on the functioning of the neurons and the
structures that support it are the brainstem (formed by the midbrain, the pons and the medulla
oblongata) and the basal ganglia; 2) visceral brain that sits in the limbic system that are the neural
networks from which arise the affections that structure the psyche; and 3) cortical brain whose
sustenance is the cerebral cortex in its maximum development degree which allows the human
being, and only him, to achieve a psychic structure (neuronal arrangements) that enable the
management of the cognitive phenomenon as the supreme manifestation of his subjectivity.

Fig. 2. Dopamineric system
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Dopamine is a neurotransmitter that is present in different areas of the CNS and is very
important in the regulation of the motor activity of the organism, that is, in the projection of the
response in cognition, in motivation, in milk production, in sleep, in humor, in attention, and in
learning. In other words, it is dopamine that puts into function the different strata of the psychic
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structure described according to the real system (Salatino, 2009) that must be attended to; that is,
the biological or bio-external (neuronal brain), the psychic or psycho-internal (visceral brain), or the
sociocultural (cortical brain).

Dopamine is what defines, what structures are part of each of these 'evolutionary brains', but
the intimate mechanism that allows the selection of one of them according to the real system to
which attention has to be paid is of a nature temporary, since each one is guided by a "neurological
pacemaker". The three pacemakers have a base frequency that identifies them, as follows: the
pacemaker of the basal ganglia (perception) oscillates at approximately 80 Hz, the thalamocortical
pacemaker (psychic structure) at 40 Hz and the olivocerebellar pacemaker (movement) at
approximately 20 Hz The Ca ++ ion is the main determinant of these frequency bands.

On the other hand, for the "classification" of the stimuli, we propose a supposed perceptual
unit based on the logical mechanism of a "finite automaton" (Figure 3). From the Transcurssive
Logic (TL) we characterize, in a very general way, a real event like the concurrence of a subject (S
=01), an object (O = 10) and a transformation (V = 11) that binds them. The composition of this
detector is very simple. It consists of an "identifier" for each of the "elements" that makes up a real
event and a series of connectors, which, when interpreting its binary code, allows the system to
change its status.

Fig. 3. Deterministic finite automaton — generic perceptive apparatus

0

INITIAL
STATE . 1

PERCEPTIVE
STATE

VOS = 111001 0 .

References: NC: caudate nucleus - CO: cholinergic interneuron - GA: GABAergic interneuron
GPg: external globus pallidus - GPr: internal globus pallidus - SNg: Pars reticulata substantiae
nigrae SN.: Pars compacta substantiae nigrae - 1: activation - 0: inhibition - S: subject - O: object;
V: transformation

The "perceptive machine" above can identify any of the six patterns that are formed with the
three elements indicated. That is, SVO, VOS, OSV, SOV, OVS, and VSO. To identify to which real
system belongs the "fact" we perceive, we use the first element of the "chain." For example, the
VOS pattern that is placed in the previous figure comes from the real sociocultural system.
Equivalently, if the pattern begins with "S," the phenomenon to be analyzed comes from the
psycho-internal system or from what has to do with the subjectivity of living beings. Whereas if the
first element is "O," it is telling us that the real fact has to do directly with our body, or with
something external to us, but that it has no life.

Once the origin, or the system to which the stimulus belongs, is identified, we must
"classify" it. The latter is achieved by identifying the elements that follow the first. In the case of
the example of the figure, the fact is identified as coming from the sociocultural system (a
transformation) and prioritizes the "object" that was the destination of that transformation, rather
than the "subject" that was its producer. In the same way, we proceed with the remaining five
patterns. In the same figure, we can see the "center of operations" of the perceptual system,
represented by the basal ganglia, where the finite automaton has been superimposed. In the scheme,



International Journal of Research & Methodology in Social Science
Vol. 5, No. 1, p.7 (Jan. — Mar. 2019). ISSN 2415-0371 (online)

www.socialsciencepublication.com; DOI: 10.5281/zeno0do0.2667563

the activating (1) and inhibitory (0) connections between them and with the thalamus and the
cerebral cortex have been respected (Salatino, 2014, p.42).

5.0 AUTISM NEUROBIOLOGY

From the neurological point of view, in general, autism is seen as a disorder of connectivity
between different parts of the CNS. The cerebellum is at the crossroads between the sensory and
motor systems, so it is essential for communication between both (Figure 4).

Fig. 4. PAU of the cerebro-cerebellar loop
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The PAU of Figure 4 shows the anatomical connections of the cerebellum to the brain
through the thalamus. We see that the cerebral cortex is connected to the motor system, using the
frontopontine fibers while it does with the sensitive system, through the parietal-temporal-occipital
pontine fibers. In turn, both systems are connected to the cerebellum through the nuclei of the pons.
The cerebellar-cerebellar loop is closed using the thalamus (Becker & Stoodley, 2013, p.4).
Although the cerebellum is one of the first structures of the human brain to develop, it is not fully
mature until after the first postnatal years (Ibidem, p.5). This is essential to explain why
"conventional language" begins to develop after 18 months (Salatino, 2012, p 245). There are
important investigations that relate the malformations of cerebellar vermis (O) with autism (Bolduc
et al., 2011, 2012; Tavano et al., 2007). While malformations of the cerebellar lobes are associated
with selective deficits of the executing function, for example, language or "spatial cognition." The
latter is very important because it reflects the patterns of cerebellar connectivity. Language
difficulties are associated with lesions of the posterolateral lobule (©) (Riva & Giorgi, 2000;
Stoodley et al., 2012). In addition to the cerebellum, in autism are involved: the cerebral cortex, the
thalamus and the striatum (basal ganglia).

5.1. HYSTOPATHOLOGICAL AND FUNCTIONAL CHANGES

The most consistent of the histological changes found in autism cases is the loss of
cerebellar Purkinje cells, particularly from the lobes. (Allen, 2005; Palmen, 2004). A reduction in
cerebellar activity (such as that found in autism) is accompanied by an increase in the activity of the
cerebral cortex, in particular, of the prefrontal regions (Mostofsky et al., 2009; Takarae et al., 2007).
It suggests that the autistic "psychic problem" is not only structural, as we believed, but also
functional. In other words, it may have basic patterns of behavior, but, socially, it cannot project
them into adequate conduct.

The interruption of GABAergic inhibition in Purkinje cells can influence the functioning in
thalamocortical circuits. It has been suggested that the reduced function of Purkinje cells produces

7
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reduced cerebellar modulation of dopamine release in the medial prefrontal cortex (Rogers et al.,
2013). It is possible that the loss of Purkinje cells ultimately leads to an imbalance of the
excitation/inhibition ratio in the cortex, which is hypothesized to be an underlying mechanism of
ASD (Maloney, 2013).

6.0 PSYCHIC ALTERATIONS

The most important manifestations that characterize the autistic child do not derive from pathology
in itself but a different psychic disposition. The autistic psyche presents, as seen by the Transcursive
Logic, marked modifications concerning what we have proposed above as a standard psyche. Such
modifications, at least in the case presented in this work, are of genetic origin and, therefore,
congenital.

The autistic child, literally, "lives in another world." Another is the subjective reality that
sustains it, others and very different are its vital and different priorities will be then, the
contributions required from the surrounding environment.

For the autistic, the social world either does not exist or if it exists it is only a rudiment that
cannot be accessed because it lacks the possibility of using conventional language appropriately.

Aid programs established as suitable to deal with these children should contemplate at their
base: social reintegration techniques structured on their real needs and not, like most of them, trying
to 'provide' supposed pragmatic solutions for the correct use of language and in a derivative way, a
"better structuring" of their thinking. The latter respond to the prejudices on which the cognitive
sciences are based, which are the current frame of reference for most of the institutions dedicated to
helping autistic people.

Therefore, we will not consider the alleged role of cognitions in information processing, nor
will we adhere to one of the major axioms of cognitive science, which states: cognitive processes
(ideas, beliefs, rules). They translate external and internal events into representations or structures
of meaning (Chappa, 2003, p.98).

In this work, we are going to show a possible origin of the autistic "asociality," to call it in
some way. To be more precise, an autistic person is not "asocial," in the strict sense since "asocial"
is an individual (or social subject) who does not identify himself consciously or intentionally with
the social group in which he is immersed. The autistic, on the other hand, never becomes an
individual, that is, never becomes a social subject. His individuality is pure subjectivity, and as
such, it has no possibility of identification with his group.

An autistic person also does not suffer from anomie (See Appendix B), that is, from
inappropriate social behavior due to not observing the established norms. For the autistic, social
norms lack meaning and the true reason for this; we should look for it in the causes that leads to its
apparent 'affective anesthesia' since affection is the only socializing means of the human being.

As we have already seen in another work (Salatino, 2012), at the fundamental level, psychic
structuring is based on the administration of change. The marked resistance to change evidenced by
all children with autistic disorders is well known. Since we have proposed that the psyche of the
autistic is not abnormal but different, it is clear then that the change is not what relates subject and
object in his psyche. A direct consequence of the above is its manifest difficulty in learning the
sociocultural norms that are arranged according to the dominant majority. That is, it is not possible
to characterize the changes that beset his psyche. Then, the key is to be able to determine what
binds the basic constituents of your psyche, that is, subject and object. Or better yet are the elements
that structure your psyche subject and object? Or do you only handle related objects not because of
the change, but because of the static ligatures perceived between them in the first instance? If this
were so, obviously their PAUs should have another provision and not to mention their structural
and operative memories.

Let's start with the psychic PAU. It is evident that by not acknowledging the external change
given its apparent perceptual indifference, the only manifestation that promotes the evolution of the
psychic structure is the internal change. To clarify the above, let's see Figure 5.
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Fig. 5. PAU of the autistic Psyche
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In the left part of Figure 5, in a structural PAU, we see the differentiation of the original
change that structure, usually, the psyche. The relationship between a somatic change (01) that
generates a vital urgency (hunger) is appreciated. An external change corrects the previous
imbalance (10) (maternal contribution).

Finally, a change represented by a specific action in response to external change (11)
(suction). This sequence is evident or superficial. At a deep level, there is part of the original change
(internal change) (00) that fulfills the function of linking and functionalizing the other changes. It is
that change that is not evident except for its unmistakable manifestations. Those that are apparently
allow the alternation between the other changes or the predominance of one over another, until
achieving the motivation that promotes the satisfaction of the original desire. The subjective reality
then arises from the conjunction of a desire and a need that must be satisfied. In the scheme, the
different real systems that "administer" the described changes have been superimposed, with their
respective neurobiological activations (the different frequency ranges that we have already seen)
and the different processes that connect them.

In autism, on the other hand, (Figure 5, right) it is as if the desire did not exist, that is, the
memory of a satisfying experience is not shown at the superficial level (01). The voluntary, non-
inherited impulse that moves to live does not arise; only an involuntary and inherited need or
impulse is present, useful to preserve life (00). Given the above, the psychic PAU of the autistic is
structured as follows: 1) The somatic change (01) is replaced by one of the instances in which the
internal change (V) unfolds, which becomes superficial and evident (V So (01)). The subject (S) is
replaced by an "objective subject." 2) The other instance of internal change (V), converted into a
kind of "psycho-external system" (SPEV (00)), replaces specific action (V), which has now
become deep (SPIV (11)), and represented the specific action (V), which has now become deep
(SPIV (11)), and represented the specific response to drive the external change, that appears as help
to cover the vital need. The external change (SBE (10)) is not modified.

The described modifications configure a bicyclic PAU, where an internal change ends up
related to an external change through another internal change. Which is equivalent to two objects
related by an internal change. The first instance of internal change becomes "objective subject." The
external change, the one that contributes to settle the vital need, will replace the "objective object."
While the second instance of internal change will replace the specific action, acting as a means to
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interrelate the two previous changes, and is the one that will put into operation the reflection of
suction, crying and later, more complex acts, that is, replace the objective change (Vo) that
normally relates subject and object.

We observe in the autistic scheme the superposition of the systems that manage the
proposed changes, and as can be seen, the frequency range of the 20 Hz is missing, which is the one
that handles the projection of our behavior, as a conduct, to the sociocultural system and depends on
the neuronal brain and the olive-cerebellar circuit. This "social disconnection" explains, in part, the
clinical findings in autistics, where a kind of "inward motivation" is evident as the subject tacitly
disappears.

7.0 HYPOTHESIS

Figure 6 shows the hypothetical situation in which, after the application of the ICSI technique of
assisted reproduction, an autistic child is born. Assumption based on the evidence provided by
several studies (Danan et al., 1999, Cummins, 2000, Lyall et al., 2013, Sandin et al., 2013,
Punaméki et al, 2016, Liu et al., 2017). Assuming the possibility that part of the paternal
mitochondrial DNA contained in the sperm passes to the ovule upon fertilization, given the
procedure used to achieve sperm immobility (see Appendix A), I can describe the particular case.
That is, it is assumed that the presence of paternal mitochondrial DNA can produce autism
(Palmieri & Persico, 2010, Chen et al., 2015, Siddiqui et al., 2016, Babinska et al., 2017, Griffiths
& Levy, 2017). By invoking a universal pattern (PAU) as a general law, we can predict some
structural and functional alterations of the cerebellum, such as, for example, alteration of Ca ++
homeostasis, or a significant decrease in the population of Purkinje cells in the cerebellar cortex
(Riva & Giorgi, 2000, Palmen, 2004, Allen, 2005, Tavano et al, 2007, Bolduc et al., 2011, 2012,
Stoodley et al., 2012, Konopka, 2013). According to all the above, I can conclude that, in this
hypothetical case, a possible explanation for the birth of a child with autistic disorder is in the use of
the method of assisted fertilization ICSI or similar.

Fig. 6. Explanatory PAU
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8.0 CONCLUSION

We reviewed some etiological aspects of autism, including alterations at the level of the cerebellar
cortex and in the homeostasis of Ca'" in association with mitochondrial diseases, and made
predictions about some of the supposed psychic alterations that an autistic child presents. These
psychic alterations justify the classic capital symptoms of autism, through a theory of psychic
structure and function, with firm neurobiological bases. The hypothetical case of the birth of an
autistic child is considered after the application of the ICSI technique of assisted reproduction, in
which the generation of a mitochondrial pathology could be involved, due to heteroplasmy of
paternal origin.
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APPENDIX A
ASSISTED FERTILIZATION THROUGH INTRACYTOPLASMIC SPERM INJECTION
{ICSI)

Since the successful birth of Louise Brown in 1978, in vitro fertilization has been the method of
choice to treat infertility. The results obtained by the traditional technique of in vitro fertilization
were inconsistent in the presence of infertility due to mild male disorders, but very poor when the
malefactor was important (azoospermia, oligozoospermia, asthenozoospermia, etc.). Given these
results, a new insemination technique was used: microinjection (Gardner & Simoén, 2017). The first
pregnancy, followed by live birth, after using ICSI was reported by Palermo in 1992. There are
other indications for the use of ICSI, when the malefactor is not at stake, for example, previous
failure of an in vitro fertilization, immature oocytes, etc. (Palermo, 2018).

PLASMATIC NECK
MEMBRANE MIDDLE ||
\ SEGMENT || HEAD

MITOCHONDRIA p—
(mtDNA) /  DNA \\ DRSO

/  (GENES) \
kS
CENTRIOLE NUCLEUS

The spermatozoon is the haploid cell (with 23 chromosomes) that constitutes the male
gamete. In human fertilization, is who gives sex to the egg or zygote. They are pyriform cells
composed of three parts: 1) Head, 2) Middle segment, and 3) The flagellum or tail, which gives it
its mobility. In turn, the head contains two parts: the acrosome formed by enzymes that favor the
rupture of the zona pellucida surrounding the ovule, to achieve fertilization. And the nucleus, which
contains its genetic load in the DNA divided into 23 genes. Once the acrosome opens the zona
pellucida of the ovule, the nucleus is the only part of the sperm that penetrates its cytoplasm to fuse
with its nucleus and form the diploid cell (with 46 chromosomes) that represents the zygote.

As for the middle segment, it is a zone of 4 or 5 um in length that has a large number of
mitochondria (mitochondrial DNA), which give the centriole energy to move the tail and thus can
progress through the neck, the uterus, and the fallopian tubes until reaching the ovule to fertilize it
(Jiménez & Merchant, 2003, p.680). The ICSI technique consists of the following stages (Palermo
& Sills, 2018, p. 14):

1) Preparation of the ICSI plate: there are nine drops of the medium used for the injection,
one central and eight in a radial form, covered by cultivation oil. This plate is stored at 37 ° C until
use.

2) Loading of gametes: immediately after the injection of sperm the central drop is removed
and replaced by a diluted suspension of sperm. In the other drops, the oocytes are placed.

3) Immobilization of sperm: a single sperm is selected from the drop of sperm from the ICSI
dish (usually the central drop) and aspirated at the tip of the injection pipette after immobilizing it,
breaking the tail by pushing it with the pipette injection against the bottom of the Petri dish. If the
initial attempts at immobilization are not successful, it is repeated until the tail is twisted and
broken. [It is important to note that, given the technique described, it is possible for the
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mitochondria of the middle segment to enter the ovule, in addition to the nucleus, providing
paternal extranuclear DNA.]

4) Sperm injection: once the oocyte is located inside the drop, it is kept in place by a
retention pipette, to locate the polar body. The injection pipette focuses on the right edge in the
equatorial plane at 3 o'clock. The sperm is placed near the bevel of the injection pipette. With it, is
pressed at 9 o'clock until breaking the ovular membrane. Then the sperm is expelled (Figure 8).

Fig. 8. Sperm injection
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In normal fertilization, the mitochondria of sperm origin occur in a ratio of 1: 1000
concerning the mitochondria of the oocyte, which could be the result of a dilution process (Ankel-
Simons and Cummin, 1996). This assumption was incorrect since the incorporation of mitochondria
in mammalian ooplasm during fertilization was demonstrated (Sutovsky et al., 1996).

AUTOPHAGY
In fertilization, the mitochondria taken to the cytoplasm of the oocyte by the sperm are searched and
destroyed, leaving only the mitochondria of the oocytes to propagate their mitochondrial DNA to
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the offspring. This mode of clonal inheritance, the paradigm of "mitochondrial Eve" is mediated by
a proteolytic resident in the oocyte.

The machinery for the degradation of proteins and organelles is based on the ubiquitination
of the sperm mitochondria within the cytoplasm of the fertilized oocyte, producing autophagy.

When a lucky sperm cell fuses with the ovum, between 100 and 200 paternal mitochondria
enter the ovule at the time of fertilization, which is largely surpassed by the 100,000 mitochondria
derived from the mother.

In theory, as fertilization occurs, the paternal mitochondria must be destroyed. Perhaps, due
to a failure of the destructive mechanism or, because the sperm comes from a testicular puncture
where immature forms are taken, that destruction is not carried out.

Mitochondria inadvertently damage their own DNA through the production of free radicals
of oxygen and other metabolic contaminants. This could mean a problem if the gamete uses its own
mitochondria during fertilization since it could damage the mitochondrial genome that must pass to
the zygote (Bromham, L. et al. 2003).
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APPENDIX B

Anomie: It should not be confused with the neuropsychological disorder that affects some aphasics,
characterized by the difficulty to remember the name of things.

Frontopontine fibers: are situated in the medial zone of the base of the cerebral peduncles; they
arise from the cells of the frontal lobe and end in the nuclei of the pons.

Heteroplasmy: is the presence of more than one type of organellar genome (mitochondrial DNA)
within a cell or individual.
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ABSTRACT

This paper explains mental faculties under Buddhist theory of the mind. Buddhism classified mental
faculties according to their positive, negative and neutral effect. We used the negative mental
faculties or mentis malus to help diagnose stress and depression. Mentis malus consists of 5 types
mental malevolence and together has 14 components. Individually and severally, these 14
components of the dark side of the mind contribute to a state of unhappiness. The level of
unhappiness or mental problem that people experience depends on the level and numbers of mentis
malus surfacing in their consciousness. There are two parts to this paper. In this part 1 installment,
we outlined the working of the mind through 50 distinct mental faculties that give rise to human
emotions. In Part 2, we will provide an analysis of 14 mental faculties or types of emotion that give
rise to stress. By having pinpointed the cause of stress, we offer non-invasive and non-chemical
dependent tool for stress management and preventative measures against depression.

Keywords: cetasika, consciousness, depression, emotion, mental faculties, mind, stress
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1.0 INTRODUCTION

The purpose of this paper is to explain mental faculties. We define mental faculties as the ability of
the mind to accomplish a certain mental tasks. These tasks are formation of emotions. Emotions are
mental states. These mental tasks are defined and categorized into 52 components. These 52
components of mental faculties function contemporaneously with the mind. The mind represents
consciousness. The emotions of the mental faculties depend on consciousness for its existence, and
expression. We identified 14 mental faculties or mental states which contribute to stress and
depression. Effective stress management depends on the recognition and avoidance of these 14
mental states.

Mental faculties are categorized into two main groups: general and occasional. The general
emotional state may be experienced by everyone. Occasional emotional state may be experienced
by an individual only in specific occasion upon certain stimuli. The general unwholesome mental
states consist of 4 elements: Moha (Delusion or ignorance); Ahirika (Shamelessness); Anottappa
(Moral fearlessness); and Uddhacca (Restlessness). The remaining ten occasional unwholesome
emotions include are divided into three subgroups: (i) greed category which include Lobha (Greed);
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Ditthi (Wrong view), and Mana (Conceit); (ii) hate category which include Dosa (Hatred); Issa
(Envy); Macchariya (Stinginess); and Kukkucca (Worry, remorse); and (iii) hinderance category
which include Thina (Sloth, laziness); Middha (Torpor, tiredness); and Vicikiccha (Skeptical
doubt). The scope of this paper is to explain all 52 types of human emotions, and focus on the 14
types of emotion that cause stress and depression.

Table 1. Unwholesome or unhealthy mental states

General unhealthy mental states

Specific unhealthy mental states

There are 4 general unhealthy mental states:
-Delusion, ignorance or confidence (Moha)
-Shamelessness (Ahirika)

-Moral fearlessness (Anottappa)
-Restlessness (Uddgacca)

There are 10 specific unhealthy mental states:
(1) Greed category:

-Greed (Lobha)

-Wrong view (Ditthi)

-Conceit (Mana)

(ii) Hate category:

-Hatred (Dosa)

-Envy (Issa)

-Stinginess (Macchariya)
-Worry, remorse (Kukkucca)

(ii1) Hinderance category:
-Slothfulness, laziness (Thina)
-Torpor, tiredness (Middha)
-Skepticism, doubt (Vicikiccha)

Both the mind and mental faculties are abstract. Their existence has no material or organic
representation. Neither the mind nor mental faculties has an organ. We may point to the brain as the
organ that processes information or external stimuli. The physical organ called brain is a separate
entity which mind and consciousness depends; however, the outward and observable existence of
the mind is a distinct and separate entity from the physical organ. Personality, for instance, is one
aspect of the outward manifestation of the mind, but it cannot be said that it is a brain because a
brain is an organ, but personality is a pattern of behavior and thoughts. We use the bodily organs to
process external stimuli to formulate meaning, make judgment or evaluation. The mind is
consciousness or a state of awareness where external stimuli are processed through the six senses:
hearing, seeing, smelling, tasting, touching, and cognition (mentis).

Although the scope of this paper is to explore mental faculties, it is not possible to disregard
the discussion of the mind because the existence of mental faculties depends on the mind.
Therefore, by introducing the subject matter, we explain the role of the mind before embarking on
exploring mental faculties.

This paper employs English as the language of the text. However, certain terms are in Pali, a
language that the Tipitaka was originally written (Stargardt, 2000). Tipitaka is the teaching of
Buddha contained in 45 volumes of texts. The Tipitaka talks about the mind and its function. Pali is
the Middle Indo-Aryan language native to the Indian subcontinent. Original Pali terms are used to
refer to the original terms or vocabularies used to describe the nature, function and characteristics of
the mind and mental faculties. The English translation of these terms could not do justice to the
accuracy of the term without losing its original meaning; thus, Latin is used to supplement the
English translation of the Pali terms. The definitions of some of these terms appear in the appendix.
Some modern Thai language text is used to supplement the explanation in the footnote.
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1.1 The mind

Mental faculties are functional aspects of the mind. Therefore, it is of prime importance that we first
introduce the mind. The mind is defined as a state of consciousness. The mind does not have a
form, it is an abstract. As a state of consciousness, the mind indicates a state of awakening,
awareness, and cognition. This state depends on a living being. A non-living object of an
unanimated object does not have a mind; a mind exists only in a living being.

The mind is the mental faculties that are non-physical (Clark, 2014). The non-physical
description of the mind as the working of the physical organ, brain, is considered an older view.
Modernly, the mind is viewed as “physical” to include the brain organ and its activities and
functions (Smart, 2011). Some studies of artificial intelligence uses the working of the mind to
model mental phenomena of the human mind (Klopf, 1975). The dichotomy of physical and non
physical classification of the mind is artificial and erroneous. The “mind” refers to the working or
function of the brain organ upon the receipt, processing, and interpreting stimuli through the organ
senses: ear, eyes, nose, tongue, body and mental contact. It is a phenomenon that is abstract. Its
work and function may be observed, but the “mind” itself is not. Whatever physical forms that
writers tried to use to attach meaning to as the mind are nothing more than evidence of the existence
of the mind. The “physical” manifestation of the mind is the evidence of the function of the mind,
and, therefore, is its existence. As for the mind itself, there is no organ. Even though modern
science may claim that the brain represents all thinking process or mental work of a living being,
this narrow view of the mind is inadequate for deeper discussion of understanding of the mind since
science could only explain how the brain works through indirect evidence, such as
electroencephalograph measuring electrical impulses emitted by the brain organ and infer that the
brain is working and, therefore, that is the evidence of the mind. No machine has the capability of
pinpointing what “thought” is processed by the mind. Since no such machine exists, empirical
evidence seeking to prove the existence of the mind through physical evidence is futile. The
physical brain organ has 86 billion neurons and each is linked to 10,000 other neurons (Wishaw and
Ian, 2010; Sherwood, 2011). This knowledge does not prove or define what is the mind? The
evidence only shows the composition or constituents of the brain organ.

The lack of modern research to understand the mind and its function also tell us that the
western concept of mind is in adequate. There had been attempts to argue that only intellectual
function, such as reasoning constitutes the mind (Basarm 2010). For some writers, the mind is
equivalent to “thought” (Israel and North, 2010).

As an abstract, the mind should be seen and studied independently of the physical body or
organ, such as the brain (Kim 1995). Independent, not in a sense that there is a physical body and
the mind is an independent abstract, such as the soul or spirit that comes and goes from the physical
body (Delgado, 1969), but as an independent condition of knowing or cognition. This approach to
the mind transcends the realm of academic inquiry to the world of superstition.

Western philosophy of dualism taught that the mind is independent properties that emerge
from the brain, but cannot be reduced to the brain itself; at the same time, it is not a distinct
substance (Hart, 1996). This attempt to explain the mind is a good dance around the fire without
explaining “what is the fire?”

The discussion of the mind makes neuroscience look, more or less, like a fake science
because it uses scientific instrument to measure or prove an abstraction. Abstract is concept; as such
it is non-material. Scientific measurements are nothing more than evidence of the working of the
brain organ. Even for the function of the brain itself, these measurements are nothing more than the
evidence of traces of the function or an organ, but not the organ itself. Only inferences could be
made; it is only by the acceptance of the general supposition of the inference, that the scientific
community accepts these measurements as scientific evidence; but evidence of what? The mind as
we have explained is an abstract, not form. A tree with a height of 3 meters is a form that could be
measured by a meter stick. However, the life of a tree may not be measured directly. We may say
that a tree have existed for ten years and conclude that the life of a tree is ten years old. The length
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of time of ten years is no more different than an electroencephalograph measuring the electrical
impulses of the brain and concludes that the graph represents the measurement of the mind. This
scientific failure in empiricism is evident in western literature.

From the older western trace of the study of the mind, Plato himself understood the dualism
of form as material object and mental images as abstract. However, through the course of history,
advances of western science had lost its way in understanding the dichotomy of form and abstract.
Spinoza, for instance, for the lack of understanding of the mind had attributed the mind to “nature”
and “God” (Spinoza, 1670). Modern writers are more logical to admit that the understanding of the
mind cannot be limited to physical science (Putnam, 1967; Davidson, 1980). There are some
reductive physicalists who still insist that mental state could be explained by scientific accounts of
physiological processes and states (Churchland, 1986; Churchland, 1981; Smart, 1956). This
insistence is evidence to show that lack of understanding of the dichotomy between form and
abstract. Science can measure form or the physical world; however, it cannot measure abstract.
Nevertheless, scientific research in neuroscience continues to prove precisely that which, by its
nature, is not capable of being proven directly through instruments (Farah et al., 2009; Koch, 2009).
Some writers already admit that the western understanding of the mind is incomplete (Denett, 1998;
Searle, 2001).

In this paper, we assert that the mind is a stream of consciousness composed of discrete
moment-to-moment connection (Karunamuni and Weerasekera 2017; Karunamuni, 2015). This
discrete moment is created by the state of awareness of cognition where consciousness is created in
one of the four building blocks: form (ruppa), emotion (vedhana), memory (sanya), and synthesis
(sangkhaRA). 1f the Mind is “M” and other building blocks are designated as F, E, M and S
respectively. The stream of consciousness consists of all possible combinations in all possible order
of (MF; ME, MM and MS) discretely, meaning distinct pair, and independently, meaning no one
pair depends on the other and no two pairs may occur simultaneously. As each pair clings or bonds
occur, a spark of consciousness is created. With this creation, awareness is made. This awareness
can never precede the occurrence, but only after bonding, remaining, and extinction of the pair. The
awareness is made when the new bonded pair is made. This recognition occurs at (M*+1), and
never at M* because the occurrence of the pairing is too fast and the remaining of the binding is too
short. The bonding, remaining, and extinguishing of the pairing of this stream of consciousness
defines the mind. The mind, in essence, is the stream of consciousness. What is consciousness? We
answer this question in section 1.3, infra.

1.2 The four building blocks as a foundation of the mind

Consciousness is the state of awareness and knowing. Awareness means knowing of the external
stimuli and knowing means ability to receive, process, and evaluate the stimuli through the six
receptors. These six receptors are: ears for hearing, eyes for seeing, tongue for tasting, body for
touch, and cognition.

The mind possesses certain characteristics that we can observe. Firstly, the mind is neither
enduring nor permanent; it arises and is extinguished. Secondly, the mind occurs within a boundary
of its building blocks; these building blocks include (i) form or body, (ii) emotion, (iii) memory,
and (iv) synthesis.

The form or body of which the mind clings is the physical or material form which could be
touched and felt. The remaining three building blocks (emotion, memory, and synthesis) are
abstract. Thus, the mind may also be looked upon as a state of consciousness that is comprised of
form and abstract. Thirdly, the mind arises, remains in its building block and is extinguished in the
same place where it arises. For instance, if the consciousness recognized a material object, it is said
that the mind arises at the form building block. Within a fleeting moment, for the mind cannot
remain in one state for so long, it would appear in one of the three building blocks. Let us call each
appearance or arising as a spark is flickered off at the form, a new one appears in another building
block, say, memory. At that point the mind recalls an event or series of events from the person’s
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past and inures itself with the emotion of that past event. That inurement of emotion is the function
of the mind through the contemporaneous function of the mental faculties. This spark too will not
last long, and sooner will it be extinguished. Upon its extinction, a new spark will appear in one of
the four building blocks. This process repeats itself over and over throughout the state of a person’s
consciousness. This is called the working of the mind where the mind arises, remains, and
extinguishes in the same place. This arising, remaining and extinction is a spark of thought. Each
blink of the spark represents the on-and-off of the spark in one of the four building blocks. Thus, at
any moment we can track the location of the mind as to where it stands. By the law of its nature, the
mind cannot wander off to any locations other than these four places: (i) form or body, (ii) emotion,
(iif) memory, and (iv) synthesis.

Fig 1. The four building blocks of the Mind

Form (Ruppa) Sentiment (Vedhana) Memory (Sanva) Synthesis (Sang-kha-ra)

\ ) N /
Y Vel

CONCRETE ABSTRACT

Note: The four locations called building block of the mind are (i) form or body, (ii) emotion, (iii)
memory, and (iv) synthesis. The mind can be at one place at one time. We realize where the mind
had been only after it had left that location.

1.3 Consciousness defines the state of mind

1.3.1 Consciousness in Western literature

Consciousness is defined as the state of awareness of the external object or in internal within
oneself (van Gulick, 2004). One text in modern psychology defined consciousness as an “executive
control system of the mind.” (Farthing, 1992). Defining consciousness is not easy, but there is a
common understanding among writers and philosophers of what is consciousness (Searle, 2005).
Western understanding of consciousness is evident by the use of the term “awareness” to describe
it. In modern time, writers from cognitive science, psychology, and anthropology continue trying to
define consciousness (Trnka and Lorenciva, 2016). In modern medicine, attempts had been made to
study consciousness through measuring various state and responses by the mind through alertness,
comprehension, disorientation, delirium and movement in response to painful stimuli (Guzeldere,
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1997). Some western attempts to study consciousness have practical applications when it is used to
assess consciousness in comatose or anesthetized patients (Fins ez al., 2007).

John Locke defined consciousness as “the perception of what passes in a man’s own mind.”
(Locke, 1690). Diderot and d’Alembert's Encyclopédie defined consciousness as "the opinion or
internal feeling that we ourselves have from what we do.” (Diderot and d'Alembert, 2014).

In the English language, the word “consciousness” is derived from the Latin conscius (con-
“together” and scio “to know”). It has been interpreted to mean ‘“knowing together or common
knowledge” (Lewis, 1990). However, we will later point out that this interpretation is wrong,
despite the original coining of the Lain was correct.

Thomas Hobbes wrote: “Where two, or more men, know of one and the same fact, they are
said to be Conscious of it one to another.” (Hobbes, 1904). This attempt to illustrate consciousness
in Hobbes’ Leviathan is also a failure because it illustrates consciousness as co-dependence of
knowing the object by two persons. Consciousness does not depend on the existence of another
person nor anyone in the world. The inner mind of the person alone defines consciousness. From
the western literature the reference of consciousness to the “self” was best exemplified by the
Archbishop Ussher who wrote in 1613 of “being so conscious unto myself of my great weakness.”
(Ussher, 1613).

From historical record, there are also some misunderstandings in attempts to link
consciousness with the concept of “conscience.” Consciousness is not the same as moral
conscience. The Early Latin writing of Cicero, for instance, took a literal meaning of the original
Latin: Conscientia which means to know together (Cassin, 2014). Thus, in its earlier application, it
was said that comscientia connotes the witness has the knowledge of someone else's action
(Molenaar, 1969). Descartes also made an attempt in applying conscientia in a different light.
Descartes took conscientia to mean conscience, i.e. awareness of right and wrong (Hennig, 2007).
In “Search after Truth” (Regulce ad directionem ingenii ut et inquisitio veritatis per lumen naturale,
Amsterdam 1701), Descartes wrote that “conscience or internal testimony” (conscientid, vel interno
testimonio) defines conscientia (Adam and Tannery, 1908; Heindmaa et al., 2007). Conscience is
knowing the difference between right and wrong. However, this knowledge is not consciousness.
Consciousness is “knowing” in a continuous fashion or in an appearance of continuity as the mind
leaves one building block and clings to another. From historical records of the western literature, we
found attempts to define consciousness were unsatisfactory. We now turn to the dictionary
definition of consciousness.

The Cambridge Dictionary defines consciousness as “the state of understanding and
realizing something.” A similar attempt at the definition was made by the Oxford dictionary which
defines consciousness as:

“The state of being aware of and responsive to one's surroundings.”
“A person's awareness or perception of something.” and
“The fact of awareness by the mind of itself and the world.”

The Routledge Encyclopedia of Philosophy defines consciousness as:

“Consciousness—Philosophers have used the term ‘consciousness’ for four main
opics: knowledge in general, intentionality, introspection (and the knowledge it
specifically generates) and phenomenal experience... Something within one's mind is
‘introspectively conscious’ just in case one introspects it (or is poised to do so).
Introspection is often thought to deliver one's primary knowledge of one's mental life.
An experience or other mental entity is ‘phenomenally conscious’ just in case there is
‘something it is like’ for one to have it. The clearest examples are: perceptual
experience, such as tastings and seeings; bodily-sensational experiences, such as those
of pains, tickles and itches; imaginative experiences, such as those of one's own actions
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or perceptions; and streams of thought, as in the experience of thinking ‘in words’ or ‘in
images’. Introspection and phenomenality seem independent, or dissociable, although
this is controversial.” (Craig, 1998).

According to Macmillan Dictionary of Psychology:

“Consciousness—The having of perceptions, thoughts, and feelings; awareness. The
term is impossible to define except in terms that are unintelligible without a grasp of
what consciousness means. Many fall into the trap of equating consciousness with self-
consciousness—to be conscious it is only necessary to be aware of the external world.
Consciousness is a fascinating but elusive phenomenon: it is impossible to specify what
it is, what it does, or why it has evolved. Nothing worth reading has been written on it.”
(Sutherland, 1989).

In Western literature, there is no coherent definition of consciousness (Sytsma and Machery,
2010). In some cases, this attempted definition breaks down to equate consciousness to nothing
more than an intuition (Antony, 2001). Consciousness is abstract, not a material object (Ryle,
1949). Attempts to define it had been circular and unsatisfactory (Sutherland, 1989). In this paper,
we define the mind and consciousness according to Buddha’s teaching. The understanding of the
function of the mind and the concept of consciousness were explained in the fifth century B.C. by
Bhudda Gautama.

1.3.2 Consciousness in Buddhist literature

Consciousness is defined as the state of the mind to maintain the ability to recognize mental contact
via six receptors and to process the stimuli according to the 14 steps of the mental process in the
mind in order to give meaning to each stimulus. As a state of consciousness, the mind is the state of
both awakening and awareness. As a state of awakening, the mind is conscious and, thus, can
process data from external sources through the six receptors. These stimuli will be turned into
information through the working of the mind. The mind works in 14 functions: (i) arising, (ii)
maintain the existence of that arising, (iii) leaning toward one of the six senses according to the type
of stimulus received, (iv) acknowledge the hearing of the sound and decide whether it is good or
bad, (v) acknowledge the sight of the form and decide whether it is good or bad, (vi) acknowledge
the smelling of the scent and decide whether it is good or bad, (vii) acknowledge the taste by the
tongue and decide whether it is good or bad, (viii) acknowledge the touch of the sensation and
decide whether it is good or bad, (ix) receive the emotion from the selected emotion from the five
senses, (x) evaluate the emotion, (xi) make decision for the selection of the appropriate emotion for
the stimulus, (xii) inurement of the selected emotion, (xiv) receive the emotion from the last step
[xiii], and (vix) move from the moment by means of extinction of the spark.' From step (i) to (xiv),
it is called one moment of the mind; the duration of which is less than a millisecond. Since it is not
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capable of measurement by any instrument due to its speed and lack of physical form, the working
of the mind, as also true for the mind itself, is abstract.

What we have described thus far is the working of the mind in a state of awakening. Does
the mind continue to work during the state of unconsciousness or non-awaken state, such as during
sleep? The existence of the mind depends on the living being or the state of being alive; it is only
with the extinguishment of life or upon death would the mind cease to exist. During the non-awaken
state, for example during sleep, the mind still functions and the evidence of the working of the mind
is seen through dream. Dream is an experience of witnessing the occurrence of events or series of
events in the mind during sleep capable of being made to be understood by the subject; dream is an
evidence of the working of the mind during a state of non-awakening. As long as the person is alive,
the mind continues to exist. In each moment of its existence, the mind continues to perform its
functions in a 14-steps process. Each cycle of the 14-steps constitutes a moment of the mind or a
single event understood by the mind.

The moment of the mind is defined as the episode that a person experienced by the working
of the mind from step (i) to (xiv). The duration of this moment from its arising at (i) and ending in
(xiv) is fleeting as a flicker of the spark of the thought itself; we may illustrate this rising and
extinguishing by sinoid curve. Buddha analogized this duration to the length of time it takes to blink
the eyes. In that millisecond the mind has accomplished one task in one building block and starts
the spark at another building block. This flicking of the spark happens so fast that, the on and off of
each sparks together would appear to be a continuous stream of light; thus, we observe that the state
of consciousness is a “continuity” of a state of awareness. However, in reality the mind sparks are
more discrete than continuous. The continuity is only an appearance due to the lack of the power of
observation we possess. We see the mind’s function only after the task has been accomplished, and
never during its active engagement. The space between one flickering of a particular building block
and the next is so infinitesimally small that it me be equated to a limit of zero. This limit was
illustrated by an analogy where the Buddha attempted to define the space between the ending of one
and rising of another building block as the ratio of a piece of dirt caught in the finger nail divided by
the mass of the earth; hence, modernly, we may equate this illustration as the limit of zero. As a
near zero value, the gap of one ending and another rising of the clinging of the mind, projects an
appearance of continuity. Since the ability of our observation is lacking to see the disconnectedness
of each spark, the moment in mind becomes a continuous form which we call time continuity. Here,
we see the true definition of consciousness where the awareness, rising from observing of an event
in the mind after its diminishing and rising of another, appearing to be a continuity of awareness;
thus, consentia.

Fig. 2: Illustrating the moment of the Mind by wave length and frequency

Moment of mind: T1 Moment of mind: T2

SLEEP & DREAM AWAKEN
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Note: (A) represents the first thought, (B) represents the second thought, and (C) represents the gap
of connecting point between (A) and (B); this space is infinitesimally small that it escape a common
observation; thus, the transition from (A) to (B) becomes so fast that it gives an appearance of a
continuity.

1.4 Types and levels of consciousness

From the Buddha’s perspective, consciousness is the cognition of the mind’s event observable from
a current locus after the diminishing of an event in a prior locus. The mind cannot know
simultaneously of an occurrence of an event; it knows only after the event is observed, registered,
and a proper interpretation is made according to the 14 steps of the working of the mind. The mind
is able to recognize two types of event or stimulus: form and abstract. Under this framework,
consciousness is divided into two types: (i) ruppa-yanna or form dependent consciousness, and (ii)
aruppa-yanna or consciousness that does not depend on form, i.e. it depends on abstract.

The form dependent consciousness is classified into 4 levels, namely primary (pathom-
yanna or primary state of consciousness), secondary (tuti-yanna or secondary state of
consciousness), tertiary (tati-yanna or tertiary state of consciousness) and quartro (jatu-yanna or
fourth state of consciousness).

There are four types of consciousness that does not depend on form. These abstract
consciousness include awareness of (i) space is boundless (akasananja-ayatana yanna), (ii)
consciousness is infinite (vinya-nanja-ayatana yanna), (iii) state of nothingness (akin-janya-
ayatana yanna), and (iv) a state of neither perception nor non-perception or neutralism (rneva-sanya-

nasanya-ayatana yanna).

Fig. 3: Form dependent consciousness
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Note: The primary consciousness is composed of (1) awareness (vitaka), (2) pondering (vijara), (3)
joy (piti), (4) happiness (sukkha), and (5) unity of mind (Ekaggata).

1.4.1 Form dependent consciousness has four levels

The primary consciousness is composed of awareness (vitaka), pondering (vijara), joy (piti),
happiness (sukkha), and unity of mind (Ekaggata) (Fig. 3). The first contact the mind makes with
the outside world is by receiving the stimulus through one of its six receptor organs: ears, eyes,
nose, tongue, body, and cognition. The mind processes each type of contact one-by-one and gives
its meaning. At this first stage of consciousness, the mind uses all five levels to process the
incoming stimulus (data) in order to give information (understanding). This level of consciousness
is present in all living persons in a waking state. Since it requires no skill or training but allowing
the mind to process the stimulus after the initial contact, it is classified as a primary or basic form of
consciousness.

The secondary level of consciousness is composed of joy (piti), happiness (sukkha), and
unity of mind (Ekaggata). This second level of consciousness is considered a more developed
because the ability for the mind to know or attain cognition does not depend of awareness and
pondering. By mental contact with the object, the mind immediately recognizes the object and could
maintain the state of consciousness, ready to know, requires only three elements to sustain
consciousness: joy (piti), happiness (sukkha), and unity of mind (Ekaggata). The removal of the
first two elements (awareness and pondering) had been removed as unnecessary in order to reach
joy, happiness and unity of mind. In order to use only joy and happiness to achieve unity of mind,
the mind must be trained to remove the first two procedures for the mind’s data processing. When
the mind can process stimulus and reach cognition without the need of awareness and pondering the
object or stimulus, it is said that the mind is skillful at some level. This level is a second level of
consciousness.

The third level of consciousness requires only two components: happiness (sukkha), and
unity of mind (Ekaggata). At this state of consciousness, the mind knows only joy and mental
unity; it requires only joy and mental unity to given meaning the object upon the mental contact
with form or material. Unity of the mind is reached with only one requisite: happiness. A state of
happiness (sukkah), once reached, may allow the mind to attain a state of unity. A person who is
happy may be said to be in a state of bliss; the mind of such a person is stable or unshaken. This
stability of the mind is called unity or singularity.
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The fourth level of consciousness is composed of equanimity or peace of mind (ubek-kha)
and mental unity or the mind having a singularity in emotion. This fourth level of consciousness is
the highest level of consciousness that depends on tangible form or material to exist. The tangibility
that gives meaning to the mind through the six receptors may be recognized at the first level where
consciousness consists of five components. As the mind is developed, these components are
dropped until one (mental unity) is left and a new one (ubek-kha) is added. Reaching the fourth
level of consciousness requires training. This training comes in a form of meditation.

1.4.2 Form independent or abstract consciousness has four levels

If the mind is further trained, after the fourth level of form dependent consciousness, the mind
enters into formless consciousness or consciousness that does not depend on form in order to reach
unity. The first formless type of consciousness is called akasa-nanja-ayatana® or using the air or
open space as the basis for cognition. For example, in an awaken state, a person can stare into open
space and give meaning to an object or thinking while staring at open space. The second formless
type of consciousness is called vinya-nanja-ayatana® or the recognition that consciousness is
infinite. The third level of formless consciousness is akinja-ayatana’ or the recognition of a state of
nothingness. Lastly, the fourth level of formless consciousness is called neva-sanya-na-sanya-
ayatana® or the mind recognizes a state of neither perceive nor non-perceive of the outside world.
The mind has been trained to sever all six senses receptors from receiving external stimulus in order
to experience the 4 types of abstract consciousness.

Note that the form independent, formless or abstract consciousness is not the same as
subconsciousness. Subconsciousness or consciousness in a non-waking state still depends on form
stimulus through the six receptors to make meaningful interpretation of the mental contact of the
stimulus. For instance, dream during sleep is a form dependent consciousness that is synthesis
through ruppa (form), sanya (memory), vedhana (emotion) and sangkhara (synthesis), such as the
working of the mind during its waking state at the primary level of consciousness. The waking and
non-waking state of the mind does not change the manner in which the mind works in the context of
consciousness. Consciousness depends on life; so long as the being is alive, consciousness is
present. Therefore, during sleep, consciousness is still present. Since sleeping is not death, the mind
continues to work according to its nature. What is the nature of the mind? The consciousness, both
during the waking and non-waking states, arises and extinguishes like a spark of light that goes on
and off in one of four building blocks and then on-and-off again in another building block. This
process keeps repeating infinitely throughout the life of the person. The iteration of the mind rising
and extinguish in one of the building block in one’s life defines an observable infinity. Infinity may
be defined and observed in this way.

Fig. 4. Abstract consciousness or consciousness not dependent on form
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1.2 Mental faculties

Mental faculty (cetasika) refers to the nature of mental faculties that arises with the working of the
mind; it is that which occurs in the mind. Mental faculties are emotions which are equivalent to
mental faculties that serve as the components of the mind; it is classified as the capacity and the
property of the mind. It occurs simultaneously with the function of the mind being an evidence of
the emotion of the mind. Mental faculties are categorized into 3 cantos. First, emotional mental
faculty refers to the instability of abstract components of the mind. Second, memory mental faculty
refers to the ability to recall past events. Third, the remaining 50 components of mental faculties are
categorized as synthesis mental faculty which includes all abstract components and the function of
the mind.

Mental faculties refer to the type of nature that serves as a group of components for the
make-up of the mind; it allows the synthesis of mental experiences, such as feelings, emotions,
judgment, etc. Components of mental faculties which comprise the mind have four characteristics:
(1) occur at the same time as the mind, (ii) distinguish at the same time as the mind; (iii) having the
same sentiment as the mind; and (iv) depends on the same condition as the mind.

The mind and mental faculties depend on one another. Suppose that the mind is water and
mental faculty is a red dye, by combining the water and the red dye, a reddish solution is produced.
As the water and the red dye could not be separated after they had been mixed, like so that the mind
and mental faculty could not be separated from one another. The four characteristics of mental
faculty are (i) mental faculty depends on the mind to exist, (ii) the function of mental faculty is to
coexist with the mind, (iii) the output of mental faculty is the sentiment of the mind; and (iv) the
cause for the arising or occurrence of mental faculty is the occurrence or function of the mind.

The synthesis of mental faculties that occurs at the same time with the mind allows the mind
to have different feelings, sentiment or emotion, such as knowing the effect of pleasure, of
consciousness of form or abstract, or even the diminishment of all function of the mind by means of
reaching nirvana, i.e. a state of absolute emptiness.

The mental faculties or cetasika consists of 52 components which may be divided into three
main types, namely (i) anyasamana cetasika which may be used to comprise the working of the
mind; it is known as the middle-ground type of mental faculty. Anyasamana cetasika is further
divided into two categories suppachitasatarana with 7 kinds and pakinaka cetasika with 6
elements; (ii) akusala cetasika (impurity) consisting of 14 elements which include lobha (greed of 3
kinds), dhosa (anger of 4 kinds), moha (ignorance of 4 kinds), dhituka (defeatism 2 kinds), and
faculties; these include sadharana (general 13 kinds), viratti (righteousness 3 kinds), appamanya
(infiniteness 2 kinds), and panya (knowing or intelligence or wisdom 1 kind).

Table 2. Components of 52 types of mental faculties

Neutral Effect Unhealthy Effect Healthy Effect
Universa | Occasiona | Universa Occasional Universa Occasional
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1 1 1 1
- - - Gree | Hat | Othe | - Abstinenc | Infinit | Wisdo
d e r e y m
1* 8 14 18 21 25 28 47 50 52
2 9 15 19 22 26 29 48 51
3 10 16 20 23 27 30 49
4 11 17 24 31
5 12 32
6 13 34
7 35, 36
37, 38
30, 40
41, 42
43, 44
45, 46

*See Appendix 1 for the names of all elements of emotions or mental faculties.

2.0 ANYASAMANA CETASIKA: THE MIDDLE PATH OF MENTAL FACULTIES
Anyasamana cetasika refers to the middle path of the mental faculties. The term itself allows us to
infer that the mental faculties may be seen as having composed of two extremities, namely purity
and impurity; in the middle lies anyasamana cetasika or the middle mental faculties having neother
good nor bad effect. The middle mental faculties may be combined with the working of the mind
which consists of the good, bad, and neutral. There are 13 elements of the middle mental faculties
which further is divided into two subgroups. These two subgroups are (i) suppachitasatarana with 7
kinds and (i) pakinaka cetasika with 6 kinds.

Table 3. The middle path of mental faculties

Middle Path Mental Faculties with Neutral Effect on the Health of the Mind

Universal or General Occurrence Occasional or Specific Occurrence
1. Contact 8. Initial thought

2. Feeling 9. Sustained thought

3. Perception 10. Determination

4. Intention 11. Energy

5. Unity of mind 12. Rapture

6. Life faculty 13. Wish

7. Attention

2.1 Suppachitasatarana or the general mental faculties (mentis publicus)

Suppachitasatarana cetasika refers to the general mental faculties that could be experienced by all
members of the public. This serves as a component for the general functioning of the mind. When
this group of mental faculties becomes part of the mind, all 7 elements of these known public
mental faculties enter the mind simultaneously. These 7 elements cannot be separated; thus, it is
called public mental faculties. If each element or some elements could be separated from the group,
then each person may select to experience one or some elements of this type of mental faculties;
thus, the group of 7 faculties would cease to be public. However, since these 7 elements cannot be
separated from one another nor can each one of these 7 components work independently of one
another, they are called public or generalized mental faculties. These 7 components include: (i)
Ekaggata (unity), (ii) sivita-insariya (vitality), (iil) manasikara (mental), (iv) vedhana (feelings),
(v) sanya (memory), (vi) chetana (intent), and (vii) bhassa (contact).
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Ekaggata refers to the “unity of the mind.” The mind or thinking process works in a step-by-
step process. The external stimuli enter through the 6 senses: hearing, sight, taste, smell, touch, or
mental component or cognition. In the western culture, only five senses are recognized; however, in
the Buddhist teaching, there is the sixth dimension called cognita or the mental decider or chitta or
chaiya. As the person receives the stimuli, the mind searches for the correct type of emotion or
interpretation through assigning meaning called a type of emotion. Once the correction
interpretation and meaning is assigned, the mind reaches a state of satisfaction or bliss. That
moment of bliss which the mind successfully solved a query, is called Ekaggata or mental unity, a
single moment of recognition that the problem (stimulus) received from the external environment,
received through one of the six receptors, had successfully been interpreted and assignment of
meaning, called understanding had been completed. This state of the mind having understood the
message is called a unity or mentis concordia. By its nature and function, the mind is a problem
solver. Each stimulus received by the mind is seen as a query that needs to be solved by giving
proper meaning to the stimulus. This, the stimulus received is seen as raw data; the processing of
the mind by giving meaning or interpretation turns the data into information. This, the person is
informed, i.e. know. Once a meaning is assigned, the mind reaches a state of Concordia. Whether
the assigned meaning is correct or not is a subjective judgment made by the mind. Sometimes, the
assignment meaning or the interpretation is incorrect when compared to objective standard, i.e.
giving wrong answer to an exam question nevertheless the mind had accomplished its task. Mentis
Concordia is not about correct or incorrect interpretation, but as a completion of the task by the
mind. If the mind is presented with a query and is unable to reach mentis concordia, it will repeat
the attempt to find the answer. If after repeated attempts it could not find the answer and still
continues attempting, stress or mental strain starts to appear. This is one way that stress or mental
strain is formed.

This ability to attain mentis concordia is universal ability. All human are capable of
attaining such mental state. It is a prime condition for mental functioning or thinking process. For
the western basis of the five senses of receiving stimuli from the external environment, attaining the
state of mentis concordia is almost self-explanatory because it is rudimentary. However, for the
eastern concept of the sixth receptor claiming that the mind itself is another receptor capable of
receiving, sensing, interpreting, and achieving state of mentis concordia may seem redundant
because the experience of mentis concordia itself is a state of mind. This argument is not a minor
point and needs to be explained.

We may use the word “mind” in two different contexts. Let us spell the word “Mind” with
capital “M” to refer to the general working or function of the mental engine that encompasses of
experience in receiving, interpreting and reaching the state of mentis concordia. Let us use the work
“mind” with small “m” to refer to the mental state of consciousness to receive sensual stimuli from
the external environment (mental contact). This mind serves as if it is an organ of senses, but a true
organ is organic; the mind organ is inorganic and it is dependent upon the existence of the living
being. It is a state of consciousness combined with the ability to process the stimulus data and turn
into information. Like the ears that process sound, eyes that process form, nose that smells, tongue
that tastes, body that feels touch, the mind is a state of consciousness that processes data from the
external environment in both form and abstract by means of mental contact. When the physical
organ of senses depends on the function of the physical life of the living being, the mind inorganic
depends on the vitality of that living physical form. It depend on the form to exists, just as the
mental faculties depends on the Mind to exist, the mind inorganic depends on the living body with
the five organ senses to exist. The life of a living being has aspects of what we call living. On the
one hand, the physical being comprising of the five organ senses, we may called this physical form
of living as vita corporeus. On the other hand, the mind receptor or the sixth component of receptor
is non-organic and could be called vita perceptus or mental contact.

With this explanation of the mind inorganic as a sixth receptor to achieve mentis concordia,
we are forced to make a bold assertion that “life” consists of both physical and non-physical. The
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physical life or consciousness is easily understood through its physical form equipped with its five
organs of senses: ear, eyes, nose, tongue, and body. The non-physical is the sixth dimension of
senses which we described above as the mind inorganic which is capable of processing external
stimuli and reaching a state of mentis concordia. These two aspects of life’s consciousness might
allow us to assert that consciousness of a living being consists of form and abstract. The “form” is
one which may be found through the five physical senses. The “abstract” is one which may be
found in the mind inorganic. Both form and abstract function together to process external stimuli
and help the Mind to reach a state of mentis concordia.

Sivita-insariya is the “vitality” of a living being or faculties of a living organism or human
being in an abstract form or non-material. Vitality may include the Mind, mental faculties, age,
being alive, continuity during the life span of a living being, the characteristic of being a living
person, all that which we called living or being alive. Vitality is abstract because its existence
depends on the living being to manifest its properties and characteristics. As a sign of life, it
depends on the living. A dead animal represents non-living; it is nothing more than a corpse of a
once living being. A living animal, on the other hand, manifests signs of its state of being, i.e. the
thinking, movement and experience its environment, both internal and external. This sign of life,
which we called vitality, is public. Everyone may experience it as part of being alive. There is no
need for special training to experience living or of being alive. Signs of being alive is not a
privilege, but may be experienced by all living beings.

Manasikara or “mental effort” is the third kind of public mental faculties (mentis publicus).
Mental effort is the ability to think or the use of one’s ability to think. This ability is classified as
public because everyone possesses this ability. It is considered one of the 7 pillars in mentis
publicus because everyone is capable of thinking and engaging in a thinking process or mental
process without special training. For a human being, this ability comes as a natural ability. When a
person thinks about something, a mental effort is manifested.

Vedhana or “emotion” is the fourth kind of public or general mental faculties. All members
of the public is capable of experiencing and expressing emotion. There are three types of emotion,
namely (i) like, (ii) dislike, and (iii) neutral. These three types of emotions may be generated by
time components where the past, presence, and future stimuli may evoke one or two or three types
of emotion in a person. The memory of pain, for instance, is the working of time component of the
past with the non-pleasure or dislike emotion of the presence that a person feels. The positive
feeling of looking forward to some rewarding or honorific event in the future is a result of
combining the positive emotion or “like” with the time component (future). This ability of the Mind
is classified as general or public (mentis publicus) because everyone may experience it without
special training. It is a natural ability of all human beings.

Sanya or “memory” is the fifth kind of public mental faculties. Everyone possesses memory
and can recall that memory of recorded past events without any difficulty. This type of mental
faculties or ability is classified as mentis publicus or public or general knowledge of the mental
faculties because it is natural and does not require special ability to experience it.

Chetana or “volition or intention” is the sixth kind of public mental faculties. All conduct or
action starts with volition or intention. Intention is the willing of the mind to undertake a certain
action where a specific outcome had been the aim of such mental volition. So long as the Mind
functions, it may form intention. An act in accordance with the intent is a volitional act. A volitional
act is an act that is dictated by the will of the person. So long as the person can form a will, the
person is capable of exerting intent. Since intent is a characteristic of the Mind which may be
formed and expressed without special ability or training, as all members of the public may do so; it
is, thus, classified as mentis publicus or a general and public class of mental faculties.

Bhassa or “contact” is the seventh kind of public mental faculties. It is considered part of a
general mental ability of the general public because it could be experienced by everyone without
special training. The contact refers to the receiving of outside stimulus through the five physical
senses (life form) and the sixth sense by the mind (life abstract or vita perceptus). There are two
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types of contact, physical contact and mental contact. The physical contact is the contact that may
be recognized by the six sensing receptors. The sound makes contact with the ears in a form of
hearing. The form makes contact with the eyes through sight. The scent makes contact with the nose
by smelling. The taste makes contact with the tongue by tasting. The touch makes contact with the
body by physical touch. These five types of contact are together called physical contact. Lastly, the
sixth type of contact is the mental contact by means of cognition. The seventh kind of public mental
faculties (bhassa) is the mental contact. This mental contact, recognized by cognition, may be
experienced by everyone without special skills or training; thus, it is classified as mentis publicus or
mental state of the general public.

In summation, the public or generalized mental faculties (Suppachitasatarana cetasika) are
defined as the mental abilities that may be experienced by all members of the public; thus is known
as general mental faculties. In order to experience these mental faculties, there is no need for special
training. This public mental faculties or mentis publicus forms the basis of human understanding
among members of human species. One can assume that all members of the human species possess
these seven kinds of mental abilities and, as the basis of their mental faculties and the functioning of
the human mind, they provide members of human society the easy of effective communication.
They serve as common bases to allow us to experience “group thinking” since all members possess
the same abilities, as a common source of the mental code for communication, this mentis publicus
is considered an achievement for the human species.

2.2 Pakinaka or specific mental faculties (mentis certus)

A second class of mental faculties called pakinnaka or specific mental faculties (mentis certus); its
occurrence does not concur with the arising of the output of the Mind every time. For instance,
when the mind thinks of a certain thought, it is necessary that such a thought is accompanied by a
specific type of emotion: like, dislike, and neutral. There are six kinds of mentis certus. They may
enter the Mind and formulate the expression of the mind, but they do not all enter at the same time.
These six kinds of mentis certus enter the mind individually and separately at different moments.
These six kinds of non-public or mentis certus include: (i) vitaka (awareness), (i) vijara
(consideration), (iii) adhimaka (following or convincing), (iv) chandha (willingness or satisfaction),
(v) viriya (efforts), and (vi) piti (joy).

The first kind of specific or mentis certus is called vitaka or awareness. Awareness is
defined as the mental focus of something. The condition under which awareness exists is one
characterized by the awakening of the mental state, i.e. awaken means conscious, and there is an
object on which the mental state focuses its attention upon the target object. Consciousness is a
condition under which the Mind receives, processes, and reaches cognition. This focus is called
awareness. There are two requisites for this state of mental faculties: (i) awakening of the mind or
the mind is not asleep, and (ii) a mental focus on a particular object or focal point. This does not
happen automatically. A certain object may exist and the mental state may be awakened; however,
unless there is a focus or the volitional willing of the mind to force the mind to focus on the object,
that awareness does not occur. For this reason, this mental ability or faculties is non-public; it
happens only in the person who satisfies both conditions: awaken and wielding the mind to an
object of focus. By whatever cause or reason, this ability may not exist in everyone as a matter of
fact; it is an outcome of a volitional act. Its occurrence is not general, but occasional. Not all
persons experience it at any given moment, only a particular person can experience it upon a
stimulus; thus, it is called occasional.

The second kind of mentis certus is called vijara or consideration or pondering. The
precondition for mental consideration is awareness. In order to consider or ponder something, that
something or object must first become a focal point of the attention of the observer, i.e. the observer
must have the awareness of the object. Since awareness of the precondition for consideration, and
that awareness is specific or mentis certus, then consideration or pondering too, by default is mentis
certus. It is a mental ability which does not occur automatically, but requires a mental effort as a
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precondition. This exertion of mental effort may require training or volition on the part of the
observer. Therefore, consideration or ponder is not a general mental ability.

The third kind of mentis certus is called adhimaka which means following or convincing. In
order for the Mind to become convinced of any data or stimulus present to it, the mind must be
aware of the stimulus, ponder upon the stimulus and enters a third phase of mental efforts in coming
to a conclusion of being convinced or found interest in the stimulus. When a person pays attention
to a stimulus, say a lecture in a study hall, the Mind works in the same manner. First, the person is
aware of the lecture being presented. The person makes the mental note of the object and ponders
upon the information presented. Before coming to any conclusion or become convinced by the
speaker or of the subject matter, the student must attentively follow the subject matter. This third
kind of mentis certus requires even more mental efforts than the prior two (awareness and
consideration), this premeditation by wielding the mind to follow the presentation or stimulus
allows the observer to engage in a mental exercise. This mental exercise is a mental work engaged
through a volitional and voluntary act of the observers; therefore, this type of mental faculties does
not exist in all persons for any given stimulus. It happens only in a person who has the awareness of
the object, ponders upon that object, and follows through it.

The fourth kind of non-generalized or specific mental faculties is called chandha or
willingness or satisfaction. It is classified as mentis certus or specific and non-general mental state
because it requires active engagement by the observer or subject in the object. The person would
have to go through all prior three kinds of mental elements: awareness, consideration, and
following, in order to come to willingness or satisfaction. If we look at this fourth kind of mental
faculties in a stage-by-stage format of the working of the Mind, we see that the three prior mental
faculties laid the foundation for this fourth one. The mental willingness or the conclusion of
satisfaction would not be possible without “awareness, consideration, and following” as
prerequisites. Therefore, since all three prior mental faculties are classified as mentis certus, this
fourth stage of mental work must by condition be likewise specific and occasional. We may return
to the example of a student listening to the lecture. At the last stage, he had manifested awareness,
pondering the content of the lecture, and following through the presentation, at this point the student
makes a decision of whether he is satisfied with the presentation of the subject matter. This mental
experience is specific to the student or the observer, not enjoyed nor engaged by the public, it is
specific to one who is engaging in the activity. The activity is the presentation of the stimulus where
the observe becomes aware of the stimulus, considers the stimulus attentively, follows through with
the presence of the stimulus, and makes a conclusion about the stimulus. This activity or mental
exercise is specific to a particular observer and does not happen simultaneously nor is it a
happenstance. The activity in these four stages of mental exercise does not happen by chance; they
are the outcome of a volitional act or series of mental acts.

The fifth kind of specific mental faculties or mentis certus is called viriya or efforts. Effort is
defined as attempt and attempt is a volitional act. Such an act is an outcome of intent. An intent
must first be formed. That formation then the intent is expressed through a volitional act, inwardly
or outwardly, this volitional act culminates to a continuation of an action. This is how efforts are
manifested. The mental effort that serves as part of non-general or mentis certus in the rubric of
mental faculties sees the continuation of the working of the Mind.

Lastly, the sixth specific mental faculties is called piti or joy. As the mental efforts is being
exerted in a continuity from the fifth mentis certus, assume that the stimulus is something positive
or that it may be called “stimulating” as it had attracted an continuous efforts of the mind to follow
it, the observer enters a stage of joy. This joy may come from an understanding of the subject matter
presented from the external environment. For the student in our example, the joy may occur when
the student understands the subject matter or can find meaningful application of the newly acquired
knowledge. What if the student finds the subject matter not interesting or that it is not stimulating,
the outcome of the mental faculties may be the opposite. Instead of joy, the student may find it not
enjoyable. It does not matter what the mental outcome of the student may be, this fifth kind of non-
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public mental faculties is one possibility; the person processing the stimulus does not have to
“enjoy” the stimulus; joy is one possible outcome. There might be other mental outcome from the
process.

We commonly attribute “joy” to a sentiment or feeling of happiness. Although such a
common attribution is not entirely wrong, it is not a precise conclusion of what we experience in the
Mind. Similar to mentis concordia (Ekaggata under mentis publicus) that we presented earlier, joy
in the sense of mental faculties context is momentary, as if analogous to a spark of light that arises
then sooner vanishes; the length of existence of joy may be as short as a blink of an eye. We need to
rely upon the power of the Mind to recognize its arising and extinction. This is different from the
common definition of happiness where people attribute the state of lasting joy, thus, the term
“enjoyment” enters our vocabulary to express such a sentiment or feeling. That type of enduring
sensation of enjoyment is more superficial and does not explain the working of the mind. The
primal cause of that enduring sentiment commences with the spark of joy whose existence is more
fleeting than enduring that gives rise to the recognition of its transient existence and the observer
captures and replays it over and over again to extend its effect by relying on memory (sanya)---
hence, a fleeting moment of joy turns into a lasting enjoyment. The rewind and replay happens in
such a high speed that it appears to the untrained Mind as if it is continuity from moment-to-
moment feeling or recognition of a feeling or emotion. This superficial observation gives an
appearance of continuous state of joy; an experience commonly called happiness.

3.0 AKUSALA CETASIKA (MENTIS MALUS)

The discussion we presented thus far is confined to the public (mentis publicus) and non-public
mental faculties (mentis certus) which consist of only positive or neutral aspects of the mental
faculties. In this section, we explore what is classified as non-beneficial or mentis malus (akuslala
cetasika). Mentis malus is comprised of 5 types of mental malevolence and together has 14
components. Individually and severally, these 14 components of the dark side of the Mind
contribute to what the public called unhappiness. The level of unhappiness or mental problem that
people experience in their lives depends on the degree and number of these mentis malus surfacing
in their mental faculties.

The Mind is a machine. By definition, a machine takes in the input of the same kind and
produces an output of the same type. For the Mind, the input comes through the six senses: hearing,
seeing, smelling, tasting, feeling of bodily touch, and mind-receptor or mental contact. The input
are then sound for the hearing organ, form for the sight organ, taste for the tongue, smell for the
nose, heat and pressure for the bodily touch, and emotional stimulus for the mind-receptor. The
mind is a multi-functional machine capable of processing six different kinds of stimulus and
produces six different kinds of output. Each input and output among the six senses has its own
receptor; thus, the Mind is more of a factory housing six different machines that receive specific
input and produces specific output discretely. These outputs work together with the mental faculties
(mentis facultas).

The output is packaged into the four building blocks of the Mind. These building blocks
consist of (i) form (ruppa), (i) memory (sanya), (iii) emotion (vedhana), and (iv) synthesis
(sangkhan). The mental faculties discussed in this paper are found in the synthesis building block of
the Mind. In this synthesis block, there are 52 elements of what is called mental faculties or
emotions which work with and depends on the Mind to exist. In the packaging process of the mental
packaging of the output of the Mind, it is in the synthesis that we find the cause of what may
attribute to unhappiness and other causes of mental problem. In this section, we explain the five
kinds of mental faculties that attribute to mentis malus.

3.1 Lobha or greed as the cause of mentis malus
Greed is defined as an intense desire to acquire. A desire to acquire something does not qualify as
greed. The desire for the acquisition must be intense in order for it to qualify as greed. There are
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three elements of greed: (i) greed as an intense desire to acquire or lobha, (ii) holding a wrong view
or dhitti, and (iil) arrogance or maana.

It is true that we cannot obtain all that we desire. Thus, intense desire to acquire things that
would not materialize will ultimately lead to disappointment. This feeling of disappointment is a
negative mental outlook and if such a feeling is allowed to continued, it will develop into something
even more negative. Recall that the mind by its nature cannot stay in one place for too long. The
mind arises in one building block and must distinguish and arise in one of the other three building
blocks. Under normal condition, as this process continues, a healthy mind is assured. However,
when the desire to attain something becomes intense, the mind is forced to focus on that particular
desire a longer period of time or as soon as the spark of the mind is extinguished, it is recalled to
arise again in that same building block; as this obsessive re-enactment of the mind to be in the same
building block and finally comes a moment of truth that what had been desired would not come to
fruition, the mind moves from its bingeing state to a new synthesis, a feeling of dejection and
disappointment. This negative feeling coupled with the recollection of the desire and its attendant
non-fruition recreates more disappointment. As the process continues, all the mental sparks and
distinguishing happen in one place: synthesis producing disappointment. This is one cause of
mental stress.

Mental stress is defined as tension putting the mind out of balance. Balance of the mind is
characterized by the proper function of the mind where it arises and extinguishes constantly and
consistently among the four building blocks of the mind. When the mind remains in one building
block too long or returns to the same building block too often through the repetition and interaction
between memory (sanya) and synthesis (sangkhara), mental stress or tension occurs. If left
untreated, stress may develop into depression. If depression is left untreated, it may lead to
depression and ultimately self-destructive action, such as self-inflicted pain and ultimately suicide.

If stress may come from greed and greed is the intense desire to acquire then the cause for
stress or depression may be easily identified. If the cause is identified then intervention may be
made. In this case, the intervention must start with the re-orientation of the mental outlook. Since
the intense desire (lobha) is part of the synthesis component of the four building blocks of the mind,
the person experiencing stress or depression as the result of greed must be released from that
building block of the mind. The mind must be freed from its forced subjugation in the synthesis
building block and be allowed to roam freely among the four building blocks according to its
nature.

Recall that the four building blocks of the mind are: form, memory, emotion, and synthesis.
Greed belongs to synthesis because greed is the intense desire to acquire something that the person
does not now have in possession. When this intense desire is created in the synthesis building block,
as the mind obeys its law of nature by arising and extinguishing, the person (subject) clings to the
second building block called memory and recalls the desire to acquire, the desire was not fulfill and
the person becomes disappointed. Not giving up the desire, the person forces the mind to cling to
the memory of the desire and engages in the desire under the synthesis building block; thus, the
mind is forced to go back and forth between synthesis and memory with disappointment and a
feeling of dejection as the consistent outcome. Mental sickness such as stress and depression are the
consequences of this artificial and unproductive control of the mind.

The other possible outcome of greed is that the person actually acquires the things that were
intensely desired. Would the occurrence of stress or depression foreseeable in such a person? Yes,
because greed is defined as intense desire to attain something and that even after the attainment of
the object, the person will continue to desire more and with the same or more intensity. That is the
nature of greed; greed is an insatiable desire to acquire. There could be no true satisfaction even
when the object of desire had been obtained, a new desire will form and the level of intensity rises
as before. The only solution is to cut the cycle of desire, attainment and continuing to desire to
attain more, by recognizing that this insatiable desire to attain is greed. By accepting the fact that
greed leads to disappointment and continuing greed leads to repeated disappointment; in order to
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cut the cycle, the person must dissolve greed by turning the attention to other elements or group of
mental faculties or emotions.

The second component in this category of negative mental outlook possesses the wrong
view point or opinion (dhitti). In the scientific community, people whose possess the wrong view
are said to have committed Type I error. Type I error occurs when the investigator insist on
believing in something that is wrong in spite of the contrary evidence. A person possessing the
wrong opinion may produce negative mental outlook because such view is contrary to fact. When
faced with reality that is contrary to such a view, the person is forced to accept what is correct, but
his insistence to cling to the wrong view will lead him to go on the offensive to insist of being
correct, and, at the same time, retreats on the defensive by trying to rationalize that his view is
correct despite mounting evidence showing the contrary. This internal conflict will produce a
feeling of dejection and self-hate. The holding of the wrong view is thus classified as a negative
mental outlook.

The third component of lobha is arrogance (maana). Arrogance is defined as the feeling of
self-aggrandizement at the expense of others. It is a form of selfishness; however, in simple
selfishness, the person exploits others for self-interests. Arrogance, on the other hand, is more
destructive in that it comes at the expense of others. It is considered unhealthy mental faculties
because for the self, arrogance leads to over-confidence; over-confidence leads to recklessness, and
ultimately self-endangerment or the estrangement of others. The consequence may be that the
arrogant person is faced with ostracism and rejection by his peers and community.

Both the holding the wrong views and being arrogant have their origin in the mind. Among
the four building blocks of the mind, the thoughts that gave rise to this kind of mental outlook
reside in synthesis. Since the wrong view is contrary to fact, the person holding the wrong view
merely synthesizes the opinion and insisting on calling it truthful or correct. As for arrogance, this
too comes from the synthesis building block of the mind. The idea that the person is superior to
others is an outcome of a mental creation which may not reflect reality. Like greed when the desire
is unfulfilled, disappointment is its fruit, arrogance when faced with social rejection or ostracism,
disappointment is also laid in wait for an arrogant. When disappointment is the reward of such
mental outlook, it should be avoided. To harbor arrogance is to sow the seed of disappointment.

3.2 Dhosa or hatred as the cause of mentis malus

Hate is defined as a strong feeling of dislike. As a mental state or mental faculties, hate is a negative
sentiment. To say that hate is not definable or irreducible is to engage in self denial (Spencer, 2017).
Every human sentiment or mental state had been identified; there are 52 of such emotions called
cetasika.

Sigmund Freud defined hate as an ego that wishes to destroy the source of its unhappiness;
he asserted hate is linked to the question of self-preservation. This view is incorrect and is self-
destructive. Freud misunderstood the function and effect of hate. The function of hate is to construct
a fictional mental state as part of the person's desire to obtain something but is stopped short of
achieving that desire. Hate is a response mechanism in coping with disappointment. The person
feeling hate is the subject; the target of which is negative sentiment is aimed becomes the object.
The object may or may not be the cause or obstruction of the subject's desire; it is a sub-element of
greed (cupiditas), but the sentiment of the subject is to aim and channel the negative energy towards
the object. This is not “self-preservation” as described by Freud, but it is self destructive in that the
subject synthesizes and magnifies an enemy that is unreal and non-existent (res non existo). Even in
a case where the object may be real, or that obstruction had indeed existed, the sentiment of hate
nevertheless is a de facto response, not a continuing attempt for self-preservation nor a fight to
preserve self interests. Hate is an unhealthy means of self-therapy to heal one's wounded desire. The
effect of hate is the creation of a mental state which could neither be found nor supported by
objective reality; thus, it is unhealthy for the Mind. As a mental state, hate is a state of mind
functioning in a state of less than optimum. The only consolation is that hate, like other mental
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state, is a transient state. It is not permanent. It is not correct when someone asserts that hate may
not be subsided with the passage of time (Smith, 2016). Since this paper demonstrates that the
working of the Mind is discrete, the feeling of hate is the lie and relive of a state of Mind which
arises and diminishes. The lingering of this sentiment is not a continuation, but the reliving of an e
vent which had passed. It is recalled anew through the power of memory---one of the building
blocks of consciousness. By that recollection, the sentiment o hate is relived. Through that reliving
does the person reaps the harvest of mental discontent.

Freud is not alone in incorrectly glorifying hate. In some western literature, it has been
written that “As compared to magical destruction, aggressive ideas and behaviour take on a positive
value, and hate becomes a sign of civilization.” (Winnicott, 1973). What defines civilization is
“righteousness,” not a state of mental psychosis whose root is founded in the deep desire to satisfy
the self, but in the process, as the sentiment of hate endures through the repetition of recollection of
such a sentiment, hate becomes the source of self destruction for the subject. There are four
elements of hate: hatred (dhosa), envy (issa), stinginess (macchariya), and worry, remorse
(kukkucca).

3.3 Moha or ignorance as the cause of mentis malus

A common interpretation of moha is “delusion.” This interpretation is not meaningful and
inaccurate. Moha is classified in the greed category. As defined above, greed is the unquenchable
desire to acquire something; however, the term “delusion” would not accurately reflect this category
of mentis malus. Delusion is an idiosyncratic belief that is strongly being held despite contradicting
evidence. A more accurate interpretation of moha is ignorance (ignoratio). In the Buddhist context,
ignorance is the antithetical of knowledge or panya. Panya is defined as wisdom, knowledge or
intelligence. Knowledge or intelligence in Buddhism refers to the knowledge of the four noble
truth: (i) suffering (dhukka), origin or cause of suffering (samudhaya), the end of suffering
(nirodha), and how suffering could be ended (marga). Ignorance, as an antithetical to “knowledge”
of the noble truth, refers to not knowing suffering, not knowing the cause of suffering, not knowing
that suffering could be ended, and that there is a means or ways for ending suffering.

In a common language, ignorance is defined as the lack of knowledge or lack of
understanding. In keeping with the original teaching of knowing and ignorance, then ignorance
refers to the mental state that in life there is suffering, its cause, it could be ended and there is a way
to end suffering. There are 8 ways to end suffering through righteousness: (i) right view, (ii) right
intention, (iii) right speech, (iv) right conduct, (v) right livelihood, (vi) right effort, (vii) right

consciousness, and (viii) right concentration or focus. A person believing that life is full of joy
may be delusional.
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People who experience negative emotion and ultimately become stressful are commonly
ignorant of the suffering. Not able to recognize that the current state of the mind causes suffering,
the person endures the negative mental state that leads to stress. The untreated stress leads to
depression. The solution to stress could be recognized the fact that stress is an outcome of
ignorance. Stress itself has is cause of suffering. By recognizing this fact is the first step towards
exfoliating away the mantle of ignorance. Accepting and practicing the eightfold path will lead to
the end of stress and depression because the eightfold path to reorient the mind towards civility,
humility, and sensibility. This approach to treatment of mental stress may be far more superior to
the conventional practice seen in modern medicine where anti-depressive drugs are used.

3.4 Dhitthi or wrong view as the cause of mentis malus

Holding the wrong view is a form of mental state which may leads to unwholesome or unhealthy
mental condition or state of mind. In general, a wrong view is defined as clinging to any idea or
concept in an absolute term. In Buddhism, extreme views are to be avoided; thus, fanaticism is
another form of wrong view. Taking the middle path in all views of the world is the correct view.
The existence of anything in the world may not be absolute. Absolute existence (attita) is not
possible since all things must ultimate decay and finally distinguish (anij-jang). This transient
existence makes the existence of all things impermanent and without permanent self or identity
(anat-ta). At the end of the spectrum is to claim that nothing exists (nitthita). This absolute view of
the world is also erroneous and unwholesome. The middle path of seeing the world consists of three
components: things exists, remains, and then is extinguished; such is the nature of all things. This is
called the middle path (majima).

As a mental state, to hold an absolute or extreme view is to sow the seed for disappointment
because the world, the realty of the world, is not so. The correct view is one that obeys rationalism
and prudence. Rationalism is defined as “any view appealing to reason as a source of knowledge or
justification” (Lacey, 1996). By reason, we mean non-extremism. Here, we find the confluence of
Buddhism and Western thought because rationalism exerts immense influence upon Western
thinking (Lavaert and Schroder, 2016). If guided by rationalism then there should be no extreme
view because extremism is irrational and illogical. Fanaticism is an example of wrong view.
Fanaticism is self-confirming that the view held by the believer is correct (Postman, 1976). When it
is shown that such view is incorrect, fanatics generally take extreme actions to show that their
extreme view is correct. Ultimately, fanatics are proved to be wrong and are ostracized from the
community of the civilized people.

The correct view is a more prudent view. Prudence requires the avoidance of extreme views.
Nothing in the world is absolute. As a mental state and outlook, one should not hold absolute view
of any subject. To do so would result in disappointment when it is shown otherwise. For this reason,
the wrong view (Ditthi) is considered unwholesome. If one can avoid holding a wrong view, one
can gain one notch in attaining healthy mind.

3.5 Vijikija or doubt as the cause of mentis malus

Doubt is an occasional unwholesome mental state. Occasional means that this type of mental state
does not always remain in the Mind of the person. It occurs as a result of reacting to a stimulus.
Doubt is a statement or belief or non-belief. It is classified as unwholesome because doubt obstructs
the path to knowledge.

In Western philosophy, there is a branch of study called skepticism whose ideology is based
on either (1) the denial of possibility of all knowledge or (2) the suspension of judgment due to the
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inadequacy of evidence (Popkin, 2003). This denial of knowledge leads to the conclusion that either
nothing exists or if something exists, we could not truly know of its existence (Jones, 1952). Some
skeptics may go as far as asserting that the meaning of objects may be constantly changing;
therefore, true knowledge is not possible (Popkin, 1967). Thus, one of well known Greek skeptic,
Socrates, was reputed to have said he knew nothing or that nothing was worth knowing (Hazlett,
2014). This branch Western philosophy stands at a stark contrast to Buddhist teaching which
embraces knowledge. Humans can understand the world they live in, and they can make themselves
to be understood.

For Buddhism, true knowledge exists. The four noble truth may be subjected to empirical
examination and could stand the test of time because it is self evident and also could be proven. For
instance, everything that exists in the world arises as its first coming forth. Thereafter, it remains in
existence, and then is extinguished. This birth, remains in existence, and death represents the cycle
of existence of all things, living and non-living. It is further argued that if an object's existence is
impermanent then it may be the cause of human suffering as we cling to it (object of desire) as it
ultimately will diminish. Thus the logic of the four noble truth follows: where there is suffering,
there is a cause, where there is a cause, there is a cessation, and there is a method of how to end
that suffering. Knowledge is capable of being ascertained. Doubt is seen as one of fifty-two possible
mental states. Unlike Western philosophy of skepticism, Buddhist philosophy treats skepticism as
an unwholesome state of mind. Instead of a branch of knowledge, skepticism is seen as an
obstruction to knowledge.

4.0 SOBHANA CETASIKA (WHOLE & HEALTH EMOTIONS)

Recall that Buddhist teaching categorizes mental faculties into 52 elements. These 52 elements are
further divided into four sub-categories: (i) general, (ii) occasional, (iii) unwholesome or unhealthy,
and (iv) wholesome or beautiful, mental faculties. This section explains the last group of mental
faculties (wholesome) which is comprised of (a) public or universal, (b) righteousness, (c) limitless
and (d) wisdom.

4.1 Sadharana (public or universal) as the cause of mentis bonus

There are 19 distinct mental faculties that are classified as universal cause for healthy mental state
(mentis bonus). Where there are only 14 elements of mental faculties which are responsible for
unhealthy mind (mentis malus), the 19 elements of mentis bonus is provides hope for treatment of
mental distress. Firstly, there are more “good” than there are “bad” mental states. By replacing each
unhealthy mental state with a healthy one, mental distress may be treated. This treatment is be
accomplished with “mind management” instead of external intervention, such as antidepressant
chemicals, such as: sertraline (Zoloft), fluoxetine (Prozac, Sarafem), citalopram (Celexa),
escitalopram (Lexapro), paroxetine (Paxil, Pexeva, Brisdelle), or fluvoxamine (Luvox) whose side
effect may include nausea; increased appetite and weight gain; loss of sexual desire and other
sexual problems, such as erectile dysfunction and decreased orgasm fatigue and drowsiness;
insomnia; dry mouth; blurred vision; constipation, dizziness, agitation; and irritability. Secondly,
mental stress or depression treatment may simply be reduced to no more than “mind management.”
This mind management approach to treatment of mental distress include the recognition of the 4
basic building block of the mind and replace the 14 unhealthy mental states with the 25 healthy
ones. The 19 mental states are universal or general that could be recognized and experience by all
persons without special training. They are listed below with their corresponding English
equivalence.

1. Saddha Confidence
2. Sati Mindfulness
2. Hiri Moral shame
3. Ottappa Moral fear
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3. Alobha Non-greed

4. Adosa Non-hatred

5. Tatramajjhattata Equanimity

6. Kayapassaddhi Tranquility (of mental factors)
7. Cittapassaddhi Tranquility (of consciousness)
8. Kayalahuta Lightness (of mental factors)

9. Cittalahuta Lightness (of consciousness)
10. Kayamuduta Pliancy (of mental factors)

11. Cittamuduta Pliancy (of consciousness)

12. Kayakammafinata Adaptability (of mental factors)
13. Cittakammafinata Adaptability (of consciousness)
14. Kayapagunfiata Proficiency (of mental factors)
15. Cittapagufinata Proficiency (of consciousness)
16. Kayujjukata Rectitude (of mental factors)
17. Cittujjukata Rectitude (of consciousness)

In addition to the 19 universal mental states, there are other occasional or specific healthy
mental states which include (i) abstinence, (ii) infinity, and (wisdom). There are three kinds of
abstinence, namely right speech (samma vaja), right action (samma kammanta), and right livelihood
(samma ajiva). There are two type of infinite mental state, namely compassion (karuna), and
sympathetic joy (mudita). As for wisdom, there is only one type and has no sub-elements.

There are 14 mental states or emotion that a person should recognize and avoid. These 14
elements of mentis malus are:

1. Moha Delusion

2. Ahirika Shamelessness

3. Anottappa Moral fearlessness
4. Uddhacca Restlessness

5. Lobha Greed

6. Ditthi Wrong view

7. Mana Conceit

8. Dosa Hatred

9. Issa Envy

10. Macchariya Stinginess

11. Kukkucca Worry, remorse
12. Thina Sloth, laziness
13. Middha Torpor, tiredness
14.Vicikiccha Skeptical doubt

Since the mind function in such fast speed that it is nearly impossible to anticipate each
mental state before it occur, but only through recognition after it had already disintegrated. A
thought may arise, we are able to recognize it only after it has been extinguished and new thought
arises in its place. Thus, the in order to avoid a particular type of thought of mental state is through
(1) recognition, and (ii) avoidance. The recognition is the recognition after it had extinguished. The
avoidance is the avoidance of not to recall it through memory (sanya).

4.2 Viratti (abstinence) as the cause of mentis bonus

Abstinence means refraining from doing. Since we are talking about the mental state, the refraining
is about refraining from doing something so that we could maintain a benevolent mental state.
“Abstinence” is about refraining from doing bad conduct or refraining from entertaining bad
thoughts (14 elements of unhealthy mental states) in order to attain and preserve a benevolent
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mental state. Abstinence mental faculty or emotion consists of three elements: right speech (Samma
vdca), right action (Sammda kammanta), and right livelihood (Samma djiva).

Right speech consists of refraining from telling lies, use of profanity, innuendo, and raving.
Right action consists of refraining from Kkilling, stealing, committing adultery. Right livelihood
means to earn an honest living, and refraining from wrongful livelihood. These three types of
refraining conducts constitute abstinence. Each type of refraining seems to refer to conduct, rather
than a state of mind. However, all refraining in this group of bonus mentis has their root in the
mind, i.e. intent. Since they are intentional acts, by refraining from their commission, the mind is
put at state of abstinence of doing unwholesome action or thought. People who refrain from
engaging in wrong speech, wrong action and wrong livelihood are said to harbor good mental state.
Since all action begins its course in the mind, by refraining from such actions, the mind is not
polluted. This state of mind or emotion is considered to be benevolent.

4.3 Appamanya (limitless) as the cause of mentis bonus
There is a group of mental states which could not be counted. These are compassion (Karuna) and
sympathetic joy (Mudita). We cannot quantify compassion. Although there might be a level or
degree of compassion, such an attempt to quantify what is truly limitless is an artificial construct.
Similarly, the joy of sympathizing with another human being is also not quantifiable. When we
express for having witness others being happy, this mental state connotes the purity of the heart and
mind because our emotion is not clouded by envy or jealousy. Compassion and sincerity could not
be measured with quantifiable scale.

What does it cost to have compassion for another living being? Compassion does not an
input and output process. Compassion is the desire to alleviate other's suffering (Jimenez, 2011).
This attempt to alleviate the suffering of other may come in a form of warmth and care (Nanda and
Santosh, 2015). In the western literature, the expression of compassion is said to be hierarchical,
paternalistic and controlling in responses (Gilbert, 2001). One western source claims that
compassion is a variation of love or sadness (Shaver et al., 1987). It is recognized as an emotional
state (Bowlby, 1983; Haidt, 2003; Keltner et al., 2006). It links the person expressing compassion
with the one who is suffering (Goetz et al., 2010; Ekma, 2003). One source claims that the rationale
is that people emulate the emotion of other people around them (Hatfield and Cacioppo, 1993). This
view is not genuine since compassion is an expression of sincere understanding of other people's
suffering. The purpose of expression compassion is to lessen the suffering of the other person who
is suffering by showing the understanding of such sufferance. It is not a mere expression of fake
emotion resulted from emulation. Hence, the more a person knows about human conditions and
their sufferance, the more readily that person is to express compassion for his fellow beings
(Cassell, 2009). Compassion may have the effect of inducing the feeling of kindness and
forgiveness; thus, the presence of compassion generally reduces the chance for violence (Goertz et
al., 2010).

4.4 Panya (wisdom) as the cause of mentis bonus

Finally, wisdom is a benevolent mental state. The term “Pafifiindriya” or Wisdom is a mental
faculty or state of mind requires a comparative analysis on how western writers see wisdom as
oppose to how is wisdom being viewed under Buddhism.

Wisdom is unbiased knowledge (Grossmann, 2017). An example is wisdom is virtue and
ethics (Staudinger and Gliick; 2011; Walsh, 2015). Western writing differentiates wisdom from
emotion (Grossmann et al., 2018). However, in Buddhist philosophy, wisdom is one form of
emotional state. Wisdom is a subject of study in modern psychology (Sternberg, 1985). “[T]here is
an overlap of the implicit theory of wisdom with intelligence, perceptiveness, spirituality and
shrewdness, it is evident that wisdom is an expertise in dealing with difficult questions of life and
adaptation to the complex requirements.” (Brown and Greene, 2006). Some sources assert that there
is a psychological process that underlies wisdom (Bluck and Gliick, 2005). This view is consistent
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with the Buddhist teaching since in Buddhism wisdom is an emotional state. Nevertheless, among
western literature, psychological definition of wisdom varies (Staudinger and Gliick, 2011). Despite
the variation and uncertainty of the concept of wisdom, there is a consensus among western writers
that “wisdom” is a reflection and judgment about critical life matters (Baltes and Staudinger, 2000).
Wisdom is the state of being wise. Wisdom is not the same as IQ (Grossmann et al., 2010); it is a
different kind of intelligence (Staudinger et al., 1997). A wise reflection upon other people's life
problem is one way of looking at wisdom (Grossman and Kross, 2017).

Can wisdom be measured? It has been argued that wisdom could be measured either as a
form stable personality or how the person judge or evaluate problems in different context
(Grosmannm 2017). However, the use of questionnaire to assess wisdom has been criticized as
having biased response (Brienza et al., 2017; Taylor et al., 2011). This claim itself, if well-founded,
is inconsistent with the pretext of wisdom. By its very nature, wisdom is an objective knowledge,
absent of bias (Gliick et al., 2013). To assert that there is response bias in a survey to test or assess
wisdom is argumentative and self-defeating. Regardless of the argument and counter-argument in
the measurement of wisdom, research had shown that the outcome of measuring wisdom is context
dependent (Grossmann, 2017). For example, this contextual difference may come from culture
(Grossmann et al., 2012), and age (Harter, 2004; Orwoll and Perlmutter 1990).

Wisdom is knowledge of what is good and bad in life. In Buddhist teaching, wisdom may be
obtained through three sources: (i) listening to someone know is wise (suta-maya-panya); (ii)
thinking (jinta-maya-panya); and (iii) learning or doing (pavana-maya-panya) (Tipitaka, vol. 11).
In order to accomplish any one of the three sources of wisdom, the person must learn to be an
objective observer. To maintain objectivity, one must use three rule of observation: (a) that is not
mine (netang-mama), (b) that is not me (neso-hamassami), and (c) that is not about me (na-meso
atta). As an observer, the person must not identify himself/herself with the object of observation. To
distance oneself from the event, one achieves the first element of objectivity. Secondly, the observer
must not claim possessory interests or taking any form of advocacy in the event or object of
observation. By not claiming possessory interest in the event, the event could be observed
objectively. Thirdly, the observer must not internalize the event nor identify with the event.

The analytical approach to wisdom consists of 4 steps: (i) recognition of the event, such as
human suffering (dukkha), (ii) causation of the event (samudha-ya), (iii) the diminishing of the
event (nirodha), and (iv) method of obtain diminishment of the event (nidhoda pattipata) by the 8
fold paths (maggha) (Tipitaka, vol. 19). The 8 fold paths to righteousness are: (i) right view, (ii)
right intention, (iii) right speech, (iv) right conduct, (v) right livelihood, (vi) right effort, (vii) right
consciousness, and (viii) right concentration or focus.

5.0 ANALYSIS AND DISCUSSION

In this first part of a two parts series, we outline the mental faculties responsible for mental stress.
We note that mental state is part of the functioning of the min. The mind functions by clinging to
four building blocks, namely for, emotion, memory and synthesis. The state of happiness or distress
lies in the synthesis block of the mind. This synthesis consists of what is called “mental faculties”
which consists of 52 different types of emotions. There are 14 types of emotions that may
contribute to mental distress. In contrast, there are 25 healthy mental states which a person could
use to counter unwholesome or unhealthy mental states. In the second paper, we will use the 14
elements of unwholesome mental states as indicators to measure mental distress.

5.1 Joy and happiness

Happiness may be defined as pleasant emotional states, such as joy, amusement, satisfaction,
gratification, euphoria, and triumph (Algoe and Haidt, 2009). In a broader sense, happiness is to live
life in a satisfying way (Deci, 2006). This satisfaction may come from many sources, such as
encountering unexpected positive event, (Cosmides and Tooby, 2000), or seeing love ones (Lewis,
2016). The source of happiness may be both internal and external in origin (Seligman (2004).
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Happiness is not the ultimate goal; it must be balanced with the meaning of life (Baumeister et al.,
2013; Abe, 2016). Some culture advocates a balanced life, and not advocate to maximize happiness
(Joshanloo and Weijers, 2014; Hornsey et al., 2018).

The importance of happiness may be seen through historical evidence of modern politics.
For instance, Thomas Jefferson claimed that the pursuit of happiness is a universal right of people
(Schelesinger, 1964). Happiness has been used as an indicator to measure how well the government
is doing its job for the country (Tolumitsu, 2017). Subjective Happiness Scale was used to measure
happiness (Lyubomirsky and Lepper, 1999). Satisfaction with Life Scale (Diener et al., 1985).
World happiness report uses the Cantril Scale ranging from 0 to 10 (Levin and Currie, 2014). These
empirical attempts to measure happiness showed that happiness appears to be stable over time
(Baumeister et al., 2013; Costa et al., 1987).

Happiness or joy is a mental state that is created in the mind by its function. It is not a state
of nature where happiness or joy is continuous and lasting; rather, the mind experiences a state of
joy by not encountering the 14 distressful state of mind. When the mind finds mental unity (mentis
Concordia), it repeats the replay of that state by moving between synthesis building block, memory
building blocks, and emotion or sentiment building block. These are abstract building blocks of the
mind; thus, happiness is an abstract concept. How happiness is achieve, the mind has to work in
moving around three out of four building blocks. By discovering how the mind works through its
building blocks, there is no secret in finding a joyful mental state which we commonly called
happiness.

Thus, what we have seen in the western literature about attempts to measure happiness had
been so far failed attempts. How long does happiness remains when it arises, and at what kevel does
happiness manifest itself? These types of question may be meaningful only if they are put into
context of the 4 basic building blocks of the mind. In this part 1 of two parts paper, we assert that
happiness is a mental state recognizable only as an after fact (de facto), not instantaneous since the
person’s ability to recognize an event created by the mind is much slower that the occurrence of the
event. Any measurement of happiness, therefore, is a measurement of the recollection of the event,
not the event itself. Since happiness is a mental state whose existence or occurrence is discrete, any
longitudinal study of attempts to monitor the state of happiness over time is a failed study. Since
happiness is a state of mind that exists and disintegrate so quickly, the observe must be a good
observer. In the second part of this paper, we anticipate quantitative modeling of the functioning of
the mind and how could such proposed model be used for treating mental stress and depression.

5.2 Mental stress and depression

Stress is defined as mental strain. Stress may lead to depression and other health problems
(Sapolsky, 2004). One mechanism to cope with stress is positive adaptation (Gibbon, 2012). Four
types of stress had been identified (Selye, 1974): good stress, bad stress, hyper-stress and hypo-
stress. One coping mechanism is to balance the hyper and hypo-stress (Selye, 1983). Good stress
(eustress) may lead to good feeling or euphoria (Selye, 1975). When an external shock is
experienced by a person as a source of euphoria, this may be seen as positive stress (Fevre et al.,
2006). Whether the factor contributed to stress depends on the subjective interpretation of the
person (Hargrove et al., 2013). Major life event may lead to stress (Teo and Fam, 2018). The
chronic occurrence of these life changing events may lead to health problems (Cohen ef al., 1998).

Positive life changing event may help predict mental stress (Jeronimus et al., 2014;
Jeronimus et al., 2013). A person’s perception of stressor modulates mental stress (Alwin et al.,
2014). There had been attempts to measure stress level produced by various life changing events
(Holmes and Rahe, 1967).

From the Buddhist teaching, stress is internal in nature. This intrinsic cause of mental comes
from 14 factors; these factors had been identified in this paper as: delusion, shamelessness; moral
fearlessness, restlessness; greed; wrong view, conceit; hatred; envy; stinginess, worry, remorse;
sloth, laziness; torpor, tiredness; and skeptical doubt. The key to avoid stress or mental distress is
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to recognize these 14 factors in our emotion or mental state and refrain from entertaining or
allowing such mental states to fester in the mind. Instead, the person should entertain or experience
the 25 types of healthy mental; states that may lead to a state of joy (Index 2).

7.0 CONCLUSION

Although this paper is not a religious study, since the mind and mental states had been studied by
Buddha in 4™ century B.C. and much of the discussion in this paper is based on Buddha’s teaching
on the mind and emotion, we relied heavily on Buddhist concept. The purpose of this paper is to
explain mental or emotional states in order to identify particular types of emotional states that are
responsible for mental distress and depression. According to Buddha’s treatise on the mind, there
are 52 distinct mental or emotional states. We identified 14 types of mental states that are classified
as unwholesome mental faculties. We assert that by identifying and find the means to dissolve these
14 mental states through the use of meditation focusing on other remaining 38 mental faculties,
stress and depression could be effectively treated without the use of chemicals, such as anti-
depressant drugs. This paper is the first installment of a two installment series. In this part 1, we
identified 14 elements of unwholesome mental states that are responsible for stress and depression.
In part 2, we will construct a survey to measure these 14 mental states and identify which elements
of the remaining 38 mental states could be harnessed and used to eliminate or lessen the effect of
these 14 unwholesome emotions.
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APENDIX 1
Mental faculties: 52 elements

Neutral Effect | Unhealthy Effect | Healthy Effect
Universa | Occasiona | Universa Occasional Universa Occasional
1 1 1 1
- - - Gree | Hat | Othe | - Abstinenc | Infinit | Wisdo
d e r e y m
1* 8 14 18 21 25 28 47 50 52
2 9 15 19 22 |26 29 48 51
3 10 16 20 23 27 30 49
4 11 17 24 31
5 12 32
6 13 34
7 35, 36
37, 38
30, 40
41, 42
43, 44
45, 46

I. Mental state with neutral effects
A. Universal or general occurrence of mental states with neutral effects

1. Contact (Phassa)

2. Feeling (Vedana)

3. Perception (Sanya)

4. Intention (Chetana)

5. One-pointedness (mental unity) (Ekaggata)

6. Life faculty (Jivitindriya)
7. Attention (Manasikara)
B. Occasional or specific occurrence of mental states with neutral effects
8. Initial thought (Vitakka)

9. Sustained thought (Vichara)

10. Determination (Adhimakkha)
11. Energy (Viriya)

12. Rapture (Piti)

13. Wish (Chanda)

I1. Mental state with negative effects
A. Universal or general occurrence of mental states with negative effects

14. Delusion (Moha)

15. Shamelessness (Ahirika)

16. Moral fearlessness (Anottappa)

17. Restlessness (Uddhacca)

B. Occasional or specific occurrence of mental states with negative effects
18. Greed (Lobha)

19. Wrong view (Ditthi)

20. Conceit (Hoha)
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21. Hatred

22. Envy

23. Stinginess

24. Worry, remorse

25. Sloth, laziness

26. Torpor, tiredness

27. Skepticism, doubt

IT1. Mental state with positive effects

(Dosa)

(Issa)
(Macchariya)
(Kukkucca)
(Thina)
(Middha)
(Vicikicca)

A. Universal or general occurrence of mental states with positive effects

28. Confidence

29. Mindfulness

30. Moral shame

31. Moral fear

32. Non-greed

33. Non-hatred

34. Equanimity

35. Tranquility of mental factor
36. Tranquility of consciousness
37. Lightness of mental factor
38. Lightness of consciousness
39. Pliancy of mental factor

40. Pliancy of consciousness

41. Adaptability of mental factors
42. Adaptability of consciousness
43. Proficiency of mental faculty
44. Proficiency of consciousness
45. Proficiency of mental factor
46. Rectitude of consciousness

(Saddha)

(Sati)

(Hiri)

(Ottapa)

(Alobha)

(Ashosa)
(Tatramajjattata)
(Kayapassaddhi)
(Chittapassaddhii)
(Kayalahuta)
(Chittalahuta)
(Kayamuddhuta)
(Chittamuddhuta)
(Kayakammanyata)
(Chittakammayata)
(Kayapakanyata)
(Chittapaganyata)
(Kayyujukata)
(Chittujukata)

B. Occasional or specific occurrence of mental states with positive effects

(1) Abstinence

47. Right speech
48. Right action

49. Right livelihood

(i1) Infinite
50. Compassion
51. Sympathetic joy

(ii1) Wisdom
52. Wisdom

(samma vaca)
(Samma kamanta)
(Samma ajiva)

(Compassion)
(Mudhita)

(Panya)
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ABSTRACT

The objective of this work is to give a foundation, as an auxiliary or complementary research
method, to the search for an adequate explanation of real phenomena or not, elaborated from the
perspective of the observer. There are several antecedents from philosophy and from science, which
justify this way of analyzing the biological, psychic and sociocultural reality of man. By using the
same tool, we are approached the scientific method and explananed the structure of theory and
research models. We use transcurssive logic, as we call the method we have developed, to
characterize a "semantic-relational transform." That is, as the temporal evolution of a relational
structure allowing the delimitation of the fundamental elements that intervene any original approach
made of the real dynamics. Then, in the case of scientific problems, it can be applied to them; the
rigorous process of analysis, organization of available material, ordering, and criticism of the ideas
required by the current methodology so that what is obtained is valid scientific knowledge. In this
way, guidelines are given to favor both creativity and discovery, by simultaneously opposing the
observer to the observed, through quantitative and qualitative transformations. Numerous examples
of successful application are provided in different areas of human knowledge. From all of the above
arise the methodological foundations that are summarized as: a) Find the fundamental elements that
characterize a phenomenon. b) Depending on a pair of conflicting attributions, assign them an
operative identity; ¢) With the fundamental elements and the transformations that link them, form
an algebraic group of permutation, which acts as a "basic dynamic pattern" while at the same time
ensuring the appropriate methodological adjustment, and d) Any transformation that does not
belong to the "basic pattern" can be used to transfer to a new system, representative of another
phenomenon, the fundamental aspects of known systems so that once they conform to the generic
pattern, we can explain the new phenomenon.

Keyword: scientific theory and explanation, scientific method, methodological foundation,
creativity, transcurssive logic.
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1.0 INTRODUCTION

On the banks of the Rhine, a beautiful castle had been standing for centuries.

In the cellar of the castle, an intricate network of webbing had been constructed
by industrious spiders who lived there. One day a strong wind sprang up and
destroyed the web. Frantically the spiders worked to repair the damage.

They thought it was their webbing that was holding up the castle.

Morris Kline, 1980, p. 277.

Philosophy and Science, as diverse branches of knowledge, harbor a logic that sustains them and
gives the possibility that the first justifies the second. However, this is not the only coincidence or
relationship since both in addition to trying to found a set of statements about reality, constitute a
method.

The methodological value provided by both philosophy and science is multifaceted. Basing
an argument to reach the truth is proper to philosophize. While to elaborate a hypothesis on a real
phenomenon, in order to look for an element with what to measure and to elaborate an experiment
that allows corroborating the hypothesis, it is in itself a scientific task. Despite the apparent
methodological differences, both pursue a common goal to explain the facts.

The nature of this explanation, although it is show in different ways according to the
perspective from which it is analyzed, actually obeys a composition of similar basic elements. In
this paper, we will try to base a useful methodology to approach the investigation of real
phenomena, in search of an adequate explanation of them, elaborated from the perspective of the
observer.

2.0 EXPLANATION

Explanation is not so much to clear the facts of what prevents us from understanding, as an attempt
to make them compatible with the beliefs, principles, and convictions that make up our knowledge.
Given that reality manifests itself to us as a continuous, indefinable and persistent process,
explaining its facts will require making at least some of its fundamental aspects ostensible.
Following the proposal by Aristotle (2007, Book II, Chapter 3 - The causes) we will start from the
mere apprehension of the "what" to reach the first cause, to true knowledge, to an explanation of
"why" the phenomenon is analyzed.

We could assimilate a real phenomenon, by using a day-to-day frame of reference to the
Cartesian system that we use to represent space. In its three dimensions, we will have three basic
aspects that will allow us to characterize any phenomenon: "what" makes it manifest, "how" it does
it and "when" it occurs.

Fig. 1. Explanation of a phenomenon

OBSERVE PREDICT S
{what) {when) ®[*
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=| R
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To achieve our goal, we will turn to the argumentative options of the basic modes of
reasoning provided by Philosophy (Aristotle, 2004), Logic (Peirce, 1878) and Science (Samaja,
2005). On the other hand, we will take with a certain license and as a guide, the nomological-
deductive model of Carl G. Hempel (1965).

In Figure 1, we see a subject (S = 1D) observing the "what" of any phenomenon (1D). This
observation is not made impartially but is conditioned by a "pattern" (Samaja, 2005, p.106) taken by
analogy, as an "implicit universal individual" (Hegel, 1982, T.II, p. 392). This way of "observing"
will allow the observer, to extract from the "analogous rule" (known), the rule of the analogate
(unknown) phenomenon. The "analogous rule" does not derive from observation itself, but from
praxis. By an abductive mechanism (rule (pattern) + result — case), which contributes on existence
and actuality, we can achieve the "how", that is, describe the observed phenomenon, thus obtaining
the antecedent event demanded by the nomological-deductive model, as its explanandum or object
(O =2D) of the observation (Hempel, 1965, p.246).

An inductive mechanism (result + case — rule) that tells us about generality allows us to
predict the phenomenon ("when"). That is, to assign a general law, which is none other than the one
provided by the "pattern", and so, based on experience (in a habit or custom) (Hume, 1894, p.44) to
expect in the future a succession of events similar to those that appeared in the past, in similar
situations. We have reached the third dimension (3D) that characterizes our phenomenon, or the
"general law" that in appearance, directly relates the observer subject and the observed object (V =
3D).

Finally, a deductive mechanism (case + rule — conclusion) that promotes possibility and
potentiality allows us to arrive at an explanation of the phenomenon that we are analyzing. The
explanation obtained is independent of both the observer and the observed phenomenon, that is why
it is "dimensionless" (V = 0D). One’s "absence" in the Cartesian system, in reality, tells us that it is
projected in a fourth dimension (4D = coordinate axis inscribed in the figure). It represents an
indirect (or qualitative) relationship between the observer and the observed, so it is impossible to
detect it.

3.0 UNIVERSAL PATTERN

In the previous point, we have verified that it is possible to move from the "what" to the Aristotelian
"why" of a phenomenon, taking as a guide a pattern that provides the general law from which, by
deduction, arise a conclusion, an explanation or the cause (s) determinant (s) of the phenomenon
that we are analyzing. This was possible by integrating inductive and deductive reasoning with
reasoning by analogy (abduction). Such an elaboration would cease to be pure conjecture if we were
able to find as a pattern an "implicit universal individual," inductively providing a general law
based on a "sample" that encompasses the entire universe (ideal induction). In this way, it is
possible to avoid the criteria of the critical approach that Hempel makes about induction, in his
logical theory of confirmation (Hempel, 1965, p.5)

Thus, we propose a complementary research method. The main foundation of this proposal
lies in having discovered that the interrelationships maintained between the fundamental aspects
that define any phenomenon (real or not), constitute a "universal pattern" based on a group of
transformations. An invariant that respects the principle of symmetry and, therefore, adheres to the
principle of "uniformity of nature" elaborated by J. S. Mill (1882, p.400), as the foundation of
induction. Principle confirmed by Emmy Noether (1915-1918) when he demonstrated the
conservation of natural laws over time, by relating in his theorem, the symmetry of a system with
quantities that are conserved.

The first outline of a possible universal pattern emerges when reading the "Poetics" of
Aristotle.

"I explain the metaphor by analogy as what can happen when, of four things, the second
remains in the same relation to the first as the fourth to the third; then you can talk about
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the fourth instead of the second, and the second instead of the fourth." (Aristotle, 2011,
Chapter XXI, 1457b).

In symbols, it would be 2 : 1 :: 4 : 3. That is, the second is to the first as the fourth is to the
third. This, in addition to expressing two oppositions by complementarity, represents the germ of all
Aristotelian logic.

It is curious, but the DNA molecule, the basis of the genetic code and life, turned out to be
structured in the same way. Figure 2 shows the arrangement of its nitrogenous bases (cytosine,
guanine, adenine, thymine) in opposite pairs. Both the decimal codes (which give their order or
"relational valence") and the binary codes (which identify the pairs of opposite and complementary
bases) assigned, have a solid foundation. The former is based on their electrochemical structure
(number of nitrogen atoms with sp2 hybrid orbitals). While the seconds depend on the chemical
structure (presence or absence of different heterocyclic rings).

Fig. 2 DNA Molecule (Salatino, 2009)
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The assignment of binary codes to the basic components of the DNA molecule allowed us to
demonstrate that this composition of abstract elements conforms, structurally, a permutation group
or Galois group. From the functional point of view it also represents a "connection" of Galois, that
is, the opposition of two aspects through another opposition.

"Different interests that lead to different procedures can gather evidence that can then
materialize in an empirically grounded worldview." (Feyerabend, 2001, p.184)

The aphorism of Van Fraassen (1989) "Similar problems have similar solutions", and the
fact that DNA is a "universal pattern", a series of practical examples were taken to demonstrate the
relevance of the method of searching for a basic relational pattern as part of the solution of a given
problem.

4.0 GENERIC GROUP
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To address the different approaches, to which we should find a solution or an explanation, a tool
based on a generic Galois group was built.

Isolating the essential or relevant structure of a phenomenon is equivalent to defining a
group of transformations that, once applied, leave the problem, essentially, in the same situation
from where it started (invariance). These transformations are the "symmetries" of the problem
(Noether, 1918) With the essential aspects formed a group (a logical-structural arrangement) which
we call PAU (Universal Autonomous Pattern), and the solution consists of a rule ( a function) that
depends only on those basic parameters (Figure 3).

Fig. 3. Generic Group

A >V
U

11

'1— V Apparent translarmation

a
0
1
1
0

0 — % Non-apparent transtormation

v B
In the previous figure we see two essential aspects of any phenomenon (A and B) and the
relationships that they keep with each other through two transformations: a superficial or apparent
(V) and another hidden or profound (V). The way we have to identify each of these elements is
through the individualization of some characteristic that is specific to each essential aspect (o and
B). According to the resulting binary codes, A is identified as having the characteristic 3, but not the
a. On the contrary, B is identified as having the characteristic a, but not the . This is telling us that
A and B are opposites concerning the characteristics o and 3, which are mutually exclusive. The
transformations are distinguished because, the superficial (V) has both characteristics (o and ) of
the aspects it relates (A and B), is what we call co-presence or organization, or what is evidenced in
any phenomenon that is being observed.

The profound transformation (V), on the other hand, shows a total absence of the
characteristics that identify the aspects it relates (co-absence or disorganization). As we can see, as
with the essential aspects (A and B), here the transformations V and V are opposite. Both pairs are
also complementary, since added give the apparent unit (11), which is nothing but the evident or
superficial transformation (the organization). It is thus formed an opposition mediated by another
opposition (Galois connection).

In the scheme of the figure, it is observed that between A and B there exists, in addition to
the direct relationship, mediated by a transformation that we have described, an indirect relation
between them shared by the two cycles that have been formed. A superficial one dextro-rotated (in
the clockwise direction) that represents the symmetries of rotation of the system and constitutes the
"objective or quantitative pole", and a deep one of left-handed rotation (in the anti-clockwise
direction) as an evidence of reflection symmetries of our universal pattern and represents the
'subjective or qualitative pole'. The opposite turns are another way of complementarity that ensures
the simultaneity in the operation of both cycles, where both the quantitative and the qualitative
aspects of any real phenomenon or not must be present at the same time (heterarchy).

Finally, so that the whole system is not just an inert structure, there must be a rule or
function that sets it in motion. This rule (® = XOR) allows to 'move' superficially, to the right
(quantitative or apparent transformation) each of the elements of the level to take the place of its
successor in the sequence, without losing
its own identity (symmetry of rotation), until the system returns to the beginning from where it
started. With the previous operation, we assume that we have reached the solution of the problem
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posed by the observable aspects of the phenomenon. At a deeper level, and as it could not be
otherwise, the rule or function used is the opposite of the superficial one (¢ = XNOR or
equivalence), which allows elements of the system to be moved to the left. Here, when the system
returns to the original disposition, after the successive qualitative transformations, we obtain the
complete solution to the problem (reflection symmetry). In short, it is this level, that aspects that
characterize a phenomenon, the determinant of what the same phenomenon, shows us in
appearance. What unites the two levels is the experience that arises from having solved, sometimes,
a similar problem.

The relational structure that we have used meets the characteristics that identify a
permutation or Galois group. 1) Closure: the application of a composition transformation (XOR) to
a pair of its evident elements produces another element that belongs to the set. 2) It has a neutral or
identity element (00) such that composed with any other element it does not modify it; 3) Each
element of the set has its inverse, such that composed by a transformation, they give the neutral
element. 4) Associative property: all the compositions achieved through a certain transformation are
independent of their grouping. 5) The closing of the conjugate: there is an opposite transformation
to the composition (XNOR) that, applied to the non-evident elements, produces another element of
the set.

5.0 PAUs LIBRARY

To face the analysis of a great diversity of phenomena, which we consider as if they were systems,
we have several types of PAUSs. These relational structures are always shaped by the same generic
and fundamental elements, only varies in each type, the sequence of their relationships (Figure 4).

Fig. 4. PAUS Library
Structural PAU Functional PAU Cyclic PAU  Bicyclic PAU Hemicyclic PAU

11 11 1I] IZI’IE 11 U‘I 11 01
1II] 01 ﬂﬂ 00 10 DIIJ 10 {I'D

5.1 Structural PAU

This relational disposition is useful when we must analyze a system (composed of subsystems) that
interacts with its immediate environment. Here, the function of the system depends, exclusively, on
its relational structure. It handles the dynamics

generated by only two variables (opposite and complementary) and does so through basic binary
operations (XOR (@) and XNOR (©)). Application examples: Neurophysiology (Neuronal and
cerebral functioning), Psychology (Psychic time, Psychic structure and function, Psychoanalytic
theory, Subjective reality), Organic Chemistry (Bistable systems, DNA), Medicine (Immunology of
pregnancy), Logic (Laws of equivalence , Dialogics), Mathematics (Theory of groups, Differential
equations, Fundamental theorem of algebra, Statistics), Physics (Electromagnetism, Theory of
relativity, Quantum physics, Particle physics, Automatic control, Electrical circuits), Art (Literature
(tales of Borges), Painting (Escher's work), Music (language and musical composition), Creativity),
Biology (Genetic code, Formation of the organs of flowers), Linguistics (Acquisition,
understanding and production of natural language), Astronomy (Copernican Revolution),
Economics (Quality control), Philosophy (Epistemology), Science (Scientific research,
Methodology of research), etc. (Salatino, 2009, 2012, 2013, 2015, 2016, 2017, 2018).

5.2 Functional PAU
It allows address systems that represent an assembly of two or more structures to alternate in their
functions. It can handle two or more variables through hybrid binary operations (< (O®) /
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(®0)). Examples: Economics (Economic theory, Game theory, Nash equilibrium), Theory of
Evolution (Adaptation, natural balance, readaptation), Philosophy (Classification of sciences, On
knowledge according to Plato, Scientific research), Psychology (Behavior and conduct,
psychoanalytic theory) (Salatino, 2013, 2015, 2017¢)

5.3 Cyclic PAU

This PAU allows the analysis of systems where its two levels (superficial and profound) show an
explicit heterarchy. That is, its dynamics are activated by a single operation or by the use of both
basic operations at the same time. This way of projecting the transformations causes the golden rule
of this approach to be violated: "The profound level of a PAU, always cycles in the opposite
direction to the superficial level." Here, the profound level is " dragged "by the superficial level, so
that a single cycle is formed. Examples: Physics (Maxwell's Law, Stepper Electric Motors,
Electrical Circuits), Mathematics (Statistics, Logarithms) (Salatino, 2016, 2017).

5.4 Bicyclic PAU

The use of this PAU is convenient when the system analyzed shows a behavior that could be called
"oscillatory," due to the cyclic variations that its dynamics show. However, it also allows us to
study systems that show hysteresis in its different modalities. Thus, it allows describing both the
tendency of a material to conserve some of its properties in the absence of the stimulus that
generated it, and those systems, structurally stable, that tend to manifest discontinuity (abrupt
changes in behavior) or divergence (positive feedback). It is possible to analyze systems where their
current state depends on their previous history, but if the behaviors are reversed, never return to the
initial state. Examples: Physics (Electromagnetism, Electrical circuits, Chemistry), Philosophy
(Conceptual evolution), Psychology (Behavior and conduct), Sociology (Competitive behavior,
Models of organizational change, Models of social evolution), Economy (Unemployment rate),
Logic ( Laws of implication), etc. (Salatino, 2017, 2018).

5.5 Hemicyclic PAU

We can use a hemicyclic PAU when our objective is not to analyze separately the elements that
determine, in appearance, the functioning of a system, as we do with a structural PAU, but to try to
separate appearance of reality, as in a functional PAU. But unlike the functional PAU, here the
phenomenon is approached from the direct relation of its fundamental elements and not from its
transformations. Therefore, the separation between appearance and reality is achieved regardless of
the functional alternation to which the elements considered may be subject. Examples: Science
(Methodology of research), Mathematics (Concept of limit, Derivatives), Physics (Changes of state
of matter), Neurobiology (Neural action potential), Psychology (Psychic functioning), etc.
(Salatino, in press).

6.0 SCIENTIFIC METHOD
The scientific method is the main producer of knowledge in science. Based on the empirical and in
the measurement, it is subject to specific rules of reasoning. (Newton, 1997, p.461)

All research is defined by an 'object of study' and by a method that enables its analysis. The
'object of study' always has to do with some portion of the reality that is intended to study, since
science is, in short, a way of observing reality.

The Transcursive Logic (TL), as we call the method we have developed, also constitutes a
way of scrutinizing the real, but it does so from the perspective of the subject (from the observer)
and not only from the obvious or apparent manifestations that it provides us the empirical. Its
'scientific' quality is reflected in the following considerations. Scientific knowledge (the product to
be achieved through research) accepts two variants: the abstract (based on theories) and the
empirical (based on the facts). The scientific method, on the other hand, also admits a couple of
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options: validation and discovery (Samaja, 2005, p.41). Since discovery is not comparable to facts
nor validation is to a theory, it is imperative to contemplate its 'logical product.' (Figure 5)

Fig. 5. PAU of scientific research

DISCOVERY REAL FACT
1 1
0 1 -discover through a theory
1 0 -validate through the facts
0 0 1 1 -discover through the facts
0 0 -wvalidate through a theory

THEORY VALIDATION

The above scheme suggests that research always consists of a combination of procedures
aimed at discovering something and procedures to validate what has been discovered. Accordingly,
we do not transgress the scientific norm if we used a method that adapting to the scientific
knowledge we want to achieve, provide us with the necessary tools to validate what we discover
(diagonal in the diagram), which would be equivalent to discovering through a theory (code 01), as
occurs, for example, with theoretical physics.

7.0 ANTECEDENTS

7.1 Babylonian tablets YBC 7289 — MS 3050

The first antecedent of a relational structure similar to a PAU is found in a pair of Babylonian
tablets (YBC 7289 - MS 3050) (Friberg, 2007, p 210), about 3800 years old. In the YBC 7289
tablet, with only one figure and three numbers, it shows us that the Babylonians knew that the
diagonal of a square is equal to the product of the value of its side by V2. This implies that they
were familiar with what we know as the Pythagorean theorem, 1200 years before the Greek
mathematician was born. It also, shows that they used a sophisticated calculation method since they
practiced trigonometry based on relationships, not on angles and circles. Their trigonometric tables
determine two unknown reasons for a right triangle, using only a known relation.

Fig. 6. Babylon PAUs

sin(45%) = 12
cos(45%) = 1/+/2

sin(315%) = -1/\2
cos(315%) = 12

sin(225%) = -1/42
cos(225°%) = -1/+/2

sin(135%) = 142
cos(135°) = -1/42

KZ+},!=1

Making use of the previous considerations, we have superimposed (Figure 6) the value of
the calculation of the variables that define the diagonals of the square proposed by the Babylonians.
It can be verified that they correspond to the equation x2 + y2 = 1, that is, to the Pythagorean
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theorem for the case of a square inscribed in a trigonometric circle, represented in the MS 3050
tablet. If we assign '0' to the negative term ( -1/ \2) and '1" to the positive term (1 / \2), we obtain
the binary codes that denote the aforementioned relationships. These codes are not other than those
assigned to a PAU and, therefore, meet the requirements of a group. It is easy to verify that the
values housed in opposite vertices are reciprocal (opposite) and complementary, since the sum of
their products, in absolute values, is worth 1:

(sin (45°) x cos (45°) + sin (225°) x cos (225°) =1
(sin (315°) x cos (315°) + sin (135°) x cos (135°) =1

The mathematical representations of the analyzed Babylonian tablets fulfill the requirements
demanded in this work to define a PAU.

7.2 Plato
Another antecedent of our approach, we find it in the solution that Plato gives to the paradox of
Zeno in the "Parmenides."

"If there is a multiplicity, the same things must be similar and unlike. It is impossible
for the like to be unlike, and for the unlike to be similar. Consequently, there is no
multiplicity.” (2007, 127d)

The paradox is posed as a modus tollens. Plato, in the words of Socrates, solves it in the
following way:

"If there are multiple things, since they are multiple, they must be different. In that
sense, they are dissimilar [union]. But, since all of them are dissimilar, they have all the
same affection - that of being dissimilar - and for that reason, they are similar
[separation or selection]. "(2007, 130a) (the annotations between [] are own)

It can be argued that this solution is impossible. Indeed, it is impossible if it is posed from
its "conceptual content," since, in this way, we cannot distinguish "thing" from "property", nor
"subject" from "predicate". But it is not, from the relationship between the "continents," where the
following circumstances occur:

Fig. 7. PAU paradox of Zeno
SHAPE MULTIPLICITY

S |01 11|V Diffarent | Similar
1 -- Subject (shape)
0 --- Object (particular thing)

Slabcs o

— .:: 1 1 -— Evident transformation (multiplicity)
[ 0 0 --- Hidden transformation (unity)
Vw00 i0wO
¥ ¥ pi
UNITY PARTICULAR

THING

According to Figure 7, it can be admitted according to Socrates, that "a form is a unit on the
multiplicity of particular things." These interrelationships, which in the static content of an apparent
system (objective reality), would lead to a "return" to infinity," in a dynamic system (subjective
reality) is a return to the same place, but a time later. The record of the evolution of the structure
(experience, history) of a real system through time, of its elapse.
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7.3 Aristotle

Aristotle in his "Physics" provides a new antecedent of this particular framing of the real. We must
bear in mind that in the Greek tradition, the word "physiké" did not call a special science like
Galileo's, but rather it designated everything that exists in the universe: the cosmos, inert matter and
living matter, represented by plants, animals, and man. From this conception, the physis becomes
the great protagonist of the passing of the real, of what is and happens, and will have as a thematic
target, the movement [the transformation] (De Echandia, 2007, p.9). Thus seen, Physics will be the
analysis of the physical according to its empirical manifestations, and as the foundation of
appearances, as well as its explanatory argument. This approach is superior to the Parmenidean
duality " appearance/truth”, in that it considers the diversity of sensible movements as
manifestations of the nature of things (“Physics”, 191a25).

The Aristotelian conception of the physis, in some way, is a platonization of the legacy of
the Ionians by accepting a "real fundamental nucleus" [the deep level of the qualitative], but also
admits, which makes things end up being which are, its Eidos, that is, its external or apparent aspect
[the superficial level of the quantitative]. Thus, the form ends up being what internally configures,
things and the knowledge of the physis, according to its unmistakable empirical manifestations,
which makes things "express." Both aspects allow understanding the Aristotelian theory of
movement. The movement, as an empirical fact, is presented according to its sensible appearances,
leaving a record of its passing. Consequently, the theory must start from the experience [history of
the system] and build its "sense," its knowledge, so that it agrees with the observed facts (“About
the sky”, 306a6).

In the Aristotelian observations, we find a high degree of coincidence with what is proposed
by the Transcurssive Logic (TL). In them, the fundamental elements used by the TL are displayed
to define the observed reality and to try to explain its operation. Perhaps, the most important thing is
to consider the "passing," as the "wadi" to follow to couple the group of transformations that
demarcate the structural evolution of a system and build its history.

7.4 Felix Klein

A closer antecedent is Klein's work on groups of transformations applied to the Erlangen program
and non-Euclidean geometry. To unify the geometric investigations, it was decided to determine
what they have in common and in what different branches of Geometry they differ, taking as the
only parameter, the familiar notion of space.

To achieve the above, the notion of "group of transformations of space" is invoked. This
notion is based on the fact that the composition of any number of transformations of space always
produces another transformation. A group of transformations is constituted when the set has the
property that any transformation resulting from the composition of a pair of them also belongs to
the set. There are transformations of space that do not alter at all the properties of the figures since
they are independent of the position occupied in space, of its absolute magnitude and finally also of
the sense in which its parts are arranged. The displacements in space, the transformations of
similarities and those of symmetry do not alter the intrinsic properties of the figures. It is known as
"main group" the set of all these transformations. The geometrical properties are not altered by the
transformations of the "main group."

Klein, in 1882, showed that any surface could be represented by a portion of the plane using
a polygon in which the points on the sides were properly identified. For demonstration, it was
necessary not to take into account the distances (the content), and only to consider the identification
of each side (the continent) to preserve the relations that they maintain between them. A square, for
example, can be transformed into a bull, without the intrinsic properties of the figures have changed
(Figure 8).

62



International Journal of Research & Methodology in Social Science
Vol. 5, No. 1, p.63 (Jan. — Mar. 2019). ISSN 2415-0371 (online)

www.socialsciencepublication.com; DOI: 10.5281/zeno0do0.2667563

Fig. 8. Topological PAU

S > L)

Thus, Topology emerges as a branch of Geometry, according to the Erlangen program. In
effect, the topology referred to the study of the properties of surfaces that remain invariant under the
action of a group of transformations (homeomorphisms). Interestingly, although Klein has not
mentioned it, if we consider the points that identify the sides of the polygon (Figure 8), we see that
they also form a "group", the one that identifies the fundamental elements which define the surface,
and can project the transformations. That is, they form a PAU.

7.5 Emmy Noether

Inspired by the works of Hilbert and Klein, Noether through a theorem gave a solution to the
elusive problem of conservation of energy in the relativistic theory. This approach ended up
offering a general frame of reference that allowed us to understand the topic of the conservation of
energy in physics, beyond the theory of relativity.

Emmy Noether realized that the principles of conservation of energy were related to the
"groups of transformations" and to the "invariants." These last ones that were determined by her,
both in the plane, as in the space, from the mathematics, imply a group of changes and something
that remains fixed under the effect of those changes. This analysis of real phenomena through
models reveals important properties of the phenomenon that we want to study.

Fig. 9. Algebraic PAU
y
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Axes: -1 =0-@: XOR - O: XNOR - « / %: hybrid

In Figure 9, if we take the values of the axes -1 = 0, binary code can be assigned to each
quadrant. This code represents the solutions, in each quadrant, to the equation proposed which
coincide with the circumference. Through the usual and hybrid operations, you can "rotate" for each
of the solutions. The example shows the connection that exists between formulas, shapes, equations,
and figures of the plane or space, using the idea of an "algebraic invariant." This allows applying
certain transformations (translations and rotations) that show the correspondence of a law of
symmetry and its corresponding conservation principle with energy, with angular momentum and
with linear momentum.

Through a common abstract algebraic structure, which uses only the sum and the product,
one can discover the intrinsic connections underlying problems, which, appear to be different.
Something, the latter, which represents almost absolutely, what is proposed by this work.

7.6 Mosterin

A final antecedent of what is proposed in this research as method comes from the contributions of
Jesus Mosterin (2003), in "Concepts and Theories in Science." The author tells us (p.203) that if we
want to characterize the same structure projected in different systems, we need a procedure that
allows us to describe that structure. This description must be independent of the systems that carry
it out. This procedure - continuous - consists in the introduction of an extension of our language
through the use of mathematical notions, and especially of "conceptors" (In our case, continents). A
"conceptor" is a substitute, which in some way allows one to think, in innumerable different
concepts (in our case, content), corresponding to the history of countless different systems.
However, all these systems have something in common: a structure.

7.6.1 Theory of a structure

Mosterin shows that in any theory appear words (particle, mass, force, etc.) that do not express
concepts [content], but "conceptors" [continents — Mosterin, p. 205]. On the other hand, he argues
that if a system is a model of a theory, if it expresses the corresponding structure [if it is functional],
then we can substitute the "conceptors" by concepts in the theorems, thus obtaining true ideas about
the system in question.

Mosterin asserts that defining a structure is the same as formulating its theory. It is
necessary to specify which are "conceptors" [continents] combined to make up the axioms, and
what logic determines the relation of consequence between axioms and theorems. With this we
would resolve mathematically, and univocally, the structure and its theory. However, this whole
complex is independent of the empirical reality of the world. The latter gives foundation the
subjective approach that TL makes from the observer.

8.0 EXAMPLES
To demonstrate the relevance of the approach to reality, of the statements made by science, and
even of any human manifestation, from the point of view of the observer, and under the protection

of'a "universal standard," we will elaborate some examples.

8.1 Theoretical structure
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Fig. 10. PAU of a theory
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Figure 10 shows the relational pattern formed by the fundamental aspects that characterize a
theory or system of concepts according to the following proposal of Hempel, analyzed from the
Transcurssive Logic.

“A scientific theory might, therefore, be likened to a complex spatial network: Its terms
are represented by the knots, while the threads connecting the latter correspond, in
part, to the definitions and, in part, to the fundamental and derivative hypotheses
included in the theory. The whole system floats, as it were, above the plane of
observation and is anchored to it by rules of interpretation. These might be viewed as
strings which are not part of the network but link certain points of the latter with
specific places in the plane of observation. By virtue of those interpretive connections,
the network can function as a scientific theory : From certain observational data, we
may ascend, via an interpretive string, to some point in the theoretical network, thence
proceed, via definitions and hypotheses, to other points, from which another

interpretive string permits a descent to the plane of observation.” (Hempel, 1952, p.
36).

As shown in the diagram, there are aspects that depend on the observer (the theoretical
concepts). There are some that depend on the phenomenon observed (the empirical concepts). There
are "correspondence laws" that directly relate the previous two. Finally, there are aspects that relate
the theoretical and the empirical in an indirect and unobservable way (the derived concepts). The
binary codes correspond to the attached table of assignments and serve to identify and operate with
each one of them when analyzing the dynamics of the system.

The theoretical concepts and empirical concepts related by the "laws of correspondence"
elaborate a "model" that will be used to test a hypothesis (superficial or apparent level - green
triangle). When the results obtained with the operation of the model do not coincide properly with
the real phenomenon, that is, when the theory does not predict the phenomenon and therefore does
not explain it, adjustments must be made. The way to adjust the model is to bring the theory closer
to the facts. This is achieved through the derived concepts, which in a non-evident way (deep level
of the system) and with a lower level of abstraction, contribute new definitions to the theoretical
concepts that help verify the initial hypothesis.

The operability of the system is demonstrated through the Boolean operations that appear at
the bottom of the previous diagram. There one can see the way in which an emulation of the
dynamics of the system is achieved. This dynamic consists of two cycles: one superficial
(clockwise) and governed by XOR (®) and one deep (also clockwise) managed by XNOR (©) or
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equivalence. The first iterates several times until adjustments are needed where the second is
triggered, then back to the first.
In (TL) this relational pattern is known as hemicyclic PAU.

8.2 Research Model

Figure 11. PAU OF A RESEARCH MODEL
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(Method of "trajectory analysis" or multiple regression - Wright, 1921, p 557)

As proposed by Diamantopoulos & Siguaw (2013, p.1), when we analyze any phenomenon
through a model, we have to measure what is represented by two "constructs": the observable
variables and the latent variables that are not observable. The observable variables "reflect" the
latent variables. Therefore, they are also called "reflective indicators." In turn, both constructs can
be dependent or independent. Now, if a variable is not influenced by or does not depend on any
other variable in the model, it is an exogenous variable. The exogenous variables always act as
independent variables. In the model the variable that is influenced by or depends on other variables,
is known as an endogenous variable. It must be borne in mind that endogenous variables may affect
other endogenous variables. Endogenous variables that affect others can act as independent
variables or as dependent variables. Empirical measures (observable variables) never have a perfect
validity and reliability, therefore, a "residual term" contemplating "inexplicable variations" must be
included in the model. There are two types of error that must be considered. The measurement error
(also known as "error in the variables") and the structural error (also known as "error in the
equations").

In the previous scheme, all the described elements are registered, but, also, the dynamic
aspects of the model are included. The sequence elaborated from the TL is the following: The non-
observable sustenance of the whole system is the independent latent variable (v) (V in TL) since it
does not depend on or is influenced by any other model variable. The latent dependent variable ()
and the independent observable variable (x) depend on it. On the other hand, the dependent
observable variable (y) depends on the latent dependent variable. Finally, as usual, the dependent
observable variable (y) depends on the independent observable variable (x). We see that y
constitutes the end of both "routes" since it represents the final result of the operation of the model
and what we are going to contrast with the actual phenomenon analyzed. According to the
previously mentioned relations, v is doubly exogenous (00), and y is doubly endogenous (11). The
table of assignments attached to the scheme completes the identification of the variables according
to their respective characteristics.
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Both "routes" are justified by the binary operations (hybrid <) placed on the bottom and

left side of the scheme, which starts at 00 (v) and ends at 11 (y). As for the necessary adjustments

for errors made in the estimates, they are recorded, the "measure," returning from the result

obtained (y) to the "source" (v) carrying the corresponding correction. This is manifested by the

binary operations placed on the top and right side, respectively. While, the "structural error" is

nothing that can be corrected from outside the model, but from within. That is, the equations must
be adjusted, those that represented by V, constitute the basis of the modeling.

8.3 Matter

We will take as another example the concept of "matter." This concept, frankly elusive, we will
approach from the proposal made by Aristotle and from particle physics, through the standard
model. We do not intend with these examples to express value judgment regarding the scientific
pertinence of these proposals. Rather it is an approach that will allow us to better understand each of
the proposals, and also to certify that the method suggested by the TL can be applied to any area of
knowledge, as something has already been proven throughout the work.

8.3.1 Aristotle
"The concept of matter is not a scientific concept, but a philosophical one" (Mosterin, 2003, p.121).
Introduced in philosophy by Aristotle, today can serve to clarify, in part, the problems posed by
particle physics.

Aristotle assumes that all things have as distinctive aspects a matter and a form, that is, they
make up a system or set of elements (matter), provided with structure (form) (Figure 12).

Fig. 12. PAU of the fundamental components of the matter
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We see in the previous diagram the dynamic relationships (the forms) that link, affecting,
the fundamental elements that define the matter. The attached table of assignments justifies the
binary codes that we have used to identify each element, or, rather, the "continent" of each one of
them. For this, the different forms that the subject can adopt have been used.

Moving from one element to another is "simulated" by the logical operations ® (XOR) and ©
(Equivalence), alone or combined. (<?/ *). These transformations suggest that the content changes,
but not the continent of each element, which as we see in the table, there is one (a logical operator)
for each transformation.

It is possible to follow the sequence of the PAU and to verify that, at least in the appearance
and sometimes, in reality these transformations are fulfilled. Thus, if the water is heated it is
transformed into the air (evaporates). If that steam dries, it turns into the fire (forest fires). If the fire
cools, it becomes earth (volcanic magma). If the earth gets wet, it becomes water (alluvium). There
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is a real way in which the water is transformed, directly, into the fire, by heating and simultaneous
drying. This is what happens, for example, when water is heated to such a temperature that its
molecular bonds break down. Water disappears as such and transforms into two gases: hydrogen
(fuel) and oxygen (comburent), which produces fire.

8.3.2. Particle physics (Standard model)

In the 1940s, it was possible to determine experimentally that the atoms consisted of electron clouds
(negatively charged particles) that orbit a compact nucleus located at its center. The nucleus, in turn,
was made up of protons (positive charge) and neutrons (without charge). These particles arranged in
a variable number determined the identity of the chemical element to which the atom belonged. But
then it was learned that the elementary particles of the nucleus were composed of smaller particles
(quarks). That there were subatomic particles that explained the "strong interaction" that holds
protons and neutrons together inside the nucleus. In special situations like when a star collapses, it
appears by disintegration (weak interaction), another group of subatomic particles. (Lederman &
Hill, 2004, p.35). The process that destroys a star transforming it into Supernova, the  decay,
constitutes a remarkable example of weak interaction, and it is where the following phenomenon
occurs: p' + e — n° + v° (proton + electron — neutron + neutrino) (Figure 13).

Fig. 13. PAUs of the elemental forces
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Figure 13 highlights the fundamental interactions that complete the standard particle model.
These forces (equivalent to the Aristotelian forms) are (Figure 13, left): the electromagnetic that
binds the electron to the nucleus and whose carrier is a boson that lacks mass and electrical charge:
the photon (y). The strong nuclear force, which links the proton and neutron within the nucleus, as
well as the quarks that compose them. Its carrier is the massless boson called gluon (g). The
neutrino, with no electrical charge and with very little mass, interacts with the other three particles
by the weak nuclear force. (Figure 13, right) In some way, it also fits the Aristotelian intuition of
matter, since, when transforming some nuclear particles in others can produce a transmutation. That
is, by varying the number of protons (atomic number) that is what defines a chemical element, one
can transform, for example, lead (82) into gold (79) by eliminating two protons from the nucleus of
the lead atom.

From our approach, we could risk a summarized standard model, where it becomes evident

that the opposing fundamental forces (forms) that affect matter arise from local processes. (Gell-
Mann, 2003, p 195) (Figure 14).
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Fig. 14. PAU of the standard model
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References: no: neutron - p': proton - d (p"): down quark of the proton - u (n°): Quark up of the
neutron v°: neutrino - y: photon - g: gluon - w, z, H: bosons

In the previous figure, based on algebra, group theory and symmetry (as in the standard
model of particles) we can see the interactions between the four elementary particles that constitute
the "heart" of matter: e ( electron), u (quark up), d (quark down) and v° (neutrino).

The intermediate bosons w and z, which are mediating particles of the weak nuclear
interaction, complete the model. They are in charge, in general, to change the taste of other
particles. The w-boson intervenes in the § decay in which a neutron becomes a proton and emits an
e and an antineutrino. While the z-boson intervenes only as a carrier particle of "linear
momentum." When two particles exchange a z- boson, one passes the "moment" to the other. This
is called "neutral current interaction." None of the particles change the flavor. Finally, the Higgs
boson (H) has a fundamental role in the mechanism that originates the mass of elementary particles.

The bosons intervene in everything we know of the universe:

v (photon): ontogenetic life (electrochemistry)

g (gluon): phylogenetic life (sun, light, energy)

w, z (intermediate): radioactivity

H (Higgs): transform energy into mass

8.4 Lorentz group

Group theory is the language of symmetries. The Lorentz group is the group of all the Lorentz
transformations of Minkowski's four-dimensional space, the classical composition of all non-
gravitational physical phenomena. Here we see a simple way to represent a Lorentz group showing
its composition, its transformations, and its symmetries. This group shows two symmetries, a
continuous (infinitesimal) or rotation and a discrete or reflection. On the other hand, the set of all
the transformations of the group is divided into four disjoint subsets, called "pieces." In turn, these
"pieces" are linked by three discrete transformations: space-inversion, time-reversal, and total-
inversion, so that all can derive from one of them. That is, they constitute a PAU.
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The basic algebraic operations justify the group dynamics. That is, "arrive" from time to
space by means of the two symmetries, using color codes instead of matrices.

9.0 CONCLUSIONS
Analyzing reality from the scientific point of view requires at least three levels be explored: that of
the "subjective reality" or of the observer that in this work is postulated as the sustenance and
determinant of the other levels, which is based on A belief." The "objective reality" is the level
traditionally addressed by science and where you can choose different forms or theories from which
to observe and measure the real, which is based on evidence. The "bounded reality" is explored and
valued the object of study of an investigation, which is based on experience.

The 'common thread": 'belief — evidence — experience' constitutes, in turn, a PAU that
assembles the fundamental elements of all research (Figure 15).

Fig. 15. General PAU of scientific research
BELIEF EXPERIENCE
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Figure 16 summarizes everything analyzed. This scheme shows the dependence between the
explored levels of reality. The analysis of objective reality has been carried out from three different
proposals: a) The "three worlds of knowledge" of Popper (1993); b) The levels of abstraction of
Floridi (2008); and c¢) From the laws of symmetry of Van Fraassen (1989).
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This disposition emphasizes that all research is a dynamic and evolutionary process, in

which the subject who investigates and its domain constitute the main axis (V). However, this is
not an impediment for this proposal to be considered, under any aspect, as scientific.

The traditional scientific method, without being obligatory or an absolute guarantee of
successful results, depends exclusively on the creative disposition to be carried out. It would be of
little use as a method if it were not possible to channel this creativity. The Transcurssive Logic,
which we could characterize as a "semantic-relational transformation", allows the delimitation of
the fundamental elements that intervene in any original approach that is made of reality, so that,
after them, the rigorous process can be applied of analysis, organization of available material,
ordering and critique of the ideas required by the current methodology so that what is obtained is

valid scientific knowledge.
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Fig. 16. PAUs of reality analysis

References: S: subject - O: object - V / T: apparent transformation
V /T ": not apparent transformation - SR: subjective reality
OR: objective reality - BR: bounded reality

After everything is analyzed, we can say that the interrelationships maintained between the
fundamental aspects that define any phenomenon constitutes a "universal pattern" based on a group
of transformations.

In this way, we established the foundations of the proposed method
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a. Find the fundamental elements that characterize a phenomenon.

b. Depending on a pair of opposing attributions, assign them an operative identity.

c. With the fundamental elements and the transformations that link them, form an “algebraic
group of permutation”, which acts as a "basic dynamic pattern" while ensuring adequate
methodological adjustment.

d. Any transformation that does not belong to the "basic pattern" can be used to transfer to a
new system, representative of another phenomenon, the fundamental aspects of known systems, so
that, once they conform to the generic pattern, provide us with an explanation of the new
phenomenon.
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ABSTRACT

This paper investigated the effect of Earnings Quality (EQ) on the growth of manufacturing firms in
Nigeria during the period 1996-2006 using an ex-post facto research design. We determined the
earnings quality and growth of 26 listed firms in Nigeria. Our findings revealed that the quality of
earnings had significant effect on Turnover Growth (TUG). However, earnings quality proxies had
mixed effects because Earnings Predictability (EPRE) had a significant negative effect. The Value
Relevance (VALR) and Accounting Conservatism (CONS) had a significant positive effect, while
Accrual Quality (AQUA) had an insignificant negative effect on Turnover growth of firms. The
study concludes that Earnings quality is useful in determining the growth of firms.
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1.0 INTRODUCTION

The health of a firm in a highly competitive business environment is dependent upon its capability
of achieving profit and maintain financial solvency. When a firm loses competency to maintain
profit and financial solvency, it becomes unhealthy and is in danger of business failure leading to
total extinction (Akintoye, 2008; Wu, 2010). Since the growth of a business is reported or
communicated to the providers of capital and other stakeholders through the financial reports, the
reliability of figures presented in the financial report remain of paramount importance to users of
financial information. This is because information is demanded by investors in order to assess the
timing and certainty of future cash flows to determine the level of growth over a given period of
time. It can be argued that the extent to which business organizations report their activities
especially as it has to do with finance, may be a factor that could influence business performance
and growth of the business organization (Ojeka, Mukoro, Dick, & Kanu, 2015).

Adekunle and Asaolu (2006) identified in their study that financial reports and analysis
presented by Nigerian companies have been found to be deficient over time and this is a great
concern to investors as their performance in terms of profitability which are measured by turnover
or the ratio of profit retention are decreasing by the day. Shehu and Ahmad (2013) also found that
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financial information quality in Nigeria remains weak compared to other advanced market, and this
has resulted in hampering of the growth of efficient equity market. Hence, this study supports the
view that if financial report is of good quality, it will affect profitability and business growth in the
long run. Since investors are in need of information, quality information will increase the trading
and subsequently growth and expansion of firms.

Our study is slightly related to other works, but is still distinct from prior studies that
examined the link between earnings quality with short term performance (Kim, Lee & Choi, 2016;
Narjess, Sadok & Walid, 2016; Nwaobia , Kwarbai, Jayeoba, & Ajibade , 2016; Solmaz & Mehdi
2015; Ojeka et al., 2015) but not long term business growth considered pivotal to survival which is
the focus of this study. In our view, if the quality of earning can impact the financial performance
of, it should also impact the growth of firms. Hence, this study argues that the quality of accounting
information can cause market reaction and induce growth and expansion of business on a long run.
There is paucity of studies that looked at the direct link of Earnings quality and Business growth in
Nigeria. The paper is organized into five sections including this introduction. Section 2 discusses
review of literature and development of hypothesis on the effects of financial reporting quality and
investor decision. Section 3 explains the methodology, including the choice of variables and their
measurement. Estimation results are presented and discussed in Section 4 and Section 5 gives the
conclusion.

2.0 LITERATURE

This section provides a review of the theoretical framework and Literature review on earnings
quality and firms growth. We begin with the principles underlying this relationship then discuss the
empirical literature on variables that affect firm’s growth.

2.1 Theoretical Consideration

There are many theories that associate the corporate performance of firms and how internal and
external variables affects it, some of which are agency theory, positive accounting theory and
stewardship theory which were discussed in this paper (Akintoye et al., 2016). The agency theory is
the root and the building block of all corporate performance. It is believed to be the first theory to
be considered once the issues of corporate performance appear in a discussion. According to them,
this theory could be traced to the USA in the early 1970s. The agency relationship is one between
one party (agent) and another, (the principal), where the agent is hired to act for the interest of the
principal (Jensen and Meckling, 1976). The agency theory could explain the reason why
management uses certain accounting policies to benefit themselves rather than maximizing
shareholders wealth. Management incurs agency cost to reduce the activity of the management that
is not in alignment with the investor’s objectives. Alongside the agency theory is positive
accounting theory that assumes that individuals are primarily motivated by self-interest with the aim
to maximize their own wealth by selecting an accounting method that can suite their objective.
Positive Accounting theory therefore explains the different motive for using different accounting
policies and it can explain the sign of the effect on growth of firms as affected by the quality of
earnings. We deduced that management can manipulate accounting information for several reasons
aside in order to achieve their selfish desire. However, the stewardship theory, as proposed by
Friedman in 1970, negates the assumption of agency theory and positive accounting theory that
directors will fulfill their duties towards the shareholders and assumes that human beings are good
and the directors are trustworthy. Hence, the stewardship theory suggests that the stakeholder theory
replaces the sole aim of maximizing the value of shareholders to include the satisfaction of all major
stakeholders. This suggests that the management will make good choices that will bring about
growth and expansion of the business.

2.2 Empirical Review and Hypothesis development
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Several studies have attempted to analyze the effect of earning quality on different component of
performance of corporate firms and the need to make appropriate disclosure for the use of investors
performance (Kim et al., 2016; Narjess et al., 2016; Nwaobia ef al, 2016; Solmaz & Mehdi
2015; Ojeka et al., 2015). For instance, Kim et al. (2016) highlighted that investor’s demand
information in order to assess the timing and uncertainty of current and future cash flow so that they
may evaluate firms and make other investment decisions. The extent to which a firm reports its
activities significantly impacts to its profitability and growth (McMahon, 1996).

Ghosh et al, (2010) explored the effect of earnings quality and earnings response
coefficients using turnover growth as proxy. They documented that earnings are of higher quality
when growth in earnings is supported by revenue increases rather than through cost reductions. In
their view revenue-supported earnings growth is likely to be more sustainable because revenue is
the key value driver and its growth often reflects the underlying product differentiation strategy.
Moshi (2016) evaluated the impact of earnings management on firm’s financial performance in
Tanzanian manufacturing companies and their findings showed that earnings management has
negative impact on firm’s financial performance. This was corroborated by the further findings that
most of the firms managed the earnings, suggestive of lack quality and adequate disclosure.

Pranesh (2017) analyzed the nature and extent of earnings management practices on growth
and performance of India firms. Regression analysis of the study showed that growth of the firm is
positively associated with discretionary accruals while performance is negatively correlated.
Nonetheless, among the other control variables viz firms’ size and age were also found statistically
significant influencing variables.

The relationship between earnings quality and firms growth in extant literature are mixed.
For instance, Beaver (1968) research shows that growth opportunities provides managers with
incentive to smooth earnings as earnings volatility increase perceived firm risk which adversely
affect the cost of capital needed by the firm. Penman and Zhang, (2002) and Chan et al. (2006)
documented an inverse relationship between the quality of earnings and growth firms. In their
findings, sales or net operating assets are accompanied with lower earnings quality. Also Ma and
Ma (2017) established a negative association between Chinese publically listed firm’s performance
and earnings quality, suggesting that the quality of earning exerts a negative effect on corporate
performance.

The relationship between earnings quality and firm growth is not straightforward or
conclusive. We join other researchers in the developed world to posit that the quality earnings will
bring about growth of business. We therefore hypothesized that: The quality of earning affect the
growth of firms in Nigeria.

3.0 METHODOLOGY
The ex-post facto research design was adopted in this study. Secondary data were extracted from the
annual reports and accounts of twenty six (26) companies for a period of 21 years (1996-2016)
representing 546 firm-year observations. To achieve the objective of this paper, three variables were
identified and discussed in this section. We defined dependent variable as the growth in turnover,
independent variable as earnings quality, control variables are Age and size. First, in determining
earning quality we used four proxies of earnings quality which are: earnings predictability by
Francis et al. (2005), Value relevance by Feltham and Ohlson (1995), Accounting Conservatism
and accrual quality by Dechow and Dichev (2002), and modified by McNichols and Stubben (2008)
and Kothari et al. (2005). Secondly, we analyze the effect of earnings quality on growth of firms in
the Nigeria. Thirdly, we include Corporate Age and Corporate Size as control variables and analyze
their influence on growth of firms.

Earnings quality is one of the most important accounting research topics of the last few
decades. However there is neither an agreed-upon meaning of the concept nor a generally accepted
approach to measuring earnings quality (Schipper and Vincent, 2003). Earnings quality is
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considered a multidimensional concept that is difficult to measure, and recent
research evaluates various earnings attributes (Francis et al., 2004; Dechow et al., 2010).

We draw upon prior research to identify other factors that can affect the casualty of quality
earnings and firms growth. We included Corporate Age and Corporate Size to the model According
to Nwaobia et al., (2016) size and age variables could be used to control for the economics factors
that influence firm’s growth. The measurement procedures of these variables are shown in table 3.1
below.

Table 1. Variable measurement

Variables Abbr Definition

Earning Predictability | EPRE According to Francis et al (2005), earnings predictability is
measured using the square root of the error variance from
Karmedi and Lipe’s (1987) model of earning persistence.

First we will make autoregressive model AR(1) for annual
earning X, =p,+pX,, +¢&,, or the we use earnings

persistence result as suggested by Francis ef al. (2005) then take
square root of the error variance of AR(1) ,/c” (gj,,)

C ti N
onservatism CONS CONS = ];I—[I/)g where BVS is Book value

BYS Net Asset value

- Total Outstamding Ordinary Share Capital

MPS: The stock exchange market share price at the end of
financial firm year

Value Relevance VALR Feltham and Ohlson (1995) presented a valuation model that, in
contrast to Easton and Harris’s, explicitly relates the book
values of equity and earnings with stock price. In statistical
notation, the model is as follows:

MPS,, =a,+a,BVS,, + ,EPS,, +¢,,

where MPS,, is the stock price of firm i at time t, BYVS., is the
book value of equity of firm i at time t, divided by common

shares outstanding, and EPS;, is Earnings per share of firm i at
time t.

The Feltham and Ohlson model was used in this study as it
measures the mean annual level of statistical association
between book values of equity, earnings, and stock prices. The
Ohlson (1995) is chosen in this present study because it
measures the long term relationship between accounting
information measures and share prices.

Accrual quality AQUA Our accruals quality measure is derived from the Dechow and
Dichev (2002), hereafter referred to as DD. The DD model is
based on the extent to which working capital accruals map into
cash flow realizations, where a poor match means low accruals
quality. Therefore, we regress working capital accruals on prior,
current, and future cash flows from operations

TCAi = Bo + BiCFOi-1 + B2 CFOiw.1 B3 CFOiw1 + Bs AREV;; +
PPE; + &;
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Where: TCAit = (ACAlt - AcaShit) — (ACth — ASTDBETlt
TOG Turnover | Current Turnove - Previous Turnover
growth Previou Turnover
CORPSIZE Corporate | Estimated as natural logarithm of total assets
Size
CORPAGE Age of | The age of a firm (AGE) is defined as the absolute number of
the firm | years of incorporation

The Model specification
TOG = f (EPRE, AQUA , CONS, VAR, CORPAGE, CORPSIZE) (1)

TOG; =09 + oy EPRE; + ap AQUAit + a3 CONS; +ag VALR;; + s CORPAGE; + ¢ ORPSIZE;; +
it (2)

4. ANALYSIS, RESULTS AND DISCUSSION

4.1 Descriptive Statistics

Table 4.1 presents the descriptive statistics of the data. It presents the mean, maximum, minimum
and standard deviation, from all quantifiable variables used in the model.

Table 2. Descriptive Statistics

VARIABLE OBS MEAN SD MIN MAX
CORPAGE 546 43.615 15.318 10.000 93.000
CORPSIZE 546 6.828 1.053 4.036 10.014
TURNGRWT 546 2.238 43.011 -0.998 999.000
EPRE 546 -2.450 0.542 -2.888 11.307
EQUA 546 -7.730 60.290 -483.406 103.667
VARL 546 -58.922 384.946 -4685.825 2460.405
CONS 546 -427.132 | 13240.040 | -262592.400 55490.000

From the reported descriptive statistics, corporate age (CORPAGE), the age of the sampled
firms used are within the range 10 years to 93 year of existence. This indicates that the firms under
consideration are experienced in their respective areas of business endeavors due to the long
duration of their corporate existence. Firms reacts differently to how they prepare quality report
according to their experience over time in the industry in which the operate. There is also an
indication that sampled firms have large balance sheet size (CORPSIZE) using log of total asset as
proxy. CORPSIZE has a minimum value of 4.036 billion and a maximum value of N10.14 billion,
suggesting that the firms are large firms.

The descriptive statistics also shows that Turnover Growth (TUG) has a minimum value of -

0.998 and maximum of 999.00. The mean and standard deviation value is 2.238 and 43.011,
respectively. The minimum, maximum and standard deviation suggest a broad variation away from
the mean and as such the variable is volatile in nature.
For earning predictability (EPRE), Accrual Quality (AQUA), Conservatism and Value relevance of
accounting earnings, the minimum, maximum; mean and standard deviation suggest low variation.
The mean value which is also lower than the standard deviation also indicates low variation for
earning predictability.

4.2. Regression Result
Table 3. Regression Analysis with Driscoll-Kraay standard errors for Model
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Variable Coefficient Std Error | t-Stat. | Prob.
C 14.2092 1.6512 8.65 0.000*
EPRE -2.1046 0..3005 -7.00 0.000*
VALR 0.0158 0.0017 9.01 0.000*
CONS 0. 0010 0.0001 7.84 0.000*
AQUA -1.30006 4.03006 -0.32 0.748
CORPAGE -0.1078 0.0131 -8.20 0.000*
CORPSIZE -1.5130 0.1682 -8.99 0.000*
R-squared 0.3904

Adjusted R-squared 0.3820

F-Statistic 46.83

Prob.(F-Stat) 0.000*

Diagnostic Tests Statistics

Hausman test 89.62 0.000*
Heteroskedasticity test 91689.30 0.000*
Wooldridge test for autocorrelation 1053.680 0.000*
Pesaran's test of cross sectional independence 7.309 0.000*

Dependent Variable: TUG; Obs.:546
Source: Researcher’s Computation, 2018

*significant at 5%

The result of the post estimation tests on Table 4.2 shows that all the various tests are
significant with probability values of 0.000, which is less than the acceptable 0.05 level of
significance. Specifically, the significance of hausman test shows that the null hypothesis to
estimate random effect was rejected; as such the model was tested for the appropriateness of
random effect using the testparm option on stata. In addition, the Breusch-pagan heteroskedasticity
test showed a p-value of 0.000, implying that the null hypothesis of constant variance was rejected
and there is presence of heteroskedasticity. As such, if predictions are based on their regression
estimates, it will be biased and inconsistent. Furthermore, the Wooldridge test for autocorrelation is
significant at 5% which implies that there is presence of first-order autocorrelation. This indicates
that the residuals are correlated over time. The Pesaran's test of cross sectional independence shows
that the residuals are cross sectionally correlated at 5% level of significance. Thus, in line with
Hoechle (2007), the presence of heteroskedasticity, first-order autocorrelation, and cross sectional
dependence indicate the need to use Driscoll and Kraay standard errors to estimate the model to
avoid estimation bias. Therefore, the model was estimated using Driscoll and Kraay standard errors.

4.3 Interpretation of Result and Discussions

The result of the regression analysis on Table 4.1 shows Earning Predictability (EPRE) and Accrual
quality (AQUA) have negative effect on Turnover growth. This is indicated by the signs of the
coefficients, that is a; = -2.104683 <0; a, = -1.30006 >0. This result is inconsistent with a priori
expectation as it was expected that accounting base measures of Earnings Quality (EQ) will have
positive effects on the growth of firms. However, VARL and CONS exerted positive effects on
firms growth (that is a3 = 0.0158 <0; o4 = + 0.0010) respectively. The control variables CORPAGE
and CORPSIZE exerts negative effect on turnover growth as indicated by the coefficients as = -
0.1078783 <0; a¢ = -1.51308. Likewise, the P-value of the individual t-statistics shows that Market
base EQ measure have significant effects on Business growth at 5% level of significance acceptable
in this study.

The adjusted R-squared showed that about 38% variations in Business growth can be
attributed by the quality of earnings while the remaining 62% variation is caused by other factors
not included in this model. Our explanatory variables suffered from series of transformation, we
used the residual values of the earnings quality estimate according to Dechow and Dechev (2005)
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and this must have accounted for the low adjusted R-squared. To the best of of our knowledge,
there is no possible variable that was left out in the model as both market and accounting base
measures of earnings quality were used. The coefficient of determination shows that the main
model has average explanatory power. This is further emphasized by the probability of the F-
statistic of 0.000 which shows that the regression result is statistically significant because this is less
than 5%, the level of significance adopted for this study.

In addition, at the level of significance of 0.05, and F-statistics of 46.83 and p-value of 0.00,
the null hypothesis that financial reporting quality has no significant effect on turnover growth of
manufacturing firms in Nigeria is not accepted. Therefore, from the regression estimates, EQ
measured by EPRE, AQUA, VALR and CONS jointly have significant positive effect on turnover
growth of manufacturing firms in Nigeria.

However, considering the individual coefficients separately, the regression analysis shows
Earnings predictability and accrual quality had a negative significant and insignificant effect on
turnover growth respectively, value relevance and conservatism had a positive and significance
effect on turnover growth of Nigeria manufacturing firms. Our findings are consistent with the body
of literatures that posit that quality of earnings improves the growth of businesses. Although, some
argued that, a growing firm engages in earnings smoothing which reduces the quality of the
reported earnings. As earlier indicate Beaver (1968) study shows that growth opportunities provides
managers with incentive to smooth earnings as earnings volatility increase perceived firm risk
which adversely affect the cost of capital needed by the firm. Our findings are consistent with
Pranesh (2017) that growth of the firm is positively associated with discretionary accruals while
performance is negatively correlated.

Pranesh (2017) also indicates that firm's size and age were statistically significant
influencing variable on the relationship of earnings quality and firms performance, although our
result indicates negative influence. This finding is in line with the work of Beyer (2008) that
suggested that an investor wishes to transact with firms with growing turnover.

5.0 CONCLUSION AND RECOMMENDATIONS

This study examined the effect of Earnings quality on growth of listed firms in Nigeria. The model
is statistically significant at 5% level of significance. Findings of this study provide insight into the
effect of earnings quality on growth of firms in Nigeria. It further provide an insight as to the extent
to which each of the independent variables of earnings quality influences the dependent variable of
growth. It also provides an affirmation of the extent to which the variations in the dependent
variable are caused by the independent variables covered in the models as depicted by the adjusted
R-squared.

The study concluded that earnings quality is a predictor of firm growth and that firm size
and age can influence the relationship between earnings quality and firm growth. The overall result
of the regression analysis shows that earnings quality has a significant effect on growth of firms in
Nigeria for the period under review although, the explanatory power is low but causality exists. The
controlling variable used in the models also affects the relationship between earnings quality and
firm’s growth although depending on the association under consideration.

The study recommends that since aggressive earnings management reduces the quality of
earnings, standard setters and regulators should curb creative accounting practices by removing
loopholes in the use of judgments and managerial discretions in the estimation of assets and
liabilities. Managers should embrace ethical values in reporting through providing quality
accounting information that reflect the actual activity of the firms to foster the confidence of
investors and owner of business. At all times, managers should avoid aggressiveness earning
management which connotes negative manipulation of accounting information.
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ABSTRACT

In the introduction of Boole’s "Mathematical Analysis of Logic" of 1847, he approaches one of the
operative foundations of Transcurssive Logic. He tells us that "those who are familiar with the
theory of symbolic algebra, know that the validity of their analysis does not depend on the
interpretation of the symbols, but only on the laws of their combination." This statement makes very
clear the preponderance that Boole gives to relationships. In response to this interest in the
relational, we proposed to try to understand, how it was that Boole gave an algebraic form to logic.
To carry out this task, we decided to use the principles that govern Transcurssive Logic (TL). The
analysis of the categorical propositions was initiated: universal affirmative, universal negative,
particular affirmative and particular negative. In analyzing the latter, we discovered that a whole
universe could be described only from it. That is, not only told us that, for example, "some a is not
b", but also could tell us: that there is "a which are not b", that there is "b that is not a", that there is
"a which is b", and that in the rest of the universe there is "something" that "is not a nor is b". Then,
from the TL it was inquired about the relationships that link these contents to try to determine how
this algebraic structure could be generated. After some steps, four elements that resulted from this
inquiry were given an entity; by relating them, they formed an algebraic structure called the
permutation group or Galois group. The structure that constitutes the "universal language" in which
the TL is written. In the analysis of the basic principles on which Boole's algebra is based, we have
discovered that some aspects of reality that are revealed when we approach it from the subjective
hidden between its values of truth and functions. That is, there is an 'implicit logic' underlying the
Boolean binary proposal, a logic that we have called 'transcurssive' because it leaves evidence of a
particular evolution over time, of what affects an observer. Among the findings, are: a) the
existence of a complex system based, not on its constituent elements and a specific purpose, but on
the interrelations that link its components. b) a systemic complexity that enables an adaptive
dynamic response in front of the demands (inputs). c) the possibility of analyzing through the
discovered structure, the relational situation of several binary systems, simultaneously
(heterarchical distribution of hierarchical systems). d) the functional non-dependence of the
structure concerning the observer ( measurement process), as it is the case with any situation that is
objectively addressed, and e) the advantage of being able to consider situations where more than
two states are at stake, even if they are exclusive. From the transcurssive perspective, an interesting
panorama opens up of possible applications of this way of observing reality.

Keyword: logic, Boolean algebra, subjective reality, transcurssive logic.
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1.0 INTRODUCTION

“They who are acquainted with the present state of the theory of Symbolical Algebra,
are aware, that the validity of the processes of analysis does not depend upon the
interpretation of the symbols which are employed, but solely upon the laws of their
combination.” George Boole, 1847, p. 3.

The introduction that Boole makes in his “Mathematical Analysis of Logic” approaches one of the
operative foundations of Transcurssive Logic (TL), which is to generate a structure that can be
modified using functions. Even more so when he completes it by saying: "Any system of
interpretation that does not affect the truth of the supposed relationships is equally admissible."

To understand how Boole gave an algebraic form to logic, we will use the TL principles; we
will approach it from the perspective of the subject. We undertake this task knowing that logic,
from its beginnings, was defined as objective. Thus, in the first book of the Aristotelian “First
Analytical,” there is no mention of subjective factors. It is not since Aristotle where modern logic
takes its severe objective attitude, but from the mathematics that he wanted to imitate in the initial
Boolean period. (Bochenski, 1981, p.10)

A Boolean algebra is an 'algebraic structure', that is, a classifier of sets according to the
elements they contain and is defined by any set in which we have, at least, two different and
opposite elements to represent them, let's say ' 1 'for affirmation and' O 'for its opposite, denial (Del
Vado Virseda, 2017, p.80). We appeal to the Euler logical diagrams to better understand this
structure.

Fig. 1. Categorical preposition

Affirmative - Univerfelle | Négative - Univerfelle

® ®

Tout A elt B Nul A4 neft pas B

 Affirmative - Particulidre Négative - Particulidre

Q2

Quelque 4 et B Quelque A o'eft pas B

(Image of the original, Euler, 1768, p.101)

"Since a general notion contains an infinity of individual objects, it is considered space
where all individuals are contained. Thus, for the notion of 'man,' we create a space
where all men are contained. For the notion of 'mortal,’ we also create a space where all
mortals will be contained. Then, when I say that all men are mortal, it is equivalent to
the fact that the first figure is contained in the second." (Euler, 1768, Lettre CII, p.98)
(Own Translation).
Thus, Euler represented four categorical propositions: universal affirmative, universal negative,
particular affirmative and particular negative (Figure 1).

2.0 PARTICULAR NEGATIVE PROPOSITION - A NEW UNIVERSE
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We will take the particular negative proposition: some A is not B, to face our analysis of Boole's
work (Figure 2).

Fig. 2. Particular negative production

Figure 2 shows that in the superposition of two sets, in fact, four general regions are formed.
Let's see: of a universal or fundamental set U, we can say that it is 'inhabited' by two subsets: A and
B, which when 'overlapping,' shows us that there is a subset of a that is not b (01). That there is also
a subset of b that is not a (10). And instead of some, a is not b; there is a subset of a that is also b
(11). All these subsets are 'inhabiting' a universe U where there is no more a nor b (00) than those
cited (Nahin, 2013, p.45).

Suppose that A represents women and B represents the right-handed people of this universe.
The scheme is showing us that the universe U is populated by left-handed women (01), by right-
handed men (10), by right-handed women (11), and by left-handed men (00). Then, the previous
graphic rather than telling us that some woman is not right-handed shows us all the content of that
universe and its distribution. That is, it identifies the diverse content of the structure.

3.0 ALGEBRAIC STRUCTURE
The TL also inquired about the relationships that link the previous contents. Next, we will see how
this algebraic structure could have been generated.

Let U be an ad hoc universe that determines the scope (See Appendix A) of a given function
and A class (See Appendix A) included in this universe, which we will generically call “disorder”,
and which represents the domain (See Appendix A) of such a function (Figure 3).

Fig. 3. Universe

U

B

We will call in turn, ambit or contexture of A to the set of elements that belong to it. In this
case, the “disorder” and we will denominate content of A, all the elements that do not belong to it.
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That is to say, what belongs to its complement (B) that will also be a contexture and that generically
we will call “order” (absence of disorder).

If we symbolize with "1", the belonging to the ambit, the belonging to the content, we will
do it with "0" (Figure 4).

Fig. 4. Contexture-universe relationship

U

0

For any element of U, each contexture is determined, in reality, by two values (Figure 5)
that are interpreted in the following way: '1' belongs to the contexture considered and '0' belongs to
the "complementary contexture" (its absence).

U
Q,

This pair of values is linked to a double relationship: they are opposite (one is the negation
of the other), and they are complementary (added together give the unit). The same is true
considering them in pairs. If we represent A and B by their "contexture values" and in a paired
form, we have 0110. If we deny (we determine the opposite of) these values, we obtain 1001. This
could be defined as the establishment of a cyclical dynamic that would be given by the tendency to
go towards “order” (10) through “disorder” (01) and vice versa. Also, as the group of
transformations necessary to preserve the symmetry of an algebraic invariant (Noether, 1908,
1918), as we shall see. This dynamic becomes evident when we successively deny a contexture in
its entirety, without being annulled, as in the traditional negation (See Appendix A). Everything
happens as if he denied the "continent" of the elements belonging to the contexture and not the
property of the elements themselves (the content). This dynamic is a dyadic relationship (links two
classes) established between classes of “ordered pairs” of values (See Appendix A).

Fig. 5. Contexture

3.1 Function

There is another type of relationship that can be established in this universe. This relationship is of a
particular type that we will call 'functional relationship' or function. Here, function assigns an
element of the contexture or continent to an element of the content. We say that the function
projects the continent in the content. Or in another way, a set of structures is projected in another set
of structures. We will call this projection transformation or change. (Figure 6).
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Fig. 6. Function or transformation

ouvey, FUNCTION e

?

DOMAIN CO-DOMAIN

For each structure that “enters” into the transformation there is a structure that “leaves” it.
With this, we characterize a “third contexture” in our universe (Figure 7). This contexture is not
evident when we consider the static universe, but when we put it in "movement" through successive
denials of the continent of our "base contexture," a "mediating contexture" appears that leaves a
record of this happening in its structure. The way it has to record what happened is "trapping" in its
own continent the elements that define the content of each "related contexture." For that reason, its
representation is 11, which certifies that both "opposite poles" (continent and content) of our
original universe, are simultaneous. We will call this new contexture "organization".

Fig. 7. Organization

U —a

10

o

The organization transcends the mere structure to leave evidence of the interrelation
between two contextures. It manages the "place" for two values (those of the contextures it relates),
acting, as well as a kind of "memory" of bivalent system distribution, which, being denied in this
way, does not disappear.

It is created like this a triadic relationship (because it relates three contexures) that registers
a "mediated negation" (Hegel, 2011, p.419). The passage from one pole to its opposite (something
that promotes any negation) is "mediated" by a transformation. Therefore, the pole of origin
(argument or domain of the function, Source of change) does not disappear but is represented in the
structure (scope or continent) of the "mediating contexture" so that, in a later step, it can reach the
opposite pole (value or co-domain of the function. Destination of the change), having conserved the
origin pole (both poles are present simultaneously, despite being exclusive). If we change the binary
numbers (01,11,10) by their decimal equivalents (1,3,2) we see that the negation of 1 (01) is not 2
(10) (its opposite pole) but 3 (11) and that the negation of 3 (11) is not 0 (00) (the opposite of 11 is
00) but 2 (10). Mediated negation is really a conservative displacement, such as Hegel's aufheben,
or the "as if" of Hans Vaihinger (1911).

It should be noted that the structure that we have outlined does not follow the laws of
classical logic as does the structure defined by Boole. For example, the negation of the negation
(double negation) does not give an affirmation (the same element from which it came out — See
Appendix A), but as a result, the opposite pole is obtained (as in a traditional negation), without
losing the terms involved. This mechanism also does not follow two of the basic principles of the
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Aristotelian logic, which Boole does respect (See Appendix A). The 'principle of non-contradiction’,
since the opposite ends are both present in the same situation and the 'principle of the excluded
third', already that between one end and the other there is a third entity that has common elements
with the two extremes (in equal parts), and is also present simultaneously with them.

This triadic relation created, in our opinion, adequately represents a 'living' universe (it can
evolve) in one of its basic aspects: its superficial or apparent structure. We call this structure
complex because its elements have a triple relationship with each other, they are opposites,
complementary and concurrent (or simultaneous) (Morin, 1977, p.101).

3.2 Structure
Why do we say that what we have just analyzed is a structure? We say it because it complies with
the guidelines established by Piaget (1985, p.6) for all structures. Let's see:

1°) It is a set of transformations that involves laws as a whole (as opposed to the properties
of the elements) that is conserved or enriched by the same game of its transformations without these
reaching a result outside its borders or claiming some exterior elements. That is, it complies with
the following characteristics:

- totality

- transformation

- self-regulation

Let us analyze it carefully under the three characters posed by Piaget:

* It is a whole because it is made up of elements subordinated to the laws that characterize
the set (laws or compositional operations) that are not reduced to 'cumulative associations' but give
this set, properties different from those of the constituent elements. As Piaget says, what counts is
not the elements, nor the whole, but the relations between the elements. The whole is the result of
the relations of composition whose laws are what determine the whole through its unity.

» There is a transformation that in our case is a function, the change that plays an
organizational role.

* There is self-adjustment (self-regulation) because there is conservation and 'certain closure'
since the process does not lead beyond its borders, generating elements that only belong to the
structure and thus preserve its laws. That is, it respects the laws of symmetry: conservation and
invariance (Noether, 1918).

3.3 Composition operation
What is the law or operation of composition in this case? The whole structure that we have tried to
determine starts with two values: 0 and 1 (as in the algebraic structure of Boole) that represent the
'absence' and the 'presence’ of a single element, respectively.

As we saw, the function is a method to assign to each element of its scope, a single element
of its domain. Theoretically, the number (N) of these functions can be infinite and depends on 1) the
number (n) of class variables (in this case it is equal to 1, and we will call it S); 2) the number (m)
of class values, in this case is equal to 2: '0' and 'l', and 3) the number (c) of combinations that we
can make of these two values. The formula (Peirce, 1958, CP.4,260) that allows us to calculate the

1
22

n
number of possible functions is: N =C"" therefore, N = =4 functions . These functions

(f;) can be expressed as shown in Table I.
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Table 1. Functions

- decimal

- O

+ contextures

SV

*It means Mo S or denial of S and is equivalent to O
** It means Mo V or denial of V and is equivalent to ¥V

Table I shows that each of the detailed functions constitutes a contexture to which we have
assigned a name, in addition to its decimal equivalent. Other details to consider are a) the
contextures of the second half of the table (S and V) are complementary and opposed to those of
the first half (V and O), and b) the contexture S is the contexture of which we start (S=01=1).

In class logic, class operations serve to compose complex classes from simple classes. These
operations are: union, intersection, and complement.

The union of classes (U) has the same properties as the inclusive (inclusive) disjunction
between propositions (although here it is not a truth function). An intersection of classes (/) has the
properties of a propositional conjunction. The complement of a class (~) has the properties of a
propositional negation.

The only possible operation between S and O so that both values obtained are true (1) is the
union (governed by the propositional disjunction), which is expressed in contexture V. Now, if we
remember what V represents, we observe that this operation it is a very particular union
(disjunction).

A contexture is different from another when there is at least one property that is not common
to it, and that property may not belong to the contexture in question. It is enough that it can be
attributed to one or the other, but not both simultaneously. Therefore, what V expresses is that only
the different properties of the contextures it relates are included in its scope, excluding the equal
properties. This union is called exclusive (as opposed to inclusive that contemplates or includes the
same properties) and has the same properties as the exclusive disjunction (XOR).

Then the definition here would be: "An element belongs to the scope of the exclusive union
of two contextures (A®B) when it belongs at least to the scope of one of them. And it will not
belong to the scope of this union when it belongs to the scope or content of both. " (Fig. 8).

Fig. 8. XOR

inters Ecr‘-
Ory

exclude equals ..
unites thle different

AUB N AUB
’ 111 0 000
@ 110 1 011
: 011 1 110
000 0 111
1001 _11_O_S V Operation
EB1:!11 $11 910@8 e\f @0 XOR

11 10 01 V O S
N, N N; N, N, N,
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If we apply this operation to our textures, we will see what is shown in the lower part of
Figure 8. The union of the successive contextures results in the following contexture. There is a
'displacement' equal to that recorded during the successive negations N1 and N2. This confirms that
the composition operation of our triadic structure is © (exclusive disjunction or XOR). If we apply
this operation once again to our structure, we will verify that it is equivalent to a third negation: N3.

The result surprises us: the obtained contexture is the one from where we left: S (01). This
constitutes a structure of cyclical appearance as shown in Figure 9.

Fig. 9. Superficial cyclical structure

U

Now this surface structure of U is complete. A structure that cycles "jumps" (See Appendix
A) through time, indefinitely, posing a kind of “relationship” between the "real" actors of this
universe.

3.4 Profound cyclical structure
In the reality of this proposed universe never better characterized this process that we have seen as
superficial or apparent structure since, it is not the only thing that happens.

If we look closely at Figure 9, we will notice that the third negation (N3): the displacement
of O (10) — S (01), is not different from a classic negation. Then, why did not O (10) disappear?

The explanation is that N3 appears to be a classic negation, but in reality, it is a 'mediated
negation' of a change; that is, it is the product of a function.

This change to which we allude is 'hidden,' is not apparent and also has characteristics of
being "cumulative." The reason that it is "not seen" is that just as the contexture representing the
evident change captured within its ambit, the ambit of the contextures that is related (11). Here is a
contexture that captures the contents of both related classes (00). If V (11) represented the co-
presence of the poles, V (00) represents the co-absence of them (Figure 10).

Fig. 10. Transformation or hidden change

U
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The null value (00 - decimal: 0) makes this new contexture: V, 'invisible' (See Appendix
A). This is so because it captures in its own content, the content of the related contextures, leaving
evidence of the process of displacement and avoiding the disappearance of O (10), as it would have
happened in a classical negation.

As there must be coherence in the system, necessarily, a series of operations must be carried
out to justify this mediated displacement and demonstrate why S (01) is reached in spite of such
operations.

The intervention of a new contexture: V (00), 'hidden,’ produces a point of inflection in the
surface structure, evident or discrete.

As shown in Figure 10, the intermediate step V (00) between O (10) and V (11) (hidden)
generates a pole opposite V (11); that is, its complement (and its opposite or negation). This
complement is in every way, even in the fact of being the opposite of the apparent. Now V (11) is
complete as a contexture since it acquires its content.

We can suppose, that the operation of composition that binds this new contexture V to the
already existing poles S and O, must be opposite to XOR.

This operation exists and is called equivalence or XNOR. This equivalence is based on the
formal properties of propositional biconditionality (double implication) (we insist, here it is not a
truth function). Its definition in our case would be: "An element belongs to the content of the
intersection of two classes (AB), when it belongs to the content of both classes; and it will not
belong to the content of the intersection, when it belongs only to the content of one of them ". In
graphics and symbols, it is shown in Figure 11.

Fig. 11. Equivalence

excludes the different ..
separate the equals

ANB U ANB

1111 (000

100| 0 (001

001, 0 100

000 1 | 111
10 .01 00 _O_S _V Operation
LE}ﬂ\‘l @UU @1 0 GS E)‘T G}l.'.) XNOR

00 10 01 V O S
N, N, N; N, N, N,

If we apply the operation described the new contexture, we will have what is shown in the
lower part of Figure 11. As in the superficial structure, the successive application of the suggested
operation is equivalent to the successive negations, since it "cycles" through the different
contextures. Applying once again the equivalence we arrive at the beginning of the cycle that in this
case is of recursive or recurrent type and which we call "reflective."

A new triadic structure is thus proposed that adequately represents the “profound” aspect
(hidden, not evident) of the reality of our universe. This structure cycles continuously (Figure 12).

Fig. 12. Profound cycle
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References: Nyp: profound negations

Figure 12 shows that the appearance of 00 means a 'turning point' (according to the
geometric sense of the term, it is when a curve changes direction). The surface structure cycles to
the right and this deep structure goes to the left.

4.0 MEDIATED NEGATION
"In this new universe, a second negation is not an affirmation." Mediated negation is the ideal tool
to logically represent subjectivity. This is possible because it behaves like a distributor of binary
systems, which in turn, defines the reflective process, the exclusive patrimony of the subject (S).
This definition is somewhat ambiguous, but we could rescue it if we say that mediated negation
behaves as a heterarchical (See Appendix A) distribution of hierarchical systems.

To apply mediated negation, we must have a set of elements greater than two. Starting from
a trivalued system, six reflective patterns can be proposed that represent the possible relationships
between the subject (S) and object (O) mediated by a transformation.

As we already said, each contexture (or unitary binary element) is composed of 'order' and
'disorder’ or both. (Figure 13).

Fig. 13. Assignments table

order | disorder
0 1—> S(1)
1 0 — 0O(2)
1 1 — V(3)
deanal
equivalent

According to Fig. 13, S and O are opposite elements (one is the negation of the other), as
established by the Boolean (bivalued) logic.

Mediated negation distributes this tri-valued system generating a reflective and conservative
loop, according to the following norm (Figure 14).

Fig. 14. Mediated negation
1—2
3—1
2—3
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It means that: the second (N;) denial of 1 is 2; that the N, of 3 is 1, and that the N, of 2 is 3.

This produces an exchange (and not an annulment) between elements (contextures) that after
three negations take us to the initial element, closing the cycle that in this case, is levorotatory (Ly)
(Figure 15).

Fig. 15. Levorotatory (Lv) and dextrorotatory (Dx) cycles

(1 (1

NG/

(2) 3 2 €

Thus, the S and the O are related through the change V, which binarily has components of
both equally (11) (decimal = 3) In Figure 15 is represented a dextrorotatory cycle, where, the
regime of negations is as follows: 1 — 3 -3 — 2 -2 — 1). If in the previous figure we replace the
decimal numbers by their ontological equivalents we have, in the levorotatory: SOV, OVS, VSO.
Here, despite being a levorotatory cycle, the different patterns are obtained, practically, by making a
shift to the right of the extreme left element. The opposite happens in the other cycle: SVO, OSV,
VOS, where, in spite of being a dextrorotatory cycle, to obtain the different patterns we have to
move to the left the extreme right element. All these successions, from the logical point of view, are
obtained by applying, in pairs, an XOR.

5.0 THE FOURTH ELEMENT

To constitute a true composite contexture (pattern of reality) 4 elements are needed. We provoke the
'generation' of the fourth element to form a tetravalent system. [A true system] This can be achieved
if we apply the classical negation to a trivalent system affected (disturbed) by mediated negation.
Now, in these circumstances, a binary negation does not have the same effect as that applied
individually to a bivalent system. That is, it does not cancel it, but rather duplicates it since the non-
correspondence of values leaves the third value without corresponding denied. Or in another way, it
produces the appearance of another element that represents the 'absence of relation' between S and
O. If V, by relating (interrelating) S and O represents a certain “organization”, V (binary = 00 -
decimal = 0 ) accounts for certain “disorganization”, which in reality represents a potential capacity
for reorganization of the system (self-organization).

This new value does not take place in a trinary system. Therefore, it forces to generate
another trinary loop that joins the previous one, although with particular characteristics. It is
reflexive because it is structured by a mediated negation, but also cycles in the opposite direction
and although the constitutive elements are the same as the original ones: S and O, they are not
joined by a binary context that co-participates (co-presence). But it dissociates or releases them (co-
absence), predicting the sequence (in jumps) of the complete system (6 valences) (distributed binary
systems). Therefore, the 'displacement' of one element to another is carried out, not abruptly, but
diffused (continuous). The opposing directions of rotation of these two cycles explain the isomeric
complementarity they possess.

The following table establishes the steps specified above (Table II).

Table 2. Mediated negation — 4™ element

P ~p =P

3 1 2 ath
2 1.3 ___‘\"'o"l;-'"element
1 2 1
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References: +: mediated negation - : classic negation

We see, in Table 2, where the fourth value comes from. We must bear in mind that co-
presence is a sign of heterarchy, not of hierarchy or transitivity, which makes possible co-ordination
(organization), and therefore, self-reflection. This also allows the assembly of hierarchical (binary)
(subordinate) and heterarchical (n-ary) (coordinates) systems.

6.0 UNIVERSAL AUTONOMOUS PATTERN (PAU)

If we assemble the two structures described in this universe that we have built, we will obtain a true
system represented by an algebraic structure similar to that proposed by Boole, but with the
significant difference that in our case, the “universe” represents a “permutation group “ (See
Appendix A) as those defined by Galois in 1832. This last characteristic allows the structure
proposed by the TL to be dynamic. That is, have evolution as time goes by, propitiated by the
functions (relationships) that define it. This is why the logic that describes and explains this
evolution is called “Transcurssive Logic.” (Figure 16)

Fig. 16. PAU

S \'i
superficial ORDER I DISORDER
01 @ 1 0 1-- S (subject)
U 1 0 --- O (object)
00 © 10 1 1 ---V (change or superficial transformation)
it 0 0 --- v (change or profound transformation)
v 0]

References: ®@: XOR - O: Equivalence or XNOR - U: Universe

The previous scheme shows a “universe” represented by a complex system, the result of the
assembly of evident and “hidden” manifestations. We have given this unit the name PAU
(Universal Autonomous Pattern). In it, both its structure and its functions (relations) are expressed,
that is, the “functional geometry” that aims to represent the smallest evidence of reality that a
subject can conceive.

The PAU is, structurally speaking, a “Galois group,” but from the functional point of view it
is a “Galois connection.” In 1832, Galois discovered the group he defines as a set of elements
gathered by a composition operation (in our case ®) that applied to some elements of the set, gives
us an element of the set. There is a neutral element in this set which, together with another of the
same set, does not modify it (in our case V). There is an inverse operation that, when it is used
together with the composition operation, gives the neutral element (in our case ©). Finally, all the
compositions are associative or independent of their grouping. These characteristics make this
group a prototype of structure, given that it does not arise from the constitutive elements
themselves, but from the permutative interrelationships between them. (Salatino, 2017, p 206).

A bivalued logic, like Boole's, is isomorphic. This isomorphism arises from the principle of
the excluded third. The duality of conjunction and disjunction and the fact that in classical logic the
dividing line between designation and non-designation coincides with the distinction between
affirmation and negation (Ibidem, p.64).

In TL there is no such duality, because there is a "splice", a Galois connection
(mathematically speaking), where disjunction and conjunction constitute the mediating opposition
between another opposition: the two initial sets: S and O. This allows establishing a relationship
between the objective (the known) and the subjective (the unknown), suggesting that the subjective
should also correspond, in some way, to the real facts (Salatino, 2009). Nor is respected the
principle of the excluded third, that which defines the hierarchy of binary systems, the heritage of
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the monocontextural content. In a polycontextural logic such as TL, what links the different
continents (or ontological niches - Salatino, 2008) is a heterarquica relation. Then, we could say that
the TL represents a "heterarchical distribution of hierarchical or binary systems."

The bivalued logic is traditionally considered as the doctrine of the “laws of thought”
(Boole, 1854). These laws are supposed to regulate the activity of a computational system or subject
(S) which maps their environment. They refer, by designation, to an external world, and by self-
reference, to themselves. In other words, the classical bivalent system represents two ontological
places to which we can call, conventionally, “thought” and “being.” (Giinther, 1967) The above
constitutes a double inconsistency. On the one hand, a binary system has room for a single
ontological place, for some reason Giinther called it “monocontextural.”

On the other hand, a bivalued system like Boole's can only represent the object or the
subject and one at a time. Furthermore, “thought” and “being” is not and can never be ontological
or real places, not at least, from the subjective point of view (Salatino, 2009).

7.0 EXPANSION OF A FUNCTION
Returning to Boole's algebraic interpretation, we see that if x and y represented two different
classes, x + y represented a class that simultaneously contained all the individuals of x and y. The
previous situation corresponds to the union of the ‘“class logic.” On the other hand, Boole
interpreted the difference between classes x - y as the class formed by all individuals of class x and
none of class y. Which is equivalent to the intersection of “class logic.” From all the above, the
following pair of equalities arises:

x+(1-x)=1 (1) (union)

x*(1-x)=0 (2) (intersection)

Equation (1) tells us about the totality of individuals in a universe (those that belong to class
x and those that do not, its complement, whose sum gives the unity).

Equation (2) expresses the Aristotelian "principle of non-contradiction," mathematically.
(From Vado Virseda, 2017, page 56)

Boole not only included addition and subtraction between symbols in his algebra, but also
division, which plays an important role in this method. The solution that, for example, gave to the
equation xw =y, was w =y / x. Without clarifying what this operation means in logic, he interprets
it by introducing the “expansion (or development) of a function.”

The method of “expansion” works in the following way: if £ (x) is an algebraic expression,
its expansion is given by:

Jx) =f1)x + f0)(1 —x) 3)
The previous identity is established assuming the general form: f (x) = ax + b (1 - x) (Bear in mind

that (1 - x) = y). Then, a and b are determined by setting x =1, x'=0, y =1 and y' = 0. For an
expression with two variables, we have:

S0, y) =7 (L1 xy +7(1,0) xy+ £(0,1) xy +£(0,0) xy’ 4
Then, if f(x, y) =y / x, then:
y/x=1/1.xy+ 1/0. xy+ 0/1. x'y + 0/0. xy’ (5)
The argument of Boole to equal a function with its expansion is at least defective because it

assumes (without justifying it) that any function applied to its variables is linear (Nahin, 2013, p
69).
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As we can see, the incompatibility between the Boolean algebra and the TL is multiple. In
the first place, it strictly respects the basic principles of Aristotelian logic, something that does not
happen in TL. Second, the use of the “expansion of a function” while describing, in some way, the
“classes” that inhabit the universe analyzed does not succeed in establishing, completely, the
relationships that are generated between them (4), nor does it says about the mechanism that allows
one to "move" from one to another to scrutinize said universe (Figure 17).

Fig. 17. Expansion of a function
01 11

00 10

The PAU in Figure 18 clearly shows that the similarities between Boolean algebra and TL
are nothing more than that, mere similarities.

Fig. 18.The logic within the logic

xuy
= (x+y)

01 @ " U [0 1 --- x (ambit or contexture)

ey 1 0 --- y (content or complement)
” @ 2 10 1 1 -=- class (union, organization or co-presence)
0 0 --- category (intersection, disorganization or co-absence)

xny Y
(x-y)

The fundamental nucleus of the TL (PAU) has a structure that consists as if it were a class

(as a set of objects), a scope (or contexture) x, and a compliment (or content) y. On the other hand,
from the “union by the differences” of x and y (x U y) and its opposite, the “separation by the
similarities” of x and y (x N y).
From the functional point of view, this nucleus determines x and y, the simultaneous presence of
what distinguishes them (x + y or disjunction), and the simultaneous absence of what they have in
common (X * y or conjunction). In this way, they form a “splice” of the union (U) of what
differentiates them, with the separation () of what equals them, that is, that both belong to the set
of real elements, or that they exist in the universe considered.

In this way the transformations that bind x and y that complete the PAU is defined. The
"apparent or superficial transformation" (organization or co-presence) that we call "class," and the
"hidden or deep transformation" (disorganization or co-absence) that we will call "category." It is
important to clarify the terms used. The transcurssive category is neither the Aristotelian form of
thought that reproduces something that occurs in objective reality, nor the pure concepts of the
Kantian understanding, nor any of the three ontological categories of Peirce, nor those of Hegel, but
the basis of the “sense” of the interrelations that keep the main actors in the subjective reality of a
given universe (U). On the other hand, the transcurssive class is not a set of things that share some
property, but on the contrary, it is the union of different objects that differ in some aspect.

Finally, what is obtained in the superficial level of the PAU (organization: union by the
differences = 11) is projected in the profound level, (disorganization: separation by the similarities
= 00) using the "inflection point" that means the appearance of the "fourth element." This projection
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has as a goal to disorganize what has been obtained at a superficial level, and then reorganize it
according to the requirements of the previous operation. Take into account that the surface level is
what registers the "demands" of the environment, its "organization." Once the reorganization
process has taken place at a deep level, what is obtained is again projected onto the surface, by the
same 'channel' of the inflection point but traveled in the opposite direction. This last projection
places the system at a new level of equilibrium with the environment, but now with a greater
complexity that has allowed it to adapt to environmental demands.

8.0 CONCLUSIONS

In the analysis of basic principles on which Boole's algebra is based, we have discovered that some
of the aspects of reality, that are revealed when we approach it from the subjective, are hidden
between its values of truth and functions. That is, there is an “implicit logic” underlying the
Boolean binary proposal, a logic that we have called 'transcurssive' because it leaves evidence of a
certain evolution over time, of what affects an observer.

Among the findings we have to highlight: a) the existence of a complex system based, not
on its constituent elements and a specific purpose, but on the interrelations that link its components.
b) a systemic complexity that enables an adaptive dynamic response in front of the demands
(inputs). c) the possibility of analyzing through the discovered structure, the relational situation of
several binary systems, simultaneously (heterarchical distribution of hierarchical systems). d) the
functional non-dependence of the structure concerning the observer ( measurement process), as it is
the case with any situation that is objectively addressed, and e) the advantage of being able to
consider situations where more than two states are at stake, even if they are exclusive.

From the transcurssive perspective, an interesting panorama opens up of possible
applications of this way of observing reality.

"From where, apparently there was nothing, the Transcurssive Logic arises."
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APPENDIX A
Class: Set of elements that have some property in common.

Discontinuous structure: It goes from one contexture to another by successive negations (at one
time, all or nothing, 0 or 1). For this reason, the superficial structure is considered discrete or
discontinuous.

Domain: Are the elements of the scope that satisfy a given function.
Double negation: ~~p =p; ~01 — 10; ~10 — 01.

Galois Group: As we have already described in other works, here we will only list the basic
properties of these groups. These groups must have: a) a composition operation; b) an operation
opposite to that of composition; c) comply with the law of closure or closing; d) possess a neutral
element; e) possess reverse elements; f) comply with the associative property; and g) comply with
the law of the closure or closing of the conjugate.

Heterarchy: Refers to the situation of interdependence that must exist between different levels or
subsystems in which different processes are developed simultaneously.

"Invisible" contexture: This situation, in the class logic, is characterized as a null scope and
universal content. Or what is the same, a null class for logical reasons, since there are no elements
that belong to its scope; all belong to its content. Here co-absence does not mean non-existence,
which also supposes absence, the impossibility of presence, but represents the functional value of
co-presence.

Laws of classical logic: The proposed structure does not follow the laws of classical logic, although
the operations ~(10=~01) and (01+~01) represent principles or logical laws.

Ordered pairs: Thus, the ordered pair <0,1> in this order satisfies the relation 'tendency to go
towards disorder' and the ordered pair <1,0>: 'tendency to go towards order"; both relations raised in
U.

Scope: That constituted by the elements of which a function is predicated.

Traditional negation: In this negation, what is done is to deny only the contexture A (01), with
which it is canceled (disappears), transforming itself into the contexture B (10).
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ABSTRACT

Minimum sample size is a requirement in most experimental designs. Research in social science
requires minimum sample size calculation in order to support the claim that the sample represents
the population. If the sample does not adequately represent the population, generalizability could
not be achieved. In this study, we present a minimum sample size calculation method by using the
cumulative distribution function of the normal distribution. Since most quantitative data in social
science research employ surveys with responses in the form of Likert or non-Likert scales, the CDF
of the normal distribution curve is an appropriate tool for sample size determination. We use binary
data in a form of (0,1), and continuous data, in a form of quantitative non-Likert (0,1,2,3), and
Likert (1,2,3,4,5), (1,2,3,4,5,6,7) and (1,2,3,4,5,6,7,8,9,10) scales as the bases for our modeling. We
used Monte Carlo simulation to determine the number of repetition for each scale to achieve
normality. The minimum sample size was determined by taking the natural log of the Monte Carlo
repetition multiplied by pi. We found that in all cases, the minimum sample size is about 30 where
we maintain the confidence interval at 95%. For non-parametric case, the new sample size
calculation method may be used for discrete and continuous data. For parametric modeling, we
employed the entropy function for common distribution as the basis for sample size determination.
This proposed sample size determination method is a contribution to the field because it served as a
unified method for all data types and is a practical tool in research methodology.
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1.0 INTRODUCTION
The purpose of this paper is to provide a new method for calculating sample size based on the
cumulative distribution function (CDF) of normally distributed data. We defined data as the
quantitative scale used in the survey commonly employed in social science research. Data could
generally be categorized into two types based on their distributions, namely discrete and continuous
data. Demographic data may be classified as discrete data. Response scales in a form of Likert
scale, such as (1,2,3,4,5), (1,2,3,4,5,6,7,), and (1,2,3,4,5,6,7,8,9,10) or non-Likert quantitative scale,
such as (0,1,2,3), may be analyzed under continuous probability. This paper asserts that survey
employing any of the aforementioned scale types may be analyzed by the CDF of a normal
distribution.

Under Monte Carlo simulation, we can estimate the number of repetitions in order to achieve
normality under the law of large number. For quantitative data, we expect the data to achieve
normal distribution according to:

N2
Fxl po?) = ——expl A ()
\j27z02 20

For binary or discrete data, we expect to achieve normal distribution under the deMoivre-Laplace
Theorem under the following condition:

n—»o0 npq

lim P{X il 4 J >7 )

where X = total success of the category of interest, n» = number of observation, p=(s+1_/(n+2),

and Z = critical value whose corresponding percentage probability may be found in the Z table. We
are aware that certain discrete data, despite the increase in the number of observations will remain
discrete or binary. Such exceptional case would be tested and treated separately and would not fall
within the generalized case cover in this paper. If the data is not normally distributed, as we
observed in the later part of this paper, we propose to use the entropy function for each distribution
to augment our sample size equation in order to determine the minimum sample size for each case.
We intend the proposed sample size determination method to have practical application in all cases
whether the data is discrete or continuous, or whether the investigator is using parametric or non-
parametric method in the investigation.

The motivation for this paper comes from the gap in the literature in sample size calculation
based on response space. Most literature discussed sample size calculation in the context of the
relationship between sample and population of respondents or participants. In this paper, we focus
on the scale of the response used in the survey as the probability space. One researcher wrote that:

“The estimation of the minimum sample size required for any study is not a single
unique method, but the concepts underlying most methods are similar. The
determination of the sample size is critical in planning clinical research because this is
usually the most important factor determining the time and funding to perform the
experiment.” (Gogtay, 2010).

We treat this assertion as logical, but not practical because it lacks certainty. This uncertainty
was shared by Israel who wrote that sample size determination is influenced by the “purpose of the
study, population size, the risk of selecting a “bad” sample, and the allowable sampling error.”
(Israel, 1992). The intent of this paper is to look for a unified method to calculate sample size that
would overcome the limitations saw by Israel and Gotay.
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The National Institute of Science and Technology (NIST) in the US proposed a more definite
sample size calculation method based on sample-population proportion. According to NIST, sample
size is a proportion of the population; that proportion could fairly represent the population at a
specified level of precision defined as:

PrQﬁ—P|20)=a (2)

where p = estimated proportion; P = unknown population parameter; o = specified precision of the

estimate; « = probability value. The sample size of the approximately normally distributed
population is:

n=23 (P—fj G)

o

where Zis a critical value at a; p= probability of the current process determined by
p=(s+1)/(k+2) and g=1-p. We found this method of sample size calculation limited in
application and unstable in outcome because it could only be used for binary data; hence, the
presence of P and Q in the equation. In addition, if P and Q is used, the variance should have also
come from the binary data set, i.e. variance should have been written as \/@ , hot o2 . A more

efficient sample size formula should be able to accommodate both discrete and continuous data.
One objective of this paper is to address this inadequacy.

Since the function of the sample is to represent the population, the precision of the equality
between the sample and population may be written as:

!

where u is the unknown population mean and y is the sample mean. The sample size is determined
by:

Y~ H
Y7,

Zajza 4)

2.2
Z50
n~-—4

2,2 )

where o2 s population variance. NIST’s approach to determine sample size is based on
proportional representation. The proportion is the ratio between the sample and the population.

In this paper, we assert that where response scale is used in survey, the observed value from
the sample and the estimated value for the population should be confined to the probability space of
the scale itself. No matter how large the population, the answer to the survey would fall within the
value range of the scale. For example, if the Likert scale is used, for a scale of (1,2,3,4,5), the value
of the sample and the population will fall between 1 and 5, similarly for a Likert scale of
(1,2,3,4,5,6,7), the sample and population values would fall within the range of 1 and 7. Thus, in
this paper, we propose the use of the probability space of the scale to estimate sample size for the
studies using quantitative scale as response choice.

The intended contribution of this paper is to provide a practical tool for calculating sample
size to researchers in social science. By so doing, we hope to dispel many questions about how
many sample elements must be taken in a given research. If the research employs a survey with
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response scales that are classified as quantitative data, we assert that under the calculation method
proposed by this paper, the minimum sample size is about 30.

The scope of this paper is confined to sample size calculation for quantitative research in
social science. In qualitative method, the content of the research generally is tainted with
subjectivity of the investigator; as for sample size determination, it is also unsettled and is highly
influenced by the investigator's subjectivity (Sandelowski, 1995). The lack of systematic guidance
in qualitative research is evidenced by the practice of keep adding more participants until a
saturation point is reached (Glaser, 1965). Although saturation point has been studied, definitive
guidance on sample size determination in qualitative research remains unclear (Francis ef al., 2010;
Guest et al., 2006; and Wright et al., 2011). Only suggestions on how many samples should be
taken, but there is no definitive method for calculating sample size for qualitative research
(Onwuegbuzie and Leech, 2007; Fugard and Pott, 2015). For instance, it has been suggested that
samples should be collected to the point where a “theme” may be observed and a “theme analysis”
may be used (Galvin, 2015). Due this lack of guidance in the research method itself, qualitative
research is outside the scope of this paper. Nevertheless, despite such inadequacy in qualitative
research, so long as the qualitative data could be coded in binary data, the proposed sample size
determination method in this paper could also be useful for qualitative research. To that end, this is
an additional contribution of our proposed sample size determination method because it eliminates
the uncertainty in sample size calculation in qualitative research.

2.0 LITERATURE REVIEW

There are several scenarios where sample size becomes an issue in research in social science, (1)
types of data, i.e. whether the data is time series or non-time dependent, and (ii) parametric of non-
parametric testing. When dealing with the type of data, we are face with data that may be classified
according to their type of distribution, such as discrete or continuous. Discrete distribution describes
data that came from binary or categorical domain which are coded 1 = yes and 0 = no. Continuous
data deals with quantitative scale which are commonly used in survey; for instance, (0,1,2,3) or
(1,2,3,4,5) are common quantitative scales used in social science research survey.

The second situation where minimum sample size plays a role in assessing the adequacy of
research methodology may deal with parametric and non-parametric cases. In parametric modeling,
we are asking: “what is the minimum sample required for testing the proposed model?” A model is
a mathematical function, also known as the predictive function. Minimum sample size in parametric
studies allows the researcher to propose a reliable predictive function for a given construct or group
of constructs to explain a given phenomenon. How reliable and valid that proposed predictive
function may depend on whether in constructing such function, did the research use adequate
sample. For instance, it has been suggested that in multiple regression modeling, each variable
should have at least ten observations. Thus, a multiple regression function with three variables, x1,
x2, and x3, should have at least 30 sample counts.

2.1 Sample size for non-parametric case

Conventional sample size determination may be divided into two scenarios: finite population and
non-finite population. In finite population, the population size is known. Assuming that the
population is large enough and normally distributed, sample size may be obtained through the
Yamane equation:

LN (6)

1+ N(2)

where N = population size and e is the error level (Yamane, 1967; p. 886). We found this method of
sample size calculation limited in application because in order to use the Yamane equation, the
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population size must be known. This requirement is not practicable because in most cases in real
life, the population size is either unknown or unstable. Even if the population is known, at 95%
confidence interval, the Yamane equation tends to produce a fixed sample size at about 400. This
number may be too large and costly; thus, making it unpractical. We also note that the Yamane
method had been misunderstood and misused to mean that sample size in all cases is 400. This

misunderstanding comes from the misuse of the standard error formula: SE =o'/ Jn by allowing
o=1, SE=0.05 and solve for n. The answer is n=400. We reject this approach to sample size
calculations as erroneous and does not conform to the function and purpose of sample size. The
assumption that o =1 is erroneous because such an assumption is may be true when the data is
normally distributed. The setting of the error to 0.05 is a error is the misuse of misunderstanding of
the standard beta where the error level is fixed at 0.05 for 0.95 confidence interval. However, the
use of SE=0.05 in this case has no empirical support. Both the assumptions of o =1 and
SE =0.05 are not supported by the data in each case.

A second scenario involved unknown population size. In the non-finite population case, a
test sample must be taken to learn the approximate variance of the population. For non-finite
population, Smith provides the following formula:

n==— (7)

where Z is the critical value, sigma is the estimated standard deviation, and e is the error level
(Smith, 1983). We found this method of sample size calculation limited in application and unstable
in outcome because in order to use equation (7), a test sample must be used. Different sizes of the
test sample change the outcome of n. For example, test sample sizes 10, 20 or 30 would have
different required sample size n. These differences are evidence to prove that this sample size
calculation method is not reliable. Reliability is defined as consistency in outcome. Equation (7)
fails this requisite.

The formula given by Yamane and Smith may be classified as general approaches to sample
size determination based on population size (Yamane’s approach) and distribution of the test
sample (Smith’s approach). We reviewed the literature in more specific cases on the basis of data
type, i.e. continuous or discrete data. The literature for the general case based on population size,
and the specific cases based on data types, provides us a context for our introduction of sample size
calculation method based on response space or instrument scale-based approach.

2.1 Sample size determination for categorical data
Sample size determination of categorical data or binary data for non-finite population was discussed
by Cochran (1963: 75) who provides the following formula:

== (8)

This formulation is limited to binary data as indicated by p and ¢ where p=(s+1)/(n+2) and

gq=1l-p.
For categorical data, minimum sample size may also be determined by two proportions of
the categorical data:

AN
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where dz(pl —poWp(=lp) and p=(p;+pr)/2.

The use of normal distribution as the reference or ideal condition to determine sample size is
well documented (Devane and et al., 2004). The element of sample size determination include the
type of data and it distribution (Julios, 2004). While data distribution is not under the control of the
researcher, certain terms are under the researcher's control. These uncontrollable factors include: (i)
detectable effect size; (ii) probability of falsely rejecting the null hypothesis (alpha error); (iii)
probability of rejecting false null hypothesis (beta error); and (iv) estimated standard deviation
(sigma) (Karlson et al., 2003). So what?

Sample size determination in social science allows the studies to make a generalization about
the population through inference. However, in medical science sample size may allow the
researcher to verify treatment effect. Noordzij et al. (2010) wrote that: “The main aim of a sample
size calculation is to determine the number of participants needed to detect a clinically relevant
treatment effect.” Four components are considered when calculating sample size: (i) type I error;
(i) power; (iii) minimal clinically relevant difference; and (iv) variability (Noordzij, 2010). For
medical science, Noodzij provides two methods for sample size determination where the data is
continuous and discrete.

For discrete data, the formula was given:

[+ 5)? (plg1 +p2a2) (10)
X

n = sample size of each group; p;= proportion of subjects with factor of interest in group 1; g1=
proportion of subjects without factor of interest in group 1; p, = proportion of subjects with factor
of interest in group 2; g, = proportion of subjects without factor of interest in group 2 (1-py); x=
the difference the investigator wishes to detect; a = multiplier for alpha = 0.05; and » = multiplier
for power = 0.80.

We found these two methods (equations 8, 9 and 10) of sample size calculation limited in
application because the presence of P and Q allows the formula to be used only with discrete or

binary data. In order to be efficient, the sample size formula must be able to accommodate both
discrete and continuous data.

2.2 Sample size determination for continuous data
Gotay discussed two scenarios involving two means comparison in continuous and discrete data. In
continuous data, for means comparison, the formula was given:

2 2
n=(2a+zb) o an
d2

where d = effect size. The effect size d of continuous data is given by Cohen (Cohen, 1988; p. 67):

g=1"*2 _H1~H2 (12)
N N

n1—152+ n2—152
1 2
n+ny—2 '

The pooled standard deviation (s) is obtained by: s = \/
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For two group comparison with continuous data, the formula for calculating sample size is
given by:

- 2(a+b)202

(13)
(1 — 2 )P

n = sample size of each group; x; = population mean of treatment group 1; 1= population mean

of treatment group 2; 1 — up = the difference that the investigator wants to detect; 2= population

variance; a = multiplier for alpha = 0.05; and b = multiplier for power = 0.80.

In these two methods (equations 12 and 13), we found the same inadequacy as we observed
in equations 8, 9 and 10 , because they could only be used for continuous data and cannot
accommodate binary data.

In this paper, we present a new method for calculating sample size based on the probability
space in the survey’s scale using the cumulative distribution function (CDF) as the basis. We note
that discrete data does not have CDF, but the mass distribution function (MDF); nevertheless, the
data set of (1,0) is converted to its continuous equivalence by using the DeMoivre-Laplace Theorem
in order to obtain unified approach in sample size determination. The new sample size calculation
can accommodate both discrete and continuous data of the response space. Whether the response
space comes from binary data (1,0) or continuous data in a form of Likert or non-Likert scales, the
new sample size calculation method could accommodate both types of data because we use the
probability of the response element or component as the basis for sample size calculation. In all
other sample size calculation methods hitherto, population parameter estimate was used as the
building block. There is a lack of standard formula for sample size calculation because different
types of modeling require different types of parameter estimation. The new method introduce in this
paper overcomes this weakness of the traditional method. To the extent that the new method is an
improvement over those found in the literature, the new method for sample size calculation is a
contribution to the field.

2.3 Sample size determination for parametric modeling

Parametric modeling involves the use of predictive function to explain the data. The predictive
function may depend on the type of the distribution of the data. In this paper, we present five
common distribution found in social science research where psychometric scales are used in
opinion surveys. These common distributions are: (i) normal, (ii) logistic, (iii) beta, (iv) gamma,
and (v) Weibull distributions. For each distribution, we use the entropy as the threshold for which
sample size determination may be determined. Entropy is defined as the function explaining the
point at which information break down commences, i.e. the point where the stability of the
distribution starts to deteriorate.

2.3.1 Normal distribution and its entropy function
When the data is obtained through quantitative scale, ideally if the data behaves according to the

law of large number, the data would manifest normal distribution where the plot of the distribution
curve resembles perfect bell shape. The PDF and CDF of the normal distribution are given by:

2 2
pDF(N)z;e_((x_,u) )/ 20 (14)
2102

CDF(N) = %{1 - er]{%ﬂ (15)
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Alternatively, the CDF for the normal distribution may be obtain by the percentage probability
function:

1
1+exp (—JZ (/3125 + Bz + /332))

where Z =(x—Xx)/s, B =0.0004406, B> =0.0418198, and S3= 0.90000000. The entropy function
for the normal distribution is given as:

F(Z)= (16)

E(N) :%log(Zﬁeaz) (17)

2.3.2 Logistic distribution and its entropy function

In many instances, psychometric scales used in social science research aim to measure the pattern of
emotion, judgment, loyalty or other forms of mental outlook, the data does not behave in a straight
line as we might expect in normal distribution case. In many instances, these types of psychometric
data will manifest a sigmoid pattern which may be captured by a logistic function. The data with
this sigmoid pattern may be explained by logistic distribution. The PDF and CDF of logistic
function are given by:

PDF(log) = L (18)
s(l—e™ %)

where z =(x— u)/s . The point-by-point percentage probability of x is determined by the CDF. The
CDF of the logistic distribution is obtained by:

CDF (log) =

(19)

l+e ~

The point at which the information of the logistic distribution starts to under go instability or
dissipation is called entropy. Information entropy for the logistic distribution is given by:

E(log)=Ins+2 (20)

2.3.3 Beta distribution and its entropy function

When the data is negatively skewed, the distribution of the data may be classified as beta
distribution. Negatively skewed data may provide information about the gravitation or change
which the population is moving away from the mean to the upper range of the tail of the curve. In
many instances, this change may signify an improvement or a pattern of adoption of new
technology. The PDF and CDF of beta distributions are given by:

Xa—l(l_X)ﬂ—l
B(a, )

PDF(f) = (22)

where B(a, ) = w. What is gamma ? what is a? what is b?
I'a+p)
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CDF(f)=1x(B.5) (23)

X
This is known as an incomplete beta function where B(x;a,b)= j ta_l(l—t)dt for x=1 the

0
incomplete beta function coincides with the complete beta function. The regularized incomplete
o : B(x;
beta function is obtained by: 7, (a,b) = B(x.a,b) .
B(a,b)

The entropy function where the information loss is observed for the beta distribution is
obtained by:

E(B)=InB(a, p)—(a-)y(a+p) (24)

2.3.4 Gamma distribution and its entropy function

The opposite of beta distribution is the gamma distribution. In gamma distribution, the data is
positively skewed. Positively skewed data in psychometric measurement may provide information
that the population is lagging behind a certain change or is slow to adopt new idea or innovation.
The right-side of the tail of the curve may indicate introduction of new ideas, innovation or people’s
opinion starts top erode from the old mean. The PDF and CDF of the gamma distribution function
are give by:

PDF(y) = ;kxk_le_ﬂ 4 (25)
(k)0
CDF(y)=ﬁ y[k,%j (26)

where k >0 =shape, 0 >0=scale, and a >0 =shape; >0 =rate.

The significant erosion from the old mean may be indicated by the breaking down of
information. This information breakdown may be indicated by entropy. The entropy as a measure of
information loss for the gamma distribution is given by:

E(y)=k+n0+InT(k)+(1-k)w(k) 27)

In cases where predictive model was used, the distribution function for each data set in the
modeling may be used f

Table 1. Sample size calculation for parametric modeling
Distribution Tye Entropy Sample size equation

N 1 =
orma E(N) = llog(27zea2) ng In(n)7
o 2 Ngx =Ny (l + E)

Logistic E(log)=Ins+2 ) )
where ng is nonparametric sample

Beta E(f)=InB(a,p)—(a-)y(a+p) size, ngx 18 parametric sample size,
and E is the entropy function of the

Gamma E()=k+n@+InT'(k)+(A-k)w(k) distribution.
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3.0 DATA AND M ETHODOLOGY

3.1 Data derived from content of response scale

The data used for calculating sample size is based on the component of the scale used in the survey.
We assume that a good survey is one that employs a single scale throughout its survey. For
instance, if a Likert scale (1,2,3,4,5) is used, all questions soliciting quantitative data in that survey
would use only (1,2,3,4,5) for also questions. The characteristics of each scale type are reported in
Table 1.

Table 2. Response scales and their characteristics

Scales Type X+S HEto Skew Kurtosis
(1,0) Discrete 0.50+0.71 0.07 £0.37 - -
(0,1,2,3) Quantitative 1.50+1.29 0.44+1.28 0.00 -1.20
(1,2,3,4,5) Likert 3.00£1.58 1.84+1.57 0.00 -1.20
(1,2,3,4,5,6,7) Likert 4.00+2.16 2.66 £2.15 0.00 -1.20
(1,2,3,4,5,6,7,8,9,10) Likert 5.50+3.03 393 £3.01 0.00 -1.20

The response scale is used as the observation set; however, the components used for
purposes of calculating sample are the CDF of the scale elements. The CDF of each scale
component reports the percentage probability of each component. These percentage probabilities
are used to determine sample size.

With known CDF of each component of the scale, we then use Monte Carlo simulation to
obtain the number of repetitions to have data points fill the probability space of a unit circle. In the
final step, the sample size is obtained by multiplying the log number of Monte Carlo repetition by
7. The rationale for taking the log of the number of repetition is to force fit the number of
repetition into a unit circle. The rationale for using 7 comes from the ratio of the circumference to
the diameter of the circle.

3.2 Proposed new method for minimum sample size calculation

Traditionally, power calculation is one indicator used in assessing the adequacy of sample size.
Power is defined as the percentage probability of event defined by F(Z) as defined in by equation
16, supra. Power is the probability of not committing Type II error (failing to reject the null
hypothesis despite the empirical evidence dictating otherwise). The probability of Type II error is
p=1-F(2).

In this paper, we introduce a new way of calculating the power of the sample size through
the use of probability space of the unit circle of the assumed normal distribution curve. We define
power of the sample as the observed or empirical sample over the theoretical sample of the log
number of Monte Carlo repetition (N) that would have fitted into the unit circle. This new power
calculation may be obtained through the following steps:

Step 1: Determine the expected number of repetition (N) for Monte Carlo simulation that
would fit data points into a unit circle’s probability space assuming that the data is normally
distributed N(0,1) with £ =0.05 for 95% confidence interval and ¢ =1.00:

A 60 2 A
N= (F) — LN(N) (28)

The number 6 is used to represent 6 standard units of the sigma or standard deviation in the
normal distribution curve. The error level (F) is the precision level determined by o or the
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significance level in the distribution curve. The natural log value of the repetition (N) is used
because we need to descale the value to fit the unit circle. The expected sample size at various level
of E is listed in Table 3. For our evaluation in this paper, we use E =0.05 with the corresponding
sample size of n*=30.07 .

Step 2: Determine the empirical sample size by using the CDF of the scale as the basis:

ng =In(N,)z (29)

where N,pg =30/ E)2 with the inferential standard deviation o calculated from {xl,x2,x3} with

X] =max, xp =min, and x| =(max+min)/2, and E, = (max—min)/2)/50.

Step 3: Power (I1) is determined by calculation the ratio of the empirical or test sample size
(ng) to the theoretical sample size (n) in step 1 by:

H:I—[%_nj (30)

n*

where ny = sample size estimated by CDF of the scale components; 7 is the ideal sample size

obtained by fitting value points into the unit circle’s probability space under equation (29).

Table 3. Power calculation for sample size determined by CDF of scale components

Scale ng n* ng—n* 11 1%

(1,0) 33.61 30.07* 3.54 0.8823 88.23%
(0,1,2,3) 30.58 30.07 0.51 0.9830 98.30%
(1,2,3,4,5) 30.20 30.07 0.13 0.9957 99.57%
(1,2,3,4,5,6,7) 29.79 30.07 0.28 0.9907 99.07%
(1,2,3,4,5,6,7,8,9,10) 29.51 30.07 0.56 0.9814 98.14%

*Using E=0.05and o =6.

The power we proposed differs from the tradition power calculation for sample because we
do not depend on the value of £, but based power on the ratio between the data points that can fit

into the probability space of the unit circle. A theoretical or expected sample size is defined as the
saturation of data points that would fit into a unit circle obtained under Monte Carlo simulation.
This approach is more practical because we based our sample calculation on the CDF of the
response scale used in the survey, not on parameter estimate in the population. We assert that in
social science research where survey is used and quantitative response is employed, the expected
value for the entire survey should lie within the range of the max and min values of the scale used in
the survey. Thus, the basis for calculating sample size should be the survey scale, not some
population parameter estimate. The observed value for the sample and the expected value in the
population will fall within the max and min values of the scale used.

4.0 FINDINGS AND ANALYSIS

4.1 Standard sample size for quantitative survey using probability function

Using the Monte Carlo simulation to fit data points into the probability space of a unit circle, we
found that for 6-sigma with error level of 0.05, the ideal sample size is 30.07. This fitted value is
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used as a threshold value against which sample size obtained through survey response scales are
compared. Table 3 tabulates various threshold sample size of —sigma with various levels of error.

Table 4. Threshold sample size under 6-sigma under various error level

o E N In(V) n*=In(N)x
6.00 0.01 360,000 12.79 40.17
6.00 0.02 90,000 11.41 35.82
6.00 0.03 40,000 10.60 33.27
6.00 0.04 22,500 10.02 31.47
6.00 0.05 14,400 9.57 30.07
6.00 0.06 10,000 9.21 28.92
6.00 0.07 7,346.94 8.90 27.95
6.00 0.08 5,625 8.63 27.11
6.00 0.09 4,444.44 8.40 26.37
6.00 0.10 3,600 8.19 25.71

By using the cumulative probability of each element of the scale as the basis to calculate the
sample size, we are able to determine the sample size for the various scales commonly used in
quantitative research that employ written survey. Note that in this new approach, we also include
discrete or binary data. In all cases, regardless of discrete or continuous and regardless of whether
Likert or non-Likert scales used in the survey, we found that the minimum sample size is
approximately 30. Table 4 shows the estimated sample size based on probability function for each
survey response space.

Table 5. Using cumulative function of response scales to obtain sample size

Scales X S 7 E N ng =In(n)z
(1,0) 0.50 0.71  0.50 0.01 16,970 33.61
(0,1,2,3) 1.50 1.29 0.50 0.01 15,045 30.58
(1,2,3,4,5) 3.00 1.58 0.50 0.01 13,172 30.20
(1,2,3,4,5,6,7) 4.00 2.16 0.50 0.01 12,067 29.79

(1,2,3,4,5,6,7,8,9,10) 5.50 3.03 0.50 0.01 44,456 29.51
Mean+ SD 30.74 £ 1.65

The use of the CDF as the basis for sample size calculation had been done in the past.
However, the approach taken in the past was different than what we proposed in this paper. In the
past, sample size calculation under CDF approach is obtained through:

2

.

Mot {Z"‘ e (lﬁ)} G1)
u*lo

Assume that for 95% confidence interval, Z, =1.65 and #=0.05, and x and o are inferred from
an observation set. In this study, we test the power of this equation by using the response scale as
the observation set. We find this approach inefficient because the use of depends on a test sample to
obtain the inferential statistics of x and o . The values of these two components are not stable as
the test sample size changes.

The comparative findings of sample size under these two methods using various response
scale types are reported in table 5. Note that when use the response scale as the observation set to
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determine sample size, the old sample size calculation method failed to produce adequate sample
size and also failed in the power test under equation.

Table 6. Comparison of two types of CDF-based sample size calculation

Scale Nold Npew 4 e

(1,0) 196.20 33.61 -4.52 0.8823
(0,1,2,3) 59.43 30.58 0.02 0.9830
(1,2,3,4,5) 5.11 30.20 0.17 0.9957
(1,2,3,4,5,6,7) 4.59 29.79 0.15 0.9907
(1,2,3,4,5,6,7,8,9,10) 4.12 29.51 0.14 0.9814

Note: I1,;; is equation (31) and II,,,, is equation (30). The n,,,, is ng that we proposed in this
paper.

5.0 CONLCUSION

There are many sample size methods in the literature. These methods may be categorized into two
types: (i) population-based, or (ii) data-based whether the data is discrete or continuous. Under the
population-dependent approach to sample size calculation, there are at least two types of sample
size calculation method depending on whether the population is known or unknown. For the data-
based approach to sample size calculation, there are also many formulas used to calculate sample
size depending on whether the data is discrete or continuous. These two lines of literature with their
varied formulation caused uncertainty and confusion in sample size calculation. In this paper, we
provide a general case of sample size calculation based on the CDF of the scale of the survey used
in the research. By employing the scale as the data for Monte Carlo simulation, we are able to
obtain the expected sample level at about 30 counts for both discrete and continuous data. In
addition to new sample size calculation method, we also propose a new tool for power calculation.
The new power calculation uses the actual sample size obtained from the survey scale and the
expected sample size obtained from Monte Carlo simulation of 6-sigma case. This power
calculation method is more efficient and practical.
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