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ABSTRACT

Piaget's theory of cognitive development defines the successive and universal developmental stages of the
cognitive system. The order of the stages is fixed and extends from birth to the end of adolescence. In the
current study, we have investigated the development of logical and mathematical reasoning among a mature
sample following Piaget's theory of cognitive development. The current study examines whether continued
biological development (the increase in age) and continued accumulation of life experience, learning and
education can develop thinking that contributes to the transition to the stage of formal operational thinking. The
sample consisted of 1,000 adults aged between 18 and 76. The main conclusion of these results is that the
process of cognitive development is driven primarily by an innate factor. The current study's findings suggest
that SPC (Sensorimotor, Preoperational and Concrete) and FPF (Formal and Post Formal) control the

development of cognitive thinking and that they need further study at the molecular biology level.
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INTRODUCTION:

The development of thinking is the increase in a
person's ability to think, consider, understand, draw
conclusions and solve problems. It includes the deve-
lopment of cognitive traits. These mental abilities
guide the thinking process through which the person
articulates his thoughts and interacts with the
environment. The current paper is based on the theory
of stages by Piaget and Inhelder, (1969) which deals
with students' cognitive development in their transition
from the concrete operational stage into the formal one
(Inhelder & Piaget, 1969). According to Piaget, (1972)
the development course is linear and continuous
(Piaget, 1972). The stages of cognitive development
are universal - shared by children of all cultures with
qualitative and interpersonal differences during each
stage. Piaget, (2014) also mentions high thinking
schemes such as probabilistic thinking, equilibrium,
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proportion, isolation and control of variables, which
develop with the progression of the cognitive level and
maturate in the formal operational stage (Piaget &
Inhelder, 2014). Hence, the ability of the student to
apply those high thinking schemes, as those required
for "scientific thinking," depends on the student's age.
The theory of cognitive development with its stages is
considered a universal theory, valid for the entire
population. Shayer & Adey's, (1981) study of the
cognitive levels, which included 12,000 students from
junior and high schools in England, found that only
about 30% of students are in the formal operational
stage, while 70% are students at the concrete level of
thinking (Shayer & Adey, 1981; Bonna, 2021).

These findings show that not all junior and high school
students reach the formal level of thinking as expected
by Piaget's developmental theory. The research also

185


http://www.universepg.com/
mailto:ghaaj@walla.com
https://doi.org/10.34104/bjah.02301850191
https://doi.org/10.34104/bjah.02301850191
http://www.universepg.com/
https://doi.org/10.34104/bjah.02301850191
http://www.universepg.com/journal/bjah
https://doi.org/10.34104/bjah.023051060

Wattad and Chen / British Journal of Arts and Humanities, 5(4), 185-191, 2023

found a gap between the requirements of the curri-
culum and the level of development as well as the
cognitive ability of students, which can explain the
learning difficulties and the low achievements among
students in subjects that require abstract thinking. The
study used findings related to young learners and high
school students as well as the classification of the
concrete and formal stages of thinking to develop an
intervention plan called "thinking science,"” which aims
to accelerate cognitive development, which in turn will
lead to an improvement in the academic achievement
in science and other subjects (Adey & Shayer, 2011).

Green's, (1983) study, which includes 3,000 students
aged 11-16 in East Midlands, England, showed that
most students acquire the formal operational stage at
16 (Green, 1983). Several studies conducted in coun-
tries such as Australia, Pakistan and Israel have shown
that the recent situation in Israel and the countries
mentioned above is similar to that in the past. These
studies show that less than 25% of ninth graders are at
the formal level of thinking, while the vast majority of
them are in the pre-formal stages of thinking (Endler &
Bond, 2000; Huppert et al., 2002; Igbal & Shayer,
2000; Levitt-Dori, 2006). While Piaget focused on the
cognitive development of the individual, a series of
extensive studies, which were conducted around the
world and examined the distribution of the cognitive
levels within a population of junior and high school
students, found that cognitive development has a
universal pattern until the end of the concrete opera-
tional stage (Green, 1983; Habib, 2007; Herbst &
Brach, 2006; Levitt-Dori, 2006; Shayer & Adey, 1981;
Ojose, 2008). In other words, the population goes
through all the stages ordinarily until the end of the

Table 1: Cognitive stages in three domains.

concrete operational stage at the age of 12. After that,
part of the population did not continue with the nor-
mative development on the timeline, so the cognitive
development stopped at the concrete thinking stage.
Only part of the population continues to develop and
move to the formal operational stage. At the basis of
this research lies the following question: Q. Does the
fragment of the population who could only succeed in
moving into formal thinking at the age of 17 develops
this ability at an older age? If so, this means post-
poning the cognitive maturation to a later age. If the
answer is no, then what is the role of all the learning
and the experience acquired during life? The present
study examined the distribution of cognitive levels
among adult populations instead of studies that
examined the distribution of cognitive levels among
the youth population aged 12-17.

METHODOLOGY:

The sample consisted of 1000 adults from different
strata of society. The research population is heteroge-
neous regarding gender, sector, education, age and
occupation. The average age of the sample is 39. For
data collection purposes, we used a quantitative-cor-
relative layout to examine the cognitive level accor-
ding to Piaget's cognitive theory and to understand the
functional relationships between the cognitive level
and other background variables.

We used three tests developed by "Mathematics and
Science Perceptions in High School" at Chelsea
College, University of London, between 1973 and
1978 (Fig. 1, Fig. 2 & Fig. 3). We received the tests
directly from Prof. Shire, with guidance and coun-
seling regarding the transfer and the data processing.
These tests were validated and adapted to fit the
population's norms in the UK.

Cognitive stage The Cognitive Percent of the total Percent of the total Percent of the total
level sample Test 1 sample Test 2 sample Test 3
1B 3% 0.2%
Early concrete 2A 8% 2.8% 31.3%
Mid concrete 2A- 2B 24% 6.8%
Mature concrete 2B 41% 23.7% 27.8%
Concrete generalization 2B* 13% 42.1% 21.2%
Early formal 3A 11% 10% 12.8%
Mid formal 3A-3B 7.7% 4.9%
Mature formal 3B 6.7% 2%
Total 100% 100% 100%
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Test 1- Spatial relations
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Fig. 1: Distribution of population frequencies by cognitive stages (Test 1).

Test 2- Mass, Volume and Density
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Fig. 2: Distribution of population frequencies by cognitive stages (Test 2).

Test 3- The Pendulum
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Fig. 3: Distribution of population frequencies by cognitive stages (Test 3).

The distribution of levels of thinking among the adult
population is similar to that among junior and high
school students, as reported in population studies
conducted in Israel and abroad. The distribution
remains stable even in adulthood. According to the
current study's data, more than 75% of the subjects are
at the transition stage and different stages of the
concrete operational level in the three content fields. In
other words, adding up to 50 years of education and
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life experience did not lead to further cognitive deve-
lopment processes. It did not promote most of the
population toward the formal operational stage. This
means the main control over cognitive development is
in the individual's hereditary components. It can be
concluded that cognitive development is stabilized at
the end of junior high school and through high school.
Age, life experience, and academic studies contribute
little to the formal operational stage transition. This
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finding may be an obstacle to achieving the goals of
Cognitive Acceleration Projects and Programs. Accor-
ding to our findings, the ability to think did not
develop during the school years beyond the concrete
stage, and the education system failed to contribute
significantly to raising the level of thinking for about
two-thirds of the population. The interviewees' data are
not involved in determining their level of thinking.
This finding reinforces the universal significance of
the hereditary factor. The environment, culture, age
and sex do not significantly influence the individual's
thinking ability. The main difference in cognitive
development is interpersonal variance. Formal learning
and education can be mediating factors in the learning
process. They can significantly contribute to students'
the difficulties
learning, yet they cannot develop mechanisms that
facilitate the transition into the formal operational

coping with encountered during

stage. The practical conclusion is to consider empha-
sizing the adaptation of learning environments to the
concrete capacity of thinking alongside the attempts to
produce cognitive acceleration. The prevailing per-
ception in educational theory is that teaching and
learning enable and create cognitive development.
Many educational studies are based on this assump-
tion. Many projects were implemented to promote
students' general thinking skills to overcome their
cognitive disabilities, such as programs for cognitive
acceleration and various

teaching and learning

methods (explicit teaching, inquiry, constructivist
learning). Despite all the efforts, the evaluation studies
present a hard picture of the distribution of student
achievements. The average number of student’s ente-
ring the Science, Technology, Engineering and Mathe-
matics (STEM) track remains low, and the variance in
achievements in all science subjects is very high. How-
ever, there is a real possibility that the low number of
students in STEM specialization may be related to
their level of cognitive development. According to the
findings of the current study and previous studies
(Shayer & Adey, 1981), cognitive development is held
among more than 70% of the population at the
concrete operational stage at the age of 12-13, and only
a small fraction moves to the formal operational stage.
This can explain the difficulty many students ex-
perience when dealing with abstract topics. This
possibility attributes a significant part of the student's
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difficulties to the biological-developmental factor, not
the environmental one. The findings of the current
study are in line with the findings of previous studies
conducted in Israel and around the world. Those
studies examined the cognitive level in adolescence in
which- the percentage of students who existed in the
formal operational stage was less than 30% (Habib,
2007; Herbst & Brach, 2006; Levitt-Dori, 2006; Ojose,
2008; Shayer & Adey, 1981). These studies do not fit
Piaget's, (1971) theory of cognitive development,
which assumes that all of the studied population was
supposed to be in the formal operational stage. Many
studies provide evidence for goal-oriented attempts to
teach people to think. Intervention programs for
developing thinking and cognitive acceleration were
developed to raise achievements. The motive for these
efforts is the widespread recognition that most need to
take advantage of their brain potential. However, the
idea that people can improve their thinking sub-
stantially and in the long term is controversial. There is
no evidence that improvements in thinking are
constant without interventions to refresh (Perkins &
Grotzer, 1997). Jensen, (1983 & 1989) and Hernstein
& Murray, (1994) evaluated intervention programs
designed to influence IQ and thus improve human
cognitive functioning. After conducting several
studies, the researchers concluded that interventions
usually have an effect of half a standard deviation or
less and tend to improve test performance more than
overall cognitive efficacy. Moreover, they also found
that the effects of the interventions fade away within a
few years, the so-called greenhouse effect (Herrnstein
& Murray, 1994; Jensen, 1983, 1989). One of the
problems in assessing the impact of intelligence
instruction is the tendency in formal studies to focus
on achievement in understanding the discipline's con-
tent and less on the general effect on the thinking
process within or across disciplines (Perkins &
Grotzer, 1997). The fact that only a small percentage
of the population develops to the formal operational
stage can explain the difficulties the majority of the
student population has when dealing with subjects that
require abstract thinking, such as mathematics, physics
and chemistry. Although this issue has not been
studied, it seems that such a problem exists concerning
abstract concepts in the humanities and social sciences.
This finding also indicates a discrepancy between
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students' cognitive abilities and the curriculum require-
ments. Teachers who instruct their students to acquire
research and problem-solving skills must be aware of
the distribution of their students' thinking levels. Piaget
stressed that the level of conflict or the size of the gap
between the child's existing cognitive structure and the
new information or the learning task could not be too
large. If so, the child cannot cope with the conflict at
all, which can only cause frustration and escape (Lavi,
1991). Proposal for a new model of cognitive deve-
lopment assuming that the hereditary factor is the main
driving force of cognitive development, we propose
the following model of inheritance-cognition relation-
ships as an important component in the cognitive
development processes. This model com-bines our
findings with the relevant findings of behavioral
heredity (Plomin et al., 2008). We propose that two
genetic control systems regulate the development of
cognitive thinking. One is called the SPC (Sensori-
motor, Preoperational and Concrete), a control system
responsible for developing cognitive abilities in the
first three stages of the individual's development. This
system is found among the entire population (uni-
versal). The entire research population has reached the
concrete thinking stage and acquired the cognitive
abilities from previous stages. These features and capa-
bilities appear in a regular order of times, depending
on the cognitive level. The second system is called

FPF (Formal and Post Formal). This control system is
responsible for developing more complex, formal and
post-formal thinking abilities. This control system is
found in only a quarter of the population. In other
words, formal and post-formal cognitive abilities are
not universal. This study deals with the development
of cognitive abilities called "Traits". Most behavioral
features are complex (love, talk, thinking, etc.) and are
controlled by a polygenic system (many genes that
control one feature). Studies in molecular genetics
indicate that there is a group of genes that control
properties that are located in unknown chromosomes.
This group is called Quantitative Trait Loci (QTL).
This variable includes a genetic infor-mation unit
without defining a specific gene or its chromosome
location. From the findings of the current study and
broad population studies, all people undergo three
cognitive stages up to the age of 11-12 years (SPC).
The stages are universal. Each stage is different from
the rest and is controlled by a polygenic control sys-
tem. According to Piaget, during the first three stages
of development, the individual acquires up to 28
cognitive traits. Our theoretical assumption is that
QTL1 inherits these traits. Only a quarter of the
population develops features of abstract thinking FPF,
controlled by a separate control system QTL2. In other
words, the QTL2 genetic system is found only in a
small part of the population (Fig. 4).

(DY) MOMIN WUN l l J

I

NIPYNITY  MOMDe IPIONTTY  0IPNP Eelan)h} MR 0N
Sensorimotor Preoperational Concrete Formal Post formal
s on |6 6 16 || 4 4 J
(Traits) non SlC FlF
TPON TPYIANN QTLI QTL2
MDI2INT NN 76% 24%

Fig 4: A theoretical model of genetic control over cognitive development.

Anthropologists have found that the beginning of the
high culture arose with the invention of alphabetic
writing about 600 BC (Goody, 1968; Havelock, 1986;
Ong, 1982). The invention of the alphabet script
brought formality and the development of science and
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philosophy, which have challenged the human thinking
abilities that require operations. Three thousand years
is a short period (Tomasello, 2009) for the classi-
fication and distribution of QTL2 (FPF) to the entire
population. This is a theoretical hypothesis, but to
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establish it, independent research is needed. From a
different perspective, a considerable part of the studied
population are graduates of higher education institu-
tions. Some are teachers in the education system, and
the rest work in various professions. According to the
findings, more than 75% of them are at a concrete
level of thinking. Their failure to acquire formal
operations and their level of thinking did not prevent
them from advancing in life and learning. In other
words, they have advanced in various areas of life that
do not necessarily require abstract thinking.

CONCLUSION:

Many studies attempted to teach people to think, and a
series of intervention programs for thinking & co-
gnitive acceleration development have been deve-
loped. Yet, the idea that people can significantly
improve their thinking capacities in the long term
remains controversial. Our research findings conclude
that the entire population reaches the stage of concrete
development according to Piaget's theory. Only about
25% continue to develop into the formal and post-
formal stages. The distribution of thinking levels
among the adult population is similar to that among
junior and high school students. The contents studied
must match the level of cognitive development of the
learners. Most students in the education system are in
the concrete stage of thinking, which creates learning
problems in scientific and mathematical education.
The cognitive development process is universal and is
barely influenced by culture, age, and gender. The
main difference in cognitive development is inter-
personal. Programs for cognitive acceleration (thinking
development) seem to work but have a small impact on
the development of thinking. The main conclusion of
these results is that the process of cognitive develop-
ment is largely driven by an innate factor or, in other
words, a hereditary factor. If it were the environmental
factor, it would be impossible to explain how most of
the population does not continue to develop throughout
the life cycle.
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