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Abstract

This study investigates the evolution of intelligence quotient (10) among students in the Faculty of Industrial Engineering at the
Universidad Nacional Mayor de San Marcos. The aim is to determine the influence of three factors on 1Q: age, year of study, and
month of university enrollment. Data was collected from a group of students using the Wechsler Adult Intelligence Scale (WAILS-I17),
a standardized instrument for assessing general intelligence in individuals aged 16 to 90. An orthogonal experimental design was
employed to compare mean 1Q scores across different groups defined by age, year of study, and their combinations, using a three-way
analysis of variance and interaction plots. Results confirm the influence of both age and year of study on 1Q, as well as the existence of
an interaction effect between both variables. These findings suggest that both natural cognitive development and exposure to academic
training contribute to changes in 1Q throughout the university trajectory. Additionally, an opportunity is identified for future research
to delve deeper into the underlying mechanisms of these changes and explore strategies to optimize students' intellectual development.
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Introduction

Peruvian education is governed by the General Education Law 28044, which provides a comprehensive
framework for the creation and dissemination of educational materials, teacher training, and educational
research. [1] The integration of emerging technologies and innovative content is expected to significantly
enhance the quality of education in the coming years. It is important to note that digital change is changing
the relationship between educational institutions and their users. In addition, technology, such as artificial
intelligence, will play an important role in this change.

Among the interests widely studied and evaluated by educational managers is the achievement of personal,
academic, and professional success of students. Being able to know whether students have developed their
physical, psychological, social, and intellectual skills is valuable information to be able to evaluate and
implement strategic plans in cases of opportunities for improvement. Therefore, it is important to establish
a way to measure the influence of the university in the development of these skills. This suggests that by
assessing individual levels of intellectual ability, it becomes possible to implement targeted activities and
programs designed to enhance these abilities. [2]

Intelligence tests are very popular in the development of intellectual ability. The calculation of the
intelligence quotient (IQ) in university study centers has long been used to measure the intelligence of
students and predict their academic success. However, relying entirely on IQ tests to assess students'
intelligence may not be the most accurate or effective way to do so. According to a study by researchers at
the University of Western Canada and the Science Museum in London, measuring human intelligence based
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solely on an IQ test is "highly biased" and "fundamentally flawed." The study concludes that these tests fail
to consider the complex nature of human intellect. Instead, the study recommends using cognitive tests
that measure multiple aspects of intelligence, including memory, reasoning, attention, and planning ability.

[3]

Among college students, on tasks that require intelligence, students with higher 1Qs tend to complete their
tasks in fewer steps and in less time than students with lower I1Qs. It is also proven that students with higher
memory capacity tend to remember things better and faster than other students with lower memory capacity

[4]-

This article aims to study the development of the IQ of students from the Faculty of Industrial Engineering
(FII) of the Universidad Nacional Mayor de San Marcos (UNMSM), the oldest university in America. Thus,
the final objective is to be able to statistically define the influence of the independent factors: age, year of
study and the month of entering the university on the IQ of the students of the faculty.

W hat iss Cognitive Intelligence?

Most people have the idea that cognitive intelligence can determine how intelligent someone is. However,
such a premise cannot be affirmed. The debate on how to define a person's intelligence and what aspects
should be considered in order to do so (problem solving, abstract thinking, creativity, memory, etc.) began
more than a century ago and continues. Consequently, the most formal concept would be that of the
American Psychological Association, which describes the abilities to understand complicated ideas, adapt
to the environment that surrounds one, learning from experiences and participating in reasoning and
decision making in any type of situation. [5]

To delve deeper into the topic we need to have some clear concepts such as that of cognitive intelligence.
This intelligence “includes the ability to read, evaluate, prioritize and write using logic and reasoning. The
brain’s neocortex performs these functions independently of its emotional centers.” [3]

The dictionary of the Spanish Academy of Language defines intelligence as “the ability to acquire and apply
knowledge and skills.” For David Wechsler, the developer of the Wechsler scales, intelligence is the ability
of a person to act with a purpose, think rationally and live harmoniously with their environment. [6]

Ancient Chinese tradition defines intelligence as a general term for both intelligence and ability, and ancient
Chinese thinkers generally considered wisdom and ability as two relatively independent concepts. [7]

Intelligence Quotient (10)

1Q interacts with other crucial skills, such as Emotional Intelligence, significantly influencing overall
performance. For instance, a student with high 1Q but average Emotional Intelligence may still excel in
business, albeit with a different trajectory. [8] Socioeconomic factors, both individual (student's background)
and institutional, can significantly impact this performance. Furthermore, IQ plays a crucial role in
overcoming challenges. For example, in the face of digital inequality, students with higher IQ may be better
equipped to adapt and mitigate the associated disadvantages. [9].

It is the number that allows measuring the intellectual capacity of a person. This value is obtained through
standardized psychological tests. It is classified and varies according to the age of the person who will be
tested. It is important to note that this number varies over time due to the growth of people, even taking
into account the months. [10]

1Q tests are designed to measure mathematical skills, verbal communication, memory, and spatial awareness.
Additionally, these skills are known to include problem-solving skills, comprehension, and spatial thinking,

(6]
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Table 1. Details Some of the Functions of the IQ, Separated by Aspect.

Aspect Description

It can be used to analyze the
academic performance or any

Evaluate .
other aspect of a person that is
related to the 1Q.

A group of people can be
. classified in intellectual terms,
Classify

that is, if they are above or
below average.

It is used for selection processes
Select of new personnel for companies
or in general.

To diagnose illnesses or
Diagnose problems that are related to the
person's learning.

To carry out scientific studies

Investigate
g and research.

1Q Test

In the Setiawan study, they recommend the use of a data collection instrument, based on the fact that the
data collection tool used in that study was a questionnaire, and it is possible that respondents do not answer
the questions accurately, so the analysis of the results may be biased. Using a data collection instrument
reduces bias. [11]

The Wechsler Intelligence Scale is the most widely used intelligence test, with three tests designed for
different age ranges: the WPPSI for preschool and primary school (2 to 7 years), the WISC for childhood
and adolescence (6 to 16 years), and the WAIS for adulthood (16 to 90 years). The WAIS has been
periodically updated, with the most recent versions being the WISC-V and the Digit Span Subtest of the
Adult Intelligence Scale-Fourth Edition (WAIS-1V). [12] Wechsler divided intelligence into two main areas:
verbal and performance, each subdivided and assessed with different subtests. The WAIS is an individual
test that assesses overall intelligence, and has two scales: verbal and performance, based on Spearman's two-
factor theory of intelligence.

There are other types of intelligence tests available, including a multiple intelligence test that measures
different types of intelligence, including linguistic, logical-mathematical, visual-spatial, bodily-kinesthetic,
musical, interpersonal, intrapersonal, and naturalistic intelligence. [12] The use of computerized batteries
or computerized tests has increased in recent years to analyze cognitive function. [13]

An individual's IQ score is determined by comparing his or her performance on the test to that of others
in his or her age group. An IQ score of 100 is considered average, while scores above or below this range
indicate above- or below-average intelligence, respectively. So what is considered a high IQ score? In
general, a score of 130 or above is considered high intellectual ability. However, it is important to note that
I1Q tests are not perfect measures of intelligence and should be interpreted with caution. A graph of 1Q
applied to the general population is shown in Figure 1. This graph shows the bell-shaped distribution of
1Q values for a given population.
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Figure 1. IQ Distribution Chart for the General Population

On the other hand, when it comes to defining a “normal” IQ score, we can refer to the range between 90
and 109, which is where most people fall. It is worth noting that IQ scores are distributed in a bell curve,
with most people falling within the average range. But what about those people who score exceptionally
high on IQ tests? These individuals are often referred to as “gifted” or “geniuses,” and typically have an IQ
of 140 or higher. However, it is important to remember that IQ is only one aspect of intelligence. [14]

A summary of a person’s I1Q classification is shown in Table 2.

Table 2. IQ Classification

Classification Score range. Score range.
Very superior intelligence. 130 or more
Superior intelligence. 120-129
Brilliant normal intelligence. 110-119
Average normal intelligence. 90-109

Slow normal intelligence. 80-89
Borderline intelligence. 70-79

Mental deficiency. Up to 69

Methodology

The present study aims to apply an experimental design to evaluate the statistical influence between the

year of study, month of admission, age and 1Q

of students of the Faculty of Industrial Engineering (FII)

of the Universidad Nacional Mayor de San Marcos (UNMSM). For this study, all students of the Faculty
were summoned, those who agreed to participate, filled out and voluntarily completed the Google form
provided. All students who agreed were briefly informed about the requirement of this study, agreeing to

data privacy and signing an informed consent letter. This study was conducted in accordance with the rules
of the Declaration of Helsinki used by the World Medical Association 2013. [15]

To this end, Table 3 shows the factors that have been taken into account in the present research.
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Table 3. Independent Factors

Independent factors

Age

Month of admission
Year of studies

The values of the “Age” factor were grouped for the experiment as detailed in Table 4, which shows the
levels of the Age factor.

Table 4. Grouping of Ages

Age Level | Ages included
17
1 18
19
5 20
21
22
3 23

The “month of admission” factor details the month in which they took the entrance exam to the school
and passed. This admission process is generally offered in the months of September and March, and the
start of classes for both cases occurs between the end of March and the beginning of April. In this way,
although students from both months of admission may belong to the same study cycle, that is, they belong
to different admission processes.

The values of the “year of study” factor consider the student’s current cycle and are classified into two
levels, as shown in Table 5.

Table 5. Year of Study Grouping

Level of Studies Cycles included

First cycle.

Second cycle
Third cycle.

Fourth cycle.
Fifth cycle.
Sixth cycle.

Seventh cycle.
Eighth cycle.

Ninth cycle.

Tenth cycle.

The information was collected through an anonymous survey prepared in the “Google Forms” tool, aimed
at regular students of the Faculty of Industrial Engineering, that is; students with more than twelve credits
enrolled, in the semester 2023-1. It was distributed among students from the first cycle to the ninth cycle.
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This information was processed through a data analysis using the Google Collaboratory tool. So that it can
be easily used over time.

Results

To obtain the results, we will follow the same steps as Avdeenko, to determine the interaction between the
factors of the experiment and the study variable. [10]

The results of the three-way analysis of variance are shown in Table 6, in which the P value can be seen
and those values that translate into a significance in the influence on the CI by being less than 0.05 are

highlighted in bold.

Table 6. Three-Way ANOVA Table

Source SS DF MS F p-unc np2
Age 3456443 |2 1728222 |976.2184 |0 0.9663
Month of admission 0 1 0 0 1 0
Year of study 3924535 |1 3924535 |221.6848 |0 0.7653

1021712 |2 510856 [0.2886  |0.7502  |0.0084
Age * Year of study 2382236 |2 11911.18 |67.2826 |0 0.6643
i\fe‘;?ff S‘;ﬁ d;‘dmissm " |1.8245 1 1.8245 0.0103 09194  [0.0002
f;egaer Zfl\iiztyh of entry | 505 3749 |2 287.6875 | 1.6251 0.2045 | 0.0456
Residual 12038.19 |68 177.0323

We can see that the P value is below the value of a = 0.05 for the interactions with age, year of study, and
the interaction of age and year of study. This can be interpreted as meaning that statistically there is an
influence of the age of the population for the average 1Q to vary. That is, two populations with different
average ages will probably have different IQ levels. The same logic is used for the interpretation of year of
study and the interaction. Then, in order to determine whether this difference means any improvement in
the IQ levels of the population, we will analyze the graph of the interaction detailed in the Age*Year of
study row. [17] [18§]

Figure 2 shows the interaction graph of the independent factors age and year of study on the IQ of the
students.
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Figure 2. Graph of the Interaction of Age*Year of Study
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Since age group 1 includes those aged 17 to 19, they are not in the final years of their studies. Therefore,
the comparison is made between age groups 2 and 3. Once the precision for interpreting the graph has
been given, we can see that there is no significant statistical difference for lower cycle students in group 2
compared to group 3. However, something peculiar occurs for the upper cycles, since statistically, the older
the student is and the more advanced he or she is, the slight decrease in the average 1Q can be seen. In
Figure 3, we can see that the 1Q decreases as age increases.

Figure 3. Graph Of Student IQ By Age Group
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Discussion of Results
The results are logical and consistent with previous studies. It turns out that age is a factor that influences
the IQ of students. This was previously explained in the introduction of the article. Since even the months

of the person's age at the time of measuring the IQ influence, it is statistically logical that the P value is
very low and the ETA value is very high with almost 0.93.
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In Jahanian's work, he concludes that the academic performance of mechanical engineering students can
be predicted by their 1Q. This study goes in the same direction, since the performance of students is higher
in the first semesters, which coincides with better IQQ values. [15]

The year of study influences the IQ of students because throughout university learning it is expected that
the students' abilities will develop, thus strengthening their knowledge and skills, which includes cognitive
intelligence. This can be seen in the low P value and the high ETA of 0.76.

Another work with identical results is that of Nakisa, who concludes that sports performance is related to
1Q. Intelligence is a main factor that determines victory in sports, especially in sports that require precise
thinking, for a quick reaction, that precedes the action of the opponent. [19]

It is novel that when verifying the influence of age and year of study, it can be observed from the graph
that there is a decrease in the IQ levels of students in higher cycles as their age increases. To do this, the
distribution of 1Q) by age groups is carried out and it is observed that there is a decrease as the age range
increases. [20]

Conclusions
From the three-way ANOVA table, it is concluded that:
e Age influences the I1Q of students.
e The month of entry does not influence the I1Q of students.
e The year of study does not influence the 1Q of students.
e The interaction between age and month of entry does not influence the IQ of students.
e The interaction between age and year of study does not influence the IQ of students.

e The interaction between the month of entry and the year of study does not influence the IQ of
students.

e The interaction of the three factors does not influence the 1Q of students.

On the other hand, there is a decrease in the IQ of FII students of higher cycles as their age increases. This
means an opportunity for improvement in the educational management of the faculty regarding the
development of the intellectual skills of its students, specifically in cognitive intelligence, being one of the
main capabilities of the profile of an engineer.

Within the framework of industrial digitalization, it is advisable to apply analysis carried out in Google
Collaboratory periodically to establish variations in the results. This can be integrated into a database and
obtain information and indicators quickly with updated information according to the needs of the
institution.
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