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ABSTRACT

There is a lack of knowledge regarding the capacity, usefulness and effectiveness of some technological
resources, such as intelligent agents with artificial intelligence in educational contexts for scientific research.
This motivates the development and analysis of a new pedagogical strategy that uses generative intelligent
agents with artificial intelligence in the construction of research projects. Therefore, the objective is to verify
the effectiveness of a new pedagogical procedure and the design of activities that employ generative
intelligent agents with artificial intelligence to enhance learning in scientific research. The method used was
explanatory with a quasi-experimental longitudinal and prospective design. Four project steps and their
respective hypotheses were established, instruments were developed and validated and applied to a sample
of 111 study elements organized into one comparison group and two intervention groups. A repeated
measures ANOVA analysis was conducted. Significant differences were demonstrated in the progress of the
intervention groups compared to the comparison group in learning, research idea development by
identifying research gaps and objectives; study formulation by identifying bibliographic references and
study context; research design by determining the method and methodological procedure; and data analysis
by interpreting descriptive-level data. The new methodology used and assisted by artificial intelligence
yielded satisfactory overall results.
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RESUMEN

Existe un desconocimiento de la capacidad, utilidad y efectividad de algunos recursos tecnolégicos como los
agentes inteligentes con inteligencia artificial en contextos formativos en investigaciéon cientifica. Esto
motiva al desarrollo y andlisis de una nueva estrategia pedagogica que utilice agentes inteligentes
generativos con inteligencia artificial en la construcciéon de proyectos de investigaciéon. Por tanto, se
pretende verificar la efectividad de un nuevo procedimiento pedagogico y el disefio de actividades que
utilicen agentes inteligentes generativos con inteligencia artificial para la mejora del aprendizaje en
investigacion cientifica. El método utilizado fue explicativo con disefio cuasi experimental de corte
longitudinal y prospectivo. Se establecieron cuatro pasos del proyecto y sus respectivas hipétesis, fueron
construidos y validados los instrumentos, se aplicaron a una muestra de 111 elementos de estudio
organizados en un grupo de comparacion y dos grupos de intervencion, se aplico un analisis de ANOVA de
medidas repetidas. Se demostraron las diferencias significativas del avance en los grupos de intervencion y
el grupo de comparacion en el aprendizaje, Idea de investigacion, identificando el vacio y propésito de
investigacion; Planteamiento del estudio, identificando referencias bibliograficas y contexto del estudio;
Disefio de investigacion, determinando el método y procedimiento metodologico y Anélisis de datos,
interpretando datos de nivel descriptivo. La nueva metodologia utilizada y asistida por inteligencia artificial
obtuvo resultados generales satisfactorios.
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INTRODUCTION

According to IESALC-UNESCO (2020), the global public health crisis caused by the
SARS-Cov-2 virus in 2019 heightened a series of challenges to the higher education
system, the development of pedagogical measures to formatively evaluate student
learning and increase the use and diversity of digital resources and ensure access to
information anytime and anywhere. Other authors such as Kotler et al. (2021) agree that
the health crisis and physical distancing measures pressured institutions to become more
technological. This scenario includes developments and enhancements in computing
power, open-source platforms, web connectivity, cloud storage capacity, mobile
electronics, and big data, enabling the advancement of technologies designed to mimic
human capabilities, such as machine intelligence, natural language processing, electronic
sensors, mechanical automatons, augmented and virtual reality, the Internet of Things,
and blockchain (Kotler et al., 2021; Liu et al., 2022)

According to Salmeroén et al. (2023), Yang et al. (2021), and Alhayani et al. (2021),
technological advancements and the application of new technologies in education and
professional training are more often seen as specific actions rather than structured
processes managed for educational improvement.

One of the most internationally significant fields of knowledge is machine intelligence
(AI), although the scientific community has yet to reach a definitive consensus on its
definition. Nevertheless, it is recognized as an interdisciplinary science with multiple
approaches, particularly those focusing on human and rational thought and action, as well
as its applications in perception, reasoning, and learning processes across various fields
of knowledge (Garcia-Penalvo, 2023; DataScientest, 2023).

According to Sdnchez (2023), there is a lack of understanding regarding the capacity
and utility of certain technological resources, such as intelligent agents with artificial
intelligence, which are both intriguing and motivating for education and professional
performance. Additionally, the productivity of these tools in various professional training
areas, such as scientific research, remains unexplored. This raises an important question:
What is the effectiveness of a new pedagogical procedure that employs generative
intelligent agents to enhance the learning of scientific research processes among
undergraduate students?

According to Sanchez (2023), there is a positive attitude toward the use of ChatGPT
in educational processes, as it strengthens adaptive learning, assists in writing, fosters the
generation of novel ideas, and enhances research competencies. Other authors, such as
Gonzalez Sanchez et al. (2023), emphasize the need to understand the real impact of Al
on meaningful knowledge generation. This context emphasizes the importance of
analyzing the effects of new strategies that utilize generative intelligent agents to improve
learning in scientific research, motivating the development of this study.

Litardo et al. (2023) argue that artificial intelligence can improve learning and adapt
to students' preferences, potentially leading to increased engagement and academic
performance.

This study aims to analyze strategies that optimize the use of technological resources
in the development of research projects. Therefore, the objective of this research is to
verify the effectiveness of a new pedagogical procedure that employs generative intelligent
agents to improve the assimilation of research processes.
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The following sections discuss topics related to machine intelligence (AI), its
connection to higher education and scientific research, the methodology and procedures
applied, the results and discussions, conclusions, and opportunities for further research.

Artificial Intelligence

Al has its roots in the 1950s, with pioneers such as Turing (1950) and McCarthy et al.
(1955) laying the theoretical foundations. At this stage, concepts such as machine learning
and symbolic logic were explored. Although some authors establish that artificial
intelligence began in 1943 with the work of McCulloch and Pitts (1943), who presented for
the first time a mathematical model for designing a neural network (DataScientest, 2023).

Defining machine intelligence is complicated because there are different approaches
to its development (Nilsson, 1982; Garcia-Penalvo, 2023). For some authors, it can be
considered an extension of computer science, the purpose of which is to develop machines
that can perform actions that traditionally required human reasoning, codes activated by
restrictions exposed by models that connect perception, thought and action or electronic
resources that respond to human simulations with the capacity for observation, analysis
and intention; the engineering of the creation of intelligent machines or computer
programes.

In the process of improving artificial intelligence, a series of areas of interest are
identified where machine intelligence can make a significant contribution. Some works in
areas such as scientific research (Diaz, 2024), commercial research to optimize business
processes and improve decision-making (Yu & Sup, 2021), and organizations that promote
research in different sectors of society (UNESCO, 2021).

According to Garcia-Penalvo et al. (2024), there is an exponential growth of
computing tools with intelligent features thanks to the popularity of large deep learning
models or LLM (Gruetzemacher & Paradice, 2022), and especially to one of the generative
pre-trained transformer models or GPT (Brown et al., 2020). This diversity of work in
strategic areas of society allows us to recognize important functional and utilitarian
advantages for the development of processes applied to the integral and sustainable
development of various social fields.

Artificial Intelligence and Education

Machine intelligence in university education is a multifaceted field experiencing
significant development.

According to Villarroel (2021), Al-based approaches are being integrated to enhance
the efficiency of remote teaching and learning. In this context, UNESCO has set the
challenge of promoting artificial intelligence (AI) technologies guided by the principles of
equity and inclusion, aligned with the achievement of the Sustainable Development Goals
(SDGs) through the Education 2030 agenda.

Therefore, some research studies, such as Jia et al. (2022), emphasize the importance
of educational data analysis through the exploration and discovery of knowledge in
educational databases to understand student behavior patterns and improve the
management of the education system.
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Likewise, Garcia-Pefialvo (2020) and Lang et al. (2022) highlight the importance of
learning analytics in determining learning styles and facilitating collaboration among
students, contributing to a more dynamic and effective educational process. In this
context, interest is growing in how Al contributes to learning through intelligent systems
and content automation (Ma et al., 2014; Yilmaz et al., 2022), fostering a more active and
autonomous learning experience.

According to Sari and Purwanta (2021), Al can enhance creative learning in the
classroom. Other authors, such as Garcia Rosado (2024), propose that using these
intelligent tools helps build trust with students and fosters a person-centered pedagogical
process where assessment is not a control mechanism but a learning process in itself
(Rudolph et al., 2023). Therefore, there is increasing interest in utilizing artificial
intelligence tools to improve the productivity of teaching and learning processes, allowing
for student feedback and guidance (Baker, 2016; Zawacki-Richter et al., 2019; Villarroel,
2021).

Artificial Intelligence and Research

According to Lopez Martin (2023), the use of machine intelligence can add value to
the production, editing, and dissemination of manuscripts after their publication.
Similarly, the work of Lalaleo et al. (2024) establishes that Al should be a tool that
optimizes essential writing in the generation of scientific knowledge, in coordination with
the instructor’s experience. Other studies, such as those by Garcia Rosado (2024), identify
challenges in characterizing and systematizing experiences in the development of didactic
resources and theoretical-practical content related to Al in research methodology. The
work of Vera (2023) states that machine intelligence enables the processing of large
amounts of data and the identification of patterns and trends, facilitating knowledge
generation and data-driven decision-making.

Few studies contribute to understanding how the use of intelligent tools enhances
research projects. Part of the complexity of these processes lies in recognizing that
research projects are built according to the objectives, variables, and study populations
defined by the researcher. Efforts are needed to identify limitations or gaps in information
within a research line, which can aid in correctly formulating the study title (Ayala, 2020).
In this regard, Carvajal (2023) successfully applies a procedure to systematize, delimit,
and refine a research topic using generative intelligence agents. Consequently, the
following is proposed.

H1: There are significant differences in pre-test and post-test responses regarding
research idea learning reported by participants, depending on whether they have
received the new Al-based methodological procedure.

Understanding the complexity of a study’s context and correctly defining a problem
to be solved is challenging. This becomes even more difficult when there is a lack of
information and necessary tools to develop this stage of the research process. Some
authors, such as Ayala (2020), emphasize that correctly defining the research problem is
central to an investigation. Meanwhile, the work of Carvajal (2023) establishes a
procedure for systematizing and identifying information to construct a portion of the
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problem statement, focusing on objectives, research questions, and possible hypotheses.
Consequently, the following is proposed.

H2: There are significant differences in pre-test and post-test responses regarding
research problem formulation learning reported by participants, depending on
whether they have received the new Al-based methodological procedure.

There are limitations in understanding correct and appropriate research design
protocols, which are associated with the taxonomy of concepts and empirical skills. The
work of Carvajal (2023) systematizes the theory and procedures for constructing a
research design assisted by generative intelligent agents. Consequently, the following is
proposed.

H3: There are significant differences in pre-test and post-test responses regarding
research design learning reported by participants, depending on whether they
have received the new Al-based methodological procedure.

There are limitations in understanding the correct statistical analysis technique that
strengthens the confidence and reliability of generated knowledge for application or
replication. The work of Carvajal (2023) successfully extracts, synthesizes, and
summarizes exploratory analysis information using GPT. Consequently, the following is
proposed.

H4: There are significant differences in pre-test and post-test responses regarding
data analysis learning reported by participants, depending on whether they have
received the new Al-based methodological procedure.

MATERIALS AND METHODS
Method

This study follows an explanatory quasi-experimental design with a longitudinal and
prospective intervention.

Participants

The units of analysis include all students enrolled in the undergraduate Market
Research course, totaling 111 students. Two experimental groups were organized:
Experimental Group 1 with 32 students, Experimental Group 2 with 31 students, and a
control group comprising 48 students. The groups were assigned based on pre-existing
enrollment records, which limited random assignment and increased the risk of biases
due to external factors. However, the groups were homogeneous and demonstrated a
similar level of academic competence.
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Table 1
Distribution of groups by gender and age
AGE GEN
G. G. G. G. G. G.
CONTROL EXP 1 CONTROL EXP 1 CONTROL EXP 1
Valid 48 32 31 48 32 31
Absent 0] 0] 0 0 0 0
Average 19.875 20.563 19.839 1.521 1.469 1.742
Standard Deviation 1.196 1.883 1.344 0.505 0.507 0.445

Source: study data

Instruments

We evaluated four steps in the scientific research process (see Figure 1). The first step,
research idea, was assessed using a 17-item questionnaire with a reliability coefficient of
0.765 McDonald’s w, considered acceptable. The second step, study approach, was
measured using a 12-item questionnaire with a reliability coefficient of 0.81 McDonald’s
w, considered good. The third step, research design, was assessed using a 14-item
questionnaire with a reliability coefficient of 0.80 McDonald’s w, also considered good.
The fourth step, data analysis, was measured using a 12-item questionnaire with a
moderate reliability coefficient of 0.72 McDonald’s w. This instrument was adapted from
the competency-based curriculum planning for market research by Sandino et al. (2019).

A 1-to-5-point Likert scale was used, where 1 represented "Definitely No" and 5
represented "Definitely Yes."

Procedure
Four steps and actions of the scientific research process were proposed for

development and analysis (see Figure 1).

Figure 1
Scientific research stages and systematization processes for generative intelligent
agents

2. Study approach
Search for information and
determine the approach

1. Research idea
Find the idea or purpose
in the line of research.

Proyecto de
investigacién

vih,
E_IL“J’

3. Research Design

Search for information on
the method and procedure
and establish the research

;\{9’
%%
4. Data Analysis D —/.!'

.earch for information
and analyze data.

Source: own elaboration adapted from UNESCO IESALC (2023) and Salmeron et al. (2023).
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Each step began with a (pretest) administered in the classroom. The teaching
methodology included lectures, followed by a methodological guide for developing the
new procedure in the experimental groups. In contrast, the control group followed the
traditional procedure, which consisted of lectures and independent group work outside
the classroom. Each step lasted 15 days, and at the end of each step, students self-assessed
using a (posttest) administered in the classroom.

The new procedure involved developing a guide consisting of an input or prompt with
a professional perspective, as described by Morales-Chan (2023), and a language pattern
that utilized topic, form, accentuation, and contextual details, following Dathathri et al.
(2019) for each step. The output or result of the search was used to construct the research
project. The technological resource employed was Perplexity AI®, a search engine for
sources and citations with web links. The open-access model of Perplexity is based on
OpenAl’s GPT-3.5®, combined with the company’s independent large deep learning
model (LLM). Perplexity Pro has premium access to GPT-4® and Claude 3®.

Data analysis

The comparison of pretest and posttest responses for each research project step across
the groups was conducted using two ANOVA tests for repeated measures. These tests were
performed to examine differences between groups and to test the defined hypotheses. The
data analysis was conducted using the cross-platform software Jeffreys’s Amazing
Statistics Program (JASP 0.18.1.0)®.

RESULTS
The results for each methodological step and hypothesis testing are presented below.
Step 1. Research idea

Before beginning the analysis, the assumption was verified using Levene’s variance
test, with pretest results of p 0.11 and posttest results of p 0.20, both greater than a 0.05,
meeting the assumption of equal variance.

There are differences at a general level in the levels of learning, Research idea of the
groups, the differences are significant p < 0.001 less than a 0.05. The result shows that
there are significant differences between the pretest and posttest scores, without
separating the participants by control and experimental groups. In addition, the
interaction between the learning variable Research idea and the groups is indicated, if the
pretest and posttest differences are different depending on the group, we see the p value
< 0.001 which is less than a 0.05, therefore, there are significant differences. The criterion
that contributes most to the Research idea factor is to look for the gap in the line of
research. 21% of the variability in the level, learning Research Idea is explained at the time
of measurement (n2 =0.21). See Tables 2 and 3.

There were significant differences in learning levels regarding the research idea across
the groups, with p < 0.001, lower than a = 0.05. The results indicate significant differences
between pretest and posttest scores, regardless of whether participants were in control or
experimental groups. Additionally, an interaction was observed between the research idea
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learning variable and the groups, showing that pretest and posttest differences varied
according to the group p < 0.001, less than a = 0.05, confirming significant differences.
The most influential criterion in the research idea factor was identifying gaps in the
research line. Approximately 21% of the variability in research idea learning was explained
at the time of measurement (n2 = 0.21). See Tables 2 and 3.

Table 2
Within-subject effects

Sum of Middle

Cases Squares gl Square F p n*
Research idea 1931.993 1 1931.993 124.758 <.001 0.182
Research idea kGROUPS  1854.668 2 927.334 59.882 <.001 0.174
Residuals 1842.827 119 15.486
Note: Sum of Squares Type I11
Table 3
Between-subject effects
Sum of Middle
Cases Squares gl Square F p n*
GROUPS 2270.885 2 1135.442 49.365 <.001 0.213
Residuals 2737.136 119 23.001

Note: Sum of Squares Type II1
Step 2. Study approach

Before starting the analysis, the assumption was verified through Levene's variance
contrast, for the results of the pretest p 0.60 and posttest p 0.96, both greater than a 0.05,
fulfilling the assumption of equal variance. There are differences at a general level in the
levels of the Study Approach procedure in the groups, the differences are significant p <
0.001 less than a 0.05. The result shows that there are significant differences between the
pretest and posttest scores, without separating the participants into control and
experimental groups, that is, that the participants at a general level, regardless of the
group, have higher values in the posttest than the pretest. In addition, the interaction
between the learning variable Study Approach and the groups is indicated, we see that the
p value <0.001 is less than a 0.05, therefore, there are significant differences. The
criterion that contributes most to the Study Approach factor is versatility in searching for
information, determining the context and posing the problem of the study. 24.8% of the
variability in the level of learning of the study approach is explained at the time of
measurement (n2 =0.248) See Tables 4 and 5.
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Table 4
Within-subject effects

Sum of Middle

Cases Squares gl Square F p n*
Study approach 2466.212 1 2466.212  153.207 <.001 0.217
Study approach *k GROUPS 1320.991 2 660.495 41.032 <.001 0.116
Residuals 1818.988 113 16.097
Note: Sum of Squares Type I11
Table 5
Between-subject effects
Sum of Middle
Cases Squares gl Square F p n*
GROUPS 2821.059 2 1410.529 54.246 <.001 0.248
Residuals 2038.299 113 26.003

Note: Sum of Squares Type I11
Step 3. Research Design

The Levene equality of variance test is applied, the p value of 0.232 for the pretest and
0.089 for the posttest is above a 0.05, that is, the assumption of equality of variance
between the groups is met.

There are differences at a general level in the levels of learning, Research Design in
the groups, where the differences are significant p < 0.001 less than a 0.05. The result
shows that there are significant differences between the pretest and posttest scores,
without separating the participants into control and experimental groups. The p value is
< 0.001 is less than a 0.05, it is significant, that is, the participants at a general level,
regardless of the group, have higher values in the posttest than in the pretest. In addition,
the interaction between the variable learning research design and the groups is indicated.
If the pretest and posttest differences are different depending on the group, we see the p
value < 0.001 which is less than a 0.05, therefore, there are differences in values between
the responses. The criterion that contributes most to the Research Design factor is that
the methodological procedure is dynamic and interactive in the search for scientific
information to describe the method and procedure of the study. 1.3% of the variability in
the learning level, Research Design is explained at the time of measurement (12 = 0.013)
See Tables 6 and 7.

Table 6
Within-subject effects

Sum of Middle

Cases Squares gl Square F p n?
Research design PRE POS 1657.366 1 1657.366 191.990 < .001 0.397
Research design PRE POS *k GRUPO 779.316 2 389.658 45.138 <.001 0.186
Residuals 923.684 107 8.633

Note: Sum of Squares Type III
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Table 7
Between-subject effects

Sum of Middle

2
Cases Squares gl Square F p n
GROUPS 52.483 2 26.241 3.661 0.029 0.013
Residuals 767.044 107 7.169

Note: Sum of Squares Type III
Step 4. Data analysis

The Levene equality of variance test is applied, the p value of 0.073 for the pretest and
0.423 for the posttest is above a 0.05, that is, the assumption of equality of variance
between the groups is met.

There are differences at a general level in the levels of the procedure, Data analysis in
the groups, the differences are significant p <0.001 less than a 0.05. The result shows that
there are significant differences between the pretest and posttest scores, without
separating the participants into control and experimental groups. The p value is <0.001 is
less than a 0.05, it is significant, that is, the participants at a general level, regardless of
the group, have higher values in the posttest than in the pretest. In addition, the
interaction between the variable Data Analysis Learning and the groups is indicated. If the
pretest and posttest differences are different depending on the group, we see the p value
< 0.001 which is less than a 0.05, therefore, there are significant differences.

The criterion that contributes most to the Data Analysis factor is that the procedure
enriches the search for scientific information to know the meaning and interpret the
statistics. 34% of the variability in the Data Analysis Learning level is explained at the time
of measurement (N2 = 0.34) See Tables 8 and 9.

Table 8
Within-subject effects
Sum of Middle
Cases Squares gl Square F p n*
Response analysis Pre Postest 111.110 1 111.110 31.318 <.001 0.040
Response analysis Pre Postest *k Groups 246.912 2 123.456 34.798 <.oo01 0.089
Residuals 379.616 107 3.548

Note: Sum of Squares Type I11

Table 9
Between-subject effects

Sum of Middle

2

Cases Squares gl Square F p n

GROUPS 948.082 2 474.041  46.127 <.001 0.340
Residuals 1099.627 107 10.277

Note: Sum of Squares Type I1I
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DISCUSSION AND CONCLUSIONS

In the process of the research idea, the effect among the participants shows that there
are significant differences between the results of the first questionnaire applied and the
subsequent questionnaire applied to the groups, confirming the research idea learning
hypothesis. Additionally, the interaction between the research idea variable and the
groups shows that there are significant differences, meaning that the progress made by
the experimental groups between the pretest and posttest is significantly superior to the
progress of the control group. It is confirmed that, in general, the new Al treatment of the
experimental groups has been more effective for learning the research idea. Significant
progress is observed in the new Al procedure in seeking information, clarifying the focus
and purpose of the study, which helps to better define the study title in consideration of
the advances of the comparison group that used the traditional procedure.

The new procedure contributes to improving some areas identified in the works of
Aldana et al. (2020) and Bozkurt et al. (2023) by increasing productivity in project
construction, diversified feedback with the teacher, and the quality of the project's
structure and content from the beginning, contributing to the assimilation of research
knowledge.

In the process of study design learning, the effect among the participants shows that
there are significant differences between the results of the first questionnaire applied and
the subsequent questionnaire applied to the groups, affirming the study design learning
hypothesis. Additionally, the interaction between the study design variable and the groups
shows that there are significant differences, meaning that the progress made by the
experimental groups between the pretest and posttest is significantly superior to the
progress of the control group. It is confirmed that, in general, the new Al treatment of the
experimental groups has been more effective for learning. Significant advances are
observed in the study design assisted by the new Al procedure, which helped diversify the
theoretical review and optimize writing as mentioned by Lalaleo et al. (2024), describing
the context, posing the problem, defining the purpose, and objectives of the study.
However, the need to strengthen critical analysis, scientific writing, and reduce
information bias in constructing the study context is identified, contributing to reducing
omission due to methodological ignorance. A slight advance is obtained from the control
group that used the traditional procedure related to feedback with the tutor teacher.

In the process of research design learning, the effect among the participants shows
that there are significant differences between the results of the first questionnaire applied
and the subsequent questionnaire applied to the groups, affirming the research design
learning hypothesis. Additionally, the interaction between the research design variable
and the groups shows that there are significant differences, meaning that the progress
made by the experimental groups between the pretest and posttest is superior to the
progress of the control group. It is confirmed that, in general, the new Al treatment of the
experimental groups has been more effective for learning research design. Weak advances
are observed in the research design assisted by the new Al procedure, mainly in seeking
structured information and coherence between the method and methodological
procedure, establishing the need to deepen the analysis to improve the quality of the
project report according to the nature, purpose, and level of the study, characteristics of
the programmatic methodology of scientific research (Supo & Zacarias, 2020).
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In the process of data analysis learning, the effect among the participants shows that
there are significant differences between the results of the first questionnaire applied and
the subsequent questionnaire applied to the groups, affirming the data analysis learning
hypothesis. Additionally, the interaction between the data analysis variable and the
groups shows that there are significant differences, meaning that the progress made by
the experimental groups between the pretest and posttest is significantly superior to the
progress of the control group. It is confirmed that, in general, the new Al treatment of the
experimental groups has been more effective for learning data analysis. Significant
advances are observed in data analysis assisted by the new AI procedure, especially in
univariate descriptive analysis and data reading in consideration of the advances of the
comparison group that used the traditional procedure. The new procedure contributes to
data reading through graphs and proposing coherent and accurate ideas to the nature,
purpose, and level of the study, improving creative learning (Sari & Purwanta, 2021).

The new Al-assisted procedure obtained satisfactory results for hypothesis testing and
its original contribution to scientific research through a modern design of activities and
pedagogical methodology in the classroom.

There are limitations due to the non-random formation of groups, the use of self-
reported data, selective memory of participants, tendency to respond positively, limited
internet access, and biases in algorithm responses. Future research projects should
incorporate discussions on final project reports, tutor feedback, and adapted peer
assessment.

Exploring the potential of Al-powered automatic agents to assess critical
understanding in a research-adapted learning context and define knowledge learning
patterns would be an interesting avenue for future study.
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