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Abstract In the search for an adequate scenario for the construction of knowledge, it is necessary to consider the
aspects that influence learning, such as the choice of the teaching technique used. The general objective of this work
is to evaluate the cognitive and affective development achieved with the use of the Problem-Based Learning (PBL)
technique, by students of the subject of Physical Chemistry in the issue of Carnot Cycle with the support of Artificial
Intelligence. To this end, an exploratory study was carried out with students of Physical Chemistry of the second
semester of the Chemistry career of the FES Cuautitlan UNAM. The data analysis was based on both the cognitive
levels achieved and on the cognitive and affective assessments, in accordance with the Bloom-Barrows Taxonomy,
obtained with the help of Artificial Intelligence using Chat GPT-4 and Google Gemini, allowing us to identify that,
in general, the use of PBL can influence the level of cognitive and affective development achieved by students. in
addition to stimulating teamwork, communication and meaningful learning.
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1. Introduction

The individual knows and builds his cognitive structure
during his interaction with the world, through mental
processes [1]. In this way, knowledge is developed,
through these mechanisms, used by the subject to translate
the world, since it is a consequence of the information
incorporated and assimilated by the subject during all
stages of his or her life [2]. In this sense, the subject, at
each stage of development, presents possibilities for
growth, allowing the teacher to stimulate his or her
development [3]. It is also necessary to consider some
essential principles that affect learning, such as: the need
for learning; autonomy and previous experience of the
student; availability and guidance for learning; learning
based on a real context; motivation for learning; etc. [4].
Knowledge of these principles is essential to guide the

teacher's practice, through strategies that facilitate learning.

These strategies must contain activities that develop
analytical thinking, learning, and the ability to work in a
team, adding methods and techniques of group learning,
development of communication, among others [5] since
education must be a process of knowledge construction

and not an ideology of transmission.

The challenge of teachers in their teaching practice is
very important, due to the possible articulations between
the teacher's didactic action and learning in the context of
the classroom [6]. However, techniques such as problem-
based learning (PBL) can provide motivation and
contribute to cognitive development [7]. In addition, it
helps in the development of problem-solving skills,
critical analysis, autonomy in learning, and improved
communication and cooperation among participants [8].

The additional use of an active teaching technique such
as PBL may represent a promising strategy in the
academic setting. In addition, to help in the preparation of
the teacher's didactics. In this sense, this study sought to
answer the following question: Does the use of PBL, as an
additional tool to the traditional method, can influence the
level of cognitive and affective development achieved by
students of the subject of Physical Chemistry in the
subject of Carnot Cycle?

With the general objective, to evaluate the ability of
PBL, based on the Taxonomies of Bloom and Barrows [9],
to influence the cognitive and affective levels achieved by
students of the subject of Physical Chemistry in the topic
of Carnot Cycle. This research sought to contribute to the
teaching of the Carnot Cycle, through the evaluation of
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cognitive and affective development, provided by PBL,
identifying whether its use collaborates with the process of
knowledge construction.

Academic performance is affected by some variables,
which can be related to the student, such as prior
knowledge of the content, motivation and type of learning,
or to the teacher, highlighting the teaching strategies and
methods used [10]. Each of these factors has an immediate
and direct effect on performance, affecting the student's
learning reasons and learning strategies, in different ways.

Learning can occur superficially or significantly. The
superficial approach is characterized by the intention to
complete a task, focusing on facts and not arguments, so
that the learning process results in memorization and
reproduction. This learning is the result of the student's
lack of commitment to the topic worked on [11].

Learning occurs in a significant way when the student
understands the proposed content and reflects based on
new ideas and previous knowledge. This type of learning
is aimed at integrating the new into personal experiences,
knowledge, and interests [12] and is characterized by the
student's personal commitment to his or her learning [13],
where he or she seeks to understand and make sense of the
content that was presented. The best academic
performance for learning is associated with meaningful
learning and the lowest with superficial learning [14].

The approach to learning can be decisive for the quality
of teaching, influencing factors such as the development
and satisfaction of the student with education. Thus, it is
necessary to understand the influence of emotions on the
teaching and learning process [15]. Given this context, it
is up to the teacher to stimulate learning, looking for more
dynamic and creative methodological solutions that
awaken interest in learning [16]. It is understood that
meaningful learning is more likely to be achieved when
students are motivated [17].

For an individual to learn something, it is necessary to
validate the experience, through his own criteria, that
satisfies his requirements, so the individual can only
know from his experiences and perceptions that he has.
In this sense, when the student is motivated [18], he
mobilizes his body for action, seeking its satisfaction,
and this influence represents a personal investment that
contributes to quality learning.

Based on the Taxonomies of Bloom and Barrows [9],
the original taxonomies were developed, classified, and
defined six main categories in the cognitive domain,
described from a simple conception to a more complex
one, representing a cumulative hierarchy [19]. The
development of these elements, in reference to the
cognitive domain [20], brought together educational
objectives in six categories: knowledge, understanding,
application, analysis, synthesis and evaluation. While the
affective domain analyzes how the individual becomes
aware of the stimuli received and, from them, initiates
affective behavior, within the context in which it occurs.

PBL is a teaching technique in which the learner is the
central focus, which means that the subject is active in the
learning process [21]. It is based on the constructivist
theory of learning, which considers that the student
develops his or her own knowledge. PBL is characterized
using a real problem experienced by society, so that the
student can explore and develop critical thinking, skills in

the search for solutions and acquire scientific and
technological knowledge during the process. PBL is seen
as an instrument of a certain problematic context, with the
aim of motivating the student for learning, producing
positive effects, such as helping in performance,
improving knowledge and promoting better habits such as
research [22].

Knowledge is not born with the subject, nor can it be
transmitted, it is built through the interaction of the
subject with the object of knowledge, through experience.
The application of PBL allows the development of
problem-solving skills, as well as providing the exchange
of experiences [23]. The use of PBL is effective in
developing self-directed learning in students [24] by
motivating and developing critical reasoning skills.

The PBL technique aims to develop students' ability to
solve problems, building knowledge in a more meaningful
way [25]. For this purpose, in addition to an expository
class, PBL was applied in the resolution of a problem, for
the teaching of the Carnot Cycle. Thus, after the tasks
were defined for each student, a problem on the Carnot
Cycle was presented that was generated with the help of
Artificial Intelligence (Chat GPT-4 and Google Gemini).

2. Methodology

To teach Carnot Cycle, the PBL methodology was used,
which is based on the presentation of problems [26],
providing the student with experience and preparation to
act in the face of unexpected challenges and situations. Its
application allows the student to work as a team through
collaborative work and develop critical and scientific
thinking in the student.

Based on the information obtained by Artificial
Intelligence on the Carnot Cycle, a problem was selected
to stimulate discussion and the search for solutions in the
group. This problem was posed with various units of
energy and pressure that must be homogenized in the
MKS system for its solution and thus promote in the
students an improvement in cognitive and affective
development that reveals an increase in the levels of
analysis, synthesis and creation, fundamental skills for
critical thinking

The sample was made up of 40 students, 48% women
and 52% men, with an average age of 20 years. During
two classes of 120 minutes each, in the subject of Physical
Chemistry of the second semester of the Chemistry career.
In the first class, an initial questionnaire (pre-test) was
applied to identify the students' previous knowledge of the
topics related to the Carnot Cycle necessary for the
resolution of the problem to be posed and related concepts
about PBL. In the second class, the topic of the Carnot
Cycle was presented through a PowerPoint presentation
and then the problem to be solved using PBL was
presented (Table 1). generated, with the help of Artificial
Intelligence (Chat GPT-4 and Google Gemini).

The students were separated into groups and the role
that each student was defined, within the options of
secretary (rapporteur of the discussions), leader (motivator
and mediator), spokesperson (voice of the group) and
other members (researchers), following the stages of
application of PBL [27] are: (1) present the situation of the
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problem, (2) identify the problem; (3) discuss the group’s
prior knowledge of the problem situation (the groups will
propose hypotheses based on their previous knowledge of
the topic); (4) summarize the discussion, (5) identify
obscure points and form the set of topics and/or contents
that need to be investigated, (6) study or search for
information individually, which will be confronted, (7) all
members bring the information collected and the group
discusses and identifies what may be useful to solve the
problem.

Table 1. Statement of the Carnot Cycle exercise

knowledge about the Carnot Cycle. (Q.2) To check the
"Understand" level, they were asked to classify the
statement as correct or incorrect. (Q.3) To inform which
elements represent the Carnot Cycle? was used to confirm
the "Apply" level (Table 2).

Table 2. Cognitive Development Assessment

Level of cognitive

Statement
development

Describe what is evidenced by the

1. Remember (Q.1) presentation of the Carnot Cycle.

In a Carnot cycle, heat is transmitted to the working substance at 838 K
and the heat is given to 277 K. The heat transmitted to the working
substance to 838 K is from 2.8 Kcal Kg~'K~*. The minimum pressure
in the cycle is 1 bar. Assuming the specific heat of the working
substance is constant, determine the pressure at each stage and the
performance of the cycle.

Classify the following statement as correct or
incorrect "The Carnot cycle consists of
absorbing heat from a source at a higher
temperature to produce work on the outside
and transferring heat to another source at a
lower temperature”

2. Understand (Q.2)

When the problem situation was identified, students
began discussions about how to solve it. The groups then
identified the dark spots, i.e. those elements that would
need to be investigated to solve the problem. Each group
presented a proposed solution discussed and analyzed by
all, who defined what the group's proposed solution would
be, presented by the spokesperson and discussed with the
whole class.

To carry out the cognitive and affective assessment of
students based on the levels of the Bloom-Barrow
Taxonomy [9,28] two instruments were applied (Table 2
and Table 3) based on the prompts generated with the help
of Artificial Intelligence that were modified and adapted to
evaluate the cognitive and affective levels reached after
the resolution of the problem. Also, a Self-Assessment
prompt of developed attitudes, obtained by Al, was
adapted and applied to the students during the resolution
of the problem posed about the Carnot cycle solved
through the PBL process (Table 4), using a Likert-type
scale to find the attitudes developed during the application
of the strategy.

3. Analysis and Discussion of Results

To identify the level of cognitive development achieved
by the students [9], it was considered that the student
reached the desirable level in situations in which the
answer was elaborated correctly and completely,
regardless of the words used. When the student partially
answered the questions, he or she was considered to have
partially reached a certain level; and when he did not
answer or answered incorrectly, it was considered that he
did not reach the level analyzed.

To assess cognitive development (Table 2), initially
through a pre-test, we sought to analyze the students' prior
knowledge, at the most basic levels, before the lecture and
the resolution of the exercise on the Carnot Cycle. This
evaluation allowed the analysis of facts, terms, concepts
about structure and processes on the Carnot Cycle based
on the Bloom-Barrow Taxonomies, according to their
levels in the post-test.

To verify the different cognitive levels, three questions
were asked. (Q.1) Define the Carnot Cycle, it was used to
check the "Remember" level or if the student had

Demonstrate which elements represent the
statement "The Carnot cycle is a reversible
thermodynamic cycle that uses a perfect gas
and consists of two isothermal and two
adiabatic transformations"

3. Apply (Q.3)

Explain the concepts involved in the Carnot

4. Analyze (Q.4) cycle

List the elements involved in the Carnot cycle

Efficiency ( ) (Ad)labatlc Process

5. Synthesize (Q.5) Maximum

Heat coming in () temperature ()
Proceso isotérmica

Q)

Propose actions (suggestions) to improve the

6. Evaluate (Q 6) Carnot cycle

The results obtained in the pre-test for (Q.1) revealed
that, of the 40 participants in this exploratory study, none
reached the "Recall" level completely, 20% reached it
partially and 80% had no previous knowledge of Carnot
Cycle. This assessment showed that most students did not
remember or had no prior knowledge of the concepts
attributed to the Carnot Cycle, therefore, they should
create new structures in their cognitive development to
accommodate this new content.

Regarding the final evaluation (post-test), the results
showed that 40% of the students managed to "Remember"
what is evidenced through the Carnot Cycle. While 43%
managed to achieve this result in part and 17% could not
remember the concepts worked on. In contrast to this
performance with that generated in the initial assessment,
there was an evolution in the cognitive development of the
students (Figure 1).

As for the "Understand"” level (Q.2), in which students
should read the question and classify it as correct or
incorrect, therefore, if they understood the content they
should conclude that the statement was correct. In the pre-
test, it is observed that 47% of the students reached the
"Understand™ level and 53% could not solve the question
correctly. In the post-test, 100% of the students answered
the question correctly, which indicates that there was a
process of accommodation or memorization at this level,
for 53% of the students who in the pre-test were unable to
understand the Carnot Cycle (Figure 2).

The third level examined in the pre-test was the ability
to "Apply" the concepts on the structure and processes of
the Carnot Cycle indicated in (P.3). In the results of the
post-test of (P.3), it is observed that 67% of the students
demonstrated which elements represent the Carnot Cycle,
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while 24% did so partially and 9% could not reach this
level (Figure 3). Comparing this number with the result of
the pretest, where it is observed that 4% of the students
answered correctly, 14% partially answered the question
correctly, and 82% answered incorrectly or did not answer
at all, therefore, they did not reach the level of application.
It is inferred that, after PBL, there was a better
interpretation by the students, which previously reached
92% who did not reach this level. It is indicated that the
use of PBL has influenced the way in which students
examine theory and manage, through it, to direct an action,
as indicated [19].

The more complex or higher-order levels were analyzed
only in the post-test since they require a higher knowledge
of the students, which is expected to be obtained after the
application of the PBL strategy and resolution of the
exercise on the Carnot Cycle.

The "Analysis” level (Q.4), in turn, had not been
reached by any student before, and with PBL it was
reached by 17%. Analyzing the item partially, this result
was achieved by 80% of the students and 20% did not
reach the level. Thus, 80% of the students partially
reached the "Analysis" level, while 20% could not
discriminate (Q.4). (Figure 4).

100%
90%
80%
70%
60%

50%

40%
30%
20%
10%

0%
Remember
complety

Partially
remember

Whitout prior
knowledge

H Pre-test ® Post-test

Figure 1. Results of the assessment of cognitive development at level Q.1

i1

Achived the level

20%
10%
0%

Did not achived the level
o Pre-test m Post-test

Figure 2. Results of the evaluation of cognitive development at level Q.2
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Figure 3. Results of the cognitive development assessment of level Q.3
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Figure 4. Percentage achieved in the evaluation of cognitive
development in higher-order learning after PBL + Problem solving

Regarding the ability to "Synthesize" (Q.5), this level
was reached by 40% of the students in a total way and
57% partially, only 3% could not relate which elements
are involved in the Carnot Cycle. (Figure 4). These results
indicate the influence attributed to the use of PBL,
indicating, as [22] pointed out, that PBL aids in
performance (Figure 4).

Research on development, related to the students' ability
to "Create" (Q.6) [28] - to propose solutions with
knowledge of the facts to the problem posed - indicated that
17% of the students were able to maintain their response
based on the concepts worked on in the Carnot Cycle
analyzed, 73% managed to develop the proposal partially
and 10% did not. Indicating that the strategy influenced
students' ability to solve problems, expanding the
development of levels to apply and synthesize (Figure 4).

These results indicated that the cognitive levels of
higher order were fully achieved by the students in 80%,
40% and 17% for Q.4, Q.5 and Q.6 respectively, and
partially by 57% and 73% for P.5 and P.6 respectively,
with the teaching strategy used. As the higher-order
cognitive level increases, the percentage of students who
achieve the level completely decreases, and the percentage
of students who achieve the level partially increases, it is
demonstrated that the problem-solving technique
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complemented with the PBL strategy for teaching about
the Carnot Cycle. It allowed students to build knowledge,
because it helps in the development of students'
intellectual autonomy.

Regarding the affective analysis, developed with the
application of the resolution of the exercise, as well as
with PBL, it was investigated according to the evaluation
instrument (Table 3), based on Bloom's Taxonomy, how
students receive the stimulus emitted by the teaching
method, they feel satisfied with it, they manage to change
their attitudes after the experience.

These questions have made it possible to identify the
satisfaction of the students, as well as their motivations. It
is possible to analyze the affective development versus the
presentation plus the resolution of the Carnot Cycle
problem. It is observed that 100% (Q.7) of the students
believe that the teaching strategy used provides the
understanding of the content (Figure 5).

Table 3. Affective evaluation instrument. Own elaboration with the
help of Chat GPT-4

Self-assessment expository class more

Affective levels . :
Exercise resolution

(Q.7). Do you think that the lecture, plus the
resolution of the exercise, helped to improve the
understanding of the content?

() Yes

() No

() 1 don't know how to answer

Receive

(Q.8). Assign a grade to the reading + exercise
resolution in Carnot Cycle:

() 5 Very satisfied

(L) 4 Satisfied

(L) 3 Partially satisfied

() 2 Unsatisfied

() 1 Very dissatisfied

Answer

(Q.9). Do you like to participate in group activities,
where tasks are distributed to each participant??
() Yes

() No

Characterize

() 1 don't know how to answer

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Post-test

mYes mNo mldon'thowto answer

Figure 5. Evaluation of the affective development of "Receiving” Q.7

Assign a grade to the reading + exercise resolution in
Carnot's Cycle (Q.8) was used to verify how students,
when participating in a group activity that uses task
separation, internalized values (Figure 6). Analyzing the
affective domain of "response” developed with the
application of PBL, it is observed in (Q.8) that 93.33%

and 3.33% of the students are very satisfied or satisfied,
respectively, with the strategy and believe that the use of
the technique helped to improve the understanding of the
content (Figure 6). It is important to note that none of the
students presented partial or total dissatisfaction with the
strategy. This indicates that one of the factors of the results
was motivation during the construction of knowledge
about the Carnot Cycle (Figure 6).

100%
90%
80%
70%
60%

40%
30%
20%

10%

0%
Post-test
mVery satisfied m Satisfied m Partially satified m Unsastisfied m Verydisstisfied

Figure 6. Evaluation of affective development of “response” Q.8.

In the self-evaluation, carried out after the presentation
and resolution of the exercise, when asked about the
pleasure of participating in group activities (Q.9), in which
there is separation of tasks, 60% said they liked it and
40% said they did not (Figure 7).

100%
90%
80%
70%
60%
50%
40%
30%
20%
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Post-test
m | don't how to answer

mYes wNo

Figure 7. Evaluation of the affective development of “characterizing" Q.8

The results showed that, in general, most students were
satisfied with the use of PBL, which allows us to identify
which part of them changed their behavior after its
application. This satisfaction, found in the evaluation of
PBL, after its application, revealed that the students
consider the technique motivating.

To conclude the evaluations, questions were applied
about the attitudes developed related to the student himself
(self-evaluation). The self-assessment, with the intention
of analyzing in a general way the attitudes developed
individually and in groups, students were asked to give a
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grade on the topics, based on a Likert scale Therefore, the
issue related to the student's assessment and his or her
own attitude were analyzed according to Table 4.

Table 4. Self-assessment - Attitudes developed through PBL. Source:
Authors' elaboration based on Google Gemini

Actitud desarrollada Self-evaluation

1) Strongly disagree

2) Disagree
A. Develop tasks collaboratively and 3) Neither agree nor
respectfully disagree

4) | agree

5) Totally agree

1) Strongly disagree

2) Disagree
B. I showed commitment in the 3) Neither agree nor
development of activities disagree

4) | agree

5) Totally agree

1) Strongly disagree

2) Disagree
C. Demonstrated flexibility in role 3) Neither agree nor
distribution disagree

4) | agree

5) Totally agree

1) Strongly disagree

2) Disagree

3) Neither agree nor

D. I showed interest in the activities disagree

4) | agree

5) Totally agree

1) Strongly disagree

L 2) Disagree
E. The activities allowed for an exchange 3) Neither agree nor
of experiences among the members of the disagree g
group 4 :
) | agree

5) Totally agree

The results of the self-assessment of activities
developed using PBL are presented in Figure 8. In item (A)
they indicated that 90% of the students believe that they
have developed the tasks collaboratively, respecting others,
and 10% partially agree with this statement. In item (B),
regarding the student's commitment to the proposed tasks,
the evaluation indicated that 70% totally agree that there is
commitment and 30% partially agree. Item (C) questioned
the flexibility of the students in terms of the distribution of
the tasks and functions performed during the experiment.
This flexibility was indicated by 83.33% of the students
who agreed to be flexible, while 16.67% agreed in part
with this statement. Item (D), related to interest in
participating in the activities, was confirmed by 56.66% of
the students who said they showed interest in the activities,
and 43.34% partially agreed with the statement. The
analysis of the exchange of experiences provided by the
activities. Item (E) was confirmed by 86.67%, who fully
agreed that the techniques allowed the exchange of
experiences and 13.33% partially agreed. It should be
noted that the options totally in disagreement, in
disagreement and neither in agreement nor in
disagreement, presented any percentage.

From this evaluation, it can be highlighted that the
participation of the students allowed them to develop
group activities in a collaborative, committed, flexible,

interesting way and, above all, facilitated the exchange of
experiences. PBL helps in teamwork and problem-
solving [29]. The results found in this study, referring to
the use of a teaching technique, as a complement to the
traditional method, indicated that the use of PBL
influenced almost all levels of cognitive development,
considering the result achieved in its entirety. Adding to
the above, its application provides satisfaction, and this
effectiveness can provide knowledge construction and
satisfaction, inducing the student's commitment to
learning.

100%

80%

60%

40%

20%

0%
A B C D E

mlagree mTotallyagree

Figure 8. Self-assessment of the attitudes developed through PBL

Some brief qualitative comments made by some
students on the affective benefits of PBL in the teaching of
the Carnot Cycle are:

- We can share ideas, knowledge, and get feedback from

your partner, which improves the quality of work

- Peers provided motivation and support, reducing

stress and improving creativity

- You can finish jobs faster and better because

everyone focuses their qualities on a part of the work
and having more people monitoring reduces errors

- We improve the understanding of what the Carnot

Cycle is about, what its various stages are and their
importance.

4. Conclusions

The resolution of the Carnot Cycle exercise was
presented in a general way in the class after having
performed the exercise with PBL. The groups formed
solved the problem adequately, performing the
mathematical operations, conversions of units, obtaining
the values correctly of the thermodynamic processes of the
Carnot Cycle.

The evaluation of the cognitive and affective
performance achieved by the students at each moment of
teaching of the Carnot cycle reveals that the use of PBL,
as an additional strategy, was able to influence the levels
of development achieved by the students, mainly at the
most complex levels (analyzing, synthesizing and
creating), as well as providing satisfaction. Along the
same lines, motivation is a stimulus for meaningful
learning.

This research seeks to contribute to the teaching of the
Carnot Cycle, since, through this analysis, it can be
concluded that it is beneficial to use a teaching technique
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that complements the traditional method, providing
experience with the search for solutions and the
development of critical thinking, as well as contributing to
meaningful learning in addition to providing motivation.
With these results, teachers can use the data as an
analytical tool, adapted to the educational objectives they
intend to achieve, creating new possibilities.

The data from this research allows us to infer that the
use of PBL, which requires the direct and active
participation of students with learning, helps the
development of critical thinking, since it has influenced
the most complex levels of cognitive development,
according to the data found in the evaluations carried out
based on the Bloom-Barrows Taxonomy. PBL allows the
development of critical capacity, since, in this research,
the use of the technique influenced the levels of learning,
which contemplates this cognitive development.

As the construction of knowledge occurs through the
subject's experience with the objects of study, it can be
concluded that the use of active teaching techniques such
as PBL, used in an additional way, help the cognitive and
affective development of students, contributing to this
construction. Finally, great satisfaction was generated in
the students, expressing that this type of work should
continue with other topics of Physical Chemistry. The
successful implementation of PBL provides better learning
outcomes for Physical Chemistry students in the
Chemistry career.

As limitations, it is observed that this research was
carried out in a single class and its results could not be
compared with another that was not influenced by PBL,
which would allow verifying the development provided in
both cases. Another limiting factor was the size of the
sample, which does not allow the generalization of the
data found.

Sample size can affect the reliability of our conclusions,
so we invite replication in various educational settings. It
is recommended that in future projects experimental
research with PBL be carried out in a group of students
where it is applied and compared with another group
where it was not applied, comparing the effect of
cognitive and affective development in both cases. The
students perceived the method as effective in this work,
since it develops skills to elaborate and formulate
questions, as well as teamwork and problem solving.
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