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ABSTRACT

The project presents the application of the stages proposed by Poyla for solving problems in mathematics, which
have been adapted in mechanical physic. Critical reading strategies have also been applied resulting in reading
physical problems comprehensively. Objectives: To incorporate real problem solving as a teaching strategy in two
mechanical physics courses (one experimental and another traditional), in order to characterize the group that
applies the problem-solving strategy. To validate the problem-solving strategy in mechanical physics. Methods:
Mixed research including analysis and contrast of results obtained from two control groups: one experimental (24
university students of Mechanical Physics) and another traditional (16 university students of Mechanical Phys-
ics). The control group approaches the study of the subjects in a traditional way where the problems proposed are
solved intuitively and somehow mechanically. The experimental group solves the proposed problems by applying
each of the stages of the proposed sequence. The experimental group solves the proposed problems by applying
each of the stages of the proposed sequence. This study differs from previous studies in that most are related to
problem-solving in mathematics and in this case, we focus on physics with the value of involving elements related
to critical reading, which gives a more realistic look of the Physical phenomenon studied from the interpretation
of its occurrence and how it impacts the environment, which favors its theoretical understanding and gives mean-
ing to its mathematical modeling.
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INTRODUCTION

The Ministry of National Education re-
quires higher education institutions to strengt-
hen students’ capacities to think critically. To
this end, they ask that undergraduate curricula
include components that develop reading and
writing skills, but at the same time ask interdis-
ciplinary networks to be established. Institutions
of higher education are increasingly aware of the
need to assess core competencies so that gradua-
ting students are able to think and read critically,
research and use information, analyze quantita-
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tive data, and write effectively and fluently (Rao
et al., 2009; Shepherd et al., 2012; Callejas, 2015
Bowers, 2017).

Professors of the Physics department ask
how students carry out problem-solving, there
is a significant failure of the subject, which has
led to questioning the teaching processes and in
turn create improvement mechanisms for stu-
dents (Bhang et al., 2013; Alonso Silva, 2016;
Zuluaga et al., 2020; Yanti, et al., 2021). There
are studies that investigate critical reading and its
relationship with mathematics. For this reason,
it is important to look for approaches that have
been adopted and which individuals have applied
them from higher education. The idea is to of-
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fer students from both institutions the means to
recognize their reading levels, improve them and
thus solve problems in mathematics, in this case,
mechanical physics. It also will help university
professors to incorporate real problem solving as
a teaching strategy. Steps to guide, monitor, and
help students on how to solve problems develo-
ping their critical skills.

To solve problems, training in critical rea-
ding is necessary, applying different techniques
and theories that allow the student to develop
and strengthen critical thinking. The reading of
the text, therefore, is not only complementary but
also bases, models, and makes critical our capaci-
ty for judgment to observe the world”.

The research presents the integration of
critical reading with physics, answering the fol-
lowing question: How to strengthen the learning
process of the phenomena of mechanical physics
through problem-solving incorporating elements
of critical reading, in physics students at the Uni-
versidad Catolica of Manizales and Universidad
Nacional? It is important to initiate an integrati-
on that shows a balance between what is read and
what is written, and that makes the solution of a
problem in physics not a difficult process. Integ-
ration should allow students to relate their theo-
retical and practical knowledge to critically solve
problematic situations. Important studies sup-
port the need of understanding Critical reading
as Cassany (2012); Lopez et al. (2013); Rendon
(2013); Rendon et al. (2014); and Carlino (2017).

Problem-solving as a didactic strategy to
achieve in-depth learning in the natural sciences
arises from the need for students to relate their
declarative and procedural knowledge to solve
problematic situations posed from specific con-
texts, thus “the emergence of the problem-solving
approach as a didactic concern arises as a result
of considering learning as a social construction
that includes conjectures, tests, and refutations
based on a creative and generative process” (Pé-
rez et al., 2014). According to Poyla (1965) in
May Cen (2015), a problem is solved by cons-
ciously seeking actions to achieve an established
goal, which cannot be achieved immediately, de-
veloping certain skills and abilities in students.

Within the strategies of teaching and lear-
ning of disciplines such as physics, the resolution
of problems, every day is more used generally as-
sociated to situations of a proving character of
phenomena of reality, however, it is sought that
it is no longer done mechanically and repetitively
as it is traditionally done, besides the importance
of taking into account that the problems in phy-
sics are problems of reality is established, where

there are some criteria of theoretical order and
mathematical models that represent the natural
phenomenon of study. (Ozuru et al., 2009; Pérez
de Pérez, 2009; Rico, 2011)

Problem-solving and critical reading are
connected aspects that contribute directly to the
cognitive development of students, Pozo et al.
(1994), indicates the importance of starting with
a problematic situation if the development of cri-
tical thinking is intended. Therefore, an enabling
environment must be created with appropriate
strategies aimed at achieving these goals. Thus,
as Laiton Poveda (2011) states, “there is a rela-
tionship between the application of pedagogical
intervention and the presence of characteristics
of a critical thinker in students”. Similarly, Bhang
et al. (2013) in a study, asks university professors
to develop and exercise the ability to reason rea-
ding, critical, creative, and autonomous thinking,
and the skills to understand, analyze and inter-
pret what is read, so that they can clearly express
and support, orally or by writing, their ideas, opi-
nions, and findings. (Vazquez, 2010; Carrasco
Altamirano et al., 2013). This study differs from
previous studies in which most are related to
problem-solving in mathematics and in this case,
we focus on physics with the value of involving
elements related to critical reading, which gives a
more realistic look at the Physical phenomenon
studied from the interpretation of its occurrence
and how it impacts the environment, which fa-
vors its theoretical understanding and gives mea-
ning to its mathematical modeling.

METHODS

Based on the study of the content of
mechanical physics topics, specifically kinema-
tics and dynamics, mixed research was carried
out. The results obtained were contrasted with a
control group (n = 16 participants) and an expe-
rimental group (n = 24 participants), university
students of a mechanical physics course. The
control group approaches the study of the topics
in a traditional way where the proposed problems
are solved intuitively and mechanically. The ex-
perimental group solves the proposed problems
by applying each of the stages of the proposed
problem-solving sequence, for which they had a
previous explanation and instruction. The real
problem-solving strategy results from combi-
ning Poyla (1965) in May Cen (2015) tags for
solving problems in mathematics and adapted in
mechanical physics with elements from Reading
levels ICFES (2017). Students read physical prob-
lems comprehensible.
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After dealing theoretically and mathema-
tically with the topics mentioned, the proposed
problems were solved by applying each of the
stages in the described sequence, emphasizing
on the students’ incorporation of each stage of
the sequence into the solution of the problem in
a written or verbal way. With the control group,
the theoretical and mathematical study of the
contents of the proposed topics was also carried
out, although in this case, the students solved the
problems in a free and spontaneous way.

Even though Polya’s stages are applied to
the solution of problems in mathematics, in this
work these stages are adjusted to the solution of
problems in physics, which is adapted in a cohe-
rent way taking into account that mathematics as
the language of physics allows the modeling of
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phenomena, starting from a theoretical analysis
that allows defining the relationships between the
variables that represent the physical magnitudes
present in the statement of the problem. Figure
1 shows the sequence and stages of the proposed
strategy for solving problems in physics applied
by the students in the experimental group. Li-
kewise, the reading levels are coupled to Polya’s
stages, where the problem is read, that is, first the
local contents that make up a text are identified
and understood (in this case the situation posed);
then it goes to the inferential level, where it is un-
derstood how the parts of a text are articulated
to give it a global sense; until reaching the criti-
cal level to reflect from the text and evaluate its
content.

SEQUENCE

DI

Preliminary information Solution scheme

l

¥ Read the problem statement ¥ Establish the parts
carefully and where the problem
comprehensively breaks down
¥ Write the data, the known ¥ Make graphic
and the unknown in the representations of the
w order they appear in the phenomenon
2 < problem using appropriate
5 symbols and notations v" Making the assumptions
v Take all data to a suitable ¥ Write down the
drive system equations and laws

involved with their
+  Establish the conditions definition
under which the

phenemenon occurs

v Define what concepts of
\ physics are involved

Solution

Sense of reality

l

¥ Determine that the units

Mathematically treat the

equations until the variables representing the
representing the unknown unknown quantities are
physical quantities are cleared appropriate

to obtain the mathematical
maodel that represents the v
phenemenon under study

Establish if the result
corresponds to reality

Verify each part of the problem ¥ Thinking about possible
by establishing the applications of the
correspondence with the problem

conditions posed and the
mathematical development

Replace known data and
perform the necessary
algebraic and arithmetic
operations

Figure 1. Proposed Problem-solving Strategy in Physics. Source: made by the authors

Complementarily, guiding questions that
led the students to go beyond thinking only about
the resolution of the problem under the initial
conditions that were proposed were asked: What
parts of physics are involved? under what other
conditions can the problem be posed? can the
problem be reformulated differently? is the prob-
lem similar to others already solved? were all the
data provided by the problem used? is there anot-
her way to solve the problem?

The above in terms of critical reading with
a view to strengthening critical thinking, accor-
ding to ICFES guidelines (2017); and researchers
such as Javeriana and Cun (2007), Rodriguez
(2007), Vazquez (2010), Pérez Abril et al. (2013),
Estepa and Rodriguez (2015), Velasquez Almona-
cid et al. (2017), Higueras-Rodriguez and Medi-
na-Garcia (2020), could be combined as follows
(see Figure 2).
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Inferential
reading

Literal reading

Planning

\\
Execute Critical reading Analyze results
/J

Figure 2. Combining Critical Reading Terms in Strengthening Critical Thinking. Source: made by the

authors

Finally, an assessment of the to the two
groups where this study was applied topics was
made in order to establish the advantages and
disadvantages of learning through real problem
solving as a strategy to strengthen the teaching
process and to determine if the learning was
deep, establishing the appropriation of the con-
cepts and the mathematical development, ana-
lyzing the students’ performance during all the
problem-solving.

A methodological aspect that emerged
during the process was the posing of a simpler
problem, but of the same nature, when the stu-

Table 1. Description of the Stages to be Developed

dent presented problems in solving the proposed
problem, intending to develop previous ideas for
the resolution of the initial problem. The reading
and writing analysis analyzed whether the non-
solution of the problem was due to the difficulty
in understanding the statement or to the lack of
competence in solving the exercise (Olivos, 2011).

To carry out the analysis of the data ob-
tained, they were coded as shown in Table 1
where the parts of the sequence are related to the
stages of resolution of the proposed problems, es-
tablishing the frequencies of their use.

DEFINE
Preliminary information

PLAN
QOutline of the solution

D1 Read the problem statement carefully and P1 Establish the parts where the problem
comprehensively breaks down
D2 Write the known and the unknown data, in P2 Make graphic representations of the phe-
the order they appear in the problem, using nomena
appropriate symbols and notations
D3 Take all data to a suitable drive system P3 To make the hypotheses
D4  Establish the conditions under which the P4 write down the equations and laws in-
phenomenon occurs volved with their definition
D5 Define what concepts of physics are in-
volved
EXECI.JTE ANALYSIS OF RESULTS
Solution
E1 Treat the equations mathematically if Al Determine that the units represent the
necessary, until the variables that represent unknown quantities adequately
the unknown quantities are cleared up, to
obtain the mathematical model that repre-
sents the phenomenon under study
E2  Verify each part of the problem by es- A2 Establish if the result corresponds to
tablishing the correspondence with the reality
conditions posed and the mathematical
development
E3 Replace known data and perform the nec- A3 Thinking about possible applications of

essary algebraic and arithmetic operations

the problem
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The variables analyzed were the frequency
of use of the stages applied and their contracting
with the sequence between the control and expe-
rimental groups.

The reorganization for data processing
was: a. Establishment of the frequency of use of
the steps by a sequence in the educational strate-
gy proposed to solve the problems raised in the
pilot group. b. Establishment of the frequency of
use of the steps by a sequence in the didactic stra-
tegy proposed to solve the problems raised in the
control group. c. Relationship between the time
of resolution of the problems between the expe-
rimental group and the control group. d. Compa-
rison between the frequency of the stages carried
out in each sequence in the control group and the
experimental one. e. Correlational analysis bet-
ween the stages used by the two groups of stu-
dents and their implications within the learning
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process f. Reading levels according to the guide-
lines given by the ICFES associated with those
proposed by Poyla in mathematics and adapted
to Physics (Calderon et al., 2018).

RESULTS AND DISCUSSION

In accordance with the sections established
in the processing of the data, the results obtained
were as follows:

The graph in Figure 3 shows the frequency
with which students in the experimental group
used each stage of the sequence of the didactic
strategy proposed to solve the problems.

The graph in Figure 4 shows the frequen-
cy with which students in the control group used
each stage of the sequence of the didactic strate-
gy proposed to solve the problems.

94%

7% 91%

87% 84%

D1 D2 D3 D4 D5

DEFINE

81%

98%

78% 7% o8 84%

El E2 E3 | A1l A2 A3

EXECUTE

ANALYSIS OF
RESULTS

Figure 3. Frequency of Use of the Steps Included in the Problem-solving Sequence by Students in the

Experimental Group. Source: made by the authors

A ratio was determined between the num-
ber of problems solved by the control group and
the experimental group, obtaining a 3 to 1 ratio,
i.e. while in a given time the students in the cont-
rol group solved 3 problems, the experimental
group solved one problem by applying all the sta-
ges of the sequence, however, it was observed that
the students in the experimental group solved the

83%
0 7a% 75%

D1 D2 D3 D4 D5

DEFINE

problems more satisfactorily than the control
group, and also reported a rigorous analysis of
the control group, while the students in the cont-
rol group solved the problems by always looking
for an answer, mostly numerical, at the expense
of the analysis and in-depth understanding of the
physical phenomenon posed.

83%

El E2 E3 | A1 A2 A3

EXECUTE ANALYSIS OF

RESULTS

Figure 4. Frequency of Use of the Steps Included in the Problem-solving Sequence by Students in the

Control Group. Source: made by the authors
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The relationship of the results obtained
with the two groups is shown graphically below

(see figure 5).

Pilot group Control group

DEFINE

ANALYSIS OF RESULTS PLANN

EXECUTE

Figure 5. Frequency of Use of the Steps Included in the Problem-solving Sequence by the Students in
the Control Group. Source: made by the authors

From the results, it is possible to estab-
lish what is summarized in Table 2 below. It is

the problems, students were asked not to use the
calculator in order to encourage mental opera-

important to mention that for the resolution of

tions.

Table 2. Results that Can be Highlighted from the Process with Both Groups

DEFINE

STAGE

PILOT GROUP

CONTROL GROUP

D1

D2

D3

D4

D5

The reading is done quickly by trying to imme-
diately relate the question to a mathematical
formula so that the data can simply be replaced

Most of students write the data that the prob-
lem delivers, however, they present the same
weaknesses as the experimental group, they do
not know the symbolism and the way to notice
the variables

A small percentage of students do not recog-
nize the importance of taking the data to a
single unit system and start to show difficulty
to continue solving the problem correctly. As
in the experimental group, they have difficul-
ties in moving from one unit system to another,
especially when working with derived physical
quantities

They did not work this stage

They did not work this stage

The reading is done comprehensively, highlighting
the parts where the most relevant information is
found to address the problem. It is at this stage that
the student has a first idea of the conditions under
which the phenomenon occurs and in which units
of the data are presented

All students follow the instruction to write the data
in the order they appear in the problem, however,
the professor must advise them on the use of the
symbols and appropriate notations according to
the characteristics of the variables

It is recognized that there is a need to bring the
data into a single system of units, however, the dif-
ficulty here is focused on the operational part of
moving from one system of units to another, espe-
cially the physical quantities derived

This is a relatively new issue for students because
although they read the statement they tend not to
relate and apply these conditions

This stage allowed students to establish relation-
ships between the theoretical and the procedural
aspects.
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PLAN

P1

P2

P3

P4

They did not work this stage

The students made simple graphic represen-
tations that superficially represented the phe-
nomenon

They did not work this stage

Since students tended to solve the problem
mechanically, they simply worried about writ-
ing an algebraic formula to replace the data.
Therefore, they had difficulties when they had
to clear up variables or even showed no ability
to pose equations when the problem required
them

Thanks to the comprehensive reading that was
done in advance for the students it was easy to de-
termine the parts that divided the problem

Graphical representations were made with some
rigor (sometimes to scale) that allowed the student
to better visualize the problem situation and some-
times to compare the numerical response with the
graph.

The hypotheses proposed allowed the student to be
guided on what would happen regarding the oc-
currence of the phenomenon, allowing for more
clarity on the strategies used to solve it

Students related this stage to stage D5 because hav-
ing a clear understanding of the concepts made it
easier for them to shape the mathematical model.

EXECUTE

El

E2

E3

At this stage, the students showed many weak-
nesses in relating the mathematical part, in ad-
dition, as the problem was being solved in a not
so comprehensive way, there were many diffi-
culties in relating the variables with the physi-
cal magnitudes present

They did not work this stage

Analyzing the work of students at this stage
shows that from the beginning they tend to re-
place the data sometimes including the units,
without reaching the mathematical model,
which creates confusion and difficulties to
work mathematically

From this point on, the student demanded more
accompaniment from the professor since they had
to develop the problem mathematically. At this
stage, students showed more insecurity, but by re-
lating their previous mathematical learning they
were able to model the phenomenon under the re-
quested characteristics

In retrospect, the students related through a de-
tailed analysis the correspondence between what
was requested in the problem with the process they
had been developing to solve the problem, which
allowed them to be more aware of their learning

Due to the orientation given to the students, they
replace the numerical values when they have ob-
tained the mathematical model that represents the
phenomenon of the problem, guaranteeing greater
success in obtaining the numerical response if re-
quired

ANALYSIS OF RESULTS

Al

A2

A3

Most students did not pay attention to this
stage, because they were satisfied with getting
an answer or finishing the problem quickly

They did not work this stage

They did not work this stage

As most of students had developed the problem
by following the stages carefully, the response ob-
tained was satisfactory and consistent. However,
those who did not obtain the units that correctly
represented the physical magnitude found, was
because they had no difficulty operating with the
units

By establishing that the answer to the problem
posed corresponds to reality, the student can deter-
mine that the answer is correct and that they have
satisfactorily completed the procedure

After obtaining the answer, the professor and the
students analyzed the possible applications of the
problem and how its resolution can contribute to
the solution of others of a similar nature. It is at this
stage that the student consciously demonstrates the
application of physics to the natural phenomena to
which they are exposed on a daily basis
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The discussion above pointed how resear-
chers incorporated real problems as a teaching
strategy, where the combination of reading cri-
tical levels with physics associated with Poyla’s
(1965) stages, models ways of guiding students to
think critically through content based in this case
physics.

It was easy to characterize the group that
applies the problem-solving where the experi-
mental group solved the problems more satisfac-
torily than the control group. At the same time,
the result validates the problem teaching strategy
in mechanical physics.

CONCLUSION

The arrangement of the two groups to-
wards the resolution of the proposed problems,
despite the instructions given to the control
group, was to use stages D2, P1, P3 in the search
of an immediate numerical answer to the propo-
sed problem, avoiding essential stages for the in-
terpretation and analysis of the result of the prob-
lem, which would lead the student to significant
learning of the subject from its application to rea-
lity. Although the control group was not advised
of the sequences and stages of the strategy, intui-
tively or due to previous knowledge, they applied
some stages of the problem-solving sequence.
Likewise, the stages applied by the control group
do not necessarily correspond to the logic of the
sequence. By having a previous explanation of
each of the stages that compose the sequence
of resolution of the problems, the experimental
group carries out the process in a more structured
way. Comparing the two groups experimentally,
an increase in the capacity to solve the problems
in the experimental group can be seen, because
they are more reflective and careful in the resolu-
tion process. However, at a certain point in the
experience, they saw the method as a straitjacket
that prevented them from being more agile in the
process, but after evidencing the benefits in the
learning process they understood the importance
of using the strategy. Among the advantages in
the learning process: (a) the process of problem
solving, and habituation is systematized; (b) stu-
dents self-evaluatetheir process by identifying
the errors made in thestages of problem-solving.
In the teaching process; (c) identification of the
most common mistakes made by students. A
significant disadvantage is the time required for
problem-solving, however, this issue is compen-
sated by the enhancement of the teaching and
learning processes.
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