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Abstract. This research article shows the findings of a study that sought to demonstrate the
results of a methodological intervention implemented in classes of an eleventh-grade course in
the area of Physics, in a public school in the city of San José¢ de Culcuta, Colombia. The
intervention consisted of applying some active learning strategies accompanied by
methodological tools such as collaborative work in order to measure the impact of the
intervention on the level of disciplinary knowledge of students with a pre-test and post-test. The
results show a significant increase with a value of 0.49 at the end of the intervention, which
suggests that the subjects participating in the study improved their level of conceptual
appropriation in physics after the application of active learning strategies.

1. Introduction

Since the issuance of the [1], Colombia has prioritized the implementation of various pedagogical and
methodological strategies to improve the quality of education supported by the different quality
references such as curricular guidelines, basic competency standards and basic learning rights for each
of the educational areas, within which the strengthening of the teaching profession and institutional
improvement have been key [2,3] as well as initial training programs [4,5] and continuous training of
teachers where a disarticulation between the pedagogical and disciplinary areas has been established
[6,7]. Also, the pedagogical models used in the pedagogical practice of all educational levels are
questioned, called transmissionist perspective, where expository type classes are presented, focused on
the content [8] and where the role of the teacher is that of possessor of knowledge and that of the students
is passive. In the case of Physics teaching, the use of this perspective has implied that students do not
conceptualize or develop competencies in the discipline [3].

In addition, teachers must implement in their pedagogical practice criteria to favor a practical
understanding of the principles of Physics, as well as its basic learning processes and new teaching
methodologies for active learning [9]. However, the former is not always the case, since it has been
shown that erroneous models of physics persist, even after receiving university and continuous training,
so it is necessary to provide spaces so that disciplinary knowledge can be continuous, applied,
questioned and evaluated, since it positively influences their performance as teachers [10].

On the other hand, in recent years, there is evidence of the application of teaching strategies focused
on active learning that have improved academic performance and promote meaningful and lasting
learning in students by promoting competencies, as opposed to the results obtained with traditional
models that hardly achieve this [9,11]. Accordingly, the objective of this study was to determine the
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impact of a pedagogical intervention supported by active learning strategies on the physics knowledge
of middle school students.

Active learning focuses the student at the center of the learning process, promoting collaborative
work and knowledge construction by integrating various activities that place students in a performance
situation, considering individual tasks, among peers or in teams [10]. Active learning is based on Piaget's
constructivist learning theory, which emphasizes the fact that students construct their own knowledge
and Vygotsky's social constructivism, where learning takes place through social interaction with
teachers and/or peers; complemented by Bruner's with his idea of scaffolding that allows a student to
solve a problem, accomplish a task or reach a goal that could go beyond his own effort. Finally, it is
based on Bloom's taxonomy, which classifies types of knowledge and cognitive processes used by
students to learn [12].

Some active strategies for learning physics can be interactive demonstrative classrooms [13]; inquiry
based learning [14-16]; peer instruction [17], context rich problems [18,19], modeling instruction [20],
among others.

2. Methodology

The research was conducted under the quantitative paradigm for this purpose a quasi-experimental study
was developed with a pretest-posttest design to a single group of students [21], applying the force
concept inventory (FCI) [22,23] as a pretest to investigate their initial level of knowledge of the
preconceptions of Newtonian physics-mechanics, followed by a methodological intervention supported
by active strategies for teaching physics [13-15, 17-20, 24], to end with the application of the FCI as a
posttest to recognize the level of knowledge obtained after the intervention and estimate Hake's learning
gain [16].

2.1. Population and sample
The population consisted of 83 eleventh grade students in two groups of a public educational institution
in the city of San José de Cucuta, Colombia. The morning group, made up of 43 students, participated
as members of the sample. The mean age of the participants was 17.3 years. A 53.5% corresponded to
males and 46.5% to females.

Table 1. Distribution by gender.
Options Frequency Percentage

Female 20 46.5
Male 23 53.5
Total 43 100.0

2.2. Instrument

FCI is a test designed by [22] and measures the understanding of the basic concepts of Newtonian
mechanics, the didactic efficiency of the teaching-learning process of the latter and allows detecting the
preconceptions that it has evaluated in this regard [22,23]. The FCI is composed of 30 questions. The
advantage of the FCI is that it allows determining the level of knowledge of mechanics, evaluating the
didactic efficiency of the teaching-learning process, the degree of understanding, detecting, and
classifying the conceptual errors incurred by the students and their preconceptions, and their evolution
over time [25,26]. The FCI was used in its Spanish version [18] with questions with 5 answer options,
grouped into the following categories [22]: kinematics, Newton's first law (inertia), Newton's second
law (force and acceleration), Newton's third law (action and reaction), principle of superposition, types
of force; this instrument was used because it measures (in a certain sense) the capacity of Newtonian
thinking [27]. A high score on the FCI does not indicate a unified knowledge of the concept of force,
however, a low score indicates a lack of knowledge of basic Newtonian concepts.
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2.3. Data analysis technique

Hake's factor (g) also called relative conceptual learning gain, indicates the average actual gain of
standardized conceptual learning [16]. It is used to determine the level of conceptual learning
achievement in the implementation of a didactic strategy, i.e., with the results of an evaluation (pretest
and posttest) the impact on the assimilation of the type of conceptual knowledge is determined. In this
case, the g factor allows establishing the changes achieved in the different dimensions of the FCI when
implementing the didactic strategy with active methodologies, since the low, medium, and high
achievement levels in the g factor are related to the level of conceptualization of the FCI. For the
calculation of Hake's g-factor, we use Equation (1) [16].

_ FCIpost(%) - FCIpre(%) (1)
"~ 100 — FCl,e (%)

This factor can take values between 0 and 1, where 0 represents no learning, while 1 corresponds to
the maximum possible learning. Establishing with the relative learning gain it is possible to classify
three levels of achievement, these are.

= High: g > 0.7
= Medium: 0.3 < g < 0.7
= Lower: 0<g<0.3

Also, the method of sample comparison for paired samples, student's t-test [28], was applied. Signed
authorizations were requested in informed consents designed for the corresponding intervention and
data collection, respecting the considerations of ethical standards.

3. Results

The statistical analysis verified the assumptions of the student’s t-test for paired samples, which allows
comparing the before and after a didactic intervention supported with active strategies [28]. The data
suggest that participants increased their level of disciplinary knowledge in physics at the end of the
intervention (mean = 85.80; SD = 6.15), compared to that exhibited at the beginning of the intervention
(mean = 55.30; SD = 17.75), thus having a statistically significant result (p < 0.05; t =-15.71; df = 42).
The effect size found is large (d = 2.396) and the power of the test was 99.99%, which exceeds the
reference value of 80.0% [29].

An increase of up to 50% is observed in the results, when comparing the performance obtained
between the posttest and pretest. Students increased the number of correct answers in all the disciplinary
contents addressed by the intervention. This result also suggests the effectiveness of the intervention
performed. The discrepant case is not addressed in the present study, given the importance of the overall
impact.

Table 2 shows that in the pretest an average performance of 55.27% (SD = 12.67) was obtained and
in the posttest the average performance was 85.8% (SD = 7.21). With these data, Hake's gain [16] was
calculated, obtaining a value of g = 0.68, which, according to the classification proposed by the same
author, corresponds to an average gain, since it is located within the interval greater than or equal to
0.30 and less than 0.70.

Table 2. Paired sample statistics.

Mean value N SD Average SD
Pre-test 55.274 43 12.6652 1.9314
Post-test 85.807 43 7.2078 1.0992
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Table 3 shows, as a complementary analysis, that there are significant differences between the
average scores obtained by the students of the group in both tests, with the percentage of the post-test
being more favorable.

Table 3. Hypothesis test for paired sample difference.
95% confidence interval

Mean SD SD of the difference t .Bllateral
average 51gn1ﬁcance
Lower Upper
Pre-test — _g0e3 1274 194  —3445  —2661 —1571 42 0.000
Post-test

When analyzing the level of gain per student in the pretest, it was found that 23.3% obtained a gain
of less than 0.3, considered low, while 53.3% of the students were at an intermediate gain level, that is,
greater than or equal to 0.3 but less than 0.7. Thus, only 23.3% of the participants obtained a level of
knowledge considered high.

In comparison, after the intervention with active strategies, the results in the posttest reflect that only
9% of the students were at the low gain level, while the high level increased to 40%. This result shows
that the intervention was effective, as it favored a large number of students to move from a low to a
higher level of performance, which is evidence of greater conceptual understanding.

Table 4 shows the results of the pretest and posttest from a gender perspective, the results show that
women show a greater increase in the average gain compared to men.

Table 4. Average gain earned disaggregated by gender of the student.

Gender Pre-test Post-test
Female 55.0% 86.0%
Male 55.5% 85.7%

4. Discussion

The findings suggest that didactic strategies for active learning in the area of physics contribute to
improve the level of knowledge, since students obtained greater conceptual understanding at the end of
the intervention, achieving conceptual improvement especially in the topic of forces. This result
coincides with those obtained in other investigations where active learning methodologies have been
used to address disciplinary contents in physics [9].

Active learning strategies reduced gender differences, which shows that the intervention has better
results in women than in men. These results are consistent with those obtained by other studies that have
suggested that women may benefit more from this type of strategies [30]. The characteristics of these
strategies suggest that their use may influence gender differences, given that women tend to express
their ideas in participatory activities [31].

However, the results in this regard are not conclusive, as further research is needed to determine
which factors of these interactive strategies for teaching physics influence gender differences [32,33].

5. Conclusions
Responding to the research question and by way of conclusion, the evidence suggests that the use of
active strategies in the area of physics positively influences the level of knowledge of the students under
study, since they manage to learn it and reinforce it while they have the opportunity to reflect with the
help of cooperative and collaborative work on how to teach it to their peers. The results indicate that
due to the characteristics of these strategies they can influence the reduction of the gender gap, given
that women have more opportunities to express their ideas in activities that involve their participation.
Taking into account that the pedagogical practice was always developed with the alternation between
cooperative work within small groups of students, as well as with collaborative work through the teacher
as a guide of the educational process, it is of interest for a later stage to follow up the teachers in their
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professional practices. The above suggests incorporating active methodologies from a global vision of
the curriculum, since natural sciences expose physics concepts in the course of school life since
elementary school.
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