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Abstract: This research proposes to evaluate the difference in essential mathematical competencies of
middle school students transitioning to high school level under pandemic conditions (COVID-19)
using the PreparaTec platform and Programme for International Student Assessment (PISA) released
items as an evaluation instrument. The study was conducted with 84 students from first semester high
school at Prepa Tec (Tecnologico de Monterrey, Campus Cuernavaca) aged 14 and 15. The students
were divided into three experimental groups and a control group. Three levels of mathematical
competencies: reproduction, definitions, and calculations (level 1), connections and integration to
solve problems (level 2), and reflection (level 3) were evaluated. We applied a pre-test at the beginning
of the semester and a post-test at the end after using the PreparaTec platform. Both tests were written
and applied in a face-to-face format. The study presents the findings regarding the impact of using
the PreparaTec platform during the first semester in the three levels of mathematical competencies
mentioned. The results obtained are presented in two analyses. The first analysis involves the results
obtained per experimental group and according to the number of correct answers per group. The
second analysis represents a comparison between the percentage of correct answers and the level
of difficulty per question per student regarding the percentage, determined by the Organisation for
Economic Cooperation and Development (OECD) and Spain in the format presented by PISA. The
pre-test and post-test consisted of 23 questions from items released from PISA, which contemplated
measuring the three levels of mathematical competence. The results showed an improvement of 57%
in level 1 proficiency questions, 63.6% in level 2 proficiency, and 100% in level 3 proficiency. The
findings indicate that new teaching strategies based on Information and Communication Technologies
(ICT) and more meaningful assessment forms further develop students’ mathematical competencies.

Keywords: educational innovation; professional education; PISA; mathematical competencies;
COVID-19; mathematical reasoning; flipped learning; Tec de Monterrey

1. Introduction

With the arrival of the COVID-19 pandemic, the teaching-learning process has been
unexpectedly transformed. Education has been one of the most affected areas in human
activity due to the pandemic. In this sense, almost every school worldwide went into a
lockdown starting in Spring 2020, replacing academy activities with distance learning,
laying the responsibility of teaching on to parents and the availability of digital devices at
home. As a result, it brought less effective learning, like the case study in the province of
Torino (Italy), which was the first Western European country hit by the COVID-19 pandemic.
In this context, the learning loss was greater for girls and high-achieving children of low-
educated parents, and the impact was harshest in schools with a disadvantaged social
composition [1,2].

The Mexican government also declared a sanitary emergency during the epidemic
generated by this disease, taking social isolation measures that required staying home and
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the emergence of “healthy distance” as preventive measures to control its expansion [3].
This measure implied that millions of students of all educational levels were affected by
the closure of schools, causing a change in the way of bringing learning to learners [4].
Not only were the primary and middle schools affected by the arrival of COVID-19, but it
was also the higher education that was disrupted in many ways, contrary to the detriment
of the basic levels of education. In some cases, the confinement significantly positively
affected higher education students’ performance, changing their learning strategies to more
autonomous and continuous habits, improving their efficiency, and having better student
assessment scores [5]. However, in other cases, some groups were more vulnerable to
psychological effects during the pandemic lockdown. This was the case for many middle
school students, where anxiety and stress were associated with mathematical tasks [6].

The pandemic lockdown has led to the transition of a pedagogical model in which the
teaching-learning process is through not only virtual environments, but also through using
new learning strategies, which has become a challenge for educational centers to adapt to
economic and social conditions around the world [7-9].

The pandemic transformed the entire teaching system at all levels [10]. Not only
because of the use of platforms and the need to consider different conditions [11] to those
subjects of utmost importance in the student life of any child, but also because there are
learning and competencies that became more relevant in the context in which they were
living [12]. Combining face-to-face teaching with virtual teaching (blended learning) forces
us to consider the characteristics of information communication technologies (ICTs) in
more detail. The lack of access to educational technologies and innovations is challenging
for educational institutions and students. At this time, computer-assisted learning helped
teachers adapt to the pandemic and enhance motivation, critical thinking, and student
learning, so analyzing the use of ICT and its variables is essential to identify the effects of its
use during this period [8,13,14]. This situation also led to the development of digital skills in
teachers, who could discover and develop new alternatives to diversify the way of learning.
The COVID-19 pandemic caused the closure of schools and universities and changed
the traditional teaching-learning process to online teaching, placing more responsibility
for learning on parents and guardians. Mathematics teaching is traditionally strongly
connected to the content and the transmission of knowledge, that is, facts to remember and
skills to acquire [10,15].

Regarding teaching mathematics, it is crucial to encourage the application of concepts
and that the student makes sense of what has been learned and the solution to challenges
that arise [16]. However, applying mathematical knowledge is not only the use of formulas
but also the use of logical reasoning for problem-solving, which requires pedagogical
strategies not based solely on memorization. Although many teachers recognize the
power of digital tools to motivate and encourage students to participate more in learning
procedures, they do not use them in teaching practices. Teachers use digital tools to teach
mathematics more as a drill-and-practice tool and less as a tool for supporting activities
with real-life situations and exploration [17,18].

Mathematical competence, therefore, goes beyond just the mathematical processes of
reproduction [19]. It establishes whether students can use what they have learned in typical
daily situations. According to Yusupova and Skudareva [20], mathematical competence is
an individual’s ability to formulate, apply, and interpret mathematics in various contexts.
It helps individuals understand mathematics’ role in the world and draw well-founded
conclusions and decisions for constructive, active, and reflective citizenship development.

Since the pandemic has led to a lag in student learning, this study proposes the
PreparaTec platform to strengthen basic mathematical skills in first-semester high school
students and contribute to developing new methodologies for distance learning. The
PreparaTec platform was designed considering the flipped learning methodology, which
compensates for the fact that students do not attend face-to-face classes. The intention
is to use it as a technological tool to bring education closer to the students, facilitate
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the continuity of their education, and investigate the impact its use can have on the
development of mathematical competencies.

Positive effects on math achievement occurred only when using online learning soft-
ware already familiar to students. So, online learning could offer a wide range of opportu-
nities for students to learn if they have the necessary technology, positive attitudes towards
it, and prerequisite skills [21-23].

With the use of flipped learning, students can review the class material in their own
space and at their own pace, take notes, and practice reflection and analysis of information,
which favors those students who have problems with the content of the subject [24].
However, to make the most of the advantages offered using flipped learning, it is necessary
that the student reviews the material before the class and performs the related activities.
Otherwise, there will be no significant learning for the student [25]; in this way, in virtual
sessions, it is possible to have better use of the class.

We used the Programme for International Student Assessment (PISA) [19] as an
evaluation instrument for this study. The Organisation for Economic Co-operation and
Development (OECD) conducted this standardized test [26], and the objective of the test is
to evaluate the training of students when they reach the end of the compulsory education
stage (secondary school). The use of PISA is appropriate as it focuses on the competencies
that students should have developed by the age of 15, regardless of the curriculum they are
studying [27,28]. This test is conducted every three years in 79 different countries. It evalu-
ates the areas of reading, mathematics, and scientific competence, emphasizing the mastery
of processes, understanding concepts, and ability to apply them in different contexts of
everyday life. [29] This research aims to show an alternative to evaluate mathematical
competencies in the classroom, using as an evaluation instrument the percentage of success
under the PISA scheme in conjunction with the percentages suggested by the OECD and
the results of the PISA tests in Spain.

1.1. Mathematics Teaching-Learning Process

When teaching mathematics to first-semester high school students, the experience
of those who write this has shown that new high school students arrive with different
degrees of learning in mathematics. Although the syllabus for the subject of mathematics is
regulated by the Secretary of Public Education (SEP), the degree of depth in the teaching-
learning process varies from school to school. Therefore, at the beginning of the first
semester of high school, it is necessary to consider the leveling in learning mathematical
concepts so that the following mathematics subjects are better understood [30]. The leveling
of these gaps in knowledge involves using strategies that motivate the student to achieve it.
However, a new way of working on learning may not be so welcome by students, especially
during this period of a pandemic.

The purpose of teaching mathematics should be that students can apply and use it.
Hence, the student must find the relationship between what has been learned and the
challenge to be solved [16]. Likewise, as described by some authors, the change in the
process of student-centered teaching involves changes in the preparation and the way of
teaching the class [31]. Therefore, this innovation proposal arises from the need to improve
two aspects: the development of mathematical competencies and autonomy in the learning
process by the student, both using the PreparaTec platform.

Multiple factors are involved in the teaching-learning process of mathematics in the
classroom. For example, the training of the teachers, their confidence in the discipline, the
didactics used in the classroom, the autonomy of work, the cultural level of the parents,
the school climate, and the educational proposal of the establishment [32], to mention a
few. Pekrun talks about emotions, where students can experience a series of moods, such
as enthusiasm, admiration, empathy, envy towards peers, boredom, persistence, etc. [33].
Taking this into account is of utmost importance; therefore, the teacher has the tools to
understand and identify students” moods.
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Such is the number of factors and agents involved. So intricate is their interrelationship
that it becomes difficult to explain, in simple terms, the differences in the levels observed in
tests such as PISA [34]. This finding may explain why some attempts to adopt part or all
of the mathematics teaching methodologies have not had the same successful results that
they have had in the country of origin [32].

1.2. PISA Test to Assess Mathematical Competencies

PISA defines mathematical competence (or literacy) as “ ... an individual’s ability to
reason mathematically and formulate, use and interpret mathematics to solve problems
in various real-life contexts. This literacy includes concepts, procedures, data, and tools
to describe, explain, and predict phenomena. It helps individuals learn about the role of
mathematics in the world and make the informed judgments and decisions needed by
thoughtful, constructive, and engaged citizens of the 21st century” [35] (p. 3).

The contents of the PISA mathematical competence assessment contemplate items that
present problems of quantity, space, and form, change and relationships, and probability;
located in four different contexts: personal situation, educational or work situation, public
situation, and the scientific situation; which evaluate three levels of competence; the
first is level 1 (reproduction, definitions, and calculations) where the student works with
everyday operations, simple calculations in the context of their immediate environment or
daily routine; level 2 (Connections and integration to solve problems) where they involve
mathematical ideas and procedures to solve problems that are not in their immediate
environment but are familiar to them, where they must elaborate models to solve them; and
finally, level 3 (reflection), where they must solve complex problems where the student must
conceptualize and provide a solution through an original mathematical approach [36-38].

Although PISA test results have been used to identify student achievement levels in
different countries [39,40], most studies seek to determine how different factors impact
test results at the national level or by comparing results across countries. One such study
was developed by Boman [41], who analyzed the relationship of sociodemographic and
socioeconomic variables on the performance of Swedish students compared to 31 countries.
Another research by Basarkod [42] identified the immigration effects on the PISA test
results in Italy from 2003 to 2021. In Spain, scores from the 20062018 PISA test were used
to analyze the relationship between cell phone use with bullying and test scores [43].

In these and other studies, we did not find the application of the test questions to
specific cases in a classroom or school sector. So, it is considered that this study is novel
and can contribute to knowledge by presenting a methodology that uses the questions
released from PISA that have to do with the achievement of different levels of learning of
mathematical competencies to evaluate the results of the application of new pedagogical
strategies. This study may be helpful for teachers and managers seeking to improve
pedagogical mediation strategies in the classroom, using new technologies and active
pedagogies such as flipped learning.

1.3. Flipped Learning

During the COVID-19 pandemic, technological tools generated a large amount of
online teaching, giving rise to teaching-learning basic knowledge. Therefore, it is necessary
to develop new strategies for students to create learning outcomes coherently with the latest
social conditions beyond superficial learning. Quality education in online environments is
broad and have become essential, allowing for variability in implementing activities inside
and outside the classroom [44].

According to Ospina Espinal and Galvis Lopez [45], “education based on virtual
environments allows having elements and tools that contribute to the performance of the
student as the protagonist of his training process” [45] (p. 11), hence the importance of using
strategies such as flipped learning to generate the learning environment and encourage the
student to be this protagonist.
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Nederveld comments that flipped learning is a pedagogical approach where the
teaching-learning process is “inverted,” i.e., what the student did as homework is now
done in class, and what they did in class is now done at home [46]. Flipped learning refers
to the fact that students learn the class topics independently, i.e., they review videos or other
material proposed by the teacher before the class. Then, the teaching-learning process will
involve student participation in solving problems using the previously learned concepts
in the classroom. The teacher’s role is to guide the student in solving the questions. Thus,
class time is used to create, evaluate, and analyze and stop it from being only an expository
space for the teacher [47]. This way, class time becomes a flexible process that does not
prioritize only the contents [48].

According to a systematic review of the literature analyzing the relationship between
flipped learning and mathematics teaching, studies show that using this pedagogical
strategy improves students” academic results [49-51]. In addition, there is an increase in the
confidence and satisfaction of students who become more active as they have more time to
carry out their activities and participate in class [52,53]. Mathematical competence involves
these components, which is why it is essential to use standardized tests to measure the
development of these skills.

For the implementation of the flipped classroom, Bergman and Sams recommended
performing the following actions [54]:

e  Define the tasks to be performed by the student and encourage self-learning by
introducing students to the pedagogical strategy;
Accompany the student in determining the educational resources’ actual content;
Check that students have seen the resources by asking interesting questions to help
them understand the topic;

e In the classroom, prepare the space to encourage collaboration and the development
of activities;
Encourage the student to organize his or her time;
Encourage collaboration working in teams;
Use instruments of formative evaluation;

In recent years, there has been significant interest in developing the inverted classroom
as a pedagogical strategy because it has come to complement the methodologies used for
academic continuity during the pandemic [55]. In this sense, this research aimed to identify
the difference in basic mathematical competencies in middle school students when moving
to the high school level under pandemic conditions through the practice of PreparaTec, a
technological tool designed following flipped learning as a pedagogical strategy. This study
is considered novel because, as mentioned above, we found no studies using the PISA test
to measure mathematical competencies in specific environments. So, this study seeks to
contribute with a methodology that teachers can apply in contexts in which teachers strive
to implement educational innovations in the teaching of mathematics, and to check if there
are differences in the competencies of their students at different learning challenging levels.

2. Materials and Methods

The research methodology is quantitative, descriptive, quasi-experimental, and chrono-
logical. The study was carried out with 84 students between 14 and 15 years of age from
the first semester of high school at Prepa Tec of Tecnolégico de Monterrey campus in Cuer-
navaca, organized into three experimental groups and a control group. The class content
relates to the fundamentals of mathematics. There were 64 students in the experimental
group and 20 students in the control group. It is worth mentioning that this was the first
semester that the students returned to the classroom after completing the last year of high
school virtually. The control group did not have access to the PreparaTec platform, whereas
the experimental groups had access throughout the semester. This semester, the students
attended classes twice a week in person and three days a week in virtual format.

The study contemplated 108 students enrolled in the Bicultural program in PrepaTec
in Cuernavaca. The sample selection was intentional, so researchers invited 108 students
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to participate in this study. However, the parents” authorization was requested since the
participants were between 14 and 15 years of age. Once the permission was obtained, the
remaining sample was 84 students out of the 108 participants, representing a statistically
significant sample at a 95% confidence level.

The application of the pre-test and post-test was carried out on face-to-face days. The
tests were taken without a calculator, and teachers contemplated 40 min for 23 questions in
the evaluation instrument. As part of the application and analysis of the results, written
authorization was requested from the parents to publish the research results. After applying
the pre-test, students worked on the PreparaTec platform throughout the semester, inside
and outside the classroom. The data were analyzed using the Kruskal-Wallis H test and
Mann-Whitney U test with a significance level of « = 0.05.

The control and test groups received the information through the teachers of each
of the groups. The two teachers in charge made a short presentation about the Novus
research project at the beginning of the class. Novus is an initiative of the Institute for the
Future of Education that seeks to strengthen the culture of educational innovation based
on evidence from the professors of the Tecnologico de Monterrey. Furthermore, teachers
informed students that they would be participating in two tests at the beginning (pre-test)
and the end (post-test) of the semester. Their parents signed a confidentiality and data use
agreement, where the teachers can use test scores without publishing the personal data of
each student.

2.1. Innovation Description

PreparaTec is a platform created under the flipped learning strategy to investigate
the impact that its use can have on the development of mathematical competencies. The
platform consists of three modules. The first module corresponds to the organization of
the semester’s topics and contains all the related subtopics. The second module contains
videos explaining exercises for each topic, which students can review as often as they
consider necessary. The videos have an average duration of 1.5 to 5 min and consider
various problems on the same topic. The third module includes a series of activities with
exercises of different degrees of difficulty. These exercises are mostly application problems
related to problems of everyday life. Table 1 shows the topics, learning objectives, resources,
and evaluation handled in the PreparaTec platform.

Table 1. Topics, learning objectives, resources, and evaluation that are handled in the PreparaTec
platform (Source: Authors” own creation).

Learning and Assessment

Area Topics Learning Objectives Resource for all topics
Basic operations, fractions,
real numbers, decimals, Reproducing representations
Arithmetic and Algebra successions, equations, p & Iep !

. definitions and facts.
percentages, hierarchy

of operations

Functions and Graphs

Multiple choice exercises
Videos by topic

Team analysis exercises
The evaluation of the
exercises is one point by

Interpretation of problem
situations and mathematical
statements, using multiple
well-defined methods.

Linear functions,
table analysis

Geometry

Engaging in simple correct answer

Areas, perimeters and volume . .
P mathematical Reasoning.

Descriptive statistics

Histograms, mean, median

Reflecting on, and gainin
and mode & & &

insight into, mathematics and

Combinations and Probability

Combinations, estimation
of quantities

constructing original
mathematical approaches.
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The practice material was designed by the teachers who teach the “Fundamentals of
mathematics” class, considering the structure of the PISA items, contemplating levels of
competencies and degrees of difficulty from levels 1 to 6. The PreparaTec platform was
used throughout the semester and contemplated collaborative work sessions in class to
resolve doubts and encourage discussion among students about possible ways to solve
a problem. The platform’s math exercises explore a variety of real-life contexts. This
involves translating mathematical solutions or reasoning into the context of the problem
and determining whether the results are reasonable and make sense in the context of the
problem. For example, purchase decisions, savings simulations, route planning, furniture
design, exchange rate, summertime, floor tiling, etc. The videos contain mathematical
concepts necessary to solve the requested problems, such as basic operations, fractions,
real numbers, decimals, sequences, equations, percentages, the hierarchy of operations, etc.
Students can access multiple choice exercises which have feedback for incorrect answers.
Figures 1 and 2 show the student’s view of both the math exercises and the videos of
basic concepts.

Actividad

M i Silo puedo dibujar, es porque lo comprendo !

Mesa Familiar

¢ Cudles seran las dimensiones de la mesa ya construida?

PreparaTec @ i

MESA FAMILIAR

Un carpintero construira una mesa familiar con 3 tablones de 1.5 x 1.2 m y 6 peldafios
cortos de 10 cm x 1m de largo, para las patas de la mesa.

Las sillas consideradas miden 1x0.5m

Siguiente

Figure 1. Student view of the PreparaTec platform (Source: Authors” own elaboration).

Contenido

1+ Video: j Jerarquia de Operaciones !

Mostrar en Realidad Aumentada

‘ Operaciones fundamentales
Las operaciones basicas fundamentales son:

Sumas, restas, multiplicaciones, divisiones, potencias y raices.

Pero cuando vemos algo como esto...

7+(6:-5243)=7

¢Como lo resolvemeos?

Figure 2. Basic concepts videos (Source: Authors” own elaboration).
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2.2. Instrument

The research evaluation instrument was a pre-test and post-test of 23 questions taken
from the items released by PISA [56]. We selected these items according to the level of
competence they assess, i.e., according to level 1 (reproduction, definitions, and calcula-
tions), level 2 (connections and integration to solve problems), and level 3 (reflection). Each
proficiency level has associated levels of degrees of difficulty per question. The questions
can be open or closed and have an associated score per answer that can be 0, 1, 2, or 3
according to what is demanded in the question. The maximum pre-test and post-test scores
are 69 points, considering complete, correct answers with a value of 3 points. Table 2 shows
the 15 selected PISA items with which the test constructed the 23 questions of the evaluation
instrument. Each item is related to one of the course topics, measured proficiency levels,
and their associated difficulty levels.

Table 2. Evaluation instrument with the mathematical competencies and their relationship with the
areas to be evaluated. Adapted from [56].

Item Name Numb?r of Level of Competence Proficiency Level Area
Questions
. Level 1 (Reproduction), level 5 (611), level 6 (723), . .
Walking 2 level 2 (Connections) level 5 (666) Arithmetic and Algebra
Cubes 1 Level 1 (Reproduction level 2 (478) Arithmetic and Algebra
. . Combinations and
Coloured Candies 1 Level 1 (Reproduction level 4 (549) Probability
Science Tests 1 Level 1 (Reproduction level 4 (556) Descriptive statistics
. Level 1 (Reproduction), level 2 (477), level 4 (574), .
Growing Up 3 level 2 (Connections) level 3 (525), level 1 (420) Functions and Graphs
Level 1 (Reproduction),
Exchange Rate 3 level 2 (Connections), 1(3(1;19)1 iigg)z’ll(es‘éeé)z Arithmetic and Algebra
Level 3 (Reflection) !
Skateboard 3 Level 1 (Reproduction), Level 3 (496), level 2 (464), Combinations and
level 2 (Connections) level 4 (570), level 4 (554) Probability
Table Tennis . . Combinations and
Tournament 1 Level 1 (Reproduction Pilot test Probability
Shoes for Kids 1 Level 1 (Reproduction Pilot test Arithmetic and Algebra
Robberies 1 Level 2 (Connections) Level 6 (694), level 4 (577) Functions and Graphs
Carpenter 1 Level 2 (Connections) level 6 (687) Functions and Graphs
Level 2 (Connections), . .
Chat 2 Level 3 (Reflection) Level 3 (533), level 5 (636) Arithmetic and Algebra
Shelving 1 Level 2 (Connections) level 3 (499) Arithmetic and Algebra
. . . Combinations and
Fair 1 Level 2 (Connections) Pilot Test Probability
Earthquake 1 Level 3 (Reflection) level 4 (557) Combinations and

Probability

Table 3 shows the six levels of proficiency difficulty that PISA establishes for evaluating
each item. Each question is associated with a difficulty degree, representing what a student
is expected to achieve at that level.
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Table 3. Proficiency levels of mathematical competence established by PISA. Adapted with permis-
sion from Ref. [56], 2013, OECD, INEE.

Proficiency Level Example of a PISA Item What Is Assessed at Each Level

Level 6

more than 668 points

Walking
Question 2
scoring 3 (723)

Conceptualise, generalise, and utilise information; are
capable of advanced mathematical thinking and reasoning;
have a mastery of symbolic and formal mathematical
operations and relationships; formulate and precisely
communicate their findings, interpretations, and arguments.
Example: Bernard knows his pacelength is 0.80 metres. The
formula applies to Bernard’s walking. Calculate Bernard’s
walking speed in metres per minute and in kilometres per hour.
Show your working out.

Level 5
607 to 668 points

Walking
Question 1
scoring 2 (666)

Develop and work with models for complex situations;
select, compare, and evaluate appropriate problem-solving
strategies for dealing with complex problems; work
strategically using broad, well-developed thinking and
reasoning skills; reflect on their actions and formulate and
communicate their interpretations and reasoning. Example:
¢ If the formula applies to Heiko’s walking and Heiko takes 70 steps
per minute, what is Heiko’s pacelength? Show your work.

Level 4
545 to 606 points

Coloured Candies
Question 1
Scoring 3 (549)

Work effectively with explicit models for complex concrete
situations; select and integrate different representations,
including symbolic ones; utilise well-developed skills and
reason flexibly; construct and communicate explanations
and arguments. Example: Robert’s mother lets him pick one
candy from a bag. He can't see the candies. The number of candies
of each colour in the bag is shown in the following graph.

Level 3
483 to 544 points

Skateboard
Question 1
Scoring 3 (496)

Execute clearly described procedures, including those that
require sequential decisions; select and apply simple
problem-solving strategies; interpret and use
representations; develop short communications reporting
these. Example: Eric is a great skateboard fan. He visits a shop
named SKATERS to check some prices. At this shop you can buy
a complete board. Or you can buy a deck, a set of 4 wheels, a set of
2 trucks and a set of hardware and assemble your own board. Eric
wants to assemble his own skateboard. What is the minimum
price and the maximum price in this shop for
self-assembled skateboards?

Level 2
421 to 482 points

Exchange Rate
Question 2
Scoring 3
(439)

Interpret and recognise situations in contexts that require no
more than direct inference; extract relevant information
from a single source and make use of a single
representational mode; employ basic procedures; make
literal interpretations of the results. Example: On returning to
Singapore after 3 months, Mei-Ling had 3 900 ZAR left. She
changed this back to Singapore dollars, noting that the exchange
rate had changed to: 1 SGD = 4.0 ZAR How much money in
Singapore dollars did Mei-Ling get?

Level 1
358 to 420 points

Growing Up
Question 3
Scoring 2
(420)

Answer questions involving familiar contexts where all
relevant information is present, and the questions are clearly
defined; identify information and carry out routine
procedures according to direct instructions in explicit
situations; perform actions that are obvious and follow
immediately from the given stimuli. Example: Explain how
the graph shows that on average the growth rate for girls slows
down after 12 years of age.

Below Level 1

less than 358 points

Not demonstrate even the most basic types of mathematical
literacy that PISA measures. These students are likely to be
seriously disadvantaged in their lives beyond school.




Educ. Sci. 2022, 12, 546

10 of 20

2.3. Analysis of Results

The results obtained are presented in two analyses. The first analysis involves the
results of each experimental group according to the number of correct answers. The number
of correct answers is the study variable of the first analysis. The number of correct answers
is the study variable of the first analysis. Since some of the data are not normal, the Kruskal-
Wallis H non-parametric test was used to compare the differences between the four study
groups (the control group and the three experimental groups) for both the pre-test and
the post-test. Likewise, each group’s pre- and post-test results will be presented using the
Mann-Whitney U test.

The second analysis represents a comparison between the percentage of correct an-
swers per item of the 84 students concerning the percentage of correct answers determined
by the OECD and Spain as a reference country for being one of the first to apply the PISA
tests [16]. For both analyses, 15 items released by PISA in all editions [16] were considered
and designed based on closed or open questions, where each item has a score established
for each correct answer.

3. Results
3.1. Sociodemographic Characteristics of Students

The study sample included 84 students starting their first semester of high school
between the ages of 14 and 15, of whom 40 are male and 44 are female. The socioeco-
nomic level of the students is upper middle class even though 35% of the students have a
scholarship based on financial need. The 84 students were distributed into four groups,
64 participants in three experimental groups and 20 in the control group. Of the experi-
mental groups, 30 are male and 34 are female, and in the control group, male and female
students are evenly distributed. As a distinctive characteristic of the four groups, all the
participants attended the final grade of middle school in the virtual format and the last
three months of the previous grade of middle school, indicating that half of their middle
school attendance was in virtual format due to the pandemic of COVID-19.

When applying for the pre-test, students showed great nervousness because it was
one of the first evaluations they had to take in a face-to-face format during the pandemic.
It is worth mentioning that during the experimentation period, the students were in a
pandemic, with capacity restrictions in the classrooms and the protocol of healthy distance
and use of masks on campus implemented.

During the high school semester where this study took place, students came to campus
twice a week for face-to-face classes and continued with virtual classes three times a week.
After the pre-test, the PreparaTec platform began to be used in the classroom on face-to-face
format days to encourage its use so that students could find value in the information
provided by the platform, and they could later practice it outside the classroom under the
flipped learning methodology.

In particular, group 3 showed more enthusiasm when performing the post-test than
the other experimental groups. The relationship formed in this group with their teacher
was very close, so the motivation of the students to support the research had a significant
impact on the group’s results. However, it was the experimental group with the lowest
score in the pre-test evaluation.

3.2. Differences between Pre-Test and Post-Test

The first analysis involved three experimental groups (1, 2, and 3) and a control group.
A pre-test of 23 questions was administered at the beginning of the semester, and a post-test
at the end. The points assigned for each correct answer per item, established by PISA, are
0 or 3 for closed questions and 0, 1, 2, or 3 for open questions. The maximum score for
this study is 69 points per student, considering that all answers are correct and that the
maximum score of 3 points per correct answer is obtained. Students took a pre-test to
evaluate the level of mathematical skills they had at the beginning of their first high school
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semester and after taking classes online in the virtual format during about 12 months of
middle school.

Figure 3 shows the comparison between groups in relation to the number of correct
answers per group, (X represents the mean, the line represents the median and the bullets
represent the outliers). The maximum number of correct answers is 69 points, considering
a maximum of 3 points per correct answer.
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Figure 3. Pre-test scores of students in control and experimental groups.

Following these results, the Kruskal-Wallis H test shows that there was a statistical
difference in the median pre-test score (p-value = 0.02) among all groups, and that there is
variability concerning the essential mathematical competencies. Table 4 shows the pre-test
results of the median between groups.

Table 4. Analysis of the median using the Kruskal-Wallis H test after applying the pre-test. (Source:
Authors’ elaboration).

Prz:z;g:ta (é?rr:ll;;l Group 1 Group 2 Group 3
median 27 33 33 19.5
rank sum 905 928.5 1181 555.5
count 20 19 25 20 84
?/n 40,951.25 45,374.3289 55,790.44 15,429.0125 157,545.031
H-stat 9.78156546
H-ties 9.80628719
df 3
p-value 0.02028661
[od 0.05
sig yes

The Nemenyi test determined that there was a statistical difference in the mean pre-
test score of Group 3 compared to the pre-test scores of Groups 1 (p value = 0.036) and
2 (p value = 0.040), which means that group 3 shows a deficiency in the development of
essential mathematical skills than the other groups. Table 5 shows the pre-test results of the
mean per group using the Nemenyi test.
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Table 5. Analysis of the mean using the Nemenyi test after applying the pre-test (Source: Authors’
own elaboration).

Group A Group B R Mean Std Err Q-Stat p-Value R-Crit
Control Group Group 1 3.61842105 5.52565786 0.65483987 0.96703761 20.1465485
Control Group Group 2 1.99 5.17445649 0.38458145 0.99296408 18.8660684
Control Group Group 3 17.475 5.45435606 3.20386125 0.1076538 19.8865822

Group 1 Group 2 1.62842105 5.24956139 0.31020135 0.99627179 19.1399008

Group 1 Group 3 21.0934211 5.52565786 3.81735924 0.03608361 20.1465485

Group 2 Group 3 19.465 5.17445649 3.76174774 0.04018029 18.8660684

After a semester of taking classes using the PreparaTec platform (except for the control
group), the post-test was taken by all groups at the end of the course. The experimental
groups worked with the PreparaTec platform throughout the semester, inside and outside
the classroom. During this semester, given the pandemic conditions, the 64 students in
the experimental groups took the mathematics course in hybrid format, attending twice
a week to face-to-face classes and three days a week in virtual format by zoom. With the
use of flipped learning (considered in the construction of PreparaTec), students were able
to review the class material in their own space and at their own pace, take notes, practice
reflection, and analysis of the information on all those students who had problems with
the content of the subject (10). Figure 4 shows the results of the post-test (x represents the
mean, the line represents the median and the bullet represents the outlier).
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Figure 4. Post-test scores of students in control and experimental groups.

The Kruskal-Wallis H test indicates no statistical difference in median test scores after
the post-test, not even with the control group (p-value = 0.4362), indicating that all groups
reached the same level of mathematical competence at the end of the semester. Table 6
shows the post-test results of the median between groups.

The Nemenyi test determined that there was no statistical difference in the mean
post-test score of Group 3 compared to the pre-test scores of Groups 1 (p value = 0.7503) and
2 (p value = 0.9972), which means that group 3 showed an improvement in the development
of essential mathematical skills than the other groups. Table 7 shows the pre-test results of
the mean per group using the Nemenyi test.



Educ. Sci. 2022, 12, 546

13 of 20

Table 6. Analysis of the median using the Kruskal-Wallis H test after applying the post-test. (Source:

Authors’ own elaboration).

Post-Test Data

Control

Analysis Group Group 1 Group 2 Group 3
median 30 36 27 30
rank sum 754 951 1020 845
count 20 19 25 20 84
r2/n 28,425.8 47,600.0526 41,616 35,701.25 153,343.103
H-stat 2.71950022
H-ties 2.72371941
df 3
p-value 0.43621147
o 0.05
sig no

own elaboration).

Table 7. Analysis of the mean using the Nemenyi test after applying the post-test (Source: Authors’

Group 1 Group 2 R Mean Std Err Q-Stat p-Value R-Crit
Control Group Group 1 12.3526316 5.52565786 2.23550424 0.39059675 20.1465485
Control Group Group 2 3.1 5.17445649 0.59909674 0.97442956 18.8660684
Control Group Group 3 4.55 5.45435606 0.83419563 0.93513002 19.8865822

Group 1 Group 2 9.25263158 5.24956139 1.76255327 0.59765036 19.1399008

Group 1 Group 3 7.80263158 5.52565786 1.41207288 0.75033384 20.1465485

Group 2 Group 3 1.45 5.17445649 0.28022267 0.99724245 18.8660684

To compare the pre-test and post-test scores for each group, we used the Mann-
Whitney Test for two independent samples for each group, for one and two tails. There
were no statistical differences in the means of pre-test and post-tests for the control group
(p-value = 0.2915), group 1 (p-value = 0.1060), and group 2 (p-value = 0.3864). Nevertheless,
group 3 had a statistical difference with an improvement in mean from pre-test to post-test
(p-value = 0.0056), indicating that it reached the same level of mathematical competence at
the end of the semester as the other groups. Table 8 shows the pre-test and post-test results
of the mean between groups.
Table 8. Analysis of the mean using the Mann-Whitney Test after applying the pre and post-test
(Source: Authors” own elaboration).
Data C(‘}o::rc(:l CGOrI:):()l Group 1 Group 1 Group 2 Group 2 Group 3 Group 3
Analysis P P P Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test
re-test Post-test
count 20 20 19 19 25 25 20 20
median 27 30 33 36 33 27 19.5 30
rank sum 430.5 389.5 327.5 413.5 652.5 622.5 317.5 502.5
U 179.5 220.5 223.5 137.5 297.5 327.5 292.5 107.5
one tail two tails one tail two tails one tail two tails one tail two tails
U 179.5 137.5 297.5 107.5
mean 200 180.5 312.5 200
std dev 36.879916 ties 34.1795735 ties 51.5016841 ties 36.8068416 ties
Z-score 0.54230058 yates 1.24343272 yates 0.28154419 yates 2.4995353 yates
effectr 0.08574525 0.20171142 0.03981636 0.39521123
p-norm 0.29380573  0.58761145  0.10685421  0.21370842  0.38914652  0.77829304  0.00621782  0.01243563
p-exact 0.29155711  0.58311423  0.10600238  0.21200475  0.38649309  0.77298618  0.00560338  0.01120677

Figure 5 shows the pre-test and post-test for each group (x represents the mean, the line
represents the median and the bullet represents the outlier). Comparison between groups
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shows that there were no statistical differences in pre-test and post-test means for the control
group (p-value = 0.2915), group 1 (p-value = 0.1060), and group 2 (p-value = 0.3868). There
was a statistical difference in pre-test and post-test means for group 3 (p-value = 0.0056).

Control group Group 1 Group 2 Group 3
60 60 60 60
50 T 50 50 I 50

) . ) ) ) I
X
. ) ) ) .
20 20 20 ‘ 20

Test score
w
o
Test score
Test score

EN
Test score

10 10 10

°

pre-test post-test pre-test post-test pre-test post-test pre-test post-test

Figure 5. Comparison between test score distributions of control group, group 1, group 2, and
group 3 in pre-test and post-test (Source: Authors” own elaboration).

3.3. Comparison of Total Groups with Other Countries

The second part of the study includes a comparison of the percentage of correct
answers with the results of the experimental groups and the percentage of correct answers
determined by the OECD and Spain [56]. Twelve items of level 1 competence, eight items
of level 2, and three items of level 3 were considered within the 23 items.

We completed the comparison of points by taking the correct answer ratio to the
number of the difficulty level of the competition per item. In this comparison, all the
experimental groups were considered together. The percentage of correct answers is
calculated by adding the number of right questions per student, where the value per correct
question corresponds to the value of the level of difficulty per item. So, the sum of correct
answers between the level of difficulty gives us the percentage of correct answers, which
we can compare with the percentages suggested by the OECD and the results of Spain as a
reference [56].

Table 9 shows the percentage of success in level 1 of the selected questions. Level 1 (re-
production, definitions, and calculations) encompasses relatively familiar exercises, where
students require: memory retention of mathematical concepts and properties, knowledge
of everyday facts and problems, recognition of equivalences, use of routine processes, ap-
plication of algorithms, handling of expressions with symbols, and performance of simple
operations. The results show that in level 1 proficiency, 57% improved in the post-test. This
improvement concerns the percentage of success suggested by the OECD, the percentage
obtained in the Spanish evaluation, or the percentage of success in the pre-test. We can
observe that this improvement relates to difficulty levels 2, 3, and 4, which implies that
students can use: algorithms, formulas, conventions, or basic procedures, execute clearly
described procedures, including those that require sequential decisions, as well as select
and integrate different representations, including symbols, and associating directly to
real-world situations [31].

Table 10 shows the percentage of success in level 2 proficiency of the selected PISA
items. Level 2 (connections and integration to solve problems) encompasses problems that
are not routine but are in familiar or close contexts. They place greater demands on their
interpretation and use intermediate levels of complexity for their solution. The student is
required to establish relationships for the management of different representations of the
same situation.
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Table 9. Comparison of the percentage of success for level 1 of competence of the experimental group,
compared to the OECD and Spain. Adapted from [56].

Item Name Scoring Levels of % Correct % Correct % Correct % Correct
Performance OECD Spain Pre-Test Post-Test
Cubes 3 level 2 (478) 69.0% 72.5% 76.56% 82.81%
(Q1) Growing Up 3 level 2 (477) 67.0% 66.5% 81.25% 70.31%
Shoes for Kids 3 Pilot Test Pilot Test Pilot Test 51.56% 68.75%
Coloured Candies 3 level 4 (549) 50.2% 42.1% 50.00% 64.06%
(Q3) Growing Up 3 level 3 (525) 54.7% 62.4% 70.31% 62.50%
Science Tests 3 level 4 (556) 46.8% 30.4% 29.69% 40.63%
Table Tennis 3 Pilot Test Pilot Test Pilot Test 32.81% 40.63%
Tournament
(Q1) Skateboard 2 level 2 (464) 10.6% 10.1% 7.81% 14.06%
(Q1) Walking 3 level 5 (611) 36.3% 38.4% 18.75% 12.50%
(Q3) Growing Up 2 level 1 (420) 28.1% 19.2% 0.00% 0.00%
(Q1) Skateboard 3 level 3 (496) 66.7% 66.6% 23.44% 29.69%
(Q2) Skateboard 3 level 4 (570) 45.5% 43.0% 15.63% 35.94%
(Q1) Exchange Rate 2 level 1 (406) 79.7% 79.0% 64.06% 56.25%
(Q2) Exchange Rate 3 level 2 (439) 73.9% 72.0% 51.56% 46.88%
Table 10. Comparison of the percentage of success for level 2 of competence of the experimental
group, compared to the OECD and Spain. Adapted from [56].
Item Name Scoring Levels of % Correct % Correct % Correct % Correct
Performance OECD Spain Pre-Test Post-Test
(Q2) Walking 2 level 5 (666) 9.00% 8.30% 7.81% 15.63
Shelving 3 level 3 (499) 60.90% 57.00% 42.19% 60.94%
(Q1) Chat 3 level 3 (533) 53.70% 46.00% 50.00% 48.40%
(Q2) Growing Up 3 level 4 (574) 44.80% 36.50% 29.69% 43.75%
Robberies 3 level 6 (694) 15.40% 9.90% 31.25% 35.94%
Carpenter 3 level 6 (687) 20.00% 12.90% 9.38% 14.06%
Fair 3 Pilot Test Pilot Test Pilot Test 40.63% 73.44%
(Q3) Skateboard 3 level 4 (554) 49.80% 46.00% 17.19% 34.38%
(Q2) Walking 1 level 4 (605) 19.90% 23.70% 0% 6.25%
Robberies 2 level 4 (577) 28.10% 31.30% 1.56% 6.24%
(Q2) Walking 3 level 6 (723) 8.00% 7.50% 9.38% 0%

The results show a 63.6% improvement in the questions with level 2 of competence
in the post-test, regarding the percentage of correct answers suggested by the OECD, to
the percentage obtained in the Spanish evaluation or relation to the percentage of correct
answers in the pre-test. We also observed that the improvement relates to levels 3, 4,
5, and 6 of the degree of difficulty, which implies that students can relate to different
sources of information, demonstrate advanced mathematical thinking and reasoning, as
well as compare and evaluate adequate strategies for solving complex problems. They
can execute clearly described procedures requiring sequential decisions and select and
integrate different representations, including symbols and associating directly to real-world
situations [31].

Table 11 shows the percentage of success in proficiency level 3 of the selected PISA
items. Level 3 (reflection) encompasses understanding, reflection, and creativity on the part
of the student to identify and link knowledge from different sources. It involves the expla-
nation or justification of the solution obtained. The results show an improvement of 100%
with the questions concerning the percentage of correct answers suggested by the OECD
compared to the percentage obtained in the Spanish assessment [18]. We also observed
that the improvement relates to levels 4 and 5 of the degree of difficulty, which implies that
the student can compare and evaluate adequate strategies for solving complex problems,
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selecting and integrating different representations, including symbols, and associating
directly to real-world situations. However, the improvement in the percentage of success
in the questions of level 6 of the degree of difficulty was only reflected in one question
out of three, so according to [16], the experiential practice in the solution of problems of
everyday life will enable the application of knowledge and skills of mathematics to face
novel situations.

Table 11. Comparison of the percentage of success for level 3 of competence of the experimental
group, compared to the OECD and Spain. Adapted from [56].

Item Name Scorin Levels of % Correct % Correct % Correct % Correct

8 Performance OECD Spain Pre-Test Post-Test
(Q2) Chat 3 level 5 (636) 28.80% 21.60% 40.63% 28.13%
(Q3) Exchange Rate 3 level 4 (586) 40.30% 30.30% 45.31% 39.06%
Earthquake 3 level 4 (557) 46.50% 38.80% 34.38% 43.75%

4. Discussion

Teaching mathematics requires students to analyze the knowledge acquired and apply
it to their real environment. However, this is not easy to achieve. Especially in the current
times of contingency, teaching abstract concepts and acquiring these competencies becomes
challenging for teachers and educational institutions [13]. In addition, using ICTs became
a key tool to maintain distance education during the pandemic, which is necessary to
study their impact on student learning [12]. This research aimed to identify the difference
in basic mathematical competencies of middle school students when moving to the high
school level under pandemic conditions through the practice in the technological platform
PreparaTec.

In the first part of the research, the students gradually learned to work autonomously
on practice-oriented mathematics activities since, after the pre-test, they worked with the
platform in the classroom to show the benefits of its use. The students accepted flipped
learning and the fact that learning can be ubiquitous (it can be done anywhere and at any
time), which allowed flexibility for the student to access information as often as required
at the time needed. Thus, this helped with supporting students who find it difficult to
understand certain subjects [54].

In this research, we found that for this study group, in times of pandemic, the student-
centered teaching-learning process, combined with innovative educational strategies
(flipped learning) mediated by technology (PreparaTec platform), facilitated the devel-
opment of mathematical competencies. They allowed the student to find the relationship
between what was learned and the problem to be solved. These findings coincide with
studies by other authors who indicate that this pedagogical strategy favors student learn-
ing [49-51,53].

As a first finding, the development of mathematical competencies in the classroom
could be measured with PISA test items and compared with the OECD percentages of
correct answers per question. This comparison can also be made based on points per correct
answer per student, with the three proficiency levels of PISA and the six difficulty levels.
In this case, we selected the item from a sample of the bank of items released by PISA [56].
The study compared the post-test results with the average percentage determined by the
OECD and the results obtained in the Spanish application [56], and the comparison with
the results obtained in the pre-test. Under this method, the study shows an improvement
in the three proficiency levels under the PISA evaluation scheme. The second finding
shows that we found an improvement in the percentage of correct answers in 57% of
the level 1 proficiency questions (reproduction, definitions, and calculations), 63.6% in
level 2 proficiency (connections and integration to solve problems), and 100% in level 3
proficiency (reflection). Although we found no studies with the PISA test as an instrument
for evaluating specific interventions in the classroom, the test measures the recognition and
assessment of the skills acquired by the students [28].
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The third finding was in experimental group 3, which obtained higher scores in the
post-test. Differences between the groups could be seen in the analysis of the median and
mean for each group. We observed that experimental group 3 had a significant difference,
with an improvement in the mean from pre-test to post-test (p-value = 0.0056), indicating
that it reached the same level of mathematical competence at the end of the semester as the
other groups.

We consider that this result was due to the teacher—student relationship created in
the group throughout the semester. The fact that the students were part of an investi-
gation and the importance this would leave on resuming classes during the pandemic
were motivating factors for the students. This relationship influenced the students to do
their best in the semester and use the PreparaTec platform. In theory, we could call it
“achievement emotions,” directly linked to achievement activities or outcomes [33]. Teach-
ers’ interest in students leads to higher achievement in mathematics teaching, as occurs in
high-performing countries [29]. According to Retnawati [57], within the learning process,
students should master the development of mathematical skills gradually; the expectation
is that the students’ literacy level increases over time.

5. Conclusions

The PISA test is a standardized test measure that compares the results of the education
of high school students. Its analysis is generally performed in a macro manner, com-
paring countries or regions according to different socioeconomic and sociodemographic
variables [27]. In this study, we sought to use the questions from the test to identify the com-
petencies obtained by students when participating in an educational experiment through
the use of the PreparaTec platform. The results can be valuable for managers, teachers,
and mathematics specialists because they propose using active pedagogical strategies fa-
cilitated by technologies, and they present an example of how teachers can evaluate the
competencies obtained by students once they have received training through these media.
The use of the PISA test as an instrument to measure the results of educational innovation
is considered novel and appropriate, since no similar studies were found that allowed
identifying the change in the achievement of competencies in specific study contexts under
pandemic conditions (COVID-19).

It is recommended to review the level 6 degree of difficulty for future studies since
the expected results suggested by the OECD were not achieved, at least in the selected
PISA items. We believe that the level 6 degree of difficulty leads to the realization of
experiential practices to facilitate both the application of mathematical concepts and their
understanding of the solution of a real problem [16]. Among the limitations, we have not
found studies comparing the results of this level of competence with PISA in the classroom.

Limitations

The results of this study are for this context and this study population and are not
intended for generalizations. The study sample comprised 84 participants from a popula-
tion of 108 students enrolled in the bicultural program at PrepaTec. However, for future
research, it would be interesting to consider a more extensive study with a broader pop-
ulation considering the requirements for participants, including parental consent since
the students are underage, at 14 to 15 years of age. It must be considered that for this
study, we were in a pandemic, and the data collection for the pre-test and post-test was
limited to the days when the students were on campus to ensure the same application
conditions for all participants. Even though the pandemic conditions did not allow for
a more extensive study, we believe that this experimentation sheds light on the use of
standardized tests in seeking to measure the impact of an educational innovation such as
the PreparaTec platform.
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