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The aim of this research is to identify whether use of playful ways of statistical literacy is related to
their perception of using statistics in the present and future. The conceptual framework of literacy and
statistical education is reviewed in a non-probabilistic sample is observed, the study population is
students and teachers in Colombia. To determine the independence between the variables of the study,
Chi2 p-value<0.06 is used, the results are segmented into basic and secondary, rural or urban,
Educational Institutions (E. 1.), by gender and age. Likewise, a portion of the sample is trained with a
logistic regression model to identify the pattern of literate students who are currently using statistics
and students who will not continue to study statistics after high school. This will provide clues about the
early literacy strategies that can increase the use of statistics in the daily and professional life of
Colombians.

STATISTICAL LITERACY AND EDUCATION

According to the introduction of Liao & Lin, (2016) the new era is now the age of knowledge
based on data stored in large quantities, its management and analysis. (Gal & Murray, 2011), (Isham,
2012). As a consequence, the business world is increasing its demand for professionals in different areas
who show practical skills in qualitative and quantitative information analysis. However, professionals
are facing different obstacles (Cameron et al., 2017) among which stand out the inefficient literacy to
face these challenges. (Zapata, 2010), (Del-Callejo-Canal et al., 2020). Therefore, it is necessary to
review the statistical literacy strategies (Mclaughlin & Kang, 2017) that are being used by teachers
(Hazelton et al., 2016), (Metz, 2010), undergraduate students (Bromage et al., 2021), graduate students
(Kline, 2020), and even in schools for children and youth (Ben-Zvi & Makar, 2016)

The concept of literacy has been in use since the beginning of the century (Ogburn, 1940), and
it has evolved (Walker, 1951), (Wallman, 1993). In the beginning of the 21st century, the most elaborate
concept is the one proposed by Gal, (2002) who states that statistical literacy is "the ability to interpret,
critically evaluate and communicate statistical information and messages". Taking the concepts of early
literacy, which refer to children's early approach to reading and writing exercises escritura (Pérez
Yglesias, 2010), (Whitehurst & Lonigan, 1998) and conventional literacy, which refers to the reading
and writing exercises that are developed in school or in the formal institution. (Rugerio & Guevara,
2015), (Stahl & Yaden, 2004). In the same way, the statistical literacy has an initial literacy, which is
given before the academic programs establish it for each age. Thus, the relationship between literacy
and education is a complementary one. In this sense, a "literate” in statistic is a person who can develop
some of the activities of daily life, aided by statistical knowledge and notation (Delmas et al., 2007).

Analogously to the definition of (UNESCO, 1958) “esta alfabetizada toda persona que puede
leer y escribir, comprendiéndola, una breve y sencilla exposicion de hechos relativos a su vida
cotidiana”, a literate statistician is defined as a person who can read and write, understanding a brief and
simple statement of facts relating to his or her daily life using statistical language. In this sense, people
who do not have the competencies mentioned in the basic competency standards for their age are
considered illiterates who are potentially subject to statistical literacy.

In Colombia, with a length up to 1.200 hours a year, students split their time into the diverse
areas of Language, Mathematics, Sciences and Citizenship Competences. As per the Colombian
legislation, every Educational Institution can establish the number of hours for each area
aforementioned. This organization is consigned on a document called Educational Project of the
Institution. In this respect, we do not know the number of hours that elementary school, middle school,
and high school students dedicate to the aleatory or probabilistic thought core (Ministry of National
Education of Colombia, 1994). However, under the supposition that all the areas dedicate the same
length, a quick calculation for the weekly dedication on the statistical topics would be the following:
For high school, the 1.200 hours per year are divided into the 4 cores resulting in a dedication of 300
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hours for mathematics which, being divided into the 5 types of thought we obtain 60 hours of dedication
for the aleatory or probabilistic thought. This indicates that, for 40 weeks of study, students will have
1.5 hours or 90 minutes of dedication to statistical topics per week. In this time, teachers must apply
more effective strategies and which they feel more identified with, which guarantee the literacy and
education of their students so that they be able to read, write and understand fact of daily life by using
a statistical language.

STATISTICAL LITERACY PRACTICES

Tishkovskaya & Lancaster, (2012) propose a review of statistical teaching practices, which
Mafokozi, (2011) summarizes into three strategies for teaching statistics at the university: classes on the
board, class experiments and group exercises within the class Although Mafokozi cannot determine
whether there are significant differences in learning related to the method of teaching or literacy, his
findings point to the hypothesis that the tradition (Sharma, 2015). In addition to the three methodological
strategies mentioned above, we can add the playful and experimental strategies, which according to
Jones & Goldring, (2017), Pérez Yglesias, (2010), Zavarrone, (2017) are a fundamental part for
processes of training, exchange, and construction of knowledge in context. In this respect, the following
three strategies outstand as a fundamental part of the literacy process and statistical education: Hands-
on exercises (surveys, taking measurements, recording data in a format); Out-of-class experiments and
Going out for practice.

As in university courses as at schools making a Hands-on exercises strategy increases the
efficiency in learning. This strategy allows to share practical knowledge on mathematical concepts
applied to data of the real world, which leads up to a better comprehension of concepts, and it makes
students to participate more in class (Miah, 2019). Specifically, within the practical exercises for the
statistics area outstand: surveys, taking measurements, recording data in a format.

On the other hand, the study made by Das, (2021) let us see that the experiments out of the
classroom are a more efficient tool than the traditional ones, since this may achieve that the student
shows a greater interest in knowing contents, they command with mathematical contents in places
different to the classroom.

The combination between Out-of-class and in-of-class activities results efficient to improve the
learning of mathematics (Song, 2020), and when the out-of-class practices are related to labs or
experiments, the interest in classes could increase.

HYPOTHESIS AND METHODOLOGY

This study focuses on the evaluation of the following three playful strategies: Hands-on
exercises (surveys, taking measurements, recording data in a format); Out-of-class experiments and
Going out for practice, in order to identify whether the enjoyment the students have for the use of playful
activities of statistical literacy is related to their perception of the use of statistics in their daily lives, in
the present and to continue studying statistics after high school.

The hypothesis was evaluated in a sample of 780 students and 78 teachers between the fourth
grade of elementary school to the last grade of high school (4th to 11th) from 19 educational institutions,
the call to participate in this research was made in Colombia, at a national level, in public and private
educational institutions. Two forms were developed with Google Forms as a mechanism to collect data,
for teachers and their students.

The research was developed within the framework of the International Statistical Literacy
Project - ISLP. This project works to increase the use of statistics in Colombia from an early age. The
participation in the study was voluntary, we invited 5052 Educational Institutions, to whom we sent an
e-mail explaining the objective of the research and the instructions for participation.

Enrollment was carried out in three stages: In the first instance, invitations were sent to the
Principals of each Educational Institution, who are the highest authority within the Institution. At this
stage, the principals were instructed to share the Link of the form with the teaching staff, and especially
with those who were head of groups, regardless of the subject they taught. The next step was for the
teachers to fill out the survey, and once it was received, the third step was to share the survey that had
been designed to Students.

The survey addressed to the teachers contained 19 questions. In order to find out directly
whether or not there was a difference between "statistical literacy" and "statistical education™, the
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following question was asked: "Do you consider that "statistical literacy" and "statistical education" are
the same? Explain your answer"; the answer options were Yes or No. Likewise, the questions aimed at
measuring the level of effectiveness of the teaching strategies were also included with the guestion:
"Indicate the degree of effectiveness of the teaching strategies for statistics at your school”. The response
options were low, medium, and high. Finally, we included questions aimed at measuring the level of
liking that teachers have for the three evaluation strategies: Hands-on exercises (surveys, taking
measurements, recording data in a format); Out-of-class experiments and Going out for practice; whose
response options were also low, medium and high.

The student’s survey was anonymous and consisted of 20 questions. The questions were aimed
at inquiring about preferences for the use of statistics, at present and in the future, and were the
following, respectively: "Do you use what you know about statistics in your life outside of school? and
"When you graduate from high school, would you like to continue studying statistics?", whose response
options were Yes, No or Maybe. Questions aimed at measuring the level of liking for the three strategies
under evaluation were also included.

In order to test the hypothesis of dependence between the similarity between "literacy” and
"education"; and the playful strategies and the hypothesis of dependence between the three strategies
with the use of statistics in the present and with continuing to study statistics after high school. Tests
are developed with Chi2 with p-value< 0.06. and results are compared by geographic area, gender and
age. Python’s Pandas package is used for the analysis (McKinney, 2010).

Although Vélez-Bedoya et al., (2021) we know that small samples are not a sufficiently optimal
data set for the use of machine learning training, its use is considered necessary because it allows us to
have a simulated look at the behavior of the sample. In this sense, a flow management process
(Kotsiantis, 2007) is performed with the purpose of finding a supervised classification algorithm (S
et al., 2020) to identify, in a multivariate way, the determinants that make a student have the perception
of using statistics in the present and continuing to study statistics after high school. The algorithms
evaluated were: Logistic Regression, Support Vector Machine, Decision Tree, Linear Discriminant
Analysis and Quadratic Discriminant Analysis. Logistic regression was selected as the best
classification algorithm option. The algorithm is evaluated through the simulation of its hyperparameters
by applying the cross-validation method with 5 partitions. (Refaeilzadeh et al., 2009) (Weerts et al.,
2020) The processing is performed through the GridsearchCV package. 1400 combinations with the
following parameters are tested: n_components: [1 to 14]; Penalty: [I1, I12] and C = [1 to 1,00E+04].
Python’s Sklearn package is used for the analysis (Pedregosa et al., 2011). The variable used in this
instrument were provided by the questions associated to gender, age (14 years-old and above), rural or
Urban area, perception of the use of statistics at school, and a high level of liking of the three leisure
activities under study.

For the teachers participating in this survey, "literacy" and "education" are synonymous since
they both lead to the learning of knowledge. On the contrary, teachers who consider that literacy and
education are not synonyms indicate that "literacy" provides basic tools to learn about a subject and,
with them, to develop life skills, for example: reading and writing, while "education™ is a more structured
and comprehensive teaching process that goes from the general to the particular; indicating also that
education is the process whose objective is to develop the intellectual capacity and understanding, for
use in decision making. A non-parametric hypothesis test of independence between the categories yields
the following- p-values for the three strategies: 0.1475; 0.6363 and 0.5988, which suggests that there is
insufficient evidence to reject the hypothesis of independence between liking the strategies and
differentiation between the concepts of literacy and education.

When comparing the perception of those who consider literacy and education to be the same or
different, we find out that there is an independence between this and the effectiveness of strategies at
the time of teaching statistics. Based on this independence of the teacher sample, the students' results
are also inferred to be independent, given that it is these same teachers who teach the students.

There was strong evidence of a relationship between the student's geographic location with the
perception that they have of using statistics in their daily life at present (p = 0.0246) and with continuing
to study statistics in the future (p = 0.00005), except for the sample from the rural area and students
under 14 years of age.

Table 1. Test of independence by strategy
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Using statistics at present General Rural Urban | Female | Male | Under14 | More 14

Continue to study statistics in the future 0,0000 0,0690 [ 0,0001 [ 0,0015 | 0,0136 0,0611 0,0004
Hands-on exercises 0,0056 0,1026 | 00574 [ 0,0046 | 0,5303 0,1749 0,0056
Going out for practice 0,0003 0,3636 [ 0,0013 ( 00182 | 0,1731 0,2877 0,0003
Out-of-class experiments 0,0032 0,011 | 00147 | 0,766 | 0,0010 0,1703 0,0032

Continue to study statistics in the future [ General Rural Urban | Female | Male | Under14 | More 14

Hands-on exercises 0,0118 0,0820 [ 0,0464 [ 0,0155 | 0,6404 0,0479 0,0119
Going out for practice 0,0136 0,3818 | 0,0041 | 0,6821 | 0,0005 0,0073 0,0136
Out-of-class experiments 0,0136 0,3818 [ 0,0041 | 0,6821 [ 0,0005 0,0073 0,0136

The study shows that there is dependence between the perception of the use of statistics in the
present and continuing to study statistics after high school and the liking for the three proposed playful
strategies. In the segmentation by rural and urban area of the student, this dependence is confirmed in
this sample.

In the segmentation by gender, the female sample relates the strategy of going out to practice
with the use of statistics in the present and with continuing to study statistics after high school. The
strategy of practical exercises is associated with the use of statistics in the present. As for the sample of
male students, there is dependence between present and future use of statistics and liking for strategy of
doing experiments outside of class. Independence is evidenced between the strategy of going out to do
practical work and the use of statistics in the present and with continuing to study statistics after high
school.

In addition, it is evident that the strategy of having practical exercises is related to continuing
to study statistics, but not to the use of statistics at present. In the case of the students” age, the p-values
are 0.4976 and 0.0008, so there is no conclusive evidence that the age of the students is related to the
use of statistics in the present, but it is related to continuing to study statistics after high school. When
dividing the sample at the age of 14 years, it is observed that there is a dependence relationship between
age and continuing to study statistics after high school in the future (0.0001). The group of students
under 14 years of age indicates independence between statistics in the present with the perception of
liking for the three strategies. In the group of students older than 14 years of age, the tests of hypotheses
of independence indicate that there is a relationship between liking the three strategies and the use of
statistics both in the present and with continuing to study statistics after high school.

After univariate tests of independence, the result of the machine learning training yielded the
following accuracy for present model: Logistic Regression: 0.64, 0.92; Support Vector: Machine: 0.64,
0.92; Decision Tree: 0.55, 0.89; Linear Discriminant Analysis: 0.64, 0.92; and Quadratic Discriminant
Analysis: 0.64, 0.92; respectively. Choosing logistic regression as the best model with the following
parameters C: 0.019 penalty: 12 and n_components: 6 for the variable of statistical use in the present.
And with parameters C: 0.006, penalty: 11 and n_components: 3 for the variable indicating not
continuing with statistics studies after high school.

After training with 80% of the sample, it is observed that the model based on the liking of
literacy strategies which estimates each of the dependent variables: using statistics in the present has an
accuracy of 0.61 and a precision of 0.64; and an accuracy of 0.68 and a precision of 0.33 for using
statistics in the future.

CONCLUSIONS

This exercise is a first look at the evidence that literacy is a tool of education that addresses the
initial and basic part of the teaching of those who begin a learning process. The teachers use strategies
to teach statistics, without differentiating which of these strategies are oriented to statistical literacy or
formal statistical education.

A relationship is identified between the use of statistics in the present and continuing to study
statistics after school, except for the sample from the rural area, differences in this relationship by gender
are not identified. The rural area does not show any relationship between the use of statistics and the
different statistical literacy strategies. The female sample relates statistical literacy strategies to the
current use of statistics; in a complementary way, the male sample relates the liking of these strategies
with continuing to study statistics in the future.

For women, the strategy of doing practical exercises has an impact only on the present, but there
is no evidence that it has an impact on the decision to continue studying statistics in the future; there is
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no evidence that the strategy of going out to do experiments outside of class is related to the use of
statistics in the present or to continuing to study statistics after high school.

It is evident that the use of study or literacy hands-on strategies are not sufficient to determine
whether a student uses statistics in the present or will study statistics in the future. However, the use of
playful strategies allows 6 out of 10 students to use statistics in their daily lives, which is a 60% literacy
level. In the same way, playful strategies are determinant for the possibility that students will want to
continue with statistics studies in the future.

This research presents some bases for inquiring about the factors of the decision to continue
with studies in statistics after high school, and to move from statistical literacy within the initial
education to formal education in statistics at the professional level.
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