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ABSTRACT

In the first years of their economics degree programs, students will face many problems successfully dealing
with a range of subjects with quantitative content. Specifically, in the field of statistics, difficulties to
reach some basic academic achievements have been observed. Hence, a continuing challenge for statistics
teachers is how to make this subject more appealing for students through the design and implementation
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of new teaching methodologies. The latter tend to follow two main approaches. On the one hand, it is
useful for the learning process to propose practical activities that can connect theoretical concepts with real
applications in the economic context. On the other hand, we should design multidisciplinary activities that
link concepts from different subjects. With this goal in mind, in this article we propose a complete activity
for first year students in business administration and economics degree programs, aimed to reinforce some
basic statistical and economic concepts, while other basic transversal skills are also practiced, all within the

subject of statistics.

1. Introduction

Traditionally, subjects with quantitative content have had little
appeal for students enrolled in business administration and
economics degrees. Comparing marks obtained by students in
statistics with the results they obtained in other subjects, we
often realized that statistics presents one of the highest failure
rates for undergraduates. As a growing amount of literature in
mathematics education indicates, students face many problems
in mathematics and quantitative subjects especially during their
first year in university (Carcamo, Fortuny, and Fuentealba 2018;
Feudel and Dietz 2019).

There are two main reasons for this. On the one hand,
especially in the first year of an economics degree, there is
heterogeneity in the students’ previous training during high
school (Feudel and Dietz 2019). These different backgrounds
and diverse prior knowledge make it difficult for some students
to successfully address subjects with quantitative contents.

On the other hand, statistics has been traditionally taught
from a theoretical point of view (Watts and Becker 2008), where
the teacher used to focus on the calculation and sequence of
procedures more than on encouraging students’ reasoning and
interpreting results. However, especially in economics degree
courses, showing the application of statistical analysis with real
data is clearly a basic requirement to understand real economic
processes and dynamics and to enable students to think as
economists (Becker 2000). It is crucial to work on cases within a
known context that stimulates a critical interpretation of results

and procedures, which in turn allows students to acquire statis-
tical literacy.

In addition, one of the basic academic achievements on
statistics courses in economics degree programs is to make
students feel comfortable in the rational process of posing ques-
tions, finding and analyzing the right data, and reaching con-
clusions (Wild et al. 2011). Different to mathematics, within the
statistics learning process the role of context is indeed crucial to
provide additional justification or support for a claim (Langrall
etal. 2011).

Consequently, we actively search for new teaching method-
ologies that help to improve students’ academic achievements
and decrease failure rates in exams.

In line with the approach of the Bologna process,' that
implied a rethinking of traditional teaching methods as well as a
transition to a more student-centered teaching approach (Elias
2010), the application of new learning methodologies requires
students’ active participation in the learning process. Learners
should be encouraged to reach their own conclusions from the
analysis of data and information. Therefore, we should apply
teaching methodologies in the classroom that encourage stu-
dents to learn by doing, taking as a starting point the theoretical
concepts provided by the teacher or teaching strategies based
on problem-solving (Becker and Watts 2001). Hence, activities
inspired in inquiry-guided learning and practice-based learn-
ing, as the one that we propose in this article, are most advisable
in modern academic training, aiming to connect theoretical
knowledge with the real world (Lee et al. 2004).
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A good precedent of this way of teaching statistics that
inspired the activity presented in this article is the Erasmus +
ProCivicStat project. On its website, this project provides useful
materials for teaching statistics based on the idea of creating a
somehow statistical literacy that allows students interpret eco-
nomic phenomenon and problems grounded in the evidence of
well-interpreted data (ProCivicStat 2019). Specifically, following
the core of the project, Ridgway et al. (2018) proposed some
basic facets of statistical literacy that should be dealt with in the
classroom to train students’ ability to engage with data related
with social issues. This approach was integrated in the design of
our activity.

Within this context, in this article we propose an activity
structured in seven steps aimed at achieving a double goal.
First, the activity allows us to teach some basic statistical and
economic concepts from the approach of its application in a real
economic context. Second, the activity was designed to promote
the acquisition of basic transversal skills such as dealing with
real data and managing and analyzing it with statistics software
to correctly interpret the available information (Becker and
Watts 2001). With basic transversal skills, we refer to those skills
that favor the development of statistical thinking. For instance,
the ability to critically think about statistical and economic
issues, to be capable of understanding statistically based results
reported in the media, recognize the analysis conducted, and
recognize the need for data in daily life decisions. Nowadays
developing statistically literate and critical thinking about pro-
cedures and analysis conducted to obtain results is a key skill
both for becoming a competent professional and a responsible
citizen.

The core of this activity is based on two key points from the
Guidelines for Undergraduate Programs in Statistical Science
by the American Statistical Association. Such key points are
“increased importance of data science” and “real applications”
(ASA 2014). Specifically, with “increased importance of data
science,” ASA wants to highlight the importance of comput-
ing skills for students. Real data analysis requires students to
become familiar with professional statistical analysis software,
to learn how to access and manipulate data in various ways
aimed at real problem solving.

The key point of “real applications” is to focus on the impor-
tance of achieving competencies in analyzing and interpreting
complex real data rather than merely working with textbook
data. It is widely held that working with case studies that contain
rich background information really helps students embrace and
develop the theoretical material, especially in the field of statis-
tics in economics degree programs (Nolan and Speed 1999).

Within this context, we designed an activity inspired in
the context knowledge approach proposed by Langrall et al.
(2011), for students to face a real-world problem and then select,
analyze, and interpret all relevant data. The goal of the article
is to provide practical material to be implemented within the
classroom to contribute to creating habits of mind as well as
encouraging a willingness to engage with real data.

The article is structured as follow. In Section 2, we present
the theoretical background of the activity where the theoretical
concepts involved in the activity were defined. In Section 3, we
detail the methods used to design the activity as well the activ-
ity itself. Section 4 is devoted to the activity assessment from
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the students’ point of view. Results are presented in Section 5.
Finally, Section 6 provides some conclusions and discussion.

2. Theoretical Background

One of the general academic aims for graduate students in
degrees in business administration and economics is to be capa-
ble of connecting concepts and factors involved in economics
processes. Therefore, already during their university years, con-
necting knowledge from different subjects is a useful exercise to
enrich their capacity to solve problems and easily understand
the applicability and interrelation of the theoretical contents.
In fact, cognitive load theory (CLT) findings recommend that
students should not be overloaded with new concepts. Nev-
ertheless, activities involving concepts already being studied
coupled with new ones, help to maximize learning and reinforce
long-term learning.

Interdisciplinary teaching, through activities based on gen-
uine problems from the real world, enhances motivation and
interest in the learning process (Brante and Brunosson 2014). As
a result, the activity proposed in this article combines concepts
from basic statistics and economics. The purpose of the activity
is to create a learning environment where students can develop a
deep and meaningful understanding of statistics, and therefore
be encouraged to foster more analytical reasoning and critical
thinking (Garfield et al. 2008).

On the statistics side, the activity underlines the difference
between population and sample, the importance of the sampling
methodology and the applicability of the raising factor. On the
economics side, the activity is based on analyzed variables from
the labor market; consequently, some basic concepts already
learnt within the economics introduction subject should be
reviewed.

At the end of the activity, students should be capable of
establishing clear links between those concepts and new ones
as well as applying logical reasoning strategies regarding the
real context problem proposed by the teacher. The theoretical
concepts reviewed and introduced in this activity are detailed
below.

2.1. Statistics Concepts

2.1.1. Types of Sampling

One of the basic and introductory points of the statistics sub-
ject is the distinction between sample and population and the
importance of good and representative sampling for any infer-
ential analysis. Hence, before running the activity, the following
sampling methodologies were introduced (Barnett 2002):

Simple random sampling: A simple random sample (SRS)
of size n is produced by a scheme that ensures that each
subgroup of the population of size n has an equal probability
of being chosen as the sample.

Stratified random sampling: Divide the population into
homogenous strata in terms of the variable that we want to
study, in other words, we cluster the populations in homo-
geneous groups regarding a specific characteristic. There
may be any number of these. Then choose a SRS from each
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stratum. Combine these into the overall sample. This then
constitutes a stratified random sample

Multi-stage sampling: Sometimes the population is too large
and scattered for it to be practical to make a list of the entire
population from which to draw a SRS. At each stage, they
might create a stratified random sample based on sex, race,
income level, or any other useful variable which they could
get information about before sampling.

In addition, as it is known, to check the reliability of the
sample to provide a proper estimate, it is useful to calculate the
raising factor. As a result, we also introduced this concept in
class.

2.1.2. Raising Factor

Once a representative sample is selected, the next step is to
apply the raising factor. This concept is rarely taught in statis-
tics on undergraduate or postgraduate programs. Indeed, many
researchers in the economics field fail to provide a clear defini-
tion and are unaware of its practical applications.

The raising factor is the reweighting technical improvement
of the survey to properly reflect the weight that each sample
group has in the population.

Specifically, the International Statistical Institute (1990) pro-
vides the following definition:

The coeflicients of a linear function of the values of the
sample units used to estimate population, stratum, or higher
stage unit totals are called raising, multiplying, weighting or
inflation factors of the corresponding sample units. If the
raising factors of all the sample units are equal, the common
raising factor is called the raising factor of the sample, and
the sample itself is called self-weighting.

Expression (1) shows the raising factor equation.
N
Raising factor = —, (1)
n

where N refers to population size and 7 to sample size.

Therefore, the raising factor represents the number of ele-
ments existing in the population for each element of the
sample.

For instance, the Spanish Statistical Office Instituto Nacional
de Estadistica (INE) applies the raising factor for its estimation
in the Economically Active Population Survey (EPAS). People,
who participate in the survey, represent the whole population.
Then a “raising factor” is assigned to each surveyed person, and
it indicates the number of people from the population that it
represents.

To calculate the raising factor, INE divides the population
into generally homogenous population groups called “strata” in
each region. For any of these strata, the estimation of an EPAS
characteristic (e.g., number of employed people) is calculated as
expression (2) (INE 2002) shows:

Employed people estimation
N
= Employed people in the sample - — =
n

= Employed people in the sample - raising factor ~ (2)

Therefore, if the total population provided by the INE fore-
cast increases, figures for all EPAS forecasts also increase, as do
the number of employed, unemployed, or active people among
others.

In addition, the raising factor can be used for subsequent
improvements of the sample through a reweighted sample by
specific characteristics.

For instance, coming back again to the EPAS case, EPAS is
a survey performed in households. However, it is common to
encounter difficulties when surveying some specific households,
in particular those households composed of one-person homes
or where both partners are working will make it more difficult
to find occupants at home. Even if some measures are taken to
correct this problem, the survey tends to be over-represented by
the older population, where occupants are easier to contact and
thus be included in the survey.

To better reflect the representativeness of age groups in
the sample, INE introduced the methodological improvement
called raising factors reweighted.

By applying the raising factor reweighted, results supplied in
the survey by gender and age group in each region coincide with
real population figures.

Specifically, within this activity students must compare the
results in newly published newspapers (Clemente and Gutiérrez
2017) with the results they obtain by analyzing the data from the
official source (EPAS). When students compare the two results,
they find that they do not match. The reason is that the raising
factor must be applied to the data downloaded from the EPA,
to obtain the final result show in the news. The professor then
explains that it is necessary to apply the raising factor, so that
the sample data (the data offered by the EPAS are sample data
since they come from a survey, not from the total population)
represent the whole population. If students analyze the data
without weighting them by the raising factor, all the figures they
obtain regarding the unemployment rate, activity rate, and so
on, will correspond only to the sample that has answered the
survey (EPAS) and will not refer to the entire population.

After understanding and applying the concept of raising
factor, students check that the results provided by the media are
indeed correct.

The role of raising factor in this activity then, is to provide a
good example for students to get closer to a real data analysis and
to provide an environment favorable to a statistical reasoning
learning.

Even if official statistics produce the major source of evi-
dence about social issues, they usually receive little attention
in traditional statistics courses, and important aspects such as
survey design (and associated problems such as nonresponse or
respondent bias), measurement issues (reliability and validity),
techniques such as moving averages, seasonal adjustment, and
case weighting, are not frequently addressed in regular statistics
classes (ProCivicStat Project 2019).

2.2. Labor Market Concepts

As mentioned before, in this activity we combined concepts
from statistics with those of other fields related to the field of
economics. Specifically, in this activity we work within the labor
market field. Therefore, to clarify some basic concepts, before



we ran the activity the following concepts already known by
students were reviewed:

EPAS: Economically Active Population Survey

INE: Spanish Statistical Office

Employed: These are people aged 16 or over who during
the reference week have been working for at least one hour
in exchange for remuneration in cash or in kind, or those
who work but have been temporarily absent through illness,
holidays, etc.

Unemployed: These are people aged 16 and over, who during
the reference week have been without work, available to work
and actively seeking work.

Active persons: People aged 16 and over who, during the
reference week (previous to that in which the interview is
carried out), supply labor for the production of goods and
services or are available and in conditions to be incorporated
into said production. They are subdivided into employed and
unemployed.

Inactive population: Population of 16 or over who are not
included in any of the previous categories.

Unemployment rate: Unemployment rate is the percentage
of the labor force that is unemployed, where the labor force
consists of the unemployed plus those in paid- or self-
employment (OECD Data 2020).

3. Methods

In this article, we propose an activity addressed to first-year
students enrolled in statistics courses as part of their degree
programs in economics. Our activity combines the application
of real data and statistical techniques with some economic con-
cepts, to develop students’ skills in analyzing and interpreting
information in a real context. Specifically, our activity aims to
interpret the situation of the labor market in different Spanish
provinces and regions through an analytical interpretation of the
results. The idea is to propose an activity in which students can
acquire new concepts and at the same time to train some basic
statistical literacy skills.

The activity that we propose here is included in the subject
of inferential statistics as a part of the continuous assessment
component, aimed at linking theoretical knowledge with the
interpretation of real data.

At the University of Valencia, students enrolled in degree
courses from the School of Economics should take two compul-
sory statistics subjects (courses). Basic statistics and inference
statistics should be taken in the first and second years, respec-
tively.

The Bologna process set some guidelines for subject eval-
uation; these included sharing the assessment between a final
exam and a continuous assessment module, carried out both in
the classroom and from each student’s individual course work.
In the case of statistics, 30% of the final score depends on
continuous assessment. This activity was designed as a part of
that continuous assessment component.

To implement this activity in the classroom, students should
have taken the subject “basic statistics,” in which they learnt the
fundamentals about sampling issues. Specifically, at this point of
the degree students should be familiar with samples, population
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and different types of sampling. In addition, within the subject
“basic statistics” students already started to use R software in
their practical classes, which is essential for this activity.

At this point of the degree, students also have taken the
subject “Introduction to Economics;” therefore, they should be
familiar with the economic concepts outlined in the activity.

3.1. R Software

Nowadays, “real applications” are inevitably linked with the
management of large data bases. Therefore, students should be
trained in the analysis and management of larger data bases than
the ones commonly used in text books to learn how to use data
effectively in a work context.

Consequently, working with large data bases implies fluent
competencies in the use of suitable software. As a result, we
introduce our students to the use of R software as a tool to
analyze real data bases. The main reason we choose R is because
it is free software. Thus, students can download the software
on their own personal computers, and the expertise that they
achieve during the academic period can later be used in any
other context. By using free software, we avoid any entrance
barrier in providing students with a useful and work-related
qualification. As outlined by Ben-Zvi and Garfield (2004) on
the one hand, using technologies for learning statistics reduces
the gap between learning statistics and using statistics methods
professionally. On the other hand, using technology helps to
make statistics visual, interactive, and dynamic and helps to
focus on concepts rather than computation (Cobb and McClain
2004). Within this context, the role of R in this activity is to
provide an easier and faster path toward statistical reasoning
(Biehler et al. 2013).

During the last five years, the Department of Applied Eco-
nomics (quantitative methods area) of the University of Valencia
has been trying to progressively introduce R software in their
teaching. We firmly think that a university graduate should
be familiar with the use of software to manage data. Then,
computer skills should be trained from a student’s first year at
university to the finish of their degree with a complete skill-set
suitable for current labor market demands.

When we use this hands-on approach for teaching statistics,
the subject becomes more engaging for students and helps them
to focus on concepts rather than computation. In addition,
introducing R software for teaching statistics allows students
to develop an understanding of abstract concepts and it offers
students the opportunity to experiment with data (Garfield et al.
2008).

3.2. The Activity

We agree with the literature (Cobb et al. 2003; Warburton 2003;
Langrall etal. 2011) that the best way to internalize new concepts
is through the analysis and reflection of real cases.

In this line, the CLT provides us with the theoretical frame-
work to design our activity-based learning. This theory explores
how human brains learn most effectively to propose teaching
approaches that better fit with human cognitive architecture
and therefore maximize long term learning (Kirschner, Sweller,
and Clark 2006). According to this theory, students should
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be encouraged to construct their own ideas and to engage in
activities that allow them to connect knowledge and understand
its context of application (Tarmizi and Bayat 2012). This whole
learning process requires the teacher to provide some explicit
guidance accompanied by practice and feedback to be more
effective. Evidence from empirical studies suggests that practice-
based learning (PBL) activities are more effective and efficient
when accompanied by clear instruction and guidance by the
teacher (Kirschner, Sweller, and Clark 2006).

According to the literature, the CLT approach is especially
suitable for dealing with the challenges of teaching quantita-
tive skills to novice undergraduate students, as for instance, to
introduce programming software or facing data-heavy methods
(Guzman et al. 2019).

In the case of statistics, it is fundamental to work with real
data to fully understand the applicability of the subject. Teaching
primarily from the textbook makes it more difficult for students
to understand the interrelation of concepts, and as a result they
tend to merely focus on a sequential set of tools and procedures.
We try to avoid students learning statistics as a mechanical
procedure exempt of reasoning but instead we aim to encourage
their training in statistical literacy skills. Therefore, for design-
ing this activity, we adopt the main principles for creating a
“Statistical Reasoning Learning Environment” (SRLE) proposed
by Garfield et al. (2008).

Specifically, we designed an activity with seven steps based
on the core of the following five principles:

1. Focuses on developing central statistical ideas rather than on
presenting a set of tools and procedures. (Preliminary step)

2. Uses real datasets to engage students in making conjectures.
(Learning goal 1)

3. Integrates the use of appropriate technological tools that
allow students to test their conjectures and develop their
statistical reasoning. (Learning goal 2)

4. Uses activities to support the development of students’ rea-
soning. (Learning goal 3 and 5)

5. Focuses on developing central statistical ideas rather than on
presenting a set of tools and procedures. (Learning goal 4)

Following the theoretical framework provided by the CLT, we
identify such specific skills and knowledge we want students to

Table 1. Activity design.

learn. Then we expose the relations and links with the concepts
already acquired by students in other subjects to avoid any
overload of new information, and finally, through the teacher’s
guided instructions, students practice and further acquire rea-
soning skills from the analysis of a real context problem (Lovett
and Greenhouse 2000). All steps of our activity follow the above
mentioned CLT methodology to maximize long term learning.
In addition, the design of these steps is based on principles for
creating a “Statistical Reasoning Learning Environment” within
the classroom, which is the goal of this activity.

To summarize our activity-design process, Table 1 shows
the relationship between the learning goals we want to achieve
and the principles for creating a “Statistical Reasoning Learning
Environment” on which they are based. In addition, we point
out for every step of the activity how each learning goal is
worked on.

This activity encourages students to properly analyze and
interpret unemployment rates. Even if the activity is imple-
mented during a statistics class, a brief review of some concepts
introduced in the economics subject is necessary. For instance,
we provided students with a glossary of terms with some impor-
tant definitions within the labor market field such as work force,
manpower supply, survey on active population, economic activity
rate, and labor force participation rate.

The activity consists of asking students to check a set of
employment figures provided by the media by analyzing the real
data from the official source and applying their statistics knowl-
edge. Therefore, the activity proposed combines two elements
that should be essential in the daily work of a professional in
the economics field, and that is, to both understand clearly and
reason logically when faced with facts from the media as well as
from official sources.

The whole activity takes place in a collaborative environment
where students help each other, and the teacher interacts with
them to guide them in the process of knowledge creation. The
teacher presents the activity and corrects students’ errors in real
time. In addition, throughout the task students must combine
new knowledge along with their existing knowledge, as the CLT
recommends (Lovett and Greenhouse 2000).

The whole activity is divided into seven steps within the
classroom and a final phase outside the classroom, in which

SRLE principles Learning goals Activity steps
Focuses on developing central statistical ideas rather than on Preliminary step Step1
presenting set of tools and procedures.
Uses real datasets to engage students in making conjectures. LG 1: Students become familiar with an official data base and realize Step 2
that even if data are available, skills to manage that data are required
to extract and understand the information.
Uses real datasets to engage students in making conjectures. LG 1: Students become familiar with an official data base and realize Step 3
that even if data are available, skills to manage that data are required
to extract and understand the information.
Integrates the use of appropriate technological tools that allow students LG 2: Students learn to extract the required information from an official Step 4
to test their conjectures and develop their statistical reasoning. database and compose their own data frame with the required
variables. They also are exposed to the use of R software.
Uses activities to support the development of students’ reasoning. LG 3: Students match theoretical concepts with their own data analysis Step 5
to obtain their own conclusions.
Focuses on developing central statistically ideas rather than on LG 4: Solving real cases implies a deep understanding of matter and Step 6
presenting set of tools and procedures. being able to relate concepts to obtain conclusions.
Uses activities to support the development of students' reasoning. LG 5: Students reflect on their learning in the activity and are provided Step7

with some useful autonomous work.
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1781601000121014016000000 401 1 SU 8343 3 1 5508 11 17618801 1 4000400040006 6 3 6 303 111
1781601000121022031000001 101 1 SP 0203 1PE@04 666 3 11 15031 10109908203 221
1781601000131013011020000 101 1 S6 0173 3 1 4208 11 04410301 1 4000400032006 036 3 6 33 111
1781601000131023026010000 101 1 SU 0283 3 6610101 2808 11 05205201 1 3500350000006 6 3 6 Jo3 1
1781601000141013016040000 401 1 S1 6173 3 6610202 8208 6 0536 02006801 1 4000400000006 6 2 206 33 1
1781601000142020536000001 01 1 1
1781601000141033571000000 128 1 SU 0183 3 666 3 66 83 631018 305 1

Figure 1. A data section. This figure just shows a piece of data as an example of the data base structure. We did not include the whole data base for a more reader-friendly

approach.

students have to carry out some assignments to consolidate
knowledge and practice skills outlined in the activity.

Step 1: The teacher provides the students with some news
from the economics section of the newspaper. Specifically, we
chose a news item entitled “In which province is there more
unemployment? Keys to the labor market 2016” (EI Pais 2016)?.

After students have read the article, the teacher highlights
the most important aspects of the news, regarding both the
methodological and the informative content.

Regarding methodological aspects, the teacher explains basic
economic concepts to carry out this practical activity. These are
concepts that students should already know, and they have to
refresh them to successfully complete the activity.

With regard to the informative content, certain aspects were
highlighted to make students reflect on the real meaning of
that information. For instance, the teacher underlined the fact
that in Spain there are 413,600 more employed people and
541,700 unemployed in 2016, and the unemployed rate was
18.63% for that year. From this input, the teacher guides students
in their reasoning process about the meaning and calculation
procedures of these figures. In this preliminary step, we already
introduce students into the state of mind of statistical literacy. In
accord with the facets of statistical literacy identified by Ridgway
et al. (2018), we focus on developing central statistical ideas,
rather than on presenting a set of tools and procedures, by
associating statistics with everyday life. This creates a positive
disposition of students toward working with real data and at the
same time it encourages them to apply appropriate reasoning
processes while addressing statistics problems. In other words,
the activity aims to encourage students’ willingness to engage
further in evidence-based arguments.

Then, this preliminary step is a necessary warming up to
achieve the expected learning goals. Within this first step we
already apply recommendations of the CLT, namely to combine

2https://elpais.com/elpais/2017/01/26/media/ 1485444218_695832.html.

previous knowledge with new concepts in a real context prob-
lem, and guide students in a reasoning learning process.

Step 2: To check the information provided by the news item,
guided by the teacher, students may look up data on the INE
webpage. Specifically, the file with micro-data for the fourth
term of 2016 was downloaded.> The downloaded data are in
ASCII format file (EPAWEBT0416). Figure 1 shows its content,
where each row is a survey respondent.

It is also necessary to download an Excel file with the register
design and valid values (disereg_epa0516.xls). This file contains
information for identifying each variable, its possible values,
and its position. During the entire activity, the teacher interacts
with students providing them with feedback in real time and
clarifying any issues that may be more complicated. In this case,
the teacher guides students when downloading data and dealing
with any format related issues. In this step we also try to cover
one of the basic facets of statistics literacy, and that is to base
the activity on official statistics. Official statistics producers are a
major source of evidence regarding social issues. However, many
of the core ideas they use receive little attention in traditional
statistics courses. Knowing how to manage official data bases
such as this is basic to acquiring statistical literacy. In addition,
it is useful to stimulate the positive disposition students have
toward real context problems, such as the fact-check activity we
propose in this article.

Learning goal 1: Students become familiar with an official
data base and realize that even if data are available, key skills
are required to manage the data and extract and understand the
available information.

Step 3: Having downloaded the relevant data, the teacher sets
an easy question: What is the unemployment rate in Spain in
20162 Is it really 18.63% as the news item pointed out?

3INE (2017). http://www.ine.es/dyngs/INEbase/en/operacion.htm?c=
Estadistica_C&cid=1254736176918&menu=resultados&secc=
1254736030639&idp=1254735976595.



https://elpais.com/elpais/2017/01/26/media/1485444218_695832.html
http://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=resultados&secc=1254736030639&idp=1254735976595
http://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=resultados&secc=1254736030639&idp=1254735976595
http://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176918&menu=resultados&secc=1254736030639&idp=1254735976595
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At this point, students realize that even if they have all the
data they do not know how to manage it to answer such an easy
question. At this point, the teacher takes part again providing
new input that can help students to find the answer. In addition,
students collaborate among themselves to solve the problem
outlined above. Once the teacher has guided students on the offi-
cial data base managing, she tries to engage them by proposing
a fact-check activity encouraging them to make logical conjec-
tures. Within this step we follow one of the pedagogical methods
provided by the CLT, which is the completion effect, in which
we required students to complete partially solved problems for
understanding data from realistic contexts. Thus, this brings us
to the first learning result.

Learning goal 1: Students become familiar with an official
data base and realize that even if data are available, skills to
manage that data are required to extract and understand the
information.

Step 4: Therefore, the next logical step is to extract the micro-
data file to select the relevant variables, which allows us to
calculate the number of employees, unemployed people, the
unemployment rate, and all the necessary information to verify
the validity of the information provided in the media and to
answer the questions set by the teacher.

To extract and manage data, we propose the use of R Stu-
dio software. Students have a template with an R incomplete
script. Throughout the activity the teacher provides the neces-
sary commands to complete the R script and obtain results. In
addition, the teacher explains the meaning of the commands,
so that students can use them for solving similar problems just
modifying some aspects. The goal of this step of the activity is
for students to become familiar using basic functions of the R
software, such as importing data or completing scripts under the
teacher’s guidance.

Once again, following the guidelines of the CLT, we use
the pedagogical method of the completion effect, in which we
required students to complete partially solved problems or ques-
tions. In this case, students should complete the R commands
after a short explanation by the teacher. We aim to make students
familiar with R use in a friendly way, using it as a tool to help
them in their reasoning learning process, reducing the need to
compute and at the same time allowing for easy management of
real data.

Therefore, the teacher guides students in the following
sequence:

o To extract data from the compressed files and read the con-
tent of the micro-data file (EPAWEBT0416).

o To open the file that contains the register design and com-
ment on its structure (see Figure 1).

o To identify the key variables for solving this activity. Specif-
ically, we extract CCAA (Region), age, gender (1: male, 6:
female), AOL? and the raising factor.

The variable AOI registers the working situation for each
respondent and it can take the following values:

03 Employees on low hour contracts

4The AOI variable takes values from 3 to 9 in order to indicate the different
employment situations.

04 Other employees

05 Unemployed people searching for their first job

06 Unemployed people who have worked before

07 Inactive 1 (the disheartened)

08 Inactive 2 (together with the disheartened make up
those not actively seeking employment)

09 Inactive 3 (for other reasons)

o To create a new data frame with the selected variables. Fig-
ure 2 shows the R script to create the data frame

The advantage of using R (or any programmable software) is that
learners and teachers can adapt these tools to the specific needs
of the activity or the research project. In addition, attention to
key statistical concepts seems to be easier if the cognitive load
required for computation is allocated to the R software (Biehler
et al. 2013).

The use of R lightens the burden of computing and helps to
weave an understanding of context. The teacher acts in the same
way as a tailor who composes the students’ skills and knowledge
and allows them to reason, taking real statistical problems as a
starting point.

By providing R commands we avoid overloading cognitive
requirements, and students can focus on discerning the neces-
sary variables to compose their data base. In addition, by intro-
ducing the use of R in successive activities, students become
progressively familiar with the tool and discern the changes they
have to make to obtain the desired information.

We believe that this way of introducing the use of R in the
classroom helps students to become gradually exposed to new
data formats and new tools for analysis to achieve learning
goal 2.

Learning goal 2: Students learn to extract the required infor-
mation from an official database and compose their own data
frame with the required variables. They also become exposed to
the use of R software.

Step 5: When students have their own data frame with the
required variables, students can then calculate the number of
employees, unemployed, and inactive population. Before start-
ing any calculation, the teacher reviews the following key con-
cepts and definitions from EPAS that were presented in Sec-
tion 2.2.

Once the theoretical concepts have been explained and the
data are available (Step 4), it seems that students can answer
the following question proposed by the teacher: According to the
definition of EPAS, what is the population of Spain?

The answer to this question is not immediate. At this point
of the activity we observe that a large number of the students
struggle to link the different concepts just studied. These con-
cepts seem to be clear when they are approached separately but
some questions arise when they need to be connected. There-
fore, the professor should remind the students of the meaning
of the raising factor, and illustrate it with a concrete example
from EAPS data. It is necessary to point to the fact that the
raising factor for each individual is equivalent to the number
of individuals of the total population that they represent.

After this clarification, the teacher then asks the following
questions: How many employees, unemployed, active and inactive
people are there in the EPAS? And in Spain?
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COMPRESSED FILES

# READ THE DATA FILE

CCAA <- substr(eaps,4,5)
age <- as.numeric(substr(eaps,16,17))
gender <- substr(eaps,19,19)

AOI <- substr(eaps,166,167)

decimal positions

table(AOI)

str(data)

dim(data)

attach(data)

# EXTRACT MICRODATA AND THE REGISTER DESIGN FROM THE

unzip ("datos_4t16.zip", exdir="./datos")

unzip ("disereg_epa0516.zip", exdir="./datos")

eaps <- readLines("./datos/EPAWEBT0416")

# EXTRACT RELEVANT VARIABLES

raising_factor <- as.numeric(substr(eaps,170,176))/100 #raising factor has two

# AOI is the variable which includes employees, unemployed and inactive

# CREATE A DATA FRAME WITH THE RELEVANT VARIABLES

data <- data.frame(CCAA ,age,gender, AOI, raising_factor)

Figure 2. R script to create data frame.

Here the students’ responses are usually satisfactory. The
concept of the raising factor and how to apply it has been
assimilated. To answer these questions, students have to run
line by line, with the teacher, the script shown in Figure 3. As
in the previous step, the teacher explains the meaning of each
command so that students are able to make small changes on
their own and answer similar questions. Again, we apply the
pedagogical methods from the completion effect proposed by
the CLT.

Therefore, following the guide provided by the teacher, stu-
dents were able to complete the R commands to obtain the
following findings:

v" In the fourth term of 2016 the number of workers in Spain
was 18,508,095 and the number of unemployed people was

4,237,799. Therefore, the total number of active people
(employees plus unemployed) in Spain for that term was
22,745,894.

v" Consequently, the unemployment rate (unemployed divided
by active people) in the fourth term of 2016 was 18.63%. This
finding is in line with the information displayed in the news
item.

Quantitative skills underpin all aspects of statistical literacy, and
some of the basic components include number sense, ratio, per-
centages, rates, and fractions. Within this step students work on
this statistical literacy facet to develop a sense of numbers. This
is the starting point to practice critical evaluation and reflection
as a habit of mind that requires a conscious effort (Ridgway
et al. 2018). We try to get students to go beyond answering a
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library(tidyverse)

# POPULATION
population <- sum(raising_factor)

total ocupados

total parados

summarize(sum(raising_factor))

# EMPLOYED IN EAPS (AOI WITH CODE 03 AND 04)
ocupados <- data %>% filter (AOI %in% c("03","04"))

# TOTAL EMPLOYED IN SPAIN
total_ocupados <- ocupados %>% summarize(total=sum(raising_factor))

# UNEMPLOYED IN EAPS (AOI WITH CODE 05 AND 06)
parados <- prueba %>% filter (AOI %in% c("05","06"))

# TOTAL UNEMPLOYED IN SPAIN
total parados <- parados %>% summarize(total=sum(raising_factor))

# TOTAL ACTIVE PEOPLE IN SPAIN
total_activos <- total ocupados + total _parados

# TOTAL INACTIVE POPULATION IN SPAIN
inactivos <- prueba %>% filter (AOI %in% ¢("07","08","09")) %>%

Figure 3. R Script. Mean calculation.

series of routine questions out of context and instead to relate
concepts to solve problems critically. Within this step, students
are encouraged to achieve learning goal 3.

Learning goal 3: Students match the theoretical concepts with
their own data analysis to obtain their own conclusions.

Step 6: Once students have obtained their own results, the
teacher asks them to share their conclusions. Then a discus-
sion about the analysis conducted by students and the impor-
tance of interpreting these results based on critical reasoning
is explored. This step is basic for students to practice their
reasoning and critical thinking. In addition, at this point of the
activity it becomes evident that solving real problems is not a
mere sequence of calculations as was previously taught in more
traditional textbooks.

Within this step, we encourage students to practice a habit
of mind that involves a willingness to engage with data and the
ability to reason with numerical evidence. In this way, we focus
on developing central statistically ideas instead of teaching mere
techniques or procedures without context. Thus, we encourage
students to practice their statistical literacy.

Learning goal 4: Solving real cases implies a deep under-
standing of matter and the ability to relate concepts to obtain
conclusions.

Step 7: Finally, the teacher sets out some additional questions
as homework, to promote reflection on the topic and provide
autonomous work.

Specifically, the teacher uses the information displayed in the
media as a guide for formulating the following questions: What
is the unemployment rate by gender? What is the unemployment
rate by age? Which regions have a higher unemployment rate?

Following the explanations regarding R commands by the
teacher in the classroom, at this step of the activity students

should be able to make the proper changes to obtain their
answers.

The assignments are addressed to reinforce the acquisition
of new knowledge and train new skills within the classroom. At
the same time, these tasks allow the teacher to test the ability of
students to apply the statistical concepts in R and conclude their
own reasoning learning process.

Learning goal 5: Students reflect on the topic addressed in the
activity and are provided with some useful autonomous work.

This activity was designed following a clear structure. First,
the teacher introduces and clarifies the theoretical concepts.
Second, students work at the computer in an individual activity
and finally the teacher and learners discuss the students’ analy-
ses (Cobb et al. 2003). This structure helps to create a statistical
reasoning environment and is addressed to maximize learning
following the CLT approach. Specifically, the guidance and the
real time feed-back provided by the teacher, plus the collabora-
tive atmosphere in the classroom, had a positive impact on the
learning process because all students could follow and complete
the activity. In this way, students are gradually introduced in an
instructional sequence that allows then to further develop their
reasoning skills. In addition, the real-world problem helps to
emphasize the connection between knowledge and the contexts
of its application. In this line, this activity connects one concept
to another step by step, and as a result students can explain the
statistical processes and interpret their statistical results. The
whole activity was designed following a series of steps guided
by the teacher with the goal of decreasing extraneous cognitive
load. In line with the CLT, the design of the activity tries to take
advantage of three pedagogical methods. Specifically, we use
the worked-example effect, proposing a real context problem.
The completion effect was specially applied to facilitate the R
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Table 3. Use of R and economics in the media.

Teaching approaches Mean (SD) Question Yes answers
Practical lesson, solving exercises on the blackboard 6.2(1.2) Before this statistic course, had you ever used the R software? 6%
Practical lessons, solving real cases with real data 5.5(1.6) Were you able to follow the activity correctly? 67%
Theoretical lessons 4.5(1.6) Do you usually read media news items related to statistical 27%
Working in groups 43(2.0 and/or economic content?
Practical lessons solving exercises with the computer 4.0(1.8)
Individual work, studying from textbooks 3.9(1.8)
Table 4. Skills developed during the activity.
management, and finally, the split-attention effect allows us to ~ Skills Mean (D)
integrate teaching of multiple concepts to improve learning (Van 1. Find links between the subject of statistics and economic 5(1.4)
Merrienboer and Sweller 2005). reality. _
h hi £ the 1 . 1 di 1 2. Familiarize myself with the management of large databases 5(1.4)
The achievement of the learning goals was not directly and access information sources.
assessed. However, having corrected students’ assignments, the  3.Better understand the economic situation and its implications. 49(1.4)
teacher was able to realize to what extent students had acquired 4 !mprove myability to summarize a problem and know how to 48(14)
h d skill d by th witv. Theref h interpret the results | have obtained.
the concepts and skills proposed Dy the activity. erefore, the Improve my ability to better assess and plan for the resolution 4.7 (1.4)
last step of the activity played the role both of reinforcing the of a complex problem
acquisition of concepts and skills and acting as a proxy of the © To better understand the theoretical concepts of statistics and 4.7 (1.5)
1 . 1 achi to know how to apply them when solving economic problems.
earning goal achievement. 7. Improve my technical vocabulary in the specific fields of 4.6(1.6)
We followed the literature in the field and designed an activity economics and statistics.
aimed to engage students in a process of acquiring a more 8 Improvemyskillsin using R software. 46(1.7)
Ivtical fmind that all th t tivel h 9. Improve my critical thinking for solving problems. 4.5(1.4)
analytical state of min atallows them to actively reason when 10. To better understand the economic news content. 45(1.4)

dealing with statistics problems. We believe that the students’
perception and opinion about the activity was a useful assess-
ment to carry out future improvements.

4. Activity Assessment

During the whole activity we embrace a student-centered
approach to learning statistics, therefore we want to stay in this
line for the assessment of the activity. Even if traditionally it is
the teacher who assesses the results of a new activity, we believe
that students’ opinions or perceptions about the learning process
provide useful feedback, which can further help to implement
improvements in the new activity. With this goal in mind, at
the end of term students answer a questionnaire about their
preferences or experiences with different teaching approaches
and about this specific activity. The questionnaire was filled in
by 79 students.

We report below the most relevant answers. First, we were
interested in knowing which approach students prefer when
studying statistics, then students answered the following ques-
tion: What do you find most useful to help improve your knowl-
edge of statistics? Rate from 1 to 7 the following options, 1 being
nothing useful and 7 very useful.

Table 2 ranks the different teaching approaches from highest
to lowest students rating.

As shown in Table 2, the second most highly ranked approach
is “Practical lessons, solving real cases with real data” According
to this assessment, students seems to appreciate a more active-
learning approach based on real cases to help better understand
statistics concepts. However, completing regular exercises on the
blackboard and attending theoretical lessons were considered to
be the first and third most highly ranked methodologies. This
we consider to be an indicator that students are not yet familiar
with a more practical approach within the quantitative subjects.

Focusing on our activity, we asked students to which extent
they had used programmable software or read news items
related to economics. Table 3 shows students’ responses:

As indicated by students’ responses, this activity introduces
some important novelties regarding these students’ learning
processes. With this activity, students start to make contact with
the R software as well as become exposed to media coverage
with economics related news items. These two elements used to
be missing in previous teaching approaches based solely on the
textbook.

Additionally, we asked students about their perception con-
cerning the skills developed through this activity. The specific
question was: Rate from 1 to 7, to what extent the activity you
have just done has been useful for the following aspects, 1 being
nothing useful and 7 very useful.

Students had to score ten statements. Results are shown in
Table 4.

We asked students to score the above-mentioned skills to
assess their subjective achievement of the learning goals defined
in the design of the activity. The better ranked ones were skills 1
and 2 which correspond to learning goals 1 and 3, respectively.
Thus, according to students’ perceptions the learning goals best
achieved with this activity were “Students become familiar with
an official data base and realize that even if data are available,
skills to manage that data are required to extract and understand
the information” and “Students match the theoretical concepts
with their own data analysis in order to obtain their own con-
clusions”

Answers from Table 4 give us clues about what aspects of
the activity we need to reinforce in further implementations
to better achieve the five learning goals proposed. The answers
provided by students, seems to be in line with learning goal 4
(skill 3) and learning goal 5 (skill 4).

We also ask students to provide a general assessment of the
activity through the question: In general terms, did you find this
activity useful to increase your knowledge and skills? Rate from 1
to 7, 1 being nothing useful and 7 very useful.
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M Yes, | think that it's intereting and | have learnt with it
No, | think that it is interesting but one activity of this type is enough

No, | prefer to practice regular exercises from the booktext

Figure 4. Students’opinion about the activity.

Students rated the activity 4.9 out of 7, with a standard
deviation of 1.4.

Finally, to find out if the students consider it useful to do
more activities of this type, we ask them: Would you have liked
to do more activities of this kind throughout the semester? Fig-
ure 4 shows students’ opinion about the appropriateness of the
activity.

More than half of the students declare to have learnt with this
activity and they would like to complete more activities like this
during the term.

In general terms, answers provided by students shows a
positive acceptance of the activity by the students. In addition,
they perceived an improvement on their statistical knowledge
and transversal skills as a result of this activity.

Results from the post-activity survey shown above do not
measure the activity’s effectiveness in terms of cognitive gains,
but allow us to consider the students’ point of view as a reference
for improving the learning process.

However, before the deadline set by the teacher, students
should hand in a report with contents and procedures of the
whole activity (both questions and procedures solved in class
and questions answered as homework). The teacher should
integrate the results obtained in this activity as part of the
continuous assessment and, therefore, as part of the final grade
for this subject. Furthermore, the correction of the activity could
give the teacher a rough idea about the achievement of the
learning goals pursued by the activity.

5. Results

The complete design of this activity based on SRLE principles
is addressed to reach learning results defined in Section 3. We
introduce some basic elements for the training of an economist
and the acquisition of statistical literacy.

First, students become familiar with an official data base and
realize that even if data are available, skills to manage that data
are required to extract and understand the given information.

Second, students learn how to extract the required informa-
tion from an official database and compose their own data frame
with the required variables. They also are exposed to R software
to manage large data bases.

Third, students match theoretical concepts with their own
data analysis to obtain their own conclusions. They also link

knowledge from different subject areas and realize that the
problems outlined come from the real world.

And finally, students reflect on the topic addressed in the
activity and are provided with useful autonomous work. From
the guidelines provided by the teacher, they have adequate time
to answer the homework questions to autonomously reflect on
the topic worked on in class.

Additionally, derived from students’ responses, we observed
that these types of activities are in line with their preferences,
since our activity, “Practical lessons solving real cases with
real data,” was in fact the second most highly ranked teaching
approach for that year.

We also observe that students are not used to working with
R software nor with reading news stories related to economics,
a clear indication that such techniques are not followed in
other subjects. However, students positively assess this activity,
remarking the fact that they were able to develop some basic
skills, often forgotten by traditional teaching styles based on the
textbook.

6. Discussion and Conclusion

In this article, we propose a complete activity as part of the
continuous assessment component on their inference statistics
course as part of their Economics degree at the Faculty of
Economics, University of Valencia, Spain.

This activity tries to reinforce some essential skills for a uni-
versity student, as in the autonomous work they develop their
computing skills and their ability to deal with real problems,
while at the same time they are not introduced to key statistical
and economical concepts.

Thus, we intended to create a reasoning learning environ-
ment within the classroom to train students in statistical literacy
by making statistical concepts and techniques more relevant for
them.

Specially in the “post-truth” and “alternative facts” era,
decision-making based on a reasoning interpretation of official
data is crucial both in a work and civic context. As can be
seen in the activity proposed in this article, even resorting to
official data requires a deep understanding of the procedures
and interpretation of the information (ProCivicStat 2019).

We integrate concepts from different subject areas, taking
as a starting point an interesting and engaging news article
from the press to motivate learners. We propose a fact-checking
activity that involves concepts studied in both statistics and
economics subject areas, using students’ existing knowledge and
skills to easily introduce new concepts as recommend by the
CLT. Furthermore, this approach helps students to realize that
the topics they are studying are not mere theoretical speculation
but are indeed part and parcel of the real world. Following the
teacher’s instructions, students are guided through the activity
where they learn to manipulate real and large databases and
to use of statistics software, as well as to connect theoretical
concepts with real problems and practice a reasoning thinking
to obtain conclusions.

Further extensions of this activity can be applied by manag-
ing other surveys to study a variety of economic concepts such as
salary structure. The salary structure survey is a useful tool for



work on issues such wages distribution (total and by gender),
average wage by regions, the most usual salary, and so on.

Gender salary gap or wages distribution by regions can be
appealing topics for students to discuss in class, following the
context knowledge approach proposed by Langrall et al. (2011).
From the students” point of view, they should easily be engaged
and motivated to reason critically and reflect on these present-
day topics. From the teacher’s point of view, it is easy to find press
stories about these topics to complete the activity.

As the literature suggests, such active-learning activities may
be useful for enhancing learning because concepts can be estab-
lished more efficiently in students’ memory when more levels of
experience are included in the learning process (Hakeem 2001).

We did not directly assess the effectiveness of this specific
activity because we wanted to offer alternative learning oppor-
tunities for all students; therefore, we did not consider setting
up a control group. However, for further research, it would
be interesting to implement this activity again and compare
scores for at least two academic years. In this way, we would be
able to compare the learning achievements for a specific topic
using traditional teaching methods with a more active-learning
approach following SRLE principles.
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