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ABSTRACT

Statistical education is becoming increasingly relevant in the digital age, marked by data-driven
decision-making. However, it still faces persistent challenges. Research conducted by the
Program for the International Assessment of Adult Competencies (PIAAC) and the Program for
International Student Assessment (PISA) highlights the difficulties many adults face in
interpreting statistical data. This article on statistical education in higher education is based on a
survey that analyzed the perceptions of professionals from the Sorocaba Metropolitan Region
about the implementation and use of statistical knowledge in the professional environment. The
study aimed to identify the critical points for implementing and disseminating statistical
techniques and thinking in companies, exploring the gap between academic training in statistics
and its practical application. The quantitative methodology was based on a structured
questionnaire completed by 410 professionals from the region, and the data analysis
characterized the companies, represented by the professionals' responses, into three levels of
statistical proficiency: beginner, intermediate, and advanced. The results indicate that the main
challenges to implementing statistics in companies include the need for data culture and limited
statistical competence. It is concluded that the development of statistical literacy can overcome
the barriers between available statistical tools and their application in organizations. This study
aligns with the perspective of promoting conscious statistical education and is focused on ways
to mobilize knowledge in the service of people and their projects.
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SUMMARY

Statistical education is becoming increasingly relevant in the digital age, marked by
data-driven decision-making. However, it still faces persistent challenges. Research
conducted byProgram for the International Assessment of Adult Competencies (PIAAC)

and byProgram for International Student Assessment(PISA) highlight the
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difficulties that many adults face in interpreting statistical data. This article on statistical
education in higher education is based on a survey that analyzed the perceptions of
professionals from the Sorocaba Metropolitan Region about the implementation and use of
statistical knowledge in the professional environment. The study aimed to identify the
critical points for the implementation and dissemination of statistical techniques and
thinking in companies, exploring the gap between academic training in statistics and its
practical application. The quantitative methodology was based on a structured
guestionnaire answered by 410 professionals from the region, and the data analysis
categorized the companies, represented by the professionals' responses, into three levels of
statistical proficiency: beginner, intermediate and advanced. The results indicate that the
main challenges for the implementation of statistics in companies include the need for a
data culture and limited statistical competence. It is concluded that the development of
statistical literacy can overcome the barriers between the available statistical tools and their
application in organizations. This study is aligned with the perspective of promoting
conscious statistical education and is focused on ways to mobilize knowledge in the service
of people and their projects.

Keywords:Education; Statistical literacy; Competence.

1. INTRODUCTION

In the digital age, where data increasingly drives decisions, statistical education plays
a fundamental role. Statistics provides essential tools for interpreting large volumes of data
and supporting decisions in diverse areas, such as policy formulation and developing
knowledgebased societies. In these societies, social and economic progress is driven by
intellectual skills and the use of knowledge rather than physical labor (PRODROMOU, 2021;
RADERMACHER, 2022; VANCE et al., 2022).

The demand for analytical skills grows as the world becomes more data driven. Myers
(2015) points out that this need directly impacts statistics on education, particularly in higher
education. In the United States, for example, statistics has been one of the fastest-growing
courses in STEM (science, technology, engineering, and mathematics) programs, driven by the
demand for skilled professionals in the job market. In Brazil, with the 1996 Education Guidelines

and Bases Law (LDB), statistics began to be included in school curricula as part of
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the 'Information Processing' theme in the mathematics discipline (BRASIL, 1996). Since then,
teachers and researchers have sought to strengthen statistical education (Cazorla, Kataoka,
Silva, 2010). However, challenges such as the limited understanding of statistical concepts
among university students remain present (BATANERO, 2013).

Assessment programs such as the Program for the International Assessment of
Adult Competencies (PIAAC) and the Program for International Student Assessment (PISA)
highlight the many adults face when interpreting statistical data, revealing deficiencies in
numerical skills (OECD, 2018). A central issue is the gap between theory and practice since
many professionals still use only basic statistical techniques in their work, avoiding more
advanced methods (HOERL; SNEE, 2010; COLEMAN, 2013).

Recent studies, such as those by ISC2 (2023) and Brauner, Murawski, and Bick (2023),
highlight the lack of specific skills for technological sectors, pointing to the need for more
practical education aligned with emerging technologies. This underscores the importance of
statistical education in preparing professionals to interpret and use data effectively.

This article discusses statistical literacy in the data age, focusing on its practical
application. Based on a survey conducted with professionals from the Sorocaba Metropolitan
Region, it seeks to identify educational and organizational barriers that limit the use of statistics
in companies and proposes pedagogical actions to bridge the gap between theory and practice

in higher education.

2 THEORETICAL FOUNDATIONS

This section explores the practical importance of statistics, considering its historical
evolution and importance in professional contexts. It reviews the concept of statistical literacy as
the knowledge, skills, and pedagogical implications required to train professionals capable of
working in a data-driven society.

2.1 THE HISTORICAL EVOLUTION OF STATISTICS AND ITS PRACTICAL RELEVANCE

In the data age, statistics, the science that collects, organizes, analyzes, and
interprets data (VIEIRA, 2019), has broad applications ranging from education to
biostatistics (MALAGUERRA; MACDONALD, 2016). From its initial use for censuses in ancient
societies to its strategic role in Industry 4.0, statistics have evolved as a central tool for social
and economic progress (XU et al., 2021; ROSS; MAYNARD, 2021).
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Founded on two pillars: statistical techniques and statistical thinking, statistics combines
mathematical methods with a conceptual and interpretative approach. The techniques involve
mathematical methods for presenting and analyzing data, while statistical thinking encompasses
conceptual and interpretative dimensions, highlighting the understanding of the inherent
variability in all processes, an indispensable element in strategic decision-making within
organizations (KRISHNAMOORTHI, 2010).

In the 20th century, the relevance of statistics in organizations grew, especially with the
increase in global competition in the 1980s, when techniques such as Statistical Process Control
(SPC) and Six Sigma were used to improve quality and reduce costs (MONTGOMERY, 2010;
HOERL; SNEE, 2012). During the industrial revolutions, statistics evolved by incorporating new
technologies and production methods. Each stage of the industrial revolution, from automation
to digitalization, has emphasized the importance of statistics as a support for process control
and innovation. Industry 4.0 and discussions about Industry 5.0 and 6.0 have further expanded

their role in strategic decisions (XU et al., 2021; ROSS; MAYNARD, 2021; DUGGAL, 2022).

Throughout these revolutions, statistics have adapted to meet the demands of
increasingly automated and computerized production, culminating in the digital age and, more
recently, the Data Revolution, where Big Data, the Internet of Things, and Artificial Intelligence
redefines the role of statistics in organizations' strategic and operational decisions (HOERL; SNEE;
DE VEAUX, 2014, KENETT; ZACKS; AMBERTI, 2014). In this evolving landscape, statistical tools
contribute to optimizing processes and developing intelligent solutions (HOERL; SNEE, 2012).
Data and statistics have become valuable assets, impacting everything from market dynamics to
organizational strategies (HAN, 2021).

Statistics have evolved from a tool for collecting and organizing data into an
indispensable science for analyzing complex processes. It has emerged as an academic
discipline valued at all levels of education and as a strategic and operational pillar in the
corporate world. It can help organizations face the challenges of the digital age and
promote sustainable innovation.

2.2 STATISTICS EDUCATION AND THE GAP BETWEEN THEORY AND PRACTICE An example of
the importance of statistics in the contemporary world was when the COVID-19
pandemic occurred in 2020, which showed the importance of data and the need to generate

qualified information to support decision-making, both by public managers and

This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



families and individuals. Amid the COVID-19 pandemic, the relevance of the knowledge, skills,
and abilities required for statistical literacy has intensified, as analyzed by Gal and Geiger (2022).
The media's massive presentation of quantitative data, such as infection rates and projections,

has highlighted the challenges the public faces in interpreting this information accurately.

As Lopes et al. (2023) pointed out, this growing demand for statistical skills has impacted
higher education with an expansion of statistics in curricula, especially in areas such as
agronomic sciences, health, engineering, and social sciences, where empirical evidence is
central. In Brazil, statistics is mandatory in several training areas, but students still need help
achieving a solid understanding of the concepts (BATANERO, 2013). This highlights the need for
teaching methods that integrate practice with theoretical concepts.

Gal and Ograjensek (2017) and Watson (2006) observe the gap between classroom theory
and its application. Although statistics are essential for everyday life and the workplace,
university teaching tends to emphasize theoretical aspects, with little attention to the practical
skills professionals will need. This gap makes applying more advanced statistical methods in
everyday professional life difficult, leading many graduates to use more straightforward and
limited techniques (SIMICEVIC, 2007; BJERKE; HERSLETH, 2001). In addition, the lack of statistical
competence in organizations and insufficient management support compromises the

implementation of statistical tools (AHMED; HASSAN, 2003; MAKRYMICHALOSet al., 2005).

Hijazi, Saeed, and Alfaki (2019) point out that although efforts have been made to map the
knowledge and skills that statisticians need, a gap persists between university education and the
demands of the job market, where more contextualized and applied skills are required.

Gal and Ograjensek (2017) argue that an excessive focus on academic theory limits
professionals' ability to interpret and communicate data without developing critical
communication skills. This mismatch restricts their performance in areas such as public policy
and strategic analysis, where the ability to deal with official statistics is fundamental.

Another relevant point is Gerhart, Rastegari, and Cole's (2024) study, which identifies a
need for more alignment between the skills considered necessary by business schools and
industry. This results in varied curricula, in which some programs emphasize statistical
techniques while others focus on technological tools. In addition, the authors report that courses
at top business schools only sometimes include topics such as data visualization and

programming, which are in high demand in the job market.
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These discrepancies between academic training and market demands show the need
to reformulate curricula and incorporate more practice with accurate data, technological
skills, and critical and communication skills training. In this way, students would be better
prepared to face challenges in both their professional and personal lives (BATANERO, 2013;
GAL, 2021; CHRISTENSEN, 2019; HIJAZI; SAEED; ALFAKI, 2019; RADERMACHER, 2021;
RIDGWAY, 2016).

2.3 STATISTICAL LITERACY, PROFESSIONAL PRACTICE, AND PEDAGOGICAL
IMPLICATIONS

Statistical literacy in statistics education has been the subject of debate and redefinition. With
the advancement of Big Data, the ability to interpret and use data has become important for the job
market. Prodromou (2021) notes that traditional statistical education, with its excessive focus on
theory, no longer adequately prepares citizens to deal with the complexity of contemporary data. The
author argues that statistical literacy needs to go beyond the straightforward interpretation of graphs
and tables, encompassing critical skills such as the analysis of statistical inferences, communication
skills, and an ethical view of the use of large volumes of data.

Statistical literacy encompasses the skills, attitudes, and knowledge needed to solve
problems, face challenges, and conduct activities efficiently and ethically in the information age.
It involves identifying and reasoning information and statements related to data (GAL, 2002).
Statistical literacy is fundamental for survival in today's age, in addition to the traditional skills of
reading, writing, and arithmetic (YUN, SWASTIKA, 2018). This evolving concept reflects the
growing importance of statistics in a data-driven society. Gal (2021) explains that statistical
literacy is not restricted to numerical manipulation but involves a set of skills that allow statistical
information to be interpreted, analyzed, and critically reflected upon. This process ranges from
data collection and processing to the ethical interpretation of results (CAZORLA; GIORDANO,
2021).

Gal (2021) discusses statistical literacy as a construction with two components: cognitive,
which involves reading and interpreting data; mathematical and statistical knowledge; and the
ability to question information critically; and dispositional, which refers to beliefs, attitudes, and
critical attitudes when analyzing statistical information.

In the professional context, statistical literacy requires critical skills beyond technical
mastery. Best (2004) points out that statistics are not neutral; their interpretation depends on

choices such as the use of mean or media, the context in which the data is applied, and an
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understanding of the variables involved. This way, how data is presented shapes public
understanding and impacts professional decisions.

Complementing this view, Gould (2017) suggests that, in addition to interpreting
statistics, professionals should be able to collect and manipulate data, understand issues of
privacy, and meaningfully represent information. Petocz, Reid, and Gal (2018) reinforce the need
to train professionals capable of questioning data quality, identifying biases and understanding
the limitations of conclusions, avoiding wrong decisions, and promoting responsible and
efficient action. This reality demands a reformulation of statistical teaching methods and
content, enabling students to act competently in modern society.

According to Petocz, Reid, and Gal (2018), research into teaching methods that prepare
students for professional practice in the data age is needed. The authors suggest that
interdisciplinary research and collaboration between educators and market professionals are
vital to aligning statistical training with market demands.

The PPDAC cycle (Problem, Planning, Data, Analysis, and Conclusion), developed by Wild
and Pfannkuch (1999), offers a practical framework for developing statistical literacy in authentic
contexts. Adaptable to different skill and knowledge levels, PPDAC allows databased decisions to
be made without the need for complex theoretical techniques such as pvalues and confidence
intervals. This cycle highlights the importance of an interactive and practical approach to

statistical literacy and is implemented in project-based teaching methods (BATANERO, 2013).

Nikiforidou, Lekka, and Pange (2010) emphasize the need for a university statistics
education theory, focusing on practical teaching methods that prepare students to analyze and
interpret data in authentic contexts. To this end, they highlight three priority areas:
incorporating emerging technologies to make teaching more interactive, constantly updating
curriculum content to align with market demands, and adopting innovative teaching approaches
that encourage critical thinking.

Stoudet, Scotina, and Luebke (2022) propose that statistical education should adapt to the new
context, promoting contextualized learning. For practical training, students must solve real problems,
work with concrete data, and use computational tools that encourage the practical application of
concepts. Giordano (2018) highlights the importance of statistical literacy as a mandatory skill in
modern education. He recommends interdisciplinary projects, highlighting the didactic contract as the

basis for an approach that favors student autonomy. This contract
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modifies the interaction between teacher, student, and knowledge, central elements of
Brousseau's Theory of Didactic Situations (TSD) (2007).

The evolution of statistical literacy goes beyond simply understanding graphs and numbers,
consolidating it as a fundamental skill for modern life and enabling citizens to interact critically with
the world of data around them. By recognizing the importance of practical skills, critical thinking, and
an ethical attitude towards data, teaching statistical literacy in higher education should better prepare
students to face the challenges of the professional environment.

Following Freire's (1983) ideas, statistical literacy should foster liberating teaching where
students actively participate in learning. This critical and dialogical approach transforms MRS
statistical literacy into a tool for intellectual autonomy and conscious participation in social and
professional contexts, rejecting the "banking education" model, which treats students as mere
receptacles for formulas and procedures without context.

2.4 POPULATION DEFINITION - SOROCABA METROPOLITAN REGION

The Metropolitan Region of Sorocaba (MRS), established in 2014, has consolidated itself
as one of the main economic hubs in the state of Sdo Paulo. With an estimated population of
2.25 million inhabitants, the region accounts for approximately 4.4% of Sdo Paulo's Gross
Domestic Product (GDP). Its strategic location, close to major highways like Raposo Tavares and
Castello Branco, facilitates mobility and the flow of goods, benefiting key sectors such as
industry, agriculture, and tourism. The MRS comprises 27 municipalities, including Sorocaba, Itu,
Votorantim, and Tatui, and has a diversified economy with a strong presence in the industrial,
commercial, and service sectors (INVESTE SAO PAULO, 2024).

The MRS has an industrial park with over 2,000 factories, highlighting Sorocaba as a
significant industrial hub in the state. In addition, commerce and services are essential to the
regional economy, with Sorocaba hosting over 70,000 companies of various sizes (CIDADES
SUSTENTAVEIS, 2024). The service sector accounts for 68% of the city's GDP, underscoring its
importance for regional economic development (INVESTE SAO PAULO, 2024).

The region also stands out in the medium- and high-technology industrial sectors,
particularly in the metal-mechanical, electronics, healthcare, and biotechnology segments, which
contribute significantly to exports and technological innovation (DESENVOLVE SP, 2023). The
adoption of advanced technologies strengthens the MRS's position at the forefront of
sustainable development and industrial innovation, aspects highlighted in recent studies

(RIBEIRO et al., 2020; LEITE; ARAUJO, 2020).
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The creation of the Sorocaba Technology Park, the result of joint action between
industries and educational and research institutions, stands out as an initiative to promote
innovation and entrepreneurship and foster sustainable growth (AMS, 2022). However, rapid
growth and accelerated urbanization impose challenges and demand solutions to urban
infrastructure issues and the preservation of socio-environmental heritage. In this sense, the
Integrated Urban Development Plan (PDUI), by the Metropolis Statute (Federal Law 13.089/2015),
strategically addresses these challenges. By promoting balanced economic development and
improving the quality of life in the region, the PDUI aims to align the growth of the MRS with the
needs of the labor market, especially in sectors that require professionals trained to deal with
advanced technologies and sustainable practices.

Urban and economic efforts highlight the need for education that meets regional
demands. Thus, statistical literacy and collaboration between universities and companies are
fundamental to ensuring that academic training is aligned with market needs, boosting both
sustainable development and the economic dynamism of the MRS.

According to the Higher Education Census 2022, the MRS has 15 higher education
institutions (BRAZIL, 2022). These institutions, including universities and public and private
colleges, offer a wide range of courses in different areas of knowledge. Sorocaba, the most
populous city in the MRS, receives students daily from various regional municipalities, making it
stand out as an industrial hub and an essential regional educational center (P10, 2023).

With a diversified economy and a strong presence in high-tech industries, the MRS faces
a growing demand for professionals with the skills and abilities to work in critical sectors such as
metalworking, electronics, and agribusiness, which are essential for the region's innovation and
competitiveness. In this context, statistical literacy and collaboration between universities and
companies ensure academic training aligns with market needs, boosting sustainable

development and the MRS's economic dynamism.

3 METHODOLOGY

This study is based on a survey that adopted a quantitative descriptive approach to
evaluate the dissemination and effective use of statistical knowledge in companies located in the
MRS, chosen because of its economic relevance and representativeness as a regional
educational center. A non-probabilistic sample was chosen due to the difficulty of accessing

complete lists of organizations in the region, which made random selection impossible.
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The method used a survey questionnaire in the form of a six (6) point Likert scale,
excluding the neutral position, which requires a careful decision to ensure the quality of the data
collected. They defined this number of points without an intermediate option to encourage a
more precise choice for respondents between the extremes of the scale. This decision
considered factors such as the target audience, the specific objectives of the survey, and the

participants' response styles, aiming to improve the data's reliability, validity, and interpretation.

Data collection took place between May and September 2022. To determine the sample
size, the factors recommended by Vieira (2019) were considered, such as a 95% confidence level
and a 5% margin of error. The expected proportion of 0.5 was adopted without a prior estimate,
maximizing the sample size. Equation 1 shows the formula for calculating the sample size in a

finite population.

=2 (1= Equation 1
(=3 + 2+ (1- ) 2 q

where, the sample size (n), a critical value corresponding to the confidence level (2), the margin of
error (and), the expected proportion (p), and the population (N).

The required sample size was 383 companies for a population of 111,545 ((INVESTE SAO
PAULO, 2024). To achieve this sample size, professionals from the target population were
identified on corporate websites and social networks, such as LinkedIn. After identifying these
contacts, the questionnaires (Table 1) were sent via email and social networks, with an electronic

form used to collect data.

Table 1 - Block items and number of questions

Block Block item Numbfer of
questions
1 Characterization of the respondent and the company. If you 4
2 have improvement programs, how long do they last? 10
3 The degree of importance for the use and dissemination of statistics. The 5
4 level of presence of statistical thinking (SP). 5
5 The frequency of use of statistical techniques (ST). 4
Total 28

Source: Own elaboration.

The reliability of the data was assessed using Cronbach's Alpha and McDonald's Omega
coefficients. Data analysis employed univariate methods, such as descriptive statistics and the
chi-square test, to evaluate specific associations, and multivariate methods, such as cluster
analysis, to identify patterns of use and dissemination of statistical knowledge among the

companies in the studied region.
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4 RESULTS AND DISCUSSION

In this section, the results of the empirical investigation are presented, focusing on the
gap between theoretical learning and practical application of statistics. The primary objective
was to assess the presence and application of statistical thinking principles, as well as statistical
techniques, in the routines of the 410 analyzed companies (>383 companies). The study sought
to identify the relevance attributed to statistical knowledge within the organizational context and
to pinpoint critical factors and opportunities that could enhance the dissemination of statistical
thinking and the use of statistical techniques.

The initial analysis of data reliability, essential for ensuring the validity of subsequent
analyses, revealed high internal consistency (VIEIRA, 2019): Cronbach's Alpha coefficient showed
an overall value of 0.95, while McDonald's Omega reached 0.98, reinforcing the robustness of
the scale employed. These results confirm the quality of the data collected and provide a solid
foundation for the following stages of analysis and discussion.

4.1 CLUSTER ANALYSIS

Cluster analysis was used to identify distinct groupings among companies in the MRS
based on the presence of the principles of statistical techniques and the use of statistical
techniques in their activities. The graphical representation of this is shown in Figure 1. The aim is
to reveal distinct patterns or segments among the organizations, explore the different statistical

approaches they adopted, and investigate the variables associated with these groupings.

Figure 1 - Representation of the Clusters formed - Non-Hierarchical Method
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According to Metz (2006), assigning concepts or labels to clusters is a fundamental part
of the knowledge discovery process. In the first analysis of the clusters, the concepts that can
explain the elements contained in the same cluster were identified. The author suggests
subjectively evaluating the clusters to check for practical significance and differences based on
the patterns represented in each cluster.

Table 2 below shows the composition and labels assigned to each cluster. Cluster 1
covers 34% of the sample and was named "Beginners" because it was the cluster with the most
frequent responses at lower levels of agreement or frequency on the Likert scale. The
"Advanced" cluster represented 31% of the sample and was characterized by predominant
indications at higher scale levels, reflecting higher agreement or frequency. The "Intermediate"

cluster covers 35% of the sample and presents results between the other two clusters.

Table 2- Composition and classification of each cluster
Cluster Sample size per cluster Concepts assigned Percentage (%)

1 141 Beginners 34

2 143 Intermediaries 35

3 126 Advanced 31
Total 410 100

Source: Own elaboration.

Analysis of the variables that characterize professionals and companies - education level,
position or function, size, and economic area - showed that only the respondents' education level

did not influence the formation of clusters. On the other hand, economic sectors,
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positions, and functions were significantly associated with the composition of the clusters,
indicating that these characteristics were decisive in the organization of the groupings. The
different proportions of advanced, intermediate, and beginner clusters in each job or role
suggest that specific responsibilities influence the formation ofc/ustersand open the discussion
on the need for more contextualized statistical education.

These results suggest that teaching statistics in higher education could benefit from a
flexible and adaptive approach, incorporating case studies and practical projects that connect
students to real situations. The PPDAC investigative cycle (Problem, Planning, Data, Analysis, and
Conclusion), as discussed by Wild and Pfannkuch (1999) and adopted by some educators, such as
Batanero and Diaz (2011), provides a practical methodology for teaching statistics, encouraging
statistical literacy through an interactive and project-based approach.

4.2 PRESENCE OF THE PRINCIPLES OF STATISTICAL THINKING

The results indicate that many respondents recognize the importance of quantifying and
explaining variations in process analysis. This recognition demonstrates a growing appreciation
of using statistics to understand variability in organizational processes. However, as shown in
Graph 2, the percentage of agreement decreases for the statements that process variations are
caused by common or unique factors, which raises concerns about understanding and effectively
managing these different types of variation.

The analysis of the presence of statistical thinking reveals a weakness in the
professionals' knowledge of a principle of statistical thinking: the distinction between common
causes and special causes of variation, which is fundamental for correct interpretation and
intervention in processes. According to Deming (1997), a proper understanding of the causes of
variation is indispensable for quality control and the continuous improvement of organizational
processes.

Statistical literacy and statistical thinking are interrelated concepts that form part of
understanding and applying statistics. According to Gal (2002), as presented in the theoretical
framework, statistical literacy is built on cognitive and affective components, including statistical
knowledge, mathematical knowledge, awareness of the context, competence in developing

questions, and attitudes and beliefs that shape the individual's worldview.

Graph 2 - Level of statistical thinking
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These elements are fundamental to the development of statistical thinking, which,
according to Snee (1990), encompasses the recognition of variation, the need for data, and the
use of statistical methods and tools for decision-making.

4.3 THE USE OF STATISTICAL TECHNIQUES

Considering the literature review, the analysis of the results showed, according to Graph
3, a tendency among companies to prioritize applying essential to intermediate-level statistical
techniques. In contrast, the adoption of advanced statistical techniques is less frequent. This
pattern suggests that organizations face barriers when tackling more complex production
problems, which require more sophisticated analytical methods and a more significant

investment in human and technological resources.
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Graph 3 - Level of statistical techniques
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One aspect of the development of statistical literacy is inferential reasoning, as
highlighted by Makar and Rubin (2009). These authors distinguish between formal statistical
inference, based on traditional procedures such as estimating parameters and testing
hypotheses, and informal statistical inference, based on observing data patterns and formulating
hypotheses and generalizations without strictly following conventional statistical methods.

Informal inferential reasoning offers an important way of tackling the complexity
inherent in advanced statistical concepts. It allows students, or even company professionals, to
make inferences and informed decisions based on patterns observed in the data, even before
fully mastering advanced ST. According to Cazorla and Giordano (2021), this type of reasoning is
particularly relevant in statistical teaching, as it promotes a deeper understanding of

phenomena by considering the interactions between variables in an intuitive and accessible way.

This approach can foster greater applicability of ET and help companies deal with the
variability and complex challenges of their production processes.
4.4 ENHANCED THE USE AND DISSEMINATION OF STATISTICS IN COMPANIES Analysis of the
results, as shown in Graph 4, revealed a contradictory perception among professionals
about the value of statistical knowledge in the business environment. Although most

respondents recognize that managers see statistics as central to strategies and
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organizational management, the data suggests a gap in adequate support from top management in
promoting and integrating statistical knowledge into the day-to-day running of companies. There
needed to be more agreement regarding support to create an environment that favors continuous

learning, dissemination, and practical application of statistical knowledge.

Graph 4 - Appreciation of statistics
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Source: Own elaboration.

This contradiction highlights a significant challenge: Statistics is recognized as a strategic
asset, but implementing a culture that favors its practical use is limited. This issue points to the
importance of developing educational and training strategies that incorporate the principles of
statistical thinking and statistical techniques, not only at operational and executive levels. For
statistics to be integrated into organizational practices, leadership must function as a facilitator
of change, creating the conditions for statistical knowledge to be disseminated and applied at all
levels of the organization.

4.5 THE USE AND FREQUENCY OF IMPROVEMENT PROGRAMS

The research investigated the adoption of improvement programs in companies,
focusing on those based on the principles of statistical thinking and the use of advanced
statistical techniques, such as Six Sigma, Lean Six Sigma, Lean Manufacturing, Total

Productive Maintenance (TPM), and Total Quality Management (TQM). The aim was to

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



SOl

identify which programs are implemented in organizations and to evaluate the period or
duration of their use.

According to Graph 5, the data analysis indicated a prevalence in traditional
improvement programs, such as suggestion programs and initiatives independent of advanced
statistical knowledge. In contrast, it was found that more structured programs based on the
principles of statistical thinking and statistical techniques, such as Six Sigma and Lean Six Sigma,
were adopted less by the participating companies. Most organizations placed these programs in

the "not used" category.

Graph 5 - Improvement programs
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This lack of adoption may also reflect a barrier related to the training of professionals
and the need for more support from leadership to invest in more sophisticated programs. Our

study highlights the importance of aligning statistical literacy with companies' needs to
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overcome this absence of support and creating educational and training programs that prepare
professionals with the necessary tools to implement programs such as Six Sigma and Lean
Manufacturing more effectively.
4.6 CRITICAL POINTS FOR IMPLEMENTING STATISTICAL TECHNIQUES

The results presented in Graph 6 show that the main challenges faced by organizations in
implementing statistical thinking and techniques are linked to educational and training barriers.
34% of respondents pointed out the need for an organizational culture that values statistics,
indicating that statistics are still seen as a reactive tool used only to solve specific problems
rather than being integrated as a continuous practice for improving processes and strategic

decisions.

Graph 6 - Reasons for not applying
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In addition, 24% of respondents highlighted the lack of specialized knowledge,
highlighting the need for more significant investment in training and development. Other

obstacles include the low level of employee training (11%), the restrictive view of statistics
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techniques for emergencies (9%), and the perception of their complexity (9%). Only 4% of the
responses mentioned a limited view by managers of the strategic importance of statistics.

The prevalence of obstacles related to the lack of organizational culture and the lack of
specialized knowledge illustrates the gap between theory and practice in the teaching of
statistics. The lack of preparation of professionals to apply the techniques in the business context
directly reflects an education that still needs to be fully adapted to the practical demands of the
market, limiting the potential of organizations to take advantage of statistics as a tool for

continuous transformation.

5 CONSIDERATIONS

This research confirmed the difficulty professionals have in applying statistics
and the principles of statistical thinking in the business context and conclude that this is a
reflection of an education that is not yet fully adapted to the practical demands of the market,
limits the potential of organizations to take advantage of statistics as a tool for continuous
transformation, and shows a disconnect between the tools available and what is practiced in
organizations. Operational and strategic activities still need a complete incorporation of the
statistical approach, which reflects organizational barriers such as the lack of a culture that
values statistics and insufficient specialist knowledge. In addition, the results highlight the
importance of leadership engagement in promoting a data-driven culture, where the competent
use of statistics drives innovation and performance.

The analysis also highlighted the importance of statistics education in training
professionals to interpret and use data efficiently, connecting theory and practice. The article
proposes to discuss ways to overcome this gap in teaching statistics in higher education using
the statistical literacy approach. In addition to increasing efficiency and reducing costs, statistical
education should prepare professionals to implement continuous improvement programs,
boosting competitiveness and sustainable development in companies.

The promotion of statistical literacy, also inspired by Paulo Freire, goes beyond simply
understanding graphs and numbers. It consolidates it as a fundamental skill for modern life and
proposes teaching that transforms MRS students into active participants in the learning process,
rejecting passive education without context. By recognizing the importance of practical skills, critical
thinking, and an ethical attitude towards data, teaching statistical literacy in higher education should

better prepare students to face the challenges of the professional environment.
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Finally, practical statistical education aimed at solving real problems and adapting to new
digital realities is essential to overcome the barriers to applying statistical techniques in
organizations. This education must be the basis for an equitable society and sustainable

development through strategic decisions based on data and university-company collaboration.

REFERENCES

SOROCABA METROPOLITAN AGENCY (AMS).Final proposal booklet PDUIMRS2022
.Sorocaba,jun,2022.Availableat: https://www.agemsorocaba.sp.gov.br/wpcontent/
uploads/2024/02/CADERNOFINALPROPO STASPDUI MRS2022.pdf. Accessed on: 11
Feb. 2024.

AHMED, S.; HASSAN, M.Survey and case investigations on application of quality
management tools and techniques in SMIs. International Journal of Quality and
Reliability Management, v. 20, no. 7, p. 795826, 2003. DOI: 10.1108/02656710310491221

AMERICAN STATISTICAL ASSOCIATION (ASA).Conference on Statistical Practice. 2022.
Available at: https://I1Tnq.com/eDSbT. Accessed on: Jan 18, 2022.

BATANERO, C. Statistical Sense: components and development. In:CONTRERAS, JM;
CANADAS, GR; GEA, MM; ARTEAGA, P. (Eds.)Actas de las Jornadas Virtuales en Didactica de
la Estadistica, Probabilidad y Combinatoria, 1., 2013, Granada:Department of Mathematics
Didactics at the University of Granada, 2013. p. 55-61. Available at: https://
www.researchgate.net/publication/277007452_Sentido_estadistico_Componentes_y_d
esarrollo. Accessed on: Jan10, 2024.

BEST, ].More Damned Lies and Statistics: How Numbers Confuse Public Issues.
California:University of California Press. 2004.

BJERKE, F.; HERSLETH, M. Introducing statistical thinking to the food industry: facilitating and
inhibiting factors.Quality Management Journal, v. 8, no. 3, p. 4960, 2001. DOLI:
10.1080/10686967.2001.11918966

BRAZIL. National Institute of Educational Studies and Research Anisio Teixeira (INEP). Basic
Education Census 2022: statistical notes. Brasilia, DF:Inep, 2022.

BRAUNER, S.; MURAWSKI, M.; BICK, M. The development of a competence framework for
artificial intelligence professionals using probabilistic topic modeling.Journal of Enterprise
Information Management, v. 38, no. 1, p. 197-218, 2023. DOI: 10.1108/JEIM-09- 2022-0341.

BROUSSEAU, G.The different roles of the teacher.In: PARRA, C.; SAIZ, I. Didactics of
Mathematics: Reflections. Sdo Paulo:Authentic, 2007.

CAZORLA, I.M.; GIORDANO, C.C.The role of statistical literacy in the implementation
of contemporary cross-cutting themes of the BNCC. In: MONTEIRO, Carlos Eduardo
Ferreira; CARVALHO, Liliane Maria Teixeira Lima de (orgs.). Emerging themes in
statistical literacy [electronic resource]. Recife:UFPE, 2021. p. 88-111.

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



CAZORLA, IM; KATAOKA, VY; SILVA, CBDTrajectories and perspectives of
statistical education in Brazil: a look from GT12. 1st ed. Campinas:Letters Market,
2010. v.I. DOI: 10.23925/1983-3156.2020v22i1p584-609

CHRISTENSEN, B. Anforderungen an eine Statistik: Ausbildung im 21. Jahrhundert vor dem
Hintergrund von Statistical (Il-)Literacy. Springer-Verlag GmbH Germany:Springer Nature, 2019.
DOI: 10.1007/511943-019-00263-7

SUSTAINABLE CITIES.Sorocaba - Sustainable Cities. Available at: https://
www.cidadessustentaveis.org.br/painellndicadoresCidade/detalhes/3849. Accessed
on: Nov 14, 2024.

COLEMAN, SY Statistical Thinking in the Quality Movement + 25 Years.The TQM Journal,
v. 25, no. 6, p. 25(6), 597605, 2013. DOI: 10.1108/TQM-06-2013-0075

DEMING, WEThe New Economy for Industry, Government and Education. Rio de Janeiro:
Qualitymark, 1997.

DEVELOP SP. Sorocaba Administrative Region. 2023. Available at:
https://rebrand.ly/vwzgh5f. Accessed on: Jan 6, 2024.

DUGGAL, AS et al. A sequential roadmap to Industry 6.0: Exploring future manufacturing trends.
IET Communications, v. 16, no. 5, p. 521531, 2022. DOI: 10.1049/cmu2.12284

FREIRE, P.Pedagogy of the oppressed. 12th ed. Rio de Janeiro:Peace and Land, 1983.

STATE DATA ANALYSIS SYSTEM FOUNDATION.SEADE Census 2022. S3o Paulo: Seade
Foundation, 2022. Available at: https://censo2022.seade.gov.br/. Accessed on: Feb 11,
2024.

GAL, L. Adults' statistical literacy: Meanings, Components, Responsibilities. International Review,
vol. 70, no. 1, p. 125. 2002. DOI: 10.2307/1403713

GAL, .Promoting statistical literacy: challenges and reflections with a Brazilian
perspective. In: MONTEIRO, Carlos Eduardo Ferreira; CARVALHO, Liliane Maria Teixeira
Lima de (orgs.). Emerging themes in statistical literacy [electronic resource]. Recife:
UFPE, 2021. p. 3759.

GAL, L., GEIGER, V. Welcome to the era of vague news: a study of the demands of statistical
and mathematical products in the COVID-19 pandemic media.Educational Studies in
Mathematics111, 5-28 (2022). DOI: 10.1007/s10649-022-10151-7

GAL, L.; OGRAJENSEK, L. Official statistics and education statistics: Bridging the gap.
Statistical Journal of Official Statistics, v. 33, no. 1, Sciendo, 2017, p. 79-100. DOL:
10.1515/jos-2017-0005

GERHART, N.; RASTEGAR]I, E.; COLE, E. Analytics: What Do Business Majors Need and Where
Do They Get It?Journal of Statistics and Data Science Education, v. 1, p. 1-28, 2024. DOI:
10.1080/26939169.2024.2393427

GIORDANO, CC Statistical Literacy and Interdisciplinary Projects in the High School:
Discussing the Didactic Contract.Journal of Modern Education Review, v. 8, no. 7, p. 497-
509, Jul. 2018. DOI: 10.15341/jmer(2155-7993)/07.08.2018/002

GOULD, R. Data literacy is statistical literacy.Statistics Education Research Journal, v. 16, p.
22-25,2017. DOI: 10.52041/serj.v16i1.209

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



) > RCMOS - Multidisciplinary Scientific Journal of Knowledge.
/  ISSN: 2675-9128. S&o Paulo-SP.

HAN, C. A Literature Review of Statistical Teaching Research in Big Data Environment. Asian
Journal of Education and eLearning, v. 9, no. 5, Oct. 2021. DOI: 10.24203/ajeel.v9i5.6738

HIJAZI, R.; SAEED, R.; ALFAKI, I. Role of statisticians in building the UAE knowledge economy
Role of statisticians in building the UAE knowledge economy.Electronic Journal of Applied
Statistical Analysis. 12. 303-319. 2019. DOI: 10.1285/i20705948v12n1p303

HOERL, RW; SNEE, RD Closing the gap: Statistical engineering links statistical thinking,
methods, tools.Quality Progress, v. 43, n. 5, 2010.

HOERL, RW; SNEE, RDStatistical Thinking: improving business performance. 3rd ed.
New Jersey:John Wiley&Sons, 2012.

HOERL, RW; SNEE, RD; DE VEAUX, RD Applying statistical thinking to “Big Data” problems. in
Wiley Interdisciplinary Reviews:Computational Statistics, v. 6, no. 4, 222-232. 2014. DOI:
10.1002/wics.1306

INTERNATIONAL INFORMATION SYSTEM SECURITY CERTIFICATION
CONSORTIUM (ISC)%.ISC2 Cybersecurity Workforce Study: exposes workforce challenges
amidst economic uncertainty, skills gap and the emergence of next-generation artificial
intelligence. [SL]:ISC2, 2023. Available at: https://www.isc2.org/research. Accessed on: Apr 2,
2024.

INVEST SAO PAULO.GDP of the Sorocaba Metropolitan Region grows 0.7% in the first
quarter. Available at: https://www.investe.sp.gov.br/noticia/pib-da-regiaometropolitana-de-
sorocaba-cresce-0-7-no- Primeiro-trimestre/. Accessed on: Nov 14, 2024.

KRISHNAMOORTHI, KSStatistical Thinking for Engineers: What, Why, and How? Industrial
Engineering and Engineering Management. IEEE 17th International Conference on
Industrial Engineering and Engineering Management, Xiamen, China, 2010.

MILK, E.B.; ARAUJO, C.Innovation Map, 2020. Available at: https://rb.gy/og3fo. Accessed
on: Feb 11, 2024.

LOPES, C.E. et al.A history of Brazilian scientific production in Statistical Education.
In: GIORDANO, CC; KISTEMANN JUNIOR, MA (orgs.). History of Brazilian Statistical
Education: research and researchers. Sao Paulo:Academy, 2023. p. 1340.

MAKAR. K.; RUBIN, A. A framework for thinking about informal statistical inference.
Statistics Education Research Journal, v. 8, no. 1, p. 82-105, 2009. DOI: 10.52041/
serj.v8i1.457

MAKRYMICHALQS, M. et al. Statistical thinking and its role for industrial engineers and
managers in the 21st century,Managerial Auditing Journal, v. 20, no. 4, p. 354363. 2005.
DOI: 10.1108/02686900510592043

MALAGUERRA, C.; MACDONALD, A. Statistics as instruments for prosperous, transparent and
democratic societies.Statistical Journal of the IAOS, v. 32, no. 4, p. 757-762, 2016. DOI: 10.3233/
SJI-161031

MONTGOMERY, DC A modern framework for achieving enterprise excellence.
International Journal of Lean Six Sigma, v. 1, no. 1, p. 56-65. 2010. DOL:
10.1108/20401461011033167

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



) > RCMOS - Multidisciplinary Scientific Journal of Knowledge.
/  ISSN: 2675-9128. S&o Paulo-SP.

MYERS, J.Statistics is the fastest-growing undergraduate STEM degree (2015, February
3) retrieved 17 November 2024. Available at: https://phys.org/news/2015-02-
revealsstatistics-fastest-growing-degree.htm. Accessed on: May 20, 2023

NIKIFORIDOU, Z.; LEKKA, A.; PANGE, J. Statistical literacy at university level: the current
trends.Procedia - Social and Behavioral Sciences, v. 9, p. 795-799, 2010. DOI: 10.1016/
j.sbspro.2010.12.236

OECD.The future of education and skills. Education 2030. 2018. Available at: http://
go.uv.es/1fDpQnn. Accessed on: Feb 16, 2024

PETOCZ, P.; REID, A.; GAL, I.Statistics Education Research. In: BEN-ZVI, D.; MAKAR, K.;
GARFIELD, J. (Eds.). International Handbook of Research in Statistics Education. Call:
Springer, 2018. p. 71-102. DOIL: 10.1007/978-3-319-66195-7_3

PIO, LF Sorocaba receives thousands of university students from the region every day.Southern
Cross Newspaper, Sorocaba, 06 Nov. 2023. Available at: https://www.jornalcruzeiro.com.br.
Accessed on: Oct 13, 2024.

PRODROMOU, T.Statistical Literacy in data revolution erain MONTEIRO, CEF;
CARVALHO, LMTL de (Org.). Emerging themes in statistical literacy. Recife: UFPE,
2021.

RADERMACHER, W] Literacy in statistics for the public discourse. Statisticsjournal of the IAOS,
37,747-752.2021. Available at: https://content.iospress.com/articles/statisticaljournal-of-the-
ia0s/sji210852. Accessed on February 16, 2024

RADERMACHER, W] Statistical awareness promoting a data culture. Statistical Journal of the
IAQS, v. 38, no. 2, p. 453-461, 2022. DOI: 10.3233/5J1-220956

RIBEIRO, F. et al.The new rural and the relevance of Embrapa Vegetables for the
Metropolitan Region of Sorocaba: a strategic and priority agenda. In: KON, Anita (org.)
Brazil in transition: Contemporary Economy. Rio de Janeiro:Alta Books, 2020.

RIDGWAY, J. Implications of the data revolution for statistics education,International
Statistical Review. 84(3) (2016), 528-549. DOI: 10.1111/insr.12110

ROSS, P.; MAYNARD, K. Towards a 4th industrial revolution.Work & Place, v. 9, no. 2, p.
159161, 2021. DOI: 10.1080/17508975.2021.1873625

SIMICEVIC, V.Statistical approach to intelligent managerial decision making. Annals of
DAAAM & Proceedings, 687688 (2007). Available at: https://encurtador.com.br/cfsx1.
Accessed on: Feb 14, 2024.

STOUDT, S.; SCOTINA, AD; LUEBKE, K. Supporting Statistics and Data Science Education with
learners.Technology Innovations in Statistics Education, v. 14, no. 1, 2022. DOI: 10.5070/
T514156264

VANCE, E.A. et al.Promoting Statistical Practice and Collaboration in Developing
Countries. 1st ed. Chapman and Hall/CRC, 2022.

VIEIRA, S.Basic Statistics. SGo Paulo:Cengage Learning, 2019.

WATSON, J.Statistical Literacy at School: Growth and Goals. 1st ed. 1-306. 2013. DOI:
10.4324/9780203053898

WILD, CJ.; PFANNKUCH, M. Statistical thinking in empirical inquiry.International Statistical
Review, v. 67, no. 3, p. 223-248, 1999. DOI: 10.1111/j.1751-5823.1999.tb00442.x

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



RCMOS - Multidisciplinary Scientific Journal of Knowledge.
ISSN: 2675-9128. Sdo Paulo-SP.

XU, X.; LU, Y.; VOGEL-HEUSER, B.; LIHUI WANG, L. Industry 4.0 and Industry 5.0— Inception,
conception and perception.Journal of Manufacturing Systems, v. 61, p. 530-535, 2021.
DOI: 10.1016/j.jmsy.2021.10.006

@ @ This is an Open Access article distributed under the terms of the CreativeCommons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



