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Editorial

*kk

Lynda Ginsburg
Rutgers University, USA
< lynda.ginsburg@gmail.com@>

fekk

Javier Diez-Palomar
University of Barcelona, Spain

< jdiezpalomar@ub.edu >

We are happy to introduce this new issue of Adults Learning Mathematics: An
International Journal.

The inaugural article within this edition comprises an investigation conducted by Eleni
Giannakopoulou, focusing on the Greek populace's comprehension of numerical data
disseminated by Greek authorities regarding the progression and status of the COVID-19
pandemic within their nation. Giannakopoulou employs a survey methodology, wherein she
adapts the questionnaire items derived from two subjective numeracy assessment tools, namely,
the Expanded Numeracy Scale (Lipkus et al., 2001) and the Subjective Numeracy Scale (Fagerlin
et al., 2007), to the specific context of COVID-19-related data.

Building upon a conceptualization of numeracy akin to that articulated in the Programme
for the International Assessment of Adult Competencies (PIAAC) by the Organisation for
Economic Co-operation and Development (OECD, 2016), the author undertakes a comprehensive
analysis encompassing a total of ten items. These items incorporate numerical information
interwoven within official textual documents, disseminating pandemic-related information to
citizens, as well as numerical data presented via various forms of visual representation, including
graphs, infographics, time series, and other means of conveying numerical content.

This study provides an opportunity to contemplate the pivotal role of numeracy in our
lives, particularly in the context of decision-making processes that profoundly impact our overall
well-being. This significance is underscored when considering critical domains such as health,
and indeed, life itself, as exemplified by the exigencies posed by a pandemic situation akin to the
one witnessed over the past two years.

In the second article, Wiebke Curdt, Silke Schreiber-Barsch and Katharina Angermeier
explore the numeracy practices and strategies among two groups of adults who are caught in
financially vulnerable situations. The authors draw on the findings of two qualitive studies on
adults' numeracy practices that included interviews and observations. The studies focused on
adults with over-indebtedness and adults with intellectual disabilities. While both groups are
similar in their financial vulnerability, they differ in that those with over-indebtedness are held
responsible for their situation while those with intellectual disabilities may be living in a protected
space with more limited opportunities for control over their vulnerable situation.

Three competency domains of financial literacy (Mania and Troster (2018)) are addressed
by the authors: revenues; expenses and consumption; and budget management. Using a social
practice approach to identify numeracy events and practices, the authors describe how adults

4 Volume 17(1) — 2023



Ginsburg & Diez-Palomar — Editorial

identify the financial and social resources available to them, how they prioritize spending of their
limited resources in the immediate moment, as well as their strategies for budgetary planning.

Adults in both the over-indebtedness and intellectual disabilities groups displayed
difficulties and varying strategies for dealing with all three financial literacy domains. As well,
they were not always able to identify actual and perceived sources of support, including
educational opportunities.

In the third article, Lena Lindenskov explores the relationship between democracy and
adult numeracy. Beginning with a rich review of international scholarship on the topic from the
last 40 years, the author describes a framework within which two distinct aspects of democracy
can be analyzed from the perspectives of adults' lives within school as well as outside of school.
The two aspects of democracy examined are representative democracy, or the rules and rights of
citizens and representatives, and participatory democracy, or the democratic participation and
communication among citizens in everyday life.

Using the framework of four categories: RDO (representative democracy outside of
school), RDI (representative democracy in school), PDO (participatory democracy outside of
school) and PDI (participatory democracy in school), the author describes situations that adults
encounter as they engage in everyday life activities as well as in classroom-based learning. The
author suggests and describes examples of classroom activities that would help prepare adult
learners to deal with and make sense of the situations in the outside world while also learning and
understanding mathematical ideas within a democratic, participatory classroom environment.

Concluding this issue, we present an article by Gelsa Knijnik, which delves into the
intersection of numeracy, vulnerability, ethics, and social justice. In this article, Knijnik
retrospectively examines her extensive three-decade collaboration with Brazil's Landless Workers
Movement (Movimento dos Trabalhadores Rurais Sem Terra). This enduring engagement has
afforded her firsthand insights into the ways in which disadvantaged youth and adults have
surmounted the hurdles imposed by their vulnerable circumstances, partially attributed to the
training they have received.

Knijnik's theoretical framework draws inspiration from a postmodern perspective,
informed by a synthesis of the philosophies of Ludwig Wittgenstein and Michel Foucault. It is
worth noting that Foucault's controversial views, including his position on paedophilia, are widely
acknowledged, raising ethical and theoretical dilemmas related to relativism in the realm of
knowledge generation. Nonetheless, Knijnik's narrative underscores the significance of heeding
the voices of individuals and embracing diverse approaches to mathematical thinking and
problem-solving.

Ethnomathematics, deeply rooted in the pursuit of social justice as exemplified by the
work of Ubiratan D'Ambrosio, serves as the foundation of Knijnik's research. She re-evaluates
the mathematical practices of vulnerable youth and adults residing in "landless" territories in
Brazil, employing many illustrative cases demonstrating how these individuals engage in
measurement, counting, and decision-making processes, such as land allocation (cubacgao).
Furthermore, Knijnik critically scrutinizes traditional pedagogical approaches to mathematics
instruction, despite the ultimate achievement of the course's primary objective—impart the
numerical and mathematical competencies necessary for effectively managing agricultural and
livestock cooperatives by these "sem terra" farmers. Consequently, the successful cooperative
model has empowered these individuals to expand their life opportunities.

These four articles will captivate the interest of our readers and stimulate meaningful
discussions aimed at enhancing the teaching and learning of mathematics, as well as the
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cultivation of numerical proficiency, among adults. We look forward to the fruitful outcomes such
deliberations may yield in our collective pursuit of this endeavour.
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Reading and understanding numerical information about COVID-19
by Greek adults

Eleni Giannakopoulou
Hellenic Open University, Greece
<giannakopoulou.eleni@ac.cap.gr>

Abstract

Official communications and media news in Greece about the COVID-19 pandemic very often
involve a multitude of numerical concepts and mathematical relationships, which are presented
in different forms and in various contexts. This paper reports selected findings of a survey among
adults, which had two aims. First, to investigate their subjective assessments concerning the
difficulties encountered in reading and understanding such numerical information, embedded in
texts and presented by infographics and time-series graphs. And second, to investigate their
assessments of the usefulness of such numerical information, presented in visual forms. A
convenience sample of 310 adults responded to an online questionnaire. The main conclusion
from the analysis of these data is that a considerable number of the participants, although
relatively highly educated, assess themselves as having difficulties in reading and understanding
numerical information concerning COVID-19. Namely, about 9% report difficulties with
information included in textual forms, while regarding visual presentations the percentage ranges
from 10% to 35%. Yet more than half of the adults surveyed assess the presentation of numerical
information in visual forms as useful for comprehension. Furthermore, the distributions by
gender, education, and age of participants’ answers to our questionnaire generally show no
substantial differences among them. These findings advise caution regarding communications or
announcements that involve even simple numerical concepts and mathematical relationships
concerning COVID-19 and health issues

Key words: adult numeracy, numerical information, COVID-19, adult education

Introduction

The first case of COVID-19 had been confirmed in Greece by the end of February 2020
and the next day the government announced the cancellation of all scheduled seasonal carnival
events. In the first fortnight of March, measures to prevent the spread of coronavirus were
announced by the governmental officials, almost on a daily basis. Initially, all educational
institutions suspended their activities, followed by restaurants, entertainment venues, and retail
shops, while all sports and cultural activities were banned. The first death by COVID-19 was
announced by mid-March 2020, and in the following weeks traveling by car, ship or plane was
banned. By the end of March, a total lockdown had been announced and all economic activities,
except those absolutely necessary, had been suspended, while any movement of individuals
needed to be justified by SMS or a statement signed by the person as to which of a number of
reasons justified their movement. At that time, a daily briefing was introduced each afternoon,
which was broadcast on all television networks. In these briefings, government officials and
health experts presented the current situation in the evolution of the pandemic using mainly, if
not exclusively, numerical data. Numbers of new infection cases, people tested daily, deaths,
hospitalized patients and patients in intensive-care units, and at the same time, numbers of the
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daily violations of movements and activity restrictions. The numerical information which was
announced by officials and experts was reproduced in the media enriched with visual
representations (infographics, graphs, tables, etc.) and supplemented with proper journalistic
comments. The same numbers accompanied by a variety of interpretations were promoted by
various agents to justify governmental measures and bans.

After six weeks, the lifting of restrictions gradually began, and by the end of June 2020
all economic activities had started again normally throughout the country. Since August, however,
all data had shown a new increase in the number of infectious cases, which continued to rise in
September. Thus, in October, all restrictions were applied again, and the daily briefings by
government officials and health experts restarted with a new bombardment of numerical
information and recommendations to the people. Since then, the imposition of some restrictive
measures has continued, although the daily official and expert briefings were replaced at the end
of November by television news bulletins where the numbers concerning the pandemic were their
first daily reported event.

It is almost certain that no other event in recent Greek history has been covered by the
media to such an extent and duration with such a flood of numerical information.

The related question, however, is to what extent this daily numerical information in its
various forms is understood by the audience or, in other words, what numeracy demands are put
on the people for understanding and interpreting the communicated numerical data about the
COVID-19. We attempt to answer some aspects of this question through the survey presented in
this paper in the context of the Greek situation of adult numeracy, outlined in the next section

Adult numeracy in Greece

The author has been unable to find any small-scale survey studies in Greece concerning adult
numeracy. See Kontogianni & Tatsis (2018) for an example of a qualitative study concerning
statistical literacy. At the same time, it could be claimed that adult numeracy on health issues has
not been at all a subject of research in Greece. Nowadays, the numeracy demands on adults for
understanding and interpreting numerical communications about COVID-19 was not a focus of
research when this study was begun, although numerical expressions are to a great extent used in
official announcements and directions.

Data concerning adults’ proficiency in numeracy are provided up to now by one
nationwide study conducted by the OECD Programme for the International Assessment of Adult
Competencies (PIAAC). This “Survey of Adult Skills”, carried out in Greece during 2014-2015,
following the methodology and research tools of PIAAC (OECD, 2016b), was adapted to the
Greek context by the National Center for Social Research in Greece. About 5,000 adults aged 16-
65 years were surveyed. The PIAAC survey records adults’ proficiency in literacy, numeracy,
and problem solving in technology-rich environments. These are considered to be the three key
information-processing skills that are relevant to adults in many social contexts and work
situations. Therefore, they are regarded as necessary for fully integrating and participating in the
labor market, education and training, and social and civic life.

Numeracy in this context is defined as the ability of adults to use numerical and
mathematical concepts (OECD, 2016c, p. 1). Proficiency is described on a scale of 500 points
divided into levels, each level summarizing what a person with a particular score can do. Six
proficiency levels are defined for numeracy (Levels 1 through 5, plus below Level 1). The
survey’s Background Questionnaire also provides a wide range of information about respondents’
use of skills at work and in everyday life, their education, their linguistic and social backgrounds,
their participation in adult education and training and in the labor market and other aspects of
their well-being.
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The PIAAC survey found that the average score of adults in Greece in numeracy (252) is
somewhat lower than the OECD average (263). More specifically, about 6% of adults in Greece
attain Level 4 or 5 in numeracy, below the OECD average of 11%, and about 25% attain Level 3,
below the OECD average of 32%.

At Level 3, adults have a good sense of number and space; they can recognize and work
with mathematical relationships, patterns, and proportions expressed in verbal or numerical form;
and can interpret and perform basic analyses of data and statistics in texts, tables, and graphs
(OECD, 2016¢, p.2).

On the other hand, the proportion of adults with poor numeracy skills is much larger in
Greece than the OECD average. Almost 28.5% of Greek adults score at, or below, numeracy
Level 1, more than the OECD average of about 23%. Some 27% of 16-24 years-olds are low
performers in numeracy (the OECD average is 19 %.). Low proficiency is also prevalent among
55—-65-year-olds in Greece: About one in three adults in this age group score at or below Level 1
in numeracy; however, this is the same proportion as across participating OECD countries. Adults
at numeracy Level 1 can perform basic mathematical processes in common, concrete contexts,
for example, one-step or simple processes involving counting, sorting, basic arithmetic operations
and understanding simple percentages. In relation to the educational level of adults, it is
interesting to note that tertiary-educated adults in Greece have relatively low levels of proficiency
in numeracy (OECD, 2016¢). Although we have to be careful when reading international survey
reports (Evans, 2014), this is a picture of the adult numeracy situation in Greece as outlined by
PIAAC findings, and it was on this ground that our survey was carried out with the aim of
answering a few more specific questions related to adults reading and understanding numbers in
communications about COVID-19.

Adult numeracy and its assessment

There are many definitions of numeracy in the adult mathematics literature (e.g. Evans, 2000;
Lindenskov & Wedege, 2001; van Groenestijn, 2002). For the purpose of this paper, however,
numeracy is taken to be a concept referring to ways in which adults handle various quantitative,
numerical, and statistical requirements in their daily lives. This is basically the PIAAC definition
(see above).

The concept of numeracy includes a range of skills and abilities from the basic
understanding of numerical information to the interpretation of statistical data and probabilities
embedded in various contexts of their use in daily life and work of people (e.g. Ginsburg et al.
2006). The relevant literature on the subject matter (e.g., Gal et al., 2020; Geiger et al, 2015, Craig
& Guzman, 2018) has described a number of situations in various contexts that require a minimum
level of numeracy to handle, so that the term ‘“numeracy” may be considered as referring to a
plural concept, directly related to its context of materialization and at the same time to the
practices applied by adults for handling the numeracy demands imposed by each context (Craig
& Guzman, 2018).

On this basis, various categorizations of numeracy have been formulated, each based on
its own objectives or fields of application and its different respective theoretical perspectives. As
a result, among other things, it is difficult in many cases to interpret the relationships between the
measured numeracy level of an adult and its impact on her/his individual and social behaviour,
especially in health matters, as discussed in this paper.

The assessment of an adults’ numeracy level commonly involves assessments claimed to
be objective of their ability to understand, manipulate, and interpret numerical information.
Measures of objective numeracy are typically designed as tests that include series of questions to
which there are correct and incorrect answers. These questions and problems ask the respondents
to interpret various types of rational number expressions (integers, decimals, fractions, &
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percentages), simple numerical relationships and proportions, probabilities, and simple statistics,
as well as to handle transformations of numerical data from one form to another.

A widely used objective numeracy test, nowadays in health numeracy, is the Expanded
Numeracy scale (ENS) developed by Lipkus et al. (2001) including eight items. It is an extension
of a numeracy scale introduced by Schwartz et. al. (1997) intended to screen patients’ ability to
evaluate the benefits of mammography. The ENS measures an individual’s ability to convert
probabilities into percentages (and vice versa), estimate probabilities, and convert frequencies
into probabilities. According to Lipkus et al. (2001, p. 37) the ENS was developed using a “highly
educated sample” that showed a surprisingly low ability to correctly answer the items. However,
it has still been able to explain a considerable amount of individual differences on diverse
judgment and decision making tasks (e.g., Peters et al., 2007a). Variations of ENS scale aiming
to increase the discriminability of the scale may be found in the relevant literature, as is for
instance an extended version of the ENS developed by Peters and colleagues (2007b). To develop
a short and better discriminating test of statistical numeracy, Cokely et al. (2012) introduced the
Berlin Numeracy Test (BNT) which includes four items asking for probability estimations and
risk assessment.

Although such objective instruments for assessing adult numeracy have proven to be
effective mainly in identifying differences between individuals in a population, there are
significant problems in their use (Fagerlin et. al. 2007). The main problem is the reluctance or the
refusal of adults to answer tests which are checking personal abilities and skills, as argued by
Lipkus et al. (2001). In addition, surveys conducted with online tests of personal abilities and
skills could not be considered as valid, as it is not possible to identify the person answering, and
whether she/he is using a calculator or invokes the assistance of other people.

An alternative methodology aiming to overcome the drawbacks of the objective
assessments of adults’ numeracy has been to use subjective assessments of numeracy
competences. Subjective numeracy assessments encompass people’s perceptions of their
numerical competence and their preferences for using numbers (Fagerlin et al., 2007). Unlike the
tests used to measure objective numeracy (i.e., actual competence), measures of subjective
numeracy are typically self-report questionnaires in which participants are asked to rate their
perceptions and beliefs about their numeracy competence and their preferences for using numbers
(Fagerlin et al., 2007).

The subjective assessment of numeracy has been introduced in the related research by
Fagerlin et al (2007). They developed and applied a subjective numeracy questionnaire (SNS)
consisting of two parts: subjective numeracy skills and number preference. The numeracy skills
part consists of four written questions, each with a six-point Likert response scale assessing an
individual’s perceived numeracy skills in several contexts (e.g., “How good are you at working
with percentages?””). The number preference part of the questionnaire also consists of four written
questions, each with a six-point Likert response scale assesses an individual’s preference for
numeric information (e.g., “When people tell you the chance of something happening, do you
prefer that they use words or numbers?”’). The average of all items resulted in the numeracy score.

The developers of the SNS scale proposed that self-assessments of numerical competence
could be used as a proxy for objective numeracy on the basis of a moderate association (Pearson’s
r = 0.68; R-squared = 46.2%) between their subjective numeracy scale and objective numeracy
measures (Fagerlin et al., 2007). A similar study of McNaughton et. al. 2011, reports a lower, but
also considerable, correlations between subjective numeracy scales and objective measures
(Spearman’s Rank Correlation r= 0.57). Zikmund-Fisheret al. (2007, p. 670) applying an
extended statistical analysis conclude that “It seems clear that the SNS significantly predicts the
same behaviors as objective numeracy measures do.” However, there are diverging views on this
matter (see below).

Measures of subjective numeracy have important advantages relative to measures of
objective numeracy: they are easier to administer and less frustrating and stressful for
respondents, they are less time consuming, and have lower rates of incomplete data (Fagerlin et

10 Adults Learning Mathematics — An International Journal



Giannakopoulou — Reading and understanding numerical information about COVID-19

al., 2007). However, measures of subjective numeracy have disadvantages that characterize self-
report questionnaires: they are more susceptible to measurement errors and biases such as self-
serving biases, and response style (Paulhus, 1991).

On the other hand, some researchers have found subjective measures to be poor
diagnostic indicators of objective numeracy (e.g., Dolan, Cherkasky, Li, Chin, & Veazie, 2014;
Nelson, Moser, & Han, 2012).

In any case, objective and subjective assessments of numeracy are independent
approaches, and the objective and subjective numeracy scales measure related but distinct
constructs. Whereas objective numeracy assessments measure the ability to perform numerical
tasks, subjective numeracy assessments concern self-judgments and expectations about one’s
ability to perform mathematics tasks. Nevertheless, both measures are linked. Successful
performance on a numerical task demonstrates skills to perform similar tasks in the future, which,
in turn, enforces self-assessment of one’s ability to perform similar tasks.

Methodology of research

The main aim of the survey reported in this paper was to gain insights into subjective assessments
of difficulties encountered by “relatively highly educated” adults in Greece in reading and
understanding numerical information about the COVID-19 embedded in texts, infographics, and
graphs such as those included in official announcements and reproduced by media. Therefore, a
subjective assessment of numeracy approach has been adopted following the rationale suggested
by Fagerlin et al. (2007).

Taking into account the conditions under which this survey could be conducted we chose
to compose a questionnaire for self-assessment of adult numeracy with particular references to
reading and understanding numerical information concerning COVID-19.

In the composition of this questionnaire, an effort was made to formulate questions that
would enable adequate inferences about an adult’s competency in reading and understanding
numerical information. At the same time, these questions had to be formulated so as to be readily
understandable and easily answered by the participants. Since I had no a-priori reasons to
hypothesize that some issues of communications about COVID-19 would correlate better with
numeracy assessment of adults than others, we chose a broad, exploratory approach to the
development of questions in our questionnaire. We took into account, but did not limit our focus
to questions included in various objective or subjective numeracy scales found in the relevant
literature, as for example the Expanded Numeracy Scale (Lipkus et. al., 2001) or the Subjective
Numeracy Scale (Fagerlin et al., 2007), but we formulated questions directly related to the reality
of public dissemination of information about COVID-19, as reported by governmental authorities,
health experts and the media in Greece.

The questionnaire included in its first part, demographic questions (gender, age, level of
educational level) and in its second part, three sets of questions. One set of questions asked
participants for their subjective assessments of their difficulty in reading and understanding
numerical information about COVID-19 embedded in given texts and presented by particular
visual presentations like infographics and time-series graphs. The second set of questions asked
participants to give their subjective assessments of the wusefulness of communications about
COVID-19 employing various types of rational number (integers, fractions, and percentages), and
a third part of two questions asked for the assessment of the usefulness of infographics and time-
series graphs in general, as used in the presentation of numerical information about COVID19
(see Appendix).

A first draft of the questionnaire supplemented by two additional questions concerning
the content and wording of its questions was given as a pilot study to a small group of adults (n =
40) drawn from the same population as our final sample. The first additional question concerned
their comprehension of each question, and the second asked for the assessment of the validity of
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each question in tracking the difficulties of reading and understanding the numerical information
provided.

Taking into consideration the limitations to personal and social contacts imposed by the
COVID-19, the final form of the questionnaire was delivered utilizing the Internet. The potential
advantages of using the Internet for the delivery of questionnaires have been documented quite
comprehensively (e.g., Boyer et. al., 2002 or Ritter et. al., 2004), and the relevant arguments will
not be repeated here.

A convenience sample of Greek adults (see Table 1) was recruited for this survey from
the lists of adults who had attended the past three years various seminars on issues concerning
learning and teaching adults organized by various agencies and taught by the researcher. A total
of 420 adults who were included in these lists were invited by email to respond anonymously to
a questionnaire posted online and within the time limit set by the researcher, 310 adults
responded.

A convenience sample is a non-random sample which includes members of the target
population who meet certain practical criteria, such as ease of accessibility to the researcher,
availability at a given time, or those who are most ready, willing, and able to participate in the
study (Saumure & Given, 2008). A convenience sample does not come from a systematic
sampling method or sample structure. For this reason, its representativeness of the population in
all regards concerning the individuals' attributes cannot be guaranteed at all. In other words, it is
not known how well a convenience sample represents the population in which the researcher is
interested regarding the attributes under study and thus any generalization and inference made
about the entire population is of unknown validity (Leiner, 2016).

The distribution of participants in this study by age, gender and educational level is shown
in the following Table 1.

As may be seen in this table, the respondents to the questionnaire may be
considered as “highly educated” since 248 (80%) of them are higher education graduates
and 62 (20%) secondary education graduates. List your bullets with ALM List as follows:

Table 1. Participants in the study by age, education and gender

Age Total
<30 31-40 41-50 >51

Secondary Education Gender Male N 5 4 12 2 23
% of Total 8,1% 6,5% 19,4% 32% 37,1%
Female N 11 9 12 7 39
% of Total 17,7% 14,5% 19,4% 11,3% 62,9%
Total N 16 13 24 9 62
% of Total 25,8% 21,0% 38,7% 14,5% 100,0%
Higher Education Gender Male N 44 24 16 28 112
% of Total 17,7% 9,7% 6,5% 11,3% 452%
Female N 52 27 29 28 136
% of Total 21,0% 10,9% 11,7% 11,3% 54,8%
Total N 96 51 45 56 248
% of Total 38,7% 20,6% 18,1% 22,6% 100,0%
Total Gender Male N 49 28 28 30 135
% of Total 15,8% 9,0% 9,0% 9,7% 43,5%
Female N 63 36 41 35 175
% of Total 20,3% 11,6% 13,2% 11,3% 56,5%
Total N 112 64 69 65 310

% of Total 36,1% 20,6% 22,3% 21,0% 100,0%

The data collected were coded and analyzed with the statistical package SPSS-26.
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Main findings

In the present paper, we report on the findings of the first set of questions (Qu. 1 to Qu. 5 of our
questionnaire) which asked Greek adults for their subjective assessments of difficulties
encountered in reading and understanding numerical information about the COVID-19 embedded
in texts, visual presentations, and graphs such as those included in official announcements and
media news. We also present findings of the third set of questions (Qu. 9 and Qu. 10) closely
related to the previous one asking adults to assess the usefulness of infographics and time-series
graphs in the presentation of numerical information about COVID19. We do not report on the
findings of the questions which asked adults to give their subjective assessments of the usefulness
of various types of numbers (integers, fractions, and percentages) employed in communications
about COVID-19, since it was considered after scrutinizing the adults' responses that they require
a different type of analysis directly related to their personal conceptions of the related numerical
concepts.

The main findings of our data analysis are presented and commented in the following
1. Understanding numerical information embedded in texts

Question 1 in our questionnaire asked the participants to give their subjective assessment of their
level of difficulty in understanding numerical information in the forms of integers and percentages
embedded in an official text informing citizens about the numbers of infected cases and the
dispersion of COVID-19 in the country on a particular day (20» December 2020).

The announcement included in Question 1, translated into English, is the
following:

Communication of EODY

Data until 20 December, time 15:00

Today we announce 588 new infected cases of the virus in the country, 11
of which were identified in the entry gates of the country. The total number
of infected cases until today has been 131,072, which 52.5% are males.

5211 (4.0%) are considered to be related to travels from abroad and 38.349 (29.3%)
are related to an already known infected case

This is an illustrative announcement issued daily from February 2020 onwards by EODY-
The National Public Health Authority. The responses of the participants are shown in the
following table.

Table 2. Understanding numerical information embedded in Question 1 (n=310)

Very difficult  Difficult  Neither Easy nor Difficult Easy Very Easy
Qu.1 11 (3.5%) 18 (5.8%) 48 (15.5%) 72 (23.2%) 161 (51.9%)

As the data in this table shows, 75% of the participants in the survey assessed their reading and
understanding of numerical information embedded in texts, such as the communication included
in Question 1 of our questionnaire, as being “very easy” or “easy”. However, a small percentage
of the participants in the study (9.3%), significant in the sense that our sample concerns highly
educated adults, found it “difficult” or “very difficult.”

The distributions of participants’ answers to question 1 by gender, education level and
age are shown in the following tables.
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Table 2a. Distribution of participants’ answers on understanding numerical information
embedded in Question 1 by gender (n=310)

Very difficult ~ Difficult ~ Neither Easy nor Difficult Easy Very Easy
Male 5(3.7%) 7(5.2%) 20 (14.8%) 30 (22.2%) 73 (54.1%)
Female 6 (3.4%) 11 (6.3%) 28 (16.0%) 42 (24.0%) 88 (50.3%)

Table 2b. Distribution of participants’ answers on understanding numerical information
embedded in Question 1 by education level (n=310)

Very difficult  Difficult  Neither Easy nor Difficult Easy Very Easy
Secondary education 1 (1.6%) 2 (3.2%) 10 (16.1%) 16 (25.8%) 33 (53.2%)
Higher education 10 (4.0%) 16 (6.5%) 38 (15.3%) 56 (22.6%) 128 (51.6%)

Table 2c. Distribution of participants’ answers on understanding numerical information
embedded in Question 1 by age (n=310)

Very Difficult Neither Easy nor Easy Very Easy Easy +Very
difficult Difficult Easy
<30  2(1.8%) 8 16 (14.3%) 34 (30.4%)  52(46.4%) 86 (76.8%)
(7.1%)
31- 0 (0.0%) 3 (4.7%) 11 (17.2%) 10 (15.6%) 40 50 (78.1%)
40 (62.5%)
41- 2 (2.9%) 1 10 (14.5%) 17 39 56 (81.1%)
50 (1.4%) (24.6%) (56.5%)
>51 7 (10.8%) 6 11 (16.9%) 11 30 (46.2%) 41 (63.1%)
(9:2%) (16.9%)

The above tables show that no substantial differences in ease of understanding numerical
information embedded in texts, such as that included in Question 1, were found for gender or
education level of the adults surveyed. However, their age differences seem to be related to their
assessments. Adults over the age of 50 years find this numerical data somewhat more difficult to
understand than younger adults.

2. Understanding numerical information presented by infographics

It is commonly assumed that visually presented numerical data convey information that can
quickly and easily be understood by an adult audience and for such a reason they were extensively
used in communications about dispersion and transmissibility of COVID-19 by governmental
agencies, health organizations, media and newspapers. Two types of visualizing data were used
with great frequency: infographics and graphs presenting particular sets of numerical data such
as line charts, bar graphs, and others common in statistics.

Infographics have emerged as a popular visual approach to deliver abstract, complex, and
dense messages (Smiciklas, 2012). An infographic (which is short for information graphic), is “a
larger graphic design that combines data visualizations, illustrations, text, and images together
into a format that tells a complete story” (Krum, 2014, p.6). It is a type of visual representation
of data that gives an audience a quickly consumed and easily understood overview of a topic.

Graphs, on the other hand, focus on a small and specific data set. They display
quantifiable data (either numbers or statistics) “by means of the combined use of points, lines, a
coordinate system, numbers, symbols, words, shading, and color” (Tufte, 2001, p.10). They aim
to make what might otherwise be a complicated collection of numbers into something that is
easily understood at a glance. The most used type of graph used in communications about
COVID-19 was the time-series graph showing the evolution of infection cases, deaths,
hospitalized patients, etc.
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Of course, any visual presentation of numerical information involves the choice of data,
visual images, and illustrations, and balances between numeric and alphabetic texts.

Questions 2 to 4 in our questionnaire asked the participants to give their subjective
assessment of their level of difficulty in understanding information presented by infographics as
shown in the following figures 2, 3, and 4, translated into English.

Figure 2 informs people about the geographical spread of COVID-19 in the country on a
particular day, and the related question asked participants to assess the ease or difficulty of reading
and understanding the information given by this infographic.
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Fig.2. The geographical spreading of COVID-19 on a particular day (29.03.2020).

The three columns on the left of the figure show the numbers of infected cases and deaths in each
prefecture of the country, with an emphasis on Attica (702-15) and Piraeus (56-0) prefectures.

Question 3 presents in a comparative way the numbers of infection cases, patients
intubated in intensive care units, and deaths on a particular date, throughout all of Greece.

1’667 r new deaths

infections 612 im"l_mte_d
patiens

-

Fig.3. Numbers of COVID-19 ifected cases, atients intubated in intensive-care units, and deaths on a
particular day (4.12.2020).

Question 4 illustrates the evolution of daily infected cases over a two-day period of time
(cumulative totals since the confirmation of the first case by the end of February 2020 up to 1
April 2020).
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Fig.4. The evolution of COVID-19 infected cases over a over a two-day period of time.

The responses of the participants in our study are shown in Table 3.

Table 3. Understanding information presented by infographics embedded in Questions 2, 3 & 4
(n=310)

Very Difficult Neither Easy nor Easy Very Easy Easy + Very
difficult Difficult Easy

Q.2/Fig2 7(2.3%) 25 (8.1%) 49 (15.8%) 70 159 229 (73.9%)
(22.6%) (51.3%)

Q.3 /Fig3 16(5.2%) 26 (8.4%) 36 (11.6%) 49 183 232 (74.8%)
(15.8%) (59.0%)

Q.4 /Fig4 25(8.1%) 33 53 (17.1%) 56 143 199 (64.2%)
(10.6%) (18.1%) (46.1%)

The data in Table 3 shows that the majority of adults surveyed assessed their reading and
understanding of the visually presented numerical information to our respective questions as
“very easy” or “easy.” Lesser percentages of participants found these numbers as “difficult” or
“very difficult”, despite the fact that these adults may be regarded as formally highly educated.
Comparing the three types of visual presentations we note that the assessment of easiness of the
infographic shown in Fig. 4 is slightly lower than the other two in Figs 2 and 3. This difference
can perhaps be attributed to the bar graphs that illustrate the numerical information in this image,
an issue that may be related to deficits in the statistical literacy of the adults surveyed.

The distributions by gender, education, and age of participants’ answers to these questions (not
included here) showed no substantial differences among them.

3. Understanding numerical information in time series graphs

In addition to the previous questions, one question of our questionnaire asked the participants to
give their subjective assessment of their level of difficulty in understanding comparative
numerical information presented by a time-series graph, such as the one shown for Question 5
below.

New Hospital Admissions vs. Discharges

Admissions

10 Discharges

e Admissions . Discharges

Fig.5. New hospital admissions (COVID-19 infected cases), and discharges (recovered cases)
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The line-graphs show a comparison the evolution of numbers of admissions to, and discharges
from, hospitals over a period of three months (26/6/2020 — 23/9/2020) of people infected by, and
recovered from, COVID-19.

The responses of the participants in our study are shown in the table below.

Table 4. Understanding the relationship between hospital admissions and discharges (n=310)

Very Difficult Neither Easy nor Easy Very Easy Easy + Very

difficult Difficult Easy
Qus/  20(9.7%) 77 48 (15.5%) 80 75 155 (50.0%)
Fig.5 (24.8%) (25.8%) (24.2%)

As concluded from the above data, half the adult population surveyed assessed their
understanding of comparative numerical information presented in this time-series graph as “very
easy” or “easy” (50%), while a significant percentage, greater than one-third of this population,
found it “difficult” or “very difficult” (34.5%).

It seems that people tend to comprehend more and make better-informed decisions when
the presentation format makes the most important information easier to evaluate and when less
cognitive effort is required. Results from experiments carried out by Peters et. al. (2007a) showed
that those with lower numeracy skills are at a disadvantage in comprehending the information
presented in complex formats that require a cognitive burden and obscure the meaning of
important information

An investigation of the distributions by gender, education and age of participants’
answers to this question showed no considerable differences among the different demographic
categories.

4. Assessment of the usefulness of numerical information presented by infographics
and time series graphs

Questions 9 and 10 in our questionnaire (see Appendix) asked the participants to give their
subjective assessments on the usefulness of numerical information presented in communications
about COVID-19 by infographics and time series graphs. The responses of the participants are
shown as frequencies and percents in the table below.

Table 5. Distribution of participants’ answers by type of visual presentation (n = 310)

Notatall  Slightly useful Moderately Useful Very Useful + Very
useful useful useful useful
Infographics 24(77%) 38 (12.3%) 70 (22.6%) 104 74 178 (57.4%)
(Qu. 9) (33.5%)  (23.9%)
Ti i h
(éfelgfnes BEPIS  18(5.6%) 58 (18.7%) 88 (28.4%) 70 76 146 (47.1%)

(22.6%)  (24.5%)

As Table 5 shows, the distributions of responses concerning the usefulness of infographics and
time series graphs for presenting numerical information about COVID-19 show that
approximately half the participant considers these visuals as “very useful” or “useful”.

An investigation of the distributions of participants’ answers to these questions shows
that no substantial differences by gender or education can be confirmed. The results are less
straightforward concerning the age of the participants; see Tables 5a and 5b.
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Table 5a. Distribution of participants’ answers on the usefulness of infographics in general (Qu.
9) by age (n=310)

Not at all Moderatel ful + Vi
1(1)se ful Slightly iiifule Y Useful Very useful UseJlse ful ey
useful

<30 6 (5.4%) 15 (13.4%) 24 (21.4%) 39 28 67 (59.8%)
(34.8%) (25.0%)

31- 6 (9.4%) 10 (15.6%) 12 (18.8%) 20 16 36 (56.3%)
40 (31.3%) (25.0%)

41- 6 (8.7%) 9 (13.0%) 16 (23.2%) 25 (36.2%) 13 38 (55.0%)
50 (18.8%)

>51 6 (9.2%) 4 (6.2%) 18 (27.7%) 20 17 37 (57.0%)
(30.8%) (26.2%)

Table 5b. Distribution of participants’ answers on the usefulness of time series graphs in general
(Qu. 10) by age (N=310)

Not at all Slightly Moderately Useful Very useful Useful + Very
useful useful useful useful

<30 8 (7.1%) 17 (15.2%) 34 (30.4%) 26 27 53 (47.3%)
(23.2%) (24.1%)

31-40 1 (1.6%) 8 (12.5%) 17 (26.6%) 12 26 38 (59.4%)
(18.8%) (40.6%)

41- 1(1.4%) 20 (29.0%) 23 (33.3%) 15 10 (14.5%) 25 (36.2%)

50 (21.7%)

>51 8 (12.3%) 13 (20.0%) 14 (21.5%) 17 13 30 (46.2%)
(26.2%) (20.0%)

The age of participants seems not to be related to their assessments of the usefulness of
infographics. However, views on the usefulness of time series graphs, as shown in Table 5b, do
not seem to follow an easily interpretable distribution: adults aged 41-50 years rate the usefulness
somewhat higher than other groups, whereas those 41-50 rate the usefulness as lower.

A further cross-check of responses to Question 10 indicates as a possible explanation the
relationship between age and educational level of adults on the one hand, and usefulness ratings;
see Table 6.

Table 6. Distribution of participants’ answers on the usefulness of time series graphs in general
(Qu. 10) by age and educational level (n=310)

Educational Not at all Slightly Moderately Useful + Very
Age level useful useful useful useful
<30 Secondary 1(6.3%) 2 (12.5%) 4(25.0%) 9 (56.3%)
Higher 7(7.3%) 15 (15.6%) 30 (31.3%) 44 (45.8%)
31-40 Secondary 1 (7.7%) 3 (23.1%) 5 (38.5%) 4 (30.8%)
Higher 0 (0.0%) 5 (9.8%) 12 (23.5%) 34 (66.7%)
41- Secondary 0 (0.0%) 6 (25.0%) 8 (33.3%) 10 (41.7%)
50 Higher 1 (2.2%) 14 (31.1%) 15 (33.3%) 15 (33.3%)
>51 Secondary 1 (11.1%) 1 (11.1%) 4 (44.4%) 3 (33.3%)
Higher 7 (12.5%) 12 (21.4%) 10 (17.9%) 27 (48.2%)

Table 6 does not display any pattern that is reliable: one of the most noticeable results, the low
rating on “useful + very useful" for secondary qualified 31-40 adults, is based on a very small
sample size (n=4).

Finally, we might ask whether the subjective assessments of the difficulty of
understanding the numerical data presented by particular infographics is related to the
assessments of their general usefulness by participants. The data suggests a considerable
correlation between these two assessments, as shown in Table 7.
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Table 7. Distribution of participants’ answers on the difficulty of understanding (Qus. 2, 3, 4)

and the usefulness of infographics in general (Qu. 9) (n=310)
Not at all + Slightly useful Useful + Very useful

0,
Qu.2 Easy +Very Easy 42 (18.3%) 140 (61.1%)
Very difficult + Difficult 6 (18.8%) 19 (59.4%)
Qu.3 Easy +Very Easy 45 (19.4%) 142 (61.2%)
Very difficult + Difficult 9 (21.4%) 14 (33.3%)
Qu.4 Easy +Very Easy 38 (19,1%) 118 (59.3%)
Very difficult + Difficult 15 (25.9%) 36 (62.1%)

However, Table 8 shows a different picture.

Table 8. Distribution of participants’ answers on the difficulty of understanding (Qu. 5) and the
usefulness of time series graphs in general (Qu. 10) (n=310)
Not at all + Slightly useful Useful + Very useful

Qu.5 Easy +Very Easy 14 (9.0%) 99 (63.9%)
Very difficult + Difficult 51 (47.7%) 33 (30.8%)

Here there is a relationship between difficulty of understanding of Question 5 and the perceived
usefulness of time series graphs in general, with the more difficult item being perceived as less
useful. This can perhaps be explained by the higher “easiness” ratings for Questions 2, 3 and 4
(64% to 75% in Table 3) than that for Question 5 (50% in Table 4).

Discussion

A considerable number of the adults who participated in this survey, although the sample as a
whole may be considered relatively highly educated, have subjectively assessed themselves as
having difficulties in reading and understanding numerical information presented in various forms
or embedded in textual or visual contexts. These difficulties were not generally dissimilar to those
observed in lower educated persons. In any case, this is a finding of many studies concerning
health numeracy issues (e.g., Lipkus et al. 2001).

In particular, about 9% of these adults assess as difficult or very difficult to understand
the numerical information concerning COVD-19 which is embedded in a text such as Question
1. Some 10% to 19% report that they have comprehension difficulties with infographics, such as
Questions 2, 3 and 4.

Infographics included in these questions involve many components, such as images,
graphics, charts, words, and numbers. Consequently, they are more complex visuals than the usual
charts which contain mostly numerical data. Infographics, using graphical, textual and numerical
semiotic conventions, embed representations aiming to display coherent arguments about selected
aspects of COVID-19 pandemic. Therefore, they aim to lead people to a more rapid and efficient
understanding of the information they intend to convey. The difficulty in understanding reported
above, however, questions the assumption of the effective conveying of coherent argument.

At the same time as these percentages of adults report difficulties in comprehending the
numerical information shown in particular infographics, about 57% of adults answering Question
9 of our questionnaire consider these infographics in general to be useful or very useful for
presenting information about COVD-19.

On the other hand, a greater percentage of 34.5% of adults surveyed assess as difficult to
understand the fluctuations of numerical data shown in a particular time series graph. Yet about
47% assess as useful or very useful time series graphs in general presenting the numerical
evolution of aspects of COVID-19. The differing patterns of correlations between assessments of
difficulty in understanding numerical information included in infographics and those in time-line

Volumel7(1) -2023 19



ALM International Journal, Vol.17(1), pp. 7-25

graphs, on the one hand, and evaluations of their usefulness in general in presenting such
information are discussed in connection with Tables 7 and 8.

Our findings suggest rather considerable age-related differences in the distribution of
participants’ answers on the questions about understanding numerical information embedded in
a text (Qu. 1); see Table 2c. However, no differences by age were found in their answers
concerning understanding numerical information presented by infographics (Qus. 2 to 4), nor in
understanding numerical information in a time series graphs (Qu. 5).

It has been shown by studies using data from international large-scale comparisons such
as PIAAC that literacy and numeracy skills change during adulthood involving both gains and
losses, which however occur at different ages. The cross-sectional age profile of literacy and
numeracy which is depicted in these studies follows an inverted U-shape: Numeracy skills
“increase” (cross-sectionally) with age throughout the second decade of life, peak at around age
30, and gradually “decline” thereafter (e.g., OECD, 2016a; Paccagnella, 2016).

Beyond average age trends, there are additional individual differences and group
differences in numeracy skills change. For example, using cross-sectional PIAAC 2012 data,
Paccagnella (2016) compared age differences in literacy and numeracy skills among adults with
different levels of educational qualification and found that, among those with the highest
educational qualifications, the apparent decreases of skills with increasing age were more
pronounced than among those with lower qualifications. In any case, cross-sectional studies of
age differences are limited in that they are unable to disentangle age-related changes from cohort
effects (related to the period during which the age-group was developing). On the other hand,
small-scale longitudinal studies based on selective samples cover some population subgroups in
a certain life stage but not other subgroups and life stages (Lechner, et.al. 2021).

The age-related differences in the assessment of the usefulness of time series graphs in
general in communications about COVID-19 by the participants in our study may stem from
subjective evaluation criteria which may be influenced by age, or perhaps by the time gap since
their graduation from education.

The above conclusions, however, are subject to the limitations of this research. The two
most important may be summarized as follows.

First, we used a convenience sample of which the disadvantages were set out in the
methodology section. As mentioned, a convenience sample, as a non-random sample, has
doubtful representativeness of the population to which the researcher may wish to generalize
regarding the numeracy competences studied. Therefore, any inference about the entire Greek
adult population may not be valid, though it may be broadly “suggestive”. However, it may be
claimed, though with much caution, that if the results reported in this paper are obtained for such
a convenience sample of “relatively highly educated Greek adults”, they will likely report even
more difficulties and lower usefulness ratings among “average Greek adults.”

Further, we should underline that the use of significance tests to help judge the robustness
of findings from a sample like this (as opposed to mere chance fluctuations in results) is ruled out
by the lack of random sampling.

Second, a potential limitation of our conclusions comes from the use of a questionnaire
asking adults to subjectively assess their difficulties and perceptions of usefulness in reading
numerical information — using data presented in various forms or embedded in various contexts
about COVID-19. The use of subjective assessments of adults’ numerical competencies has been
discussed in the methodology section of this paper. In addition, it has to be underlined here that
the use of subjective assessments of numerical competencies involves the likelihood of
overestimating or underestimating them by the individuals since it is not a testing of their
numerical skills but an expression of their perceptions. However, there is some support in the
literature for the claim that subjective assessments of numeracy of adults are effective in
circumventing some of the problems associated with objective numeracy tests, for instance, those
concerning the statistical numeracy of older adults (Rolison et. al., 2013).
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Conclusions

In the social conditions which have been created by COVID-19, the numerical data used in
communications can outline a picture of reality, provide people with the capacity to assess
situations in their everyday lives, and offer them a context for assessing the actions, both
individual and collective, required for ensuring their health. However, the available research data
on adult numeracy, both on a general level through the PIAAC survey for Greece and through the
more specific survey presented in this paper provides evidence of an existing problem concerning
the health numeracy of Greek adults, even those regarded as relatively highly educated.

Reading and understanding numbers of cases and deaths from COVID-19 in their local area may
lead adults to the conclusion that they must modify their behaviour, adopting all the proposed
protective measures. However, for many of the adults surveyed, the use of numbers, may generate
confusion or misunderstandings of the phenomena presented. For example, many adults reading
daily numbers of COVID-19 infections or deaths without any reference to the corresponding total
populations or observing media presentations which compare numbers of infections or deaths in
their own residential area with numbers in other areas of the country, regardless of relevant
population sizes, may lead adults to mistakenly appreciate the extent of their own risks.

For the time being, much remains to be learned about the advantages and disadvantages
of different types of numerical information — by Greek officials and experts, and indeed
worldwide. The numbers publicly presented should be accompanied by clarifications and in an
understandable context (Zikmund-Fisher, 2019). Another side of the problem of adults’
deficiencies in reading and understanding numerical information about COVID-19, and more
generally in handling numbers about health matters, may be found in the structural inadequacies
of adult education in Greece. Adult education programs of various types and forms, developed by
many public and non-governmental organizations, do not include any aspect of numeracy as an
essential component. This fact, combined with the abstract content of mathematics in Greek
schools, has among other things, undesirable consequences for adults’ numeracy skills and
abilities and their attitudes towards numerical information. A lesson from the current pandemic
for those involved in adult education in Greece is that a fundamental level of numeracy, especially
concerning health issues needs to be developed for all adults.

Further research is needed on the competences of adults in hearing, reading and
understanding quantitative data about COVID-19 since the pandemic may not be ending soon.
Research projects should involve large groups of adults with different levels of education and life
experience, and therefore different numeracy competences. Further research aiming to answer
particular questions raised by our survey would be interesting; for instance, a further exploration
of adults’ difficulties in reading and understanding numerical information about COVID-19 in
relation to their age. Finally, since the variable “age” appears to differentiate adults’ conceptions
of numerical information, additional related variables incorporating crucial aspects of differences
in life or work experience, might serve to illuminate research on adult numeracy further.
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Appendix: Questionnaire
Dear all,

As you are very well aware, the pandemic which has been caused by COVID-19 has changed our
lives for several months now and introduced to our thinking new words and concepts. But also a
bulk of information that we need to understand and a lot of instructions we need to follow so as
to protect ourselves and our social circle. This information involves as a rule a multitude of
numerical data, which are presented in different forms and in various contexts: numbers of
infections, people tested daily, deaths, hospitalized patients and patients in intensive-care units,
and at the same time numbers of daily individual violations of restrictions.

This questionnaire is the instrument of a survey, which seeks to trace the assessments of the
difficulties people encounter in understanding official communications and media news about
COVID-19 that are presented in textual or visual forms as are infographics and various types of
graphs.

We kindly ask you to participate in this survey by answering the following questions. It will take
a few minutes from your time, and we ask you to answer these questions without much thought
investment considering only your first impression formed by reading each question.

There are no wrong or right answers and we anticipate that your responses will express your
subjective, personal, assessment.

The questionnaire is anonymous, and thus the confidentiality of the information gathered is
guaranteed.

Your participation is valuable for our study, and we thank you very much. If you need any further
details about this survey or this questionnaire do not hesitate to contact us at the sender's email.

Numbers in communications about COVID-19

In each one of the following questions, please mark your response with an X in the
corresponding box.

Gender: *M *F
Age: * less than 30 years - ¢ 31-40 years - ® 41-50 years — more than 51 years

Education: ¢ Elementary education - * Secondary education - ¢ Higher education

Qu. 1. Read the official announcement below and make an assessment of how difficult it is for you to
understand the numbers of COVID-19 infected cases that are included in this text.

24 Volume 17(1) — 2023



Giannakopoulou — Reading and understanding numerical information about COVID-19

H avakoivworn tov EOAY

Aebopéva ewe 20 AexepBpiov 2020, wpa 15:00

ZAPEPa avakowwyoups 588 vea KpoUoHATa TOU VEOUL 10U OTN XWpa, EK Twv oTolwy 11
EVTOTIOTNKAY KATOTIY EAEYXWY OTIC TIOAEG E10O60L TNE XWwpac. 0 cuvolikdg aplBpog Twy
KpouapdTwy eivat 131.072, ek Twv omoiwv To 52,5% avbpec.

5211 (4,0%) BewpolvTal oxeTIopeva P TafiblL ano o efwtepiko Kat 38.349 (29,3%) eival
OXeTIZOPEV PE ABN YVWOTO Kpoloua.

[ Very Easy - [1 Easy -[J Neither easy nor difficult - [J Difficult - [ Very difficult

Qu.2. Take a look at the picture below and make an assessment of how difficult it is for you to understand
the geographical spreading of COVID-19 from graphics like this one.
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[J Very Easy - [1 Easy -[] Neither easy nor difficult - [] Difficult - [ Very difficult

Qu.3. Take a look at the picture below and make an assessment of how difficult it is for you to understand the
relationship between numbers of COVID-19 infected cases and deaths on a certain day from graphics like

this one.
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[ Very Easy - [1 Easy -[J Neither easy nor difficult - [J Difficult - [ Very difficult

Qu.4. Take a look at the picture below and make an assessment of how difficult it is for you to understand the
evolution of COVID-19 infected cases over a period of time from graphics like this one
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[J Very Easy - [1 Easy -[] Neither easy nor difficult - [] Difficult - [ Very difficult

Qu.5. Take a look at the graph below and make an assessment of how difficult it is for you to understand the
relationship between numbers of new hospital admissions (infected by COVID-19) and exits (recovered

from COVID-19 from line graphs like this one.
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Néeg voonAeieg vs. E§ltnpla

[J Very Easy - [1 Easy -[] Neither easy nor difficult - [] Difficult - [ Very difficult

QOu.6. How useful do you assess the use of whole numbers in your understanding of the official
communications about COVID-19?

[J Very useful - [1 Useful -[] Moderately useful - [] Slightly useful- [] Not at all useful

Qu.7. How useful do you assess the use of fractions in your understanding of the official
communications about COVID-19?

[0 Very useful - [ Useful -[J Moderately useful - [J Slightly useful- [J Not at all useful

Qu.8. How useful do you assess the use of percentages in your understanding of the official
communications about COVID-19?

[0 Very useful - [ Useful -[J Moderately useful - [J Slightly useful- [J Not at all useful

Qu.9. How useful do you assess the use of infographics, such as these in questions 1, 2, and 3, in
communicating information about COVID-19?

[0 Very useful - [ Useful -[J Moderately useful - [J Slightly useful- [J Not at all useful

QOu.10. How useful do you assess the use of time series graphs, such as that in question 4, in
communicating information about COVID-19?

[0 Very useful - [ Useful -7 Moderately useful - [J Slightly useful- [J Not at all useful
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Abstract (Using ALM Heading 1)

This paper discusses adults who are dealing with limited financial means under the premises of
disability and over-indebtedness. To this end, the authors examined the concepts of vulnerability,
financial literacy and the numerate environment for systematising and presenting findings from a
qualitative secondary analysis of qualitative data sets derived from two research projects, having
explored the numeracy practices of adults with learning difficulties and of adults facing over-
indebtedness. By this, the learner’s micro level of acting out numeracy is brought to the fore,
revealing the multidimensional features of a numerate environment and of adults’ numeracy
strategies in order to handle financial matters in daily life. The analysis identified the common
ground of the most significant competency domains of financial literacy according to both data
sets (revenues, expenses and consumption, and budget management) and identified the numeracy
strategies developed and used. In conclusion, the authors suggest further discussion of
vulnerability as a relative and relational category that supports a pedagogical understanding of
adult basic education and adult numeracy with a resource-oriented perspective..

6 Key words

Numeracy; disability; debts; money; vulnerability; financial numeracy

Introduction

Analysing the topic of dealing with limited financial means as part of adult numeracy is of
particular interest, considering the pivotal role that money plays in the scope and quality of not
only participating in society, but also in pursuing individual and collective interests, learning
endeavours, and leading a ‘good’ life with sufficient means. Its significance was summarised by
an interviewee in one of the studies to be presented in this paper, an adult with learning difficulties
(also termed intellectual disabilities [ID]):
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I mean, it enables everything you have got: a flat, food, clothing, spare time. It is in our times...
Without money, you can’t survive or do anything or develop yourself. (DIS I 1 #01:00:19-1#)

This sequence points to what we have described in earlier papers as the nexus between
participation and adult basic education in the sense of an interdependency: basic education is
both the prerequisite of participating in society and its continuous work mode (Curdt & Schreiber-
Barsch, 2021; Schreiber-Barsch & Curdt, 2021; Schreiber-Barsch, Curdt & Gundlach, 2020).
Having recognised this interdependency, it becomes clear why adult basic education has evolved
from being treated as an individual’s responsibility to one that is borne by the public and
educational sector, as enabling and ensuring the participation of individuals and groups in society
complies with the socio-political and educational standards and demands of a modern democracy.
Thus, the concept of participation links individual action (learning) to its embedding societal
architecture (entitlement for and provision of learning) (Beck, 2013). Adult basic education
enables and strengthens this nexus by assisting adults as they adapt to the knowledge and
employability demands of modern societies and labour markets, empowering individuals and
groups to navigate through these societies and critically reflect these demands, as well as reducing
the social expenses and negative impacts of a population with only low numeracy and literacy
skills (Craig, 2018, pp. 61 — 65; Grotliischen & Buddeberg, 2020; Organisation for Economic
Cooperation and Development (OECD), 2019a).

A social practice approach to adult literacy and numeracy pays particular attention to the
different layers of this nexus and helps to uncover its power relations and individual perceptions.
Such an approach ensures that adult literacy, numeracy, and language skills are not viewed as
only an individual performance; rather, they are seen as “communal resources” (Hamilton, Hillier
& Tett, 2006, p. 12) and “fundamental aspects of communication” (p. 11) that allow individuals
to develop their biographies, “mediate individuals’ dealings with one another, and regulate
interaction with social agencies” (p. 11). Adult basic education, then, extends the pedagogical
idea of transferring functional knowledge of reading, writing and mathematics techniques towards
recognising this embeddedness of literacy and numeracy (Tett, Hamilton & Hillier, 2006). This
view is seen to support adults in leading a meaningful life as independently and self-determined
as possible and developing a literate and “numerate adult citizenship” (Faragher, 2019, p. 206),
which allows adults to be recognised as “productive and accepted members of particular
communities of practice” (Yasukawa, Jackson, Kane & Coben, 2018a, p. 14).

Following this perspective and shifting the focus to numeracy, the paper aligns with
scholarly works that interpret numeracy as accounting for both the mastery of school mathematics
and everyday numeracy (Geiger, Goose & Forgasz, 2015, p. 531; Liissenhop & Kaiser, 2021, p.
47), giving credit to a life-world orientation (Grunwald & Thiersch, 2018) and aiming to uncover
the situative and context-contigent nature of acting out numeracy (Yasukawa, Rogers, Jackson,
& Street, 2018b). Such socio-cultural approaches seek to gather insights into how numeracy is
perceived and experienced subjectively by adults, focusing “on what people do with numeracy
through social interactions in particular contexts, rather than on people’s performance of
mathematical skills in isolation of context” (Yasukawa et al. 2018a, p. 13; emphasis in original).
To this end, the paper further draws upon the concepts of the numerate environment (Evans,
Yasukawa, Mallows & Creese, 2017; Evans, Yasukawa, Mallows & Kubascikova, 2021) and
financial literacy (Lusardi, Hasler & Yakoboski, 2021; Mania & Troster, 2015, 2018). It aims to
show how their systematic application on findings from two qualitative-oriented research
projects, having explored the issues of numeracy practices of adults with learning difficulties
(Schreiber-Barsch et al., 2020) and of adults in situations of over-indebtedness (Angermeier &
Ansen, 2019), was useful in investigating the financial numeracy practices of two groups of adults
in vulnerable living situations and in uncovering important implications for adult basic education
pedagogy and research approaches.

Literature review: Numeracy practices of adults living in financial fragility
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Over-indebtedness and disability: Fuelling risks of vulnerability

Several studies have consistently referred to income and educational background as significant
objective resources that affect participation in learning (in general) and adult basic education (in
particular) (OECD, 2019b, pp. 23, 26-27; Lusardi et al., 2021, p. 184). Hence, living with over-
indebtedness or with learning difficulties strongly suggests a higher risk of financial vulnerability,
again emphasising the need for financial literacy due to situations of “financial fragility” (Lusardi
etal., 2021, p. 181).

Over-indebtedness has a strong impact on a diverse range of everyday contexts, such as
consumption, living, social networks and healthcare provision (Ansen et al., 2017). The term
“over-indebtedness” covers households that are not able to cover their daily expenses and fulfil
their contracted payment obligations for a longer, persistent period, even if they minimise their
living expenses (EU Commission, 2008, p. 37). Data from credit agencies and debt-counselling
services report that in 2021, around 9% of the German population (around 6 million persons) is
said to be over-indebted (Creditreform, 2021, p. 45). Quantitative data on persons using debt-
counselling services confirm the relation between over-indebtedness with unemployment and low
income; furthermore, the high percentage of persons with a low (ca. 45%) or missing (ca. 19%)
school-leaving qualification has become apparent (Peters & Grofil, 2021, p. 43). However, the
reasons for the prevalence of over-indebtedness involve a complex interplay between external
factors such as unemployment (22.7%) or illness (11.2%) and individual behaviour concerning,
for example, consumption (8.6%) or insufficient financial literacy (3.6%) (p. 47). Beyond the
economic and legal status of insolvency, the situation of limited financial means needs to be seen
as a lengthy, non-linear and socially embedded process with a deep impact on social participation
and personal well-being (Ansen et al., 2017). Each daily activity must be costed while considering
its financial constraints.

What is considered a disability or impairment differs worldwide (World Health
Organization [WHO], 2007, pp. 17-24), yet, their mutual interference with participation
manifests in the International Classification of Functioning, Disability, and Health (ICF) (WHO,
2001) as well as in the United Nations’ definition: “Persons with disabilities include those who
have long-term physical, mental, intellectual, or sensory impairments which in interaction with
various barriers may hinder their full and effective participation in society on an equal basis with
others” (UN, 2006, Art. 1). In Germany in 2019, 7.9 million persons were officially recognised
as having a severe disability (DESTATIS, 2021, p. 327). Data from 2013 identify a total of
299,000 persons as having an intellectual disability (ID) (assigned to persons with an IQ score of
55 and below) or a learning disability (with no distinction in the statistics; BMAS—
Bundesministerium fiir Arbeit und Soziales, 2016, p. 46). However, the relation of disability,
particularly intellectual (termed in this paper learning difficulties; see below), with low income
and educational background is evident, for example, in low levels of school-leaving qualifications
(KMK, 2020, pp. XXI-XXII) or, as adults, a predominance of working in sheltered workshops
(BMAS—Bundesministerium fiir Arbeit und Soziales 2016, pp. 119-124, 222, 196). Seventy-
five percent of their employees are persons labelled with an ID (Bundesarbeitsgemeinschaft
Werkstitten fiir behinderte Menschen (BAG WbM), 2020a, p. 37). Sheltered workshops allow
for participation in work and have also the task to integrate persons into the primary labour
market; however, it is for them to decide who is perceived as abled enough for supporting
transition to vocational training or (sheltered) jobs in the primary labour market. Moreover,
working in a sheltered workshop is not considered regular employment. Hence, these
employments are decoupled from legal protections, such as minimum wage or pension funds (pp.
163-164). On average, the standard wage of people working there was 206,95 Euros per month
in 2019 (BAG W1bM, 2020b), posing high poverty risks. However, the situation of persons with
disabilities is much more cushioned by social state benefits (due to an ID diagnosis) in comparison
with the situation of other persons such as those in over-indebtedness.

There are many reasons to suggest that adults in situations of over-indebtedness or
disability are confronted with a much higher risk of vulnerability and, vice versa, with a more
distinct need for adult basic education. However, we argue for a multidimensional and
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pedagogical understanding of vulnerability according to which vulnerability remains a potential,
and not a given, fact prior to its occurrence. Every human being is vulnerable and thus exposed
to diverse vulnerabilities in his/her personal and social entities (Burghardt et al., 2017).
Vulnerability, moreover, depends on the interplay between internal and external factors
(Mackenzie, Rogers & Dodds, 2014, p. 4). Thus, there are two sides: “an external side of risks,
shocks and stress to which an individual or household is subject: and an internal side which is
defencelessness, meaning a lack of means to cope without damaging loss” (Chambers, 1989, p.
1). Such loss “can take many forms—becoming or being physically weaker, economically
impoverished, socially dependent, humiliated or psychologically harmed” (p. 1). In this sense, the
potential of becoming or being vulnerable transforms over the lifespan in its degrees and risks of
becoming existent (Brown, Ecclestone & Emmel, 2017). Vulnerability, thus, is embedded in
human corporeality, subjective perceptions and in social and cultural fabrics of norms and values,
which also implies a reservoir of personal and social resources for coping with and resisting to
risks of vulnerability (Castro Varela & Dhawan, 2004) — rendering, considering the scope of this
paper, persons and households “more financially resilient” (Lusardi et al., 2021, p. 182).

The numerate environment and financial literacy as analytical frameworks

The body of knowledge on numeracy as part of adult basic education has unfolded over the last
few years (Gal, Grotliischen, Tout & Kaiser, 2020). In our research, we used the theoretical
resources of socio-cultural research and studies of numeracy as social practice, with their
conceptual categories of numeracy events (“occasions in which a numeracy activity is integral to
the nature of the participants’ interactions and their interpretative processes”) and numeracy
practices (“the broader cultural conceptions that give meaning to the event”) (Baker, Street &
Tomlin, 2003, p. 12). Through numeracy practices, the contexts of acting out numeracy are
brought to the fore, examining whether and the way in which these contexts enable and/or hinder
the development and use or non-use of numeracy as part of the adults’ “social lives and social
interactions” (Evans et al., 2021, p. 6).

Numeracy involves, on the one hand, standardised mathematical content (space and
shape; numbers and calculating; size and measurements; patterns and structures; probabilities,
frequencies, and chances; Konferenz der Kultusminister der Lander in der Bundesrepublik
Deutschland (KMK), 2004, p. 8; OECD, 2019a), and, on the other hand, transfer- and process-
oriented mathematical skills (problem solving; communicating; reasoning; modelling; presenting;
KMK, 2004, p. 7; Schéfer, 2020, pp. 71-75). We complemented these two categories (content,
skills) with those of direct interaction and artefacts to understand the usage of artefacts as visual
aids (e.g., timetables) and of devices/ technologies/ objects or support persons (such as
professionals, assistants), which are employed by subjects as part of their numerate environment
(Curdt & Schreiber-Barsch, 2021, p. 208). Focussing on dealing with limited financial means,
due to its high significance in both data samples (see below), put, moreover, the numerical size
‘money’ in the foreground and those numeracy practices in which the mentioned categories
interrelate: content-wise, it concerns, for example, distinguishing bank notes from coins and
counting them. In transferring this into acting out numeracy, the individual meaning and
interpretation of the social phenomenon of money (Abbott & Marriott, 2012; Geiger et al., 2015)
and its significance in unfolding numeracy abilities and skills (with, e.g., artefacts such as a
calculator) as a means to participate in society becomes apparent.

Under the context of enabling and ensuring participation, the concepts of financial
numeracy and financial literacy are introduced (Gal et al., 2020, p. 380, 388; Mania & Troster,
2015, 2018; Skagerlund, Lind, Strombéck, Tinghdg & Vistfjill, 2018). Both concepts refer to
adults’ abilities to lead one’s life according to their financial affairs; yet financial numeracy also
emphasises the development of a critical view on handling financial affairs, recognising adults’
situated learning and dealing with financial means. In order to differentiate these numeracy-
related activities in the data sets, we used the systematisation developed by Mania and Troster
(2015), which features six competency domains of financial literacy situated in daily life:
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revenues; money and payment transactions; expenses and consumption; budget management;
loans and debts; and provision and insurances (pp. 23-28; comparable to, for example, the areas
of the US-American Personal Finance Index; Lusardi et al., 2021).

However, as these domains of financial literacy capture only the demand side of financial
affairs, we complemented the analysis with the broader concept of the numerate environment
conceptualised by Evans etal. (2017, 2021), which distinguishes four dimensions and three levels:
The dimensions are termed affordances (demands, opportunities, supports, barriers), functioning
on the micro-level “(the individual in small face-to-face groups), the mid-level (groups and
institutions in civil society), and the macro (societal) levels” (2021, p. 5; emphasis in original).
Using the term ‘affordance’, Evans et al. followed Gibson’s (1979) work on the ecological
approach to visual perception. By emphasising, in the psychological debate, the relation between
perception and action by introducing the term affordances, Gibson highly contributed to
overcoming the subject/object dualism. Affordances are understood as relationships between
objective settings in the environment (that may be stable or not, perceived or not) and their
perception, depending on a respective animal’s (Gibson) or human being’s viewpoint (Chong &
Proctor, 2020). We agree with the term’s significance yet such socioecological concepts are
mostly based in sociological and psychological studies, whereas we intend to put forward a
pedagogical perspective on acquiring and developing numeracy as an adult’s learning endeavour
that highly depends on the subject’s reasons for (not) entering a learning process and for deciding
(more or less intentionally) to (not) develop numeracy strategies under the premises of their
respective life world and numerate environment. In this sense, we emphasise even more strongly
that acting out numeracy not only responds to external affordances, but also highly depends on
subjectively perceived and experienced meanings and interests, that is, whether an action or
learning process is seen as appropriate and desirable or not.

Research designs

This paper draws upon the findings of two qualitative-oriented research projects on adult
numeracy practices (see endnote). Considering the limited extant knowledge regarding the
numeracy practices of adults with learning difficulties and adults experiencing over-indebtedness,
both projects opted to apply a bottom-up approach (Evans et al., 2017, p. 18) and snowball
sampling. The approaches correspond to prioritising the learner’s perspective and voices on acting
out numeracy (Yasukawa et al., 2018a, p. 14) and in contrasting in-situ observations and thick
descriptions provided by adults themselves with meanings and experiences expressed by
professionals working at key positions in the numerate environment, such as in debt-counselling
services, assisted living facilities or at vocational schools for students with special needs
(Angermeier & Ansen, 2019; Schreiber-Barsch et al., 2020).

This study of over-indebtedness was guided by the goal of uncovering meanings of everyday
mathematical practices in processes of over-indebtedness (Angermeier & Ansen, 2019). The
research design involved, in the first step, 11 focus groups with professionals working in debt-
counselling services based in Hamburg and Munich. The second step consisted of 30 semi-
structured interviews with clients of these services. To analyse the data, a qualitative content
analysis, developed by Kuckartz (2018), was used.

The study of adults with learning difficulties aimed to explore the ways in which they engage in
numeracy practices in their everyday contexts, the extent to which their numeracy-related abilities
are mirrored in these practices and the meanings they ascribe to their practices (Schreiber-Barsch
etal., 2020). To this end, principles of participatory research (Unger, 2014; Walmsley & Johnson,
2016) were combined with grounded theory methodology (Strauss & Corbin, 1990) (Curdt &
Schreiber-Barsch, 2020). The shadowing method (Boe, Hognestad & Waniganayake, 2017) was
used for 11 in situ explorations with adults with learning difficulties (housing situations,
education, employment, free time). Then, 13 semi-structured interviews were conducted with
adults with learning difficulties (Witzel, 2000; Porter & Lacey, 2005, pp. 92-95). Finally, a focus
group methodology (Barbour, 2007) with social support system professionals was used. Aligning
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with works of disability studies (Goodley, 2017) and the cultural model of disability, we have
adopted the use of the term ‘learning difficulties’ to refer to those abilities that others describe as
intellectual disabilities, as suggested by major self-advocacy groups such as People First.

Findings

We introduce findings from a qualitative secondary analysis of both data samples, focusing on
how individuals dealt with limited financial means. We asked for the ways in which these
individuals acted out financial numeracy and the meanings they ascribed to dealing with limited
financial means. By this, we intended to derive insights into those features of the numerate
environment that initiate or foster numeracy activities (and eventually learning), thus increasing
or decreasing the risk of financial vulnerability. This gives attention to the learner’s view and
activity; however, these remain to be deeply affected by the professionals’ work and the societal
structures regarding income, education, and social state support.

For presenting the comparative findings, we have selected the competency domains of
the financial literacy concept developed by Mania and Troster (2018) that correspond in both data
materials as adhering to the most significant numerate events in acting out numeracy in relation
to dealing with limited financial means: revenues; expenses and consumption; and budget
management. Whereas we have illustrated the significance of domain money and payment
transactions in the context of disability in an earlier paper (Curdt & Schreiber-Barsch, 2021), we
put forward in this paper those domains with the largest common ground of significance in both
data sets, which guide the findings’ presentation.

All the participants’ names were anonymised. Capital letters highlight an emphasis made
by the respondent. All sequences were translated from German by the authors. Abbreviations:
DEBT = dataset on over-indebtedness; DIS = dataset on disability; I = interview; SH =
shadowing; FG = focus group.

The numerate environment under the premise of over-indebtedness

By analysing the data material from the interviews with clients of debt-counselling services, the
significance of the domain revenues in individual ways of acting out financial numeracy became
apparent. In the numerate environments, the demand side is derived from the need to calculate
the available financial means (such as wages, social benefits and/or pension funds). At the same
time, these means, as well as the payment receipts of bank accounts, provide opportunities for
using or developing numeracy. Whereas the regularity of revenues is experienced as helpful
(support) in the daily calculations for keeping a financial overview, its amount, the often-low
income, increases uncertainty due to often having to serve high debt payments. The data reflect
that such a situation, then, might be perceived as a barrier to building up financial reserves for
unexpected expenses, as these sequences illustrate:

It is not possible to build reserves for nothing. So, there should be better, nothing happens in
between, so to say. (DEBT I 16, para. 97)
Just unexpected expenses; you cannot calculate them, right? (DEBT I 1, para. 92)

Closely related to revenues are demands stemming from domain expenses and consumption.
Livelihood, daily consumption and leisure activities must always be rated in terms of
affordability. Sales slips are experienced as supportive of controlling expenses: “If I pick up the
sales slip, then I of course count” (DEBT I 11, para. 24). Free advertisements sent by mail
provide an opportunity for using or unfolding financial numeracy by better planning one’s
shopping: “I know free advertisements that clunk through the letter box and that I never previously
used, I browse through them. I write down: “Where do I buy, and where do I buy what?*
(DEBT 1 _8, para. 56). The interviews reflect that this contributes (support) to buying items early
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and, thus, cheaper, successfully managing higher expected expenses. The regular use of the same
shops also helps keep a constant level of expenses, whereas price fluctuations or sporadic debiting
in uneven intervals impede (barriers) the reliable calculation of expenses:

And I know, on the third, they will debit my account with this, on the fifth with that, and on the
fifteenth, oh, again, and on the twenty-fifth, or the twenty-eighth—such nonsense. They debit the
expenses from my mobile for the next time, even though my account is already empty. (DEBT 1 2,
para. 70)

Accordingly, the data report many demands in the domain of budget management to cover daily
needs while having limited financial means. A high share of the interviewees, depending on
personal preferences, made daily, weekly or monthly overviews (support) of their receipts and
expenditures (such as rent or energy costs). In particular, the beginning of the month is felt to be
a vital date for necessary budget considerations (demand), because this is when most of the
debiting occurs. Additionally, all interviews reflect the continuous demand for situated
prioritising and decision-making on which expenses are necessary (such as food, rent and diapers)
or only preferable (new clothes, Christmas presents and movies). Especially in families, diverse
needs must be evaluated against each other in terms of affordability:

(...) When I want to take the bus, or when I want to go somewhere with my son, or just do something,
especially then, it is very difficult for me to manage financially. I really would like to do a lot more
with him, but bus rides cost a lot of money. You always have to calculate that. Then there is the
entrance fee, and you might want to eat or drink something inside. You don’t want to say always no.
(DEBT 1 3, para. 4)

Some interviewees labelled their own numeracy abilities (support) as beneficial, considering the
wide range of daily demands in their numerate environment; these abilities were acquired at and
required to be used in school and at work. Thus, the demand to calculate might contribute to being
motivated to develop numeracy abilities, experiencing the successful use of estimations and
calculations:

You need to calculate now. (...) However, you manage to get along with your money in the month.
All in all, what remains—call it 20 Euros? You are happy. You are pleased. It just makes you happy.
(DEBT 1 13, para. 192)

Furthermore, social networks are described as a crucial source of support. The interviewees
reported on given material resources (money, food, clothing, etc.) for bridging financial gaps, but
also on immaterial resources, such as information on social support, cost savings, or checks on
their budget management. The social security administration also sometimes offers supportive
measures insofar as financial responsibility (and, thus, financial demand) is relieved by, for
example, taking over rent. Social support systems, such as debt-counselling services, are
knowledge sources for financial information. Additionally, they provide ideas for new budget
management strategies:

Yes, with the debt-counselling service, it is a refinement. The structure that is implemented and yet
I do not have myself. As I said, it would be better if [ had more structure by myself; however, with
the help of the debt-counselling service, I can get this structure. It is all nicely listed. You just see at
first glance what is going on. (DEBT 1 27, para. 66)

However, sporadic costs (for example, broken household appliances and school trips) have
become a barrier in budget management. This might lead to frustration, since no improvement in

the situation is felt despite constant calculation:

I knew the figures, but did not really want to pay attention to them because it made me sick.
(DEBT 1 02, para. 106)
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Sometimes, the sheer number of overdue notices and invoices that need to be sorted and calculated
generates a feeling of overload. Some interviewees referred to their lack of role models in how to
successfully manage the demands of limited financial means. In the end, being forced to
constantly calculate all activities decreases the available time resources in highly stressful daily
lives.

The numerate environment under the premise of disability

The data mirrors the relevance of the revenues domain and indicates the impact of the
numerate environment due to the common lack of regular employment subject to social security
with very low incomes. Interestingly, most of the research participants accept this, and only a few
criticize this system. In the following sequence, an interviewee criticises these employment
structures (and the apparent lack of willingness to change his situation) as a barrier to reasonable
income. In his view, he fulfils the requirements of the work demands, and due to his knowledge
and sense of injustice, he considers the interview an opportunity to raise his voice and call for
support:

[...] As an employee of a sheltered workplace, I could work in this profession. Then, after some time,
I realised that I really got exploited. I worked 40 hours and was paid 220 euros. [...] Why can’t you
change it to an extended job, which is protected, but where also I can earn MONEY, such as in the
context of a fostered employment... (DIS I 3 #01:06:26-7#)

Considering domain expenses and consumption, the data set sheds light on the demands of
ensuring the financing of basic supplies, including monthly invoices. Most understand that their
monthly income is paid into the account at the beginning of the month; some ration their income,
while others spend it at once. However, income provides a vital opportunity to develop financial
numeracy, as reported in this sequence. This interviewee already plans, at the beginning of each
month, what needs to be paid during the month. Her budget book gives her the necessary support
in overviewing her expenses by collecting and fixing the payment slips and, furthermore, enabling
savings:

[...] Invoice needs to be ... PAID, you have to look every month: What needs to be paid
as...invoices? [...] Because you need to know what you have spent in a month and what you still
HAVE at the end of the month, right? [...] So that you can ration your money and so that you do
not build up new debts, right? [...] I take the payment slip. I always pick it up. And then I have such
a book at home—a budget book. Then I fix the payment slip there, and then I write down the sum
of the payment slip—what I have spent. And then I deduct it from my money—what I have spent.
[...] Once a week, all payment slips are thrown together, and then I put them in the budget book.
Everything is listed one below the other, and then it is calculated. Then, you know around the amount
you have spent in that week. And then you KNOW: Okay, in that week, I could possibly spend one
or two Euros MORE or so. Or spend one or two Euros less [...] and how much budget is left for the
whole month. (DIS I 2 00:35:21-2-00:37:41-2)

Shopping events open up a wide range of opportunities for using numeracy. In most cases,
purchases are planned, sometimes a shopping list is made, and often the same shops are used to
facilitate buying the cheapest products. Only a few of the participants reported comparing prices
in free advertisements sent by mail and then going purposefully to the shops with the cheapest
products.

Apart from daily consumption, financial means are needed for free time. During shadowing, Greta
decided to buy something to eat on her way to the swim training while disembarking from the
tube:

Greta, disembarking: Is it okay to eat something? I am hungry. [...] I can invite you today. Are you
hungry? I’ll invite you.

Researcher: Thank you.

On the platform, we go to a sales booth. Greta tells the seller, ‘One pretzel with butter’.
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The researcher also orders a pretzel, and Greta pays. She hands over a five-Euro bill. She takes the
change and pockets it. We proceed on the track towards the stairs.

Researcher: Do you know how much change you get back?

Greta: I cannot do that yet. (DIS SH 4 protocol (7) pp. 19-21)

Considering this shopping event, knowledge of the exchange value of money is sufficient;
calculating the exact amount is not necessary. Greta showed her knowledge of distinguishing
monetary values (i.e. coins and bills) and her skills in estimating the amount of money present.
These abilities (support) helped her cope with this numeracy event. It was not before the
researcher asked for the amount of change that a possible barrier with regard to numeracy demand
and Greta’s abilities becomes evident. Yet, during the event, this did not seem to matter to Greta,
who still lives with her parents. This might explain why her knowledge of the exact amount of
change was not ascribed as relevant. Having the opportunity to buy something (and, by this,
proceed in numeracy learning) is highly cherished by Greta, but it is something that arises ‘today’,
not regularly. As the shadowing later uncovered, the opportunity to do this depends on her mother
and her willingness to give Greta money for her disposal (support).

Concerning domain budget management, in the context of living and housing, the
research participants are usually closely looked after by professionals who provide support in
daily matters. The following focus group sequence with professionals illustrates how pedagogical
measures turn out to become either barriers or opportunities for the respective individuals,
depending on certain demands on the adult person to independently manage the budgets at their
disposal:

There is also a security measure that we terminated around about nine months ago. So we had, for a
LONG time, over several years, offered to deposit money at the office. ... We have not done this
anymore for around nine months, or only in limited exceptional cases where it is hardly possible to
handle it in a different way. This resulted in a much higher level of autonomy and self-determination.
But, on the other hand, also in those issues that we have outlined here before [in irritation and
uncertainty in daily life; the authors]. But despite of all this, it is also autonomy. I do not have to
wait anymore until somebody who is allowed to open the cash is in the office. I can just go to the
cash machine and get my money there, as everybody else does at any time.
(DIS_FG 2 B6 #00:43:55-2#)

Depositing money allows the professionals a certain degree of control and it supports a feeling of
security and routine for the residents; but it could also be described as a barrier to financial
numeracy, because irritation and uncertainty (among the residents caused by the demand to handle
their money) could serve as a reason for learning. The data set suggests that such a reason could
evolve if the opportunity is given to do budget management on one’s own (as a new demand)
without (pedagogical) support. However, an earlier analysis across the data set of the
professionals’ viewpoints on numeracy learning as part of their professional tasks and duties
indicated that it is seen by the professionals less as a core task but rather as a side effect (Schreiber-
Barsch & Curdt, 2021).

Regarding budget management, professionals working at a vocational school emphasised
the necessity of pedagogical support that is embedded in daily life situations:

Dealing with MONEY, we also practice, I guess, always quite often, ... They do not have any idea
of the exchange value of money. We go shopping together during some lessons. Also, for the lesson
on housekeeping, we always need washing powder and GARBAGE bags and all that STUFF. And
then we try sometimes in the shop so they then practically ESTIMATE: How much money could
that be ... Or do we indeed have ENOUGH money that we took with us or got from the office? That
is quite CHALLENGING. Well, to look, are 50 euros enough, or do I need more?
(DIS_FG_1 B2 #00:12:53-3#)

The professionals support acquiring and learning numeracy by using events in daily life, which
suggests, in our view, learning based on daily routines and experiences. Across the data set, the
analysis emphasises that regarding dealing with money under the premise of disability, the
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appropriate usage highly depends on the availability of cash and the rationing of this visible and
tangible material (money as artefact and support).

Discussion

The comparative analysis identified the significance of three financial literacy competency
domains on the demand side of dealing with limited financial means in situations of financial
fragility due to disability or over-indebtedness. Domains that require a more advanced financial
understanding (and sufficient financial means), such as payment transactions, investments, tax,
hire purchases or asset accumulation were less significant. The value of using the broader
concepts of financial numeracy and the numerate environment’s affordances unfolded in the
analysis by demonstrating the situative, context-contingent and subjectively interpreted nature of
financial numeracy practices and by emphasising the significance of the individual’s perception
of these affordances, revealing who actively used or did not use the resources and affordances in
their numerate environment and who actively decided to proceed with learning or not.

Hence, the data underlines the understanding of an actively performing subject in
situations of financial fragility, acquiring and developing certain numeracy strategies that are used
and/or developed not merely due to external requests but are aligned with meanings, situational
decisions, and/or the prioritisation of individual needs. A continuum between two poles could be
identified in acting out numeracy in dealing with limited financial means, which suggests a
differentiation into the following strategies, mirroring the overall high appreciation given to
regularity and routine:

Revenues: Strategies vary between

e Routinised action: handling financial affairs according to the available revenues;

e Critical-reflexive action: questioning one’s own position and ability to act out numeracy
in the context of a consumer society (lack of price transparency, normative value of
money, power of the commercial industry, and the power imbalance between public
authorities, creditors and companies) and the social state architecture (very low income
and limited job possibilities due to disability diagnosis).

Expenses and consumption: Strategies vary between

e Routinised action: employing similar procedures (e.g. same shops), habits and patterns
(always buying the same/cheapest products);

o Comparative, balanced action according to an individual prioritisation and decision-
making: comparing prices, qualities, quantities and providers; evaluating and prioritising
between necessary expenses that might require avoiding situations (activities in free time)
or cutting back and flexible decision-making to allow for the satisfaction of non-
necessary consumption and wishes.

Budget management: Strategies vary between

e Planned, controlled action: routinised calculations and documentation of temporal
budget overviews (weekly, monthly, etc.), payment slips, and bank statements; planned
shopping (fixed shopping amount, ration money); saving; delegation of financial
responsibility if necessary;

o Spontaneous, situated action (situated according to, for example, experiences or
situational demands): spending money spontaneously according to individual needs or
situational demands (e.g. broken household appliances) and based on prior experiences
in financial matters.

Strengthening the learner’s view on numeracy strategies, however, does not call for shifting the
gaze from the numerate environment back to the individual (Evans et al., 2017); on the contrary,
it emphasises the significance of the nexus between adult basic education and participation.
Interestingly, in both data sets, very few adults openly criticised the meta level of consumer
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society or social state architecture with its ambivalent social safety net features (such as the
sequence on criticising the employment structures for persons with disabilities exemplified).
Claims for social change and transformation were rarely expressed. under the leitmotif of
participation were rarely expressed. Likewise, the relationship between their situation (limited
financial means) and the suggested low level of numeracy abilities, which is crucial for the
rationale of the need for adult basic education, is only very rarely mentioned by themselves.
Nevertheless, it is this numerate environment that constitutes the crucial difference in the degree
of financial fragility between both data sets: Whereas persons experiencing over-indebtedness are
held fully responsible for their financial matters, adults with learning difficulties remain in a
protected space due to their ID diagnosis. This space limits the latter’s opportunities upwards
(e.g., “earn a living”; Evans et al., 2021) but protects them downwards, thus, from falling into
over-indebtedness.

Conclusions

In this paper, we explored the micro level of financial numeracy practices by adults under the
premise of limited financial means due to disability and over-indebtedness. The risks exposed by
this financial fragility also became evident in our data sets; however, the utilisation of the concepts
of financial numeracy and the numerate environment allowed an identification of potential
vulnerabilities according to the specific demand that is under scrutiny and demonstrating a
respective numeracy strategy in response. In the case of over-indebtedness, vulnerability may be
relative with regard to lifespan due to its temporal duration. In the situation of disability, it might
be a relational feature that depends on social norms and expectancies, and, thus, making visible a
suspected or proven “clash” (Weisser, 2018) between a person’s (perceived) abilities and the
context-contingent expectations of certain degrees of functioning that are considered to be basic
within that environment. One example of this is the case of Greta and the non-relevance attributed
by her to her abilities in calculating change.

We suggest that this understanding of vulnerability or fragility should play a vital role in
a pedagogical understanding of adult basic education and adult numeracy, shifting the focus from
a deficit to a resource-oriented perspective on numeracy learning (Schreiber-Barsch & Curdt,
2021; Schreiber-Barsch et al., 2020). Following a resource-oriented perspective invites us to
recognise and value adults’ appropriate numeracy strategies, even if they do not reflect curriculum
standards: These strategies might provide fertile ground for further numeracy learning and for
improved financial resilience. It contributes, moreover, to the discussion about why most over-
indebted adults currently decide not to use debt-counselling services and why so few adults
participate in course offerings in adult basic education—because a reason for learning and/or
participating is not perceived. This also provides an answer to the criticism by Willis (2008) on
the unquestioned belief in the efficacy of financial-literacy education (p. 202): To be effective for
all sides involved, teaching and learning need to be a “reflective and questioning activity”
(Hamilton et al., 2006, p. 9), “looking not only at what we do in educating the public but where
this fits in the larger social structure and ask who is not there” (English, 2014, p. 54) if the goal
of fostering literate and numerate adult citizenship is to be pursued.

Finally, the field of adult education is called upon to question its research approaches and
whether these contribute to a resource-oriented perspective, allowing us to identify not only
frequencies of behaviour, but also niche strategies, and show sensitivity to issues of vulnerability
in recognising adults facing over-indebtedness and disability as “mathematics doers and thinkers”
(Tan, Lambert, Padilla & Wieman, 2019, p. 1). Research would, then, require “learning from and
with those who are vulnerable [...] and to do this not once, not in one locality, and not for one
group only, but again and again, in each place, and for each sort of person,” as Chambers (1989,
p- 7) advocates. This would allow a better understanding and “action that will better fit and serve
the diversity of conditions and people and their changing priorities and needs” (p. 7).
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Endnote

These two projects (“Numeracy practices of over-indebted persons”, Ansen &
Angermeier; “Numeracy practices of adults with learning difficulties”, Schreiber-
Barsch & Curdt) are part of the wider Hamburg Numeracy Project (“Numeracy as a part
of adult basic education”), funded by Landesforschungsférderung Hamburg (2017-
2020) under Grant Nos. LFF-FV 52 and implemented by the University of Hamburg,
Hamburg University of Applied Sciences, Helmut Schmidt University/University of the
Federal Armed Forces and the UNESCO Institute for Lifelong Learning.
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Abstract

This article presents part of a larger study on potential relations between democracy and numeracy
and mathematicsi teaching for adults. This study is motivated by the many challenges to
democratic institutions and democratic values at local, national and international levels that I have
observed in recent years. In this article. I go back to the 1980s to revisit literature on the
connections between mathematics education and society, focusing on democracy. The chosen
literature is not exclusively, but primarily, of Nordic origin and represents the context within
which I was enculturated as a young student. Revisiting this literature and supplementing it with
newer literature confirmed that the complex relations between mathematics education and
democracy described by prominent scholars back in the 1980s are worth remembering and
developing further, even today. Although these Nordic scholars focused on other parts of
education rather than adult education, I find it relevant to consider the scholars’ descriptions of
democratic aspects of numeracy and mathematics education in relation to adult education. The
present article suggests a model, a frame, consisting of four boxes that can function as a pragmatic
tool for analyses of democratic aspects of present-day adult education. The frame highlights that
democracy can be interpreted as more than just the right to vote in elections. The frame shows
two interpretations of democracy: representative democracy (RD), i.e. the rules and rights of
citizens and representatives, and participatory democracy (PD), i.e. democratic participation and
democratic communication among citizens in everyday life. The hope is that this frame may
encourage, facilitate reflection on and influence the practice of democracy among teachers and
students in adult education. To this end, the frame specifies reflections and practice both in school
(IS) and outside school (OS). Examples from numeracy and mathematics instruction practice are
presented, and some frame limitations are sketched out. Keywords: mathematics instruction; adult
education; representative democracy; participatory democracy; educational environment.

Examples from 1980s literature

To my knowledge, the review by Aguilar & Zavaleta from 2012 of literature on connections
between mathematics education and democracy is the only systematic review that exists. This
review includes literature from three sources: journal articles, conference proceedings and books.
The authors reported three main conclusions. First, that generally, the literature shows a double
view of the relationship between mathematics education and democracy: ‘Mathematics education
can promote democratic competences and values, but also inhibit them, and create social
inequalities’ (p.10). Second, the literature documents a widespread interest in the research
community in promoting values like equality, democracy and applicable competencies. The
review recognises that these values are problematic on theoretical levels as well on practical

levels. Third, the review showed that theoretical analyses dominate the picture. Empirical data
and investigations are rarely reported.
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To supplement this broad review, I revisit a few papers from within a geographically limited
area, published within a relatively short period. The literature included in the following short
overview is my personal choice. I am revisiting literature from Nordic scholars who inspired me
in the 1980s during my earliest research in democracy and mathematics education. The
Norwegian scholar Stieg Mellin-Olsen and the Danes Mogens Niss and Ole Skovsmose have
made several contributions to mathematics education, and I initiate this paper by paying tribute
to a small part of their early works: Mellin-Olsen 1981 and 1987; Niss 1983 and 1994; and
Skovsmose 1985, 1990 and 1992. I am investigating the main points in their literature and whether
the main points of Aguilar and Zavaleta are also present here. The review by Aguilar & Zavaleta
included the works of Skovsmose, but not the works of Mellin-Olsen and Niss.

Mellin-Olsen investigated instrumentalism as a psychological concept; he focused on the
learner’s instrumental understanding versus relational understanding. Within the psychological
theory, instrumentalism is the tendency to construct bits of knowledge without a structural scheme
of internal actions. Mellin-Olsen wanted to supplement psychological studies with social
perspectives. He expanded instrumentalism to become an educational concept in which the
rationale of learning is to pass exams to uphold the individual's and society's economics. With an
instrumental rationale for learning (I-rationale), the student cannot place the learning situation in
any context other than school learning. The only meaning related to the situation is that the
situation depends on the school, and the school is a place where it pays to learn. Even within a
‘learning by understanding’ perspective, learning may be governed by an instrumental rationale.

Because Mellin-Olsen saw educational instrumentalism as insufficient, he invented a
corresponding social, educational concept in which the rationale of learning is to learn significant
knowledge for the present social context and a valuable future. Students with a social rationale
(S-rationale) for learning aspire for connections between school knowledge and knowledge
relevant to themselves or others now or later. Mellin-Olsen regards the educational situation as
positive when the S-rationale and the I-rationale overlap. He no longer diagnose I-rationale and
S-rationale in learning by inspecting students’ responses to mathematical tasks but in terms of
how students interact with them (1981, p.366):

Do they discuss their results when doing investigations? Do they produce their own ideas
for further investigations?

How much do they relate their mathematical knowledge to situations outside the
classroom?

Do they have ideas about examining certain situations by means of mathematics?

In 1987, Mellin-Olsen developed these perspectives further in his book The Politics of
Mathematics Education. Throughout the book, Mellin-Olsen questioned mathematics education
with perspectives from psychology, anthropology, sociology, and political theory. His political
focus was not on parliamentary elections, nor political parties: ‘The term “politics”, as used here,
is related to the position that human beings act, participate and survive in their world as political
human beings. (...) Men [meaning humans] not only act together with other men in social settings,
but they also think differently about important matters in their lives as well, thus being, by nature,
political men’ (1987, p. 37-8) (my adding). Also, Mellin-Olsen sees curriculum content as
political, for instance it is a political issue, whether vocational examples are included in
curriculum.

In my view, the messages for teaching mathematics to adult students today from Mellin-Olsen’s
work are that adult students should be allowed to relate classroom activities to situations outside
the classroom and that adult students should be recognised as people thinking and doing politics
when they engage with mathematics. However, it is outside parliamentary elections and outside
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political parties. These messages have implications for content and the organisation of teaching
mathematics to adults.

In 1983, Niss wrote that mathematics teaching should contribute not only to students’
understanding of specific mathematical ideas, concepts, procedures, and knowledge but also to
students’ understanding of factors outside mathematics that are important for applying
mathematics. Focus on potentials as well as limitations should be prioritised. ‘The purpose of
mathematics education should be to enable students to realise, understand, judge, utilise and also
perform the application of mathematics in society’ (Niss, 1983, p. 248). He reported that he
arranged activities for his students to encourage them to build critical awareness of ideological
foundations of mathematics, for example, by examining specific models used by the government.
This should include and reflect principles and assumptions that shape the transformation of
societal issues into mathematical models. Therefore, Niss recommended that special attention to
aspects of mathematical modelling is paid in courses concerned with non-mathematical subjects
in which mathematics interests those subjects (1983, p. 249).

In 1994, Niss emphasised the relevance of getting some insight into how professional
mathematicians create systems and results that may affect society and the lives of citizens.
Students should know about ‘the constitutive features of and the essential driving forces behind
the development of nature, society, and the lives of human beings. Insight [that] [...] serves the
acquisition of overview, knowledge and judgment of main patterns, connections and mechanisms
in the world, the ultimate end being to create prerequisites for taking positions on and acting
towards processes of significance to society and the individual.” (Niss 1994, 376). This statement
represents an updated version of former ideas of how mathematical learning can provide more
than just mathematical ideas, concepts, and procedures. Previously, the prevailing idea was that
mathematics would contribute to general logical thinking and problem-solving, to a sense of
order.

The messages for today from Niss’ work are that adult students should be allowed to practice
the application of mathematics in society, to emphasise mathematical aspects in other subjects, to
know the constitutive and other roles mathematics plays and to position themselves as someone
that acts in significant societal and individual processes. These messages have implications for
content and the organisation of teaching mathematics to adults.

Skovsmose (1985) focused on critical and mathematics education, intending to let students
develop a critical distance to content taught in school. Concerning the organisation of learning
processes, teachers should ensure the students' involvement in the control of the educational
process. (...) Dialogue and the teacher-student relationship are developed from the general point
that education must belong to a democratisation process. If a democratic attitude is to be
developed through education, education as a social relationship should not contain fundamentally
undemocratic features. It is not acceptable that the teacher (alone) has the decisive and prescribing
role. Instead, the educational process must be understood as a dialogue (1985, p. 340).

Concerning course content, Skovsmose states that it should be possible for the students to see
that the problem they are presented with in class is relevant outside class. Subjective relevance
and students’ experiences then become decisive. Secondly, the problem presented must be
important in a societal context. Thirdly, ‘somehow and to some extent the students' engagement
in the problem-solving process should prepare for a (later) political and social engagement’ (1985,
p- 350).

In 1990, Skovsmose emphasised that ‘to make it possible to carry out democratic obligations
and rights, it is necessary to understand the main principles in the "mechanisms" of the
development of society although they may be "hidden" and difficult to identify. Especially, we
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must be able to understand the functions of applications of mathematics (...) (and) understand
how decisions (economical, political) are influenced by mathematical model building processes’
(p.111). Skovsmose extends his view when he claims that it is ‘an implication of the pedagogical
argument of democratisation (...) that we must develop open situations in the educational process,
i.e., situations which could take different directions depending on the results of discussions
between students and students, and between students and teacher. Opening the situation means
creating possibilities for educational decisions to be taken in the classroom. Students must be able
to form the educational process if not to adapt to unquestionable rituals of mathematical
education. (...) The social argument of democratisation implies that we must develop
empowering teaching-learning situations and materials, i.e., situations and materials which, in
fact, give information about real mathematical models and their functions’ (p.119).

In 1992, Skovsmose used the term democratic competence in a title. He discusses
representative democracy, which he characterises as the democratic elections of a government.
Procedures and algorithms for elections are to be discussed, whether they are democratic. But
education for representative democracy is not essential. Then, Skovsmose adds participatory
democracy, where people participate ‘in discussions and criticism of the actual ruling.” For
participatory democracy, education in critical citizenship is essential. Skovsmose writes: ‘I see
the development of critical citizenship as one fundamental condition for democratic life’. (p.4)

Skovsmose continues his concept of mathematics’ formatting power, which aligns with Niss’
constitutive features of mathematics. The thesis that mathematics is formatting our society means
that mathematics ‘can do something to reality, and I concentrate on this aspect because of my
interest in the conditions for democracy’. (p.6)

Performing critical competence may, according to Skovsmose, include the following steps:

e Have we used the algorithm in the right way?

e Have we used the right algorithm?

e Can we rely on the results from this algorithm?

e Could we do without formal calculations?

e How does the actual use of the algorithm (appropriate or not) affect a specific context?

e Could we have performed the evaluation in another way?

(p-9)
The fifth step ‘how does the actual use of the algorithm (appropriate or not) affect a specific
context?’ corresponds to the formatting power of mathematics.

The messages for today’s teaching mathematics to adult students from Skovsmose’s work are
(again) that adult students should be allowed to relate classroom activities to situations outside
the classroom, that adult students should be in control when engaging in problem solving
situations and processes which prepare for political and social engagement and that adult students
should recognize the potential formatting role that mathematics plays. Like for Melling-Olsen and
Niss the messages have implications for content as well as for organisation of teaching
mathematics for adults.

The three scholars are very much in line. However, in the chosen papers, only Skovsmose
underlines the importance of students’ control and writes about election procedures and
algorithms in representative democracy. Too, issues of equity stand stronger in the work of
Mellin-Olsen and Skovsmose than in the work of Niss.

The three scholars align with two of three conclusions from Aguilar & Zavaleta (2012), as the
scholars recognise that mathematics learning can potentially support various kinds of
participation in democracy and potentially inhibit participation. The three scholars show interest
in promoting values like democracy and applicable mathematical competencies for the good of
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the individual and society and show that these values are in no way simple to extract and put into
practice. The three scholars are critical towards much contemporary mathematics education and
express their hopes and eagerness towards alternative learning goals, teaching content and
organisation. The third conclusion is that theoretical analyses dominate, while empirical data and
investigations are scarce. Although the extracts I have chosen to present above are dominated by
theoretical analyses, all three scholars did, in these and other parts of their work during the 1980s,
report on stories and qualitative data from their own practice as teachers or observers. Mellin-
Olsen and Niss describe their teacher experiences from upper secondary and university levels,
while Skovsmose describes his observations in lower secondary school.

I find it clarified that educational interest in democracy is directed towards representative
democracy (RD) and participatory democracy (PD). However, other terms for PC are in use too,
i.e., at ALMS, the term Democracy 2 was used Lindenskov & Valero (2002). Both RD and PD
are possible features in public discussions, in social media and in numerous contexts in families,
schools, classrooms, unions, workplaces, associations for day-care parents, to national and
international organisations. Concerning educational interest in participatory democracy (PD),
allow me to point to the historical context of World War II as reflected by some scholars that are
still often referred to in Danish educational philosophy: At the end of World War II, scholars
reflected upon war crimes against humanity and speculated on possible democratic features which
might have had an inhibitory effect. For sure, representative democracy did not prevent war
crimes against humanity. The scholars suggested participatory democracy with terms like direct
democracy, democracy as dialogue and democracy as a way of life as supplements to
representative democracy (Koch, 1945); (Rigsdagens Bureau/The Danish Parliament, 1949)
(Jakobsen, 2010).

Literature from outside the Nordic countries

Many other scholars from around the world, including more recent Nordic scholars, have
contributed to the understanding of democracy and mathematics education. It is impossible to pay
tribute to them all and to pay tribute to the scholars who from 1990’s on have focused on issues
of equity, social justice, power, and identity either to add to or replace issues of democracy.

The Brazilian scholar Ubiratan D’ Ambrosio shared the wish of the Nordic scholars for an
educational system that not only prepares students for future jobs and consumer markets, but also

prepares for full citizenship, for the exercise of all the rights and the performance of all the
duties associated with citizenship in a critical and conscious way. Mathematics education
ought to prepare citizens so that they will not be manipulated and cheated by indices, so that
they will be allowed to change and to accept jobs which fulfil and appeal to their personal
creativity; that is, so that individuals will be allowed the satisfaction of their own creativity
and will be free to pursue personal and social fulfilment thus being able to achieve happiness
(1990, p.21).

Even though all citizens, according to democratic constitutions, share the same rights,
inequalities exist because power is unequal. D’Ambrosio sheds light on this dilemma as a
supplement to the Nordic scholars of the 1980s. D’Ambrosio underlined that such inequalities
exist in aristocratic or oligarchic societies as well as in liberal democracies where the education
system itself serves as a filtering instrument for who will get which jobs and positions and exercise
power. To this end, mathematics education has been a prominent filtering instrument since Greek
times.

D’Ambrosio sheds further light on power relations inside education, for instance, between
teachers and students, with his clear wish that rather than ‘give instruction’ and ‘impart
knowledge’, teachers should be partners with students to build up knowledge commonly.
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Teachers and students should be persistent but humble in the common search so that all bring
their previous knowledge, insights, and creativity to the process. Teachers can hardly play
their role in building a democratic society if they do not foster democratic and just behaviours.
Mathematics is an essential component of this. (p.23)

The American adult researcher and teacher Marilyn Frankenstein (1983) sees knowledge of
basic mathematics and statistics as important to understanding and gaining democratic control
over societal phenomena and structures. For change to happen, an understanding of how technical
language is applicable is necessary: Liberatory social change requires understanding the technical
knowledge that is too often used to obscure economic and social realities. When we develop
specific strategies for an emancipatory education, it is vital that we include such mathematical
literacy. (p. 315)

Frankenstein elaborates on power relations in school between adult teachers and adult students
and suggests that teachers listen to students to find which themes can be organized and presented
to the students as relevant problems to be mathematically investigated. Frankenstein also suggests
that teachers actively find themes they themselves judge as important. Frankenstein cites from the
1981 publication by Paulo Freire:

The opposite of [teachers’] manipulation is not an illusory neutrality, neither is it
an illusory spontaneity. The opposite of being directive is not being non-directive
- that is likewise an illusion. The opposite both of manipulation and spontaneity
is critical and democratic participation by the learners in the act of knowing, of
which they are the subjects. (p.28)

Lately, democracy as a central focus seems to be diluted compared to 1980s. Yasukawa et al.
(2018) only includes two contributions that use the term ‘democracy’, one from South Africa and
one from India. Still, the contributions do distil several issues that contribute to the role of
numeracy practices in participatory democracy. You may even assume that ‘all of our (CME)
research is underpinned by a belief — or at least hope — that critical numeracy is a resource for
democracy, social justice and emancipation’ (Yasukawa, personal communication).

As an example of more contemporary Nordic and South American literature, Valero & Knijnik
(2016) confirm and develop D’Ambrosio’s focus on inequalities among groups and individuals.
They apply the lenses of identity and subjectivities to sharpen the focus on human implications:
inequalities cannot be measured only by statistical differences among ethnic, language or socio-
economic groups. Implications also concern the fabrication of subjectivities and which are
possible, desirable, and excluded. Like Mellin-Olsen, they see curriculum content as political:
should people’s local mathematics be honored and taught or just serve as the point of departure
for the mathematics classes?

As another example of a more contemporary contribution, the American scholar Rochelle
Gutierrez (2009) adds issues on identity and power. Gutierrez declares that a focus on
achievement gaps between different ethnic and social groups threatens concerns for questions on
identity and power and threatens broadened notions of learning from a critical perspective.
Gutierrez proposes that one place to start reflections on how to prepare students and future
teachers for more participatory democracy (p.10) and more democratic citizenship (p.14) is to
embrace three tensions in teaching from an equity stance which addresses issues of power and
identity.

One tension is that teachers must do everything to know the students while being aware that
the knowledge is delimited. Another tension is that while teachers oversee teaching approaches
and examples in the classroom, they still are required to standardise their curriculum according
to state or national norms and to other teachers. The third tension is that when teachers wish to
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use supplementary materials and develop anti-racial and social justice curricula, they must also
maintain a high level of mathematical rigour.

I appreciate the questions about notions of democracy raised by works on identity and power,
among others by Gutierrez, as these questions add further implications for the content and
organisation of teaching mathematics to adults.

Assumed relevance today

In principle, education professionals in al the present 193 member states of United Nations
researchers have an interest in democracy and education as democracy is a core value of the
United Nations. United Nations sees ‘democratic governance as a set of values and principles that
should be followed for greater participation, equality, security, and human development.
Democracy provides an environment that respects human rights and fundamental freedoms, and
in which the freely expressed will of people is exercised.” (Democracy | United Nations)

The literature sketched above demonstrates the wide interest among scholars in mathematics
education to engage in interplay between democratic issues og mathematics and numeracy issues,
and the Nordic 1980s literature comprises central parts of the interest. Along democratic states
the interest is also seen in official steering documents and guidelines for mathematics teaching
for adults. In my local context, Denmark, the relevance is evident in curricula and public
discussions hereof (Lindenskov 2018, 2019), which include democracy aspects. The present
official national objectives in Denmark for mathematics courses in adult general education,
termed preparatory adult education, PAE (in Danish: FVU) and general adult education, GAE (in
Danish: AVU) include democratic values:

e PAE § I: ‘(...) strengthen their preconditions for active participation in all aspects of
society’. (LBK no 1654)

e GAE § 1 Part 3: ‘Teaching is based on intellectual freedom, equality, and democracy.
The teaching is organized so that the students strengthen their prerequisites for active
participation in a democratic society’. (LBK no 603)

The term ‘active participation in all aspects of society’ points towards representative
democracy as well as participatory democracy. But, despite assumed relevance of the ideas from
1980s, the question remains how to place and practice the ideas in adult education today: How to
distil and present the ideas in a comprehensible and easy-to-apply manner for today’s research
and practice, and how to add issues of power and identity?

Framing complex relations

When I advocate taking up the ideas from the 1980s as a promising perspective, I worry about
their complexity. However, I do believe they have the potential to open renewed ways to consider
the roles of numeracy and mathematics in society and to open new justifying arguments for why
and how mathematics teaching or instruction for adults is relevant in lifelong learning.

My experiences from teacher in-service-training and further mathematics education in
Denmark confirm that teachers and adult students alike would find the ideas interesting. It seems
that the ideas from the 1980s could be meaningful even today. However, as the reviews and
examples show, it is difficult to practice democracy in mathematics education. I hope that a frame
can be developed as an effective tool for the communication and discussions of democracy in
mathematics teaching and help to practice democracy in mathematics education. Such a frame
could be structured in many ways. The frame chosen distils from the 1980s literature two kinds
of features. The frame distils the two democratic features, representative democracy and
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participatory democracy. The frame also honours the 1980s literature concerns for engagement in
outside school affairs by distilling two contextual features, outside school and in school.

On the basis hereof, I propose the following frame containing four boxes to distil and present
the complex ideas in a comprehensible and easy-to-apply manner for today’s research and
practice.

The frame allows us to map four kinds of relations between mathematics education and
democracy. Each kind may be given specific attention.

Representative Participatory
democracy democracy
Outside school RDO PDO
In school RDI PDI

Figure 1. The frame of four boxes

RDO stands for ‘representative democracy outside school’. PDO stands for ‘participatory
democracy outside school’. RDI stands for ‘representative democracy in school’. PDI stands for
‘participatory democracy in school’.

In the following sections, questions will be explored to demonstrate the potential of the model
to raise awareness of how adults learning mathematics can support adults’ engagement in
representative and participatory democracy, as well as to describe and develop democratic
learning processes in mathematics and numeracy among adults.

The RDO box - representative democracy outside school

The RDO, the representative democracy outside school, includes the rights and duties of citizens
in society. The right to vote, freedom of speech, and the duty of keeping the law and paying taxes
are included. In democratic countries, people vote to select the candidates who will propose and
decide on political and administrative issues in government and parliament. Still, elections are
also happening in unions, housing associations, boards at day-care institutions etc.

All representative democracies include electoral systems or voting systems defined by rules.
These rules determine the structure and how to determine the results of elections and referendums.
How elections and referendums are conducted is determined by rules, and their results are
determined by rules. These rules are defined in constitutions and electoral laws, which often differ
between nations, levels, and offices.

All aspects of the political voting process are governed by rules: who or what decides when an
election occurs, who can stand as a candidate, who is allowed to vote, how ballots are marked and
cast, how ballots are counted, how counted votes are translated into an election result. Contextual
factors may also be determined by rules, for example, limits on campaign spending, advertising
and communicating polls. Electoral systems exist for governments, non-profit organisations,
informal organisations and businesses.

The relations between RDO and mathematics deal with at least two aspects. One aspect concern
investigating the mathematical algorithms used in elections to count votes. Another aspect
concerns mathematical investigations into voter behaviour and fairness of how specific groups of
citizens are represented in parliament and on boards.
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My thesis is that information on voting algorithms and data on voter behaviours and selected
members is available to all teachers and students in adult education.

Concerning voting algorithms, they differ from country to country and system. Exploring these
algorithms can raise awareness of how specific mathematics applications affect society and of the
fact that voting rules are human constructs that governments and citizens can decide to uphold or
change. Voting algorithms are illustrative examples of the formatting power of mathematics, as
voting algorithms are highly influential on voting results. With quantitative reasoning, arithmetic
calculations and graphical representations, students and teachers can gain insight into this aspect
of the system of democracy.

Looking at today’s democratic countries, we see several voting systems with decisive
differences in use. Some countries use proportional representation, meaning each party is
allocated the number of seats in proportion to the popular vote. In other countries, the winning
party in a specific county is allocated all county seats. This is termed ‘first-past-the-post’ voting.

In some countries, each voter can cast one vote; in others, they can cast two; and in a few
countries, voting is mandatory. For some countries, the number of seats in parliament changes
when the number of cast vote change.

Common to all systems, however, is that the construction of counties and the procedure for
counting the cast votes are governed by mathematical formulas or mathematical algorithms.

That the mathematical algorithms in play for the construction of an election and the counting
of votes play a decisive influence on election results is illustrated in the following theoretical
example about the first-past-the-post model. Figure 2 shows two parties (red and blue votes) in a
region constructed into five counties in three different ways with the count of the votes.

In a “first-past-the-post’ model construction of counties are decisive.

One county Five identical Five adjusted
counties counties

Figure 2. How counties are constructed influences results in ‘first-past-the-post’ elections.

The seats that result from these county constructs differ a lot. To the left, we see the region, for
instance, a state in the USA, kept together as one single county. Even though the Red party
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received 40% of the popular vote, the party will get no seats. As the election winner, the blue
party gets all the seats.

In the middle, the county is split into five identical counties. If the blue party holds the most
votes in each county, the party will again get all the seats, while the red party gets no seats.

In the last illustration, we see an alternative division. In this case, the many blue votes are
placed in two counties to the right side with only blue votes. The remaining blue votes are placed
in the three other counties, where the red party now holds the most votes. With the adjusted
counties, a new winner appears. The red party gets 60% of the seats, and the blue party gets 40%
of the seats, in contrast to the popular vote. In democratic systems with proportional algorithms,
the same vote cast would mean that the blue party would receive 60% of the seats, and the Red
party would receive 40%, independently of how counties are constructed (Daley, 2017).

This theoretical example resembles authentic elections in many different countries, and it
illustrates how the application of mathematics has a society-shaping function and how
mathematics has a formatting power, as termed by Skovsmose. Mathematics not only describes
and predicts, but it also prescribes societal matters.

As an activity in adult education, I suggest recalculating actual election results with alternative
algorithms to the one used in the election. For example, results from a Danish parliamentary
election could be recalculated with a first-past-the-post model, as Figure 3 shows. It is also worth
noting that the theme of democracy in the ‘social injustice’ framework of Berry III et al. (2020)
includes gerrymandering and that American mathematicians are involved in constructing fairer
alternative voting districts. (Arnold, 2017)

In the following Figure 3, the top diagram shows the representation of the various political
parties in the Danish Parliament in 2019 in accordance with the algorithm used in Danish
parliamentary elections. The bottom diagram illustrates the same election results when applying
a first-past-the-post algorithm as in the United Kingdom and the USA.

2019 election in DK - actual algorithm

R

mA #B uC =D uF u| s0 uV u @ =l
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2019 election in DK - another algorithm

mA uB uC #»D uF u| nO nV n(p s A

Figure 3. Actual party representation in the Danish Parliament following the 2019 election (top).
Hypothetical party representation in the Danish Parliament following the 2019 election upon application
of a first-past-the-post algorithm (bottom).

Experiences during several years in adult general education in Denmark show that it is possible
to engage students in investigations of fairness in relation to different mathematical algorithms in
voting, where the used algorithm for municipal elections is in favour of big parties (Danish adult
teacher and Ministry consultant Per Bengtson, personal communication). Similar exercises and
discussions on election fairness in mathematics classes with adult students could be successfully
implemented in other countries.

Another aspect of RDO is voter behaviour. Data on voter behaviour may be collected and
owned by private firms, but many are public and communicated in mass media. Further, some
international data on adolescents’ democratic values and engagement are available. For instance,
the International Association for the Evaluation of Educational Achievement (IEA) performs and
publishes its International Civic and Citizenship Study (ICCS), which investigates how 13—14-
year-olds are prepared to undertake their roles as citizens. ICCS reports on students’ civic
knowledge levels, their understanding of concepts and issues related to civics and citizenship, and
their civic attitudes and engagement. Both declarative knowledge (i.e., facts, concepts and
relationships between these), procedural knowledge (i.e., how to carry out actions) and
participation are included. (Schulz et.al., 2018)

A final aspect to investigate in adult mathematics classes may be the extent to which elected
board and parliament distributions look like the voter populations. Recently, this issue was
included in a national exam in general adult education in Denmark. Students were to find and
present the percentage of female Parliament members after the 2019 election and investigate
development since 1953. (Bengtson, personal communication)

Using such data in adult education could raise awareness of how democratic engagement and
values are distributed among different groups and serve as the point of departure for discussions
on the fair composition of boards and parliament. It offers students the possibility to learn about
citizen values and engagement and, at the same time, to improve their mathematical problem-
solving and communication competencies as well as their arithmetic skills. Working
mathematically with representative democracy has the potential to support critical insight and
engagement in representative democracy and to support relevant mathematical competence. Still,
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an open question is with Gutierrez when and in which contexts such data would motivate adult
students and serve their interests. Will it motivate and serve interest to work with tasks like the
following:

Examine your own parliament or local municipal council — how many representatives
from each party do they presently include?

Choose another country. Apply the algorithms used in this country to count the votes cast
in your country. What do you think? Are you surprised? Which one do you prefer? Which
one is most fair? What do you think about Proportionality, Sainte-Lagués, D’Hondts?

Seek out, process, and disseminate data on the voting behaviour of different population
groups. Young people versus elderly people, for instance. How do they differ? Are you
surprised?

The PDO box - participatory democracy outside school

Most critical mathematics education focuses on how citizens can be prepared to engage with
applications of mathematics in situations outside school. Critical mathematics education literature
often underscores the relevance for society and the students involved. Although most mathematics
education research on mathematical modelling, problem-solving and reasoning in context focuses
on other parts of education than adult education and vocational education, an unlimited number
of sources could provide examples relevant to adult education.

Looking at participatory democracy includes how democracy is ‘being done’ daily at different
societal levels and spheres. It includes public conversations through newspapers, the radio, on
TV, in social media (SoMe) or person-to-person conversations, written or orally. Much
background information for political decisions locally, nationally, and internationally includes
numerical measures, mathematical problem-solving, and modelling results.

So, for participatory democracy outside school, citizenship is more than following society’s
rules. It includes performative citizenships, i.e., how we perform our citizenship, identify
ourselves as active participants and engage and use our critical capacity to influence. Participatory
democracy also includes how we collaborate, approach each other, and participate in everyday
decisions.

The research documented that many mathematical models on health issues are constructed,
used, and communicated to adults (Diez-Palomar & Hoogland, 2022). On a micro-level, this
includes, for example, understanding how to calculate medication dosages in medical treatment
and reflecting on how it is communicated. On a macro level, it includes surveys on health and
healthcare distribution in a population. Many of the media’s present-day hot topics would
constitute relevant teaching material in the adult classroom. It is relevant to look at how
mathematics figures and applications are communicated and to compare how different media
communicate — for example, how information was presented by the media during the COVID-19
pandemic.

The COVID-19 pandemic is a useful example of how mathematical modelling and
communication play a role in our understanding of a topic and how they influence decision-
making on many societal levels: at the personal, workplace, and government levels. During the
COVID-19 pandemic, much information, verbally and through figures, was communicated to the
public. How citizens understand the information given has a crucial impact on their behaviour,
trust in authorities and observance of restrictions in a crisis like the pandemic. Sikunder (2022)
sums up that ‘participatory citizenship can be conceived of as ethical citizenship as this citizenship
will allow us to create a socially inclusive space so that voices of all the citizens are included and
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negotiated in taking decisions (...)" (p.121). Sikunder suggests investigating mathematics as a
tool that formats social systems when involved in vaccine distribution, as not ‘securing
vaccination to all people around the globe is starting new threat of deaths due to new variant
omicron or many other unforeseen variants yet to come into action.’ (p.122)

As a Danish COVID-19 example, it was reported on 7 December 2021 that among patients in
Danish hospitals, 459 were infected. A national TV station further reported on the vaccination
status of the hospitalised individuals:

e 146 not vaccinated.
e 14 vaccinations initiated — first dose received.
e 299  fully vaccinated — the third dose received.

With these absolute figures as background data, you could conclude that being fully vaccinated
is not the best protection against the virus. Comparing the numbers 299 by 149 shows that being
fully vaccinated doubles your risk of a severe COVID-19 infection compared to people who are
not vaccinated. Comparing the numbers 14, 146 and 299 shows that one dose of the vaccine seems
to protect you the best against the virus.

Other data were reported, too. Relative figures were provided:

e  206.3 citizens per 100.000 not vaccinated.
e 8 citizens per 100.000 vaccinations initiated — the first dose received.
e 6.7 citizens per 100.000 fully vaccinated — the third dose received.

Comparing the ratios shows that people who are not vaccinated have the highest risk of catching
the virus by far; in fact, the risk is more than three times as high as those who are fully vaccinated.

The example shows how mathematical modelling and communication choices play a role in
our understanding of a topic. The mathematical choice between absolute numbers versus ratios
gives dramatically different conclusions on the efficacy of vaccines. This and other mathematical
choices may influence personal behaviour and governmental decisions.

Other examples are found in Elicer’s reports from mathematics classes in Chilean upper
secondary schools (2020). Examples include using bar graphs of crime rates in a presidential
debate and publicly debated use of national test data as measures of school quality (p.116-128).
Elicer shows that students’ engagement in reading existing graphs and choosing to write
alternative graphs can be part of the departure for a reflective discussion on how graphs may
shape people’s perception of crucial issues.

The above mathematical choices are relevant to the approach in a participatory democracy. In
participatory democracy outside school (PDO), citizens read, reflect, and discuss such choices of
mathematical data and models. Therefore, it is highly relevant that citizens are aware of choices
— for instance — among absolute numbers, ratios, and different graphs and that citizens are
motivated to engage in such choices critically. In my view curriculum for mathematics classes for
adults may very well consider such examples of how mathematics is used and can be used to
understand present circumstances in citizens’ life, work, and society. To my knowledge, a typical
adult mathematics course primarily takes its examples from the area of consumption. Although
the consumption area is of personal relevance, examples from other personal and societal
relevance areas should be included.

Again, an open question is with Gutierrez when and in which contexts such data would
motivate adult students and serve their interests. Will it motivate and serve interest to work with
tasks like the following:
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Use video clips from the media or workplaces as a starting point. Participate in
formulating and dealing with mathematical questions related to the video clips.

Recalculate the results presented in the video clips.
Compare the communication of mathematics in different media or workplaces.

[lustrate results in alternative ways.

The RDI box — a representative democracy in school

Representative democracy in school concerns elected fora in the school institution. Are students
and teachers allowed, or even obliged, to elect representatives to permanent school boards and
temporary committees?

When elected for a board in school institutions, the same investigations on mathematical voting
algorithms, voter behaviour and fair representation can be recommended as course content.
Recommendations for RDI are like recommendations for representative democracy outside
school RDO. Student and teacher organisations may also be interested in investigating these
issues in depth.

However, representative democracy also concerns democratic rights to school enrolment and
to be given appropriate opportunities to learn in a high-quality mathematical education. A
democratic mantra should be that everyone has the right and access to acquire appropriate
mathematical expertise and authority. However, throughout history, we find many examples of
groups that are denied their democratic rights to high-quality education in mathematics and
examples of how the rights are unequally distributed. Historical examples from several countries,
for instance, South Africa and the USA, show unequal access to education based on race, formally
inscribed in state regulations. (Khuzwayo, 1997) (Moses & Cobb, 2001)

I propose that access to and opportunity for high-quality education — historically and at present
— could be part of the curriculum in teacher education and further teacher education. In addition,
international organisations and national political parties and movements could put it on their
agendas to raise awareness of adults’ democratic rights to education. The European Erasmus+
programme has several projects on this matter. For instance, the ‘Common European Numeracy
Framework’ CENF for adults. Democracy is not explicitly mentioned, and the projects do not
explicitly investigate whether mathematics education is a democratic right for adults. But the
interest is to support a higher level of societal participation and inclusion of adults, thereby to the
improvement of the European economy, and the project investigates how up-to-date means and
curriculums may look. (Hoogland et. al., 2019).

Once again, an open question is with Gutierrez when and in which contexts such data would
motivate adult students and serve their interests. Will it motivate and serve interest to work with
tasks like the following:

Has there been and is there presently a legal right for adults to learn mathematics?
Why/why not?

Is it a duty to follow adult courses? Is it a prerequisite for receiving social benefits from
the state?

Is there funding?
How many adults in your country gain access to adult teaching?
Has this number increased or decreased in the last 20 years? Do you know why/why not?

Is the education offered appropriate? Sufficient?
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The PDI box — participatory democracy in school

The last section concerns participatory democracy in school. Participatory democracy in school
is more than legal rights and duties. It includes how students and teachers identify as active
participants and engage and use their critical capacity to influence. Participatory democracy
includes how students and teachers collaborate, approach each other, and participate in everyday
decisions in the classroom.

The bottom right in Figure 1 sheds light on whether and how lessons in mathematics ‘are being
lived democratically’ with participation and communication possibilities for all. Some teaching
approaches may socialise into obedience and submissiveness, which is the opposite of
encouraging citizenship for democracy. When the mathematics book and the teacher ask questions
and decide whether the adult students' questions and answers are relevant and correct, this is a
tendency towards authoritarian teaching. Instead, we should aim for democratic learning in which
we encourage collaboration between students and collaboration between the teacher and the
students.

In the spirit of Freire, the teachers must find a balance between manipulation and spontaneity
in their focus on establishing a participatory democratic mathematics classroom, where students
and teachers exercise freedom of opinion, discuss, show tolerance, critical attention, trust and
justice. You must reflect upon, whether students have the right to expect to be valued and to
experience mathematics as meaningful.

Also, for PDI an open question is with Gutierrez when and in which contexts such organisation
would motivate adult students and serve their interest? Will it motivate and serve interest to let
adult teachers and teacher students discuss what is most important for teachers to consider in their
course planning:

How to motivate the students?

How to foster equal dialogue between the teacher and students and among students?

How to provide students with the tools for checking mathematical results for themselves?

How to let the students evaluate meaningfulness, enjoyment, and empowerment?
Finally, will it motivate students and serve their interest to let them discuss:

Do you find the mathematics taught in this course to be relevant — meaningful?

Do you find the collaboration in the course to be relevant — meaningful?

Which parts do you wish to remember in the time to come?

Do you feel that all students in the course can raise their voices?

Do you feel that your voice is heard?

Classical pedagogical questions

The proposed frame may also inspire formulations of curricula and teaching and assessment
activities. Thus, the frame may inspire classical pedagogical questions: what to teach, whom to
teach and how to teach?

Such curriculum considerations were the driving force behind the plans of my university
department colleagues, formulated at the annual working seminar in 2017, to write an anthology
on democracy and ‘subject didactics’ [German: Fachdidaktik] (Lindenskov, 2020).
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The two boxes on top may inspire the question of what kind of mathematics to teach. The box
on the bottom right may inspire the question of how to teach mathematics. The box on the bottom
left may inspire questions of whom to offer access and opportunities to learn mathematics. This
brings us to the following model:

( * WHICH
CURRICULUM
CONTENT? It must

include models and
data on:

* WHICH W
CURRICULUM

CONTENT? It must

data on:

RDO

How votes
are cast and

* WHOS HAS ” HOW TO

ACCESS? It must be ORGANISE
INSTRUCTION TO
SUPPORT:

Figure 4. Curriculum content and organisation

Hoogland & Diez-Palomar states that there is a growing consensus that a numeracy framework
which describes numerate behaviour and numeracy practices should contain much more than only
content descriptions. Dispositions, attitudes, higher-order skills, aspects of agency, and self-
efficacy are important (2019, p. 131). In line with this statement, a curriculum model like Figure
4 must include issues of course content, but not only issues of content. It must also allow students
to redefine dispositions and attitudes and develop higher-order skills, agency, and self-efficacy.
This means that questions of what to teach must be supplemented with questions of whom to
teach and how to teach.

I hope that this version of the frame can serve as a tool to structure discussions and
developments of adults learning mathematics for the sake of democracy.

Ongoing discussion

This study is motivated by both societal and educational concerns. It is motivated by challenges
faced by democratic institutions, threats against democratic values, worries that learning
processes in mathematics may be authoritatively affected and worries about educational reforms
directed by economic values. In line with Wolfmeyer (2021), you cannot help but question
NCTM’s suggestion of ‘mathematical literacy for all as an “economic necessity” rather than, say,
a requirement for a participatory democracy’ (p. 1065). We should never let economy and
consumerism be the only arguments for learning mathematics. Discussions on the danger of
neglecting the broad educational perspective, described as ‘Bildung’ in German and ‘Dannelse’
in Danish, is not a new worry; it is as old as education. This worry will always persist.

To me, democracy issues are at least as relevant as in the 1980s to address for practitioners and
researchers, and values and theoretical distinctions between representative and participatory
democracy and between in-school and outside school from Nordic scholars of the 1980s give
insight for us today. Literature of broader origin and more contemporary adds questions on (how)
it is in students’ interest to motivated engage in classroom activities for democracy and (how) it
is possible for the teachers to find and develop appropriate materials and teaching approaches
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while at the same time upholding conditions for students to develop relevant mathematical rigour.
Overall, we are given directions to go.

The assumption that it offers inspiration for rich theoretical and practical development in adult
mathematics education can only be tested through ongoing discussions among professionals in
research and practice. The model does not encompass all relevant discussions; much more can be
said about the relations between mathematics teaching and democracy than what the model can
capture. But maybe the frame can help raise awareness of how adults’ mathematics and numeracy
practices can support engagement in representative and participatory democracy, and maybe some
of the mentioned examples can be adjusted to other contexts.

Acknowledgements

This material is initiated by a common anthology project at the Department of Educational Theory
and Curriculum Studies, in the Danish School of Education, Aarhus University. It is discussed
with former Ministry consultant Bjarne Sonberg and at the ALM conference 2021. Any opinions,
findings, conclusions, or recommendations are those of the author.

References

Aguilar, M.S. & Zavaleta, J.G.M. (2012). On the links between mathematics education and democracy: A
literature review. Pythagoras, 33 (2)c, Art#164, 15 pages. https://hdl.handle.net/10520/EJC129242

Arnold, C. (2012). The mathematicians who want to save democracy. Nature, 546, 7-9.

Berry 111, R.Q., Conway IV, B.M., Lawler, B.R., & Staley, J. W. (2020). High school mathematics lessons
to explore, understand, and respond tosocial injustice. Corwin Mathematics & NCTM.

D'Ambrosio, U. (1990). The Role of Mathematics Education in Building a Democratic and Just Society.
For the Learning of Mathematics, 10, (3), 20-23.

Daley, D. (2017) New poll: Everybody Hates Gerrymandering. Fair Vote, September 12%. New poll:
Everybody hates gerrymandering - FairVote

Diez-Palomar, J. Hoogland, K. (2022). Research contributions to adults learning mathematics in the field
of numeracy in the last twenty years. Twelfth Congress of the European Society for Research in
Mathematics Education (CERME12), Bozen-Bolzano, Italy. (hal-03745509)

Elicer, R. (2020). On the teaching and learning of probability and statistics in the perspective of Critical
Mathematics Education [Doctoral dissertation, Department of Science and Environment, Roskilde
University]. thiele.ruc.dk/imfufatekster/pdf/513.pdf

Frankenstein, M. (1983). Critical mathematics education: an application of Paulo Freire's epistemology.
The Journal of Education, Fall, 165(4), 315-339.

Freire, P. (1981). The people speak their word: Learning to read and write in Sao Tome and Principe.
Harvard Educational Review, 51, 27-30.

Gutierrez, R. (2009). Embracing the Inherent Tensions in Teaching Mathematics from an Equity Stance.
Democracy & Education, 18 (3), 9-16.

Hoogland. K. & Diez-Palomar, J. (2019). Brainstorming on a numeracy framework into the 21st century.
In: C. A. Sundstrom & L. Jarlskog (Eds.). Maths in a digital age - Proceedings of the 26th International
Conference of Adults Learning Maths — A Research Forum (ALM), 131-133. Faculty of Engineering,
Lund University Center for Mathematical Sciences.

Hoogland, K., Diez-Palomar, J. & Vliegenthart, M. (2019). Towards a common European numeracy
framework. In: B. Kelly, D. Kaye, D. Griffiths, D. Dalby, & J. Stacey (Eds.), Boundaries and Bridges:
Adults learning mathematics in a fractured world. Proceedings of the 25th International Conference of
Adults Learning Mathematics: A Research Forum (ALM) (pp. 64-66). London, England: UCL
Institute of Education.

Jakobsen, U. (2010). Inventions and Developments of Democracy: The Approach of ConceptualHistory.
European Political Science 9,316-327. Doi: 10.1057/eps.2010.31

57 Adults Learning Mathematics — An International Journal



ALM International Journal, Vol.17(1), pp. 41-58

Khuzwayo, H. (1997): Mathematics Education in South Africa: A Historical Perspective from 1948-1994.
Copenhagen: Royal Danish School of Educational Studies, Department of Mathematics, Physics,
Chemistry and Informatics (Research Report; 7)

Koch, H. (1945). Hvad er Demokrati? Copenhagen: Gyldendalske Boghandel/Nordisk Forlag.

LBK no 1654 (09/08/2021). Bekendtgorelse af lov om forberedende voksenundervisning og
ordblindeundervisning for voksne.

LBK no 603 (23/05/2019). Bekendtgorelse af lov om almen voksenuddannelse og om anerkendelse af
realkompetence i forhold til fag i almen voksenuddannelse, i uddannelsen til hf-eksamen og i
uddannelsen til almen studentereksamen (avu-loven).

Lindenskov, L & Valero, P. (2002). (Dis)empowering forces in everyday mathematics. Challenges to
democracy. In L.@. Johansen & T. Wedege (Eds.), Numeracy for Empowerment and Democracy?
Proceedings of the 8" Internation! Conference of Adults Learning Mathematic — A Research Forum
(ALM), 33—41. CRLM and ALM.

Lindenskov, L. (2018). Danish approaches to adults learning mathematics - a means for developing labor
market skills and/or for Bildung. In K. Safford-Ramus, J. MaaB}, & E. Siiss-Stepancik (Eds.),
Contemporary Research in Adult and Lifelong Learning of Mathematics - International Perspectives,
227-248. Springer.

Lindenskov, L. (2019). Democratic access to digital information. In C. A. Sundstrom & L. Jarlskog (Eds.),
Maths in a digital age - Proceedings of the 26th International Conference of Adults Learning Maths,
84-86. Lund University Center for Mathematical Sciences.

Lindenskov, L. (2020). Didaktisk model for matematikundervisning og demokrati. In C. Haas & C.
Matthiesen (Eds.), Fagdidaktik og demokrati, 29-50. Frederiksberg: Samfundslitteratur.

Lindenskov, L. (2021). Democracy revisited. ALM28 - Numeracy and Vulnerability, Long Abstracts,18-20.
ALM and Hamburg University.

Mellin-Olsen, S. (1981). Instrumentalism as an educational concept. Educational Studies in Mathematics

12,351-367.

Mellin-Olsen, S. (1987). The politics of mathematics education. Dordrecht: Reidel Publ. Company.

Moses, R.P. & Cobb, C.E.Jr. (2001). Radical Equations: Civil Rights from Mississippi to the Algebra
Project. Boston: Beacon Press.

Niss, M. (1983). Considerations and experiences concerning integrated courses in Mathematics and Other
Subjects. In Proceedings of the Fourth International Congress on Mathematical Education,
Birkhauser, Boston.

Niss, M. (1994). Mathematics in society. In R. Biehler, R. W. Scholtz, R. Strésser, & B. Winkelmann Eds.)

Didactics of mathematics - As a scientific discipline (367-378). Kluwer Academic Publishers.

Rigsdagens Bureau. (1949) Grundlovsjubilceet den 5. Juni 1949. Taler m.v., Copenhagen.

Schulz, W., Ainley, J., Fraillon, J., Losito, B., Agrusti, G., Friedman, T. (2018). Becoming Citizens in a
Changing World. International Association for the Evaluation of Educational Achievement (IEA)
Sikunder, A. (2022), Towards mathematics education as part of ethical citizenship under Covid 19. Journal

of Higher Education Theory and Practice, 22 (1), 119-122.

Skovsmose, O. (1985). Mathematical education versus critical education. Educational Studies in
Mathematics 16, 337-354.

Skovsmose, O. (1990). Mathematics education and democracy. Educational Studies in Mathematics,21,
109-128. Doi: 10.1007/BF00304897

Skovsmose, O. (1992). Democratic competence and reflective knowing in mathematics. For the learning
of mathematics, 12 (2), 2-11.

United Nations. Global issues — Democracy. Democracy | United Nations [found April 2023]

Valero, P., & Knijnik, G. (2016). Mathematics education as a matter of policy. In M. A. Peters (Ed.),
Encyclopedia of Educational Philosophy and Theory, 1-6. Singapore: Springer Singapore.

Wolfmeyer, M. (2021). TIMSS and the World Bank: Mathematics education for human capital and
consumerism. In D. Kollosche (Ed.), Exploring new ways to connect: Proceedings of the Eleventh
International Mathematics Education and Society Conference (Vol. 3, 1063—1071). Tredition.
https://doi.org/10.5281/zenodo.5416940

Yasukawa, K.; Rogers, A.; Jackson, K., & Street, B. (2018). Numeracy as Social Practice. Global and
Local Perspectives. Routledge.

58 Adults Learning Mathematics — An International Journal



Knijnik, G. (2023). Numeracy, vulnerability, ethics and social justice. Adults Learning Mathematics: An
International Journal, 17(1), pp. 59-69.

Numeracy, vulnerability, ethics and social justice

Gelsa Knijnik
Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil
gelsa. knijnik@gmail.com

Abstract

This article discusses the theme of numeracy, vulnerability, ethics, and social justice.
The choice of this theme highlights its relevance to the processes of teaching and
learning among vulnerable youth and adults, as well as its connection to issues of ethics
and social justice. The discussion has a theoretical focus, even though its development
is supported by episodes extracted from empirical research conducted by the author
with the Brazilian Landless Movement in her academic activity, from an
ethnomathematics perspective. This perspective draws mainly from the ideas of
D'Ambrosio, the philosopher Ludwig Wittgenstein in his mature period, and Michel
Foucault.

mathematics education, ethnomathematics, numeracy, ethics, social movements

Introduction

Numeracy, vulnerability, ethics and social justice -- the four elements that compose the title of
this paper -- when put together in an articulated way, constitute a central theme throughout my
academic trajectory, specifically, since I started my mathematics education work with the
Brazilian Landless Movement, 30 years ago. The ideas I share in this paper are based on that
work, which gave me not only a new way of looking at numeracy but also a new perspective for
my own life as a human being.

The main argument I present here is the following: over these 30 years, the Brazilian Landless
Movement has gradually become a less vulnerable social group thanks to its own struggle
strategies, among which education, in particular numeracy, is a central part. To develop the
argument, initially it is necessary to say some words about the Landless Movement and show how
the vulnerability of this social group is being mitigated.

As is well known, like most countries in the world, Brazil is marked by economic and social
inequalities which intersect and are reinforced by other cultural markers such as gender,
race/ethnicity etc. In particular, historically, due to the large concentration of (productive and
unproductive) land, Brazilian rural spaces were — and still are — areas of social conflict: we are
talking about a country where less than 3% of the population owns two-thirds of the productive
land. Nowadays, because of rural exodus, only 15% of the country population lives in the rural
areas, but even so this corresponds to 30 million individuals (IBGE, 2022). They are basically
poor people with low level of instruction. It is also in the rural areas where there are the highest
rates of illiteracy in the country. The most recent data indicate that 6.6% of the population over 15
years of age in the entire country is illiterate, while, for example, in the Northeast region, this
percentage reaches 13.9% (IBGE, 2022).
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It is in this landscape of centuries of poverty that we can place the emergence of the Brazilian
Landless Movement. It was founded in 1984. In its 37 years of existence it has become the largest
social movement in Latin America. Nowadays it is organized in 24 states in the 5 regions of the
country. These regions have very different climatic, cultural, economic and social characteristics.
Regions located in the north have more precarious socioeconomic conditions than those in the
South, which corresponds also to the standard of life of the Landless camps and settlements.

As a consequence of decades of struggle for land reform, the Movement currently encompasses
around 120,000 families residing in precarious camps awaiting government recognition. While
living in camps, the Landless peasants produce fruits and vegetables and have schools for their
children, youth and adults. There are approximately 145,000 families living in settlements as a
result of Landless actions. Land occupations are rooted in the Brazilian Constitution (1988),
which says: land that remains unproductive should be used for a “larger social function”.

The Movement is also internationally known for its educational project. This educational project,
which has been developed by the Movement over its history must be understood beyond
schooling, since Landless peasants educate themselves through their participation in the everyday
life of their communities and also through the wide range of political activities developed by the
Movement. Their schooling project, according to one of the Landless Movement official
documents, considers the need for:

two articulated struggles: to extend the right to education and schooling in the rural area; and to
construct a school that is in the rural area, but that also belongs to the rural area: a school that is
politically and pedagogically connected to the history, culture, social and human causes of the
subjects of the rural area (...)” (Kolling et al., 2002, p. 19).

The movement has dedicated itself to conceiving the schooling of its children, youths and adults
paying attention to these two struggles. In particular, such struggles are providing the guidelines
for its adult mathematics education. This means that Landless educators considered peasant
culture a key issue also for those teaching and learning processes related to numeracy. But they
explicitly mention that this valorization cannot deny the relevance of acquiring mathematics tools
connected to what they call “book mathematics” that can improve the use of new technologies for
managing the production in rural areas and can allow the learners to go further in their schooling
trajectory.

It is important to mention that macro-socio constraints they are facing are really interfering in the
implementation of those two pedagogical principles above mentioned. Even so, the educational
Project of the Landless Movement has grown and expanded and nowadays involves more than
two thousand public schools built in camps and settlements, providing 200 000 children, youth
and adults with access to education, and resulting in 50 000 literate adults, 2 000 students in
technical and university courses and more than 100 undergraduate courses in partnership with
state universities around the country.

Theoretical Remarks

In this section, I present some theoretical ideas that underpin the discussion in this article.
Intentionally, I have selected only remarks that provide the reader with the necessary tools to
follow the development of the text, in which these tools will be used in different contexts. The
theoretical remarks are based on the ideas of Wittgenstein's later work.

In his book “Philosophical Investigations” (1995), Ludwig Wittgenstein criticizes not only his
earlier work presented in the book Tractatus logico-philosophicus (Wittgenstein, 1933) but also
“the whole tradition to which it belongs” (Glock, 1996 p. 25). Through this critique, Wittgenstein
provides us with valuable tools for thinking about rationality as forged from social practices of a
form of life. This perspective entails considering rationality an “invention,” a “construction”
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(Condé, 2004, p. 29), and understanding mathematics “not as a body of truths about abstract
entities, but as part of human practice” (Glock, 1996, p. 24).

Moreover, with the support of his ideas — and using the expressions that he coined — one can admit
the existence of distinct mathematics — distinct ethnomathematics, in D’Ambrosio’s words
(D’Ambrosio & Knijnik, 2020). The basis of this statement can be found in the argument that
these different mathematics — different language games in Wittgenstein’s words — are produced
by different forms of life. This is a term conceived by the “late Wittgenstein” as “stress[ing] the
intertwining of culture, world-view and language” (Glock, 1996, p. 124), as “patterns in the weave
of our life” (Glock, 1996, p. 129). In Wittgenstein’s late work, especially in the new conception
of language presented by the philosopher, Condé (2004) argued about the crucial role of the notion
of use. It is considered pragmatic, not “essentialist.” Meaning is determined by the use of words
and such a use respects rules, which are themselves produced in social practices, constituting
language games. They are produced based on sets of rules (rooted in social practices), each of
them constituting specific grammar. Therefore, the grammar that marks each language game is
itself a social institution.

From these brief remarks on the work of the late Wittgenstein and some of his interpreters (such
as the aforementioned Cond¢ and Glock), it follows that different forms of life produce different
language games, each marked by specific grammar. Such a grammar, as a set of rules, constitutes
a specific logic. This rationale suggests that there is more than a single language: there are
different language games. Thus, we can ask: Is there some kind of relationship between them? If
the answer is positive, how does it operate? Late Wittgenstein thought the notion of family
resemblances provided the response to these questions. The philosopher would say (as shown in
aphorisms #66 and #67 of Philosophical Investigations (1995)) that language games form “a
complicated network of similarities overlapping and cross-crossing: sometimes overall
similarities, sometimes similarities of detail” (Wittgenstein, 1995, p. 32).

The ideas developed by Wittgenstein in his maturity phase express a concept of language no
longer with the marks of universality, perfection and order, as though they existed before human
actions. His work challenges the existence of a universal language and problematizes the notion of
total rationality, of an ontological foundation for language. Thus, since the meaning of a word is
generated by its use, the possibility of essences or fixed guarantees for a language are questioned,
leading us to also problematize the existence of a single mathematical language with fixed
meanings.

Based on the ideas of late Wittgenstein, my conception of ethnomathematics perspective argues
that the mathematics practices generated by specific cultural groups can be understood as a set of
language games associated with different forms of life, aggregating specific rationality criteria
(Knijnik, 2012). The ideas presented by the philosopher are productive for problematizing the
understanding of a universal and foundationalist reason, which sustains modern thinking, in which
mathematics holds a privileged place (Walkerdine & Silva, 1995). This productivity is one of the
key points of interest for the ethnomathematics.

Numeracy and the mitigation of the Landless Movement vulnerability

In this section, I show how I perceive the place numeracy has occupied and still occupies in the
process of mitigating the vulnerability of the Landless Movement. To achieve this goal, I present
some episodes relating to the ethnomathematics perspective I used in the numeracy work I did
with the Landless over these 30 years. Using this strategy of presenting examples of my work, I
follow Wittgenstein (1995) with the importance the philosopher gives to examples, when writing,
in aphorism #71 of Philosophical Investigations (1995), “Here giving examples is not an indirect
means of explaining — in default of a better.”
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Let us go back to the early 1990s when my work with the Landless began'.

One of the projects I wanted to mention lasted 4 years and involved 7% grade students from a
Landless settlement school, settler’s families, the teachers and the agronomist who at that time
worked at the settlement. The work carried out was guided by an ethnomathematics perspective.
The adult peasants, most of them with few years of schooling, also had the opportunity to be
involved in the learning of mathematics.

The adults were very much interested in participating in the project because it was about their
own productive activities. As a settler who was farming lettuce in greenhouses said: “one can’t
work anymore just to let the devil have the last laugh” (Knijnik, 2006).

In a meeting in which the partial results of the Project were presented by the students to the whole
community, sometimes their arguments once again were marked by the out-of-context, abstract,
formal tone of traditional school mathematics in dealing with the problems of the broader social
world. But this “coming back” to the school mathematics routine was disturbed by some voices
from the audience. There were settlers who demanded further explanations about numerical
results, saying they couldn’t understand the accounts in the way the students were presented them
(Knijnik, 2004).

By raising the issue of their concrete life-situations, they helped the research group (composed of
me and my undergraduate students) to understand and problematize that displacement of
formalism and apparent neutrality that produced the return to positions that the pedagogical work
precisely sought to avoid.

In enabling this polyphony of voices in the school curriculum, the project produced important
elements to allow us to go further in our thinking about the ethnomathematics field.

From that early period of my work with the Landless, I would also like to mention a relevant
practice in Landless communities in the past and still today very much used in rural areas of
Brazil. It consists of estimating the area of a piece of land. They called it: “Cubagdo da Terra>.

Precisely because it is relevant to those who work in rural areas, it is a theme which was and still
is always requested by the participants in numeracy projects as a focal point of study. I learned
from my Landless students their methods of “cubacdo da terra”. Their methods, as compared
numerically with those used by school mathematics, produce approximate results, with an
approximation upwards. These upward approximations become smaller, the closer the shape of the
land is to a square, and in this case coincide with official results.

Before presenting the example, I need to make an important methodological caveat: I am aware
of the theoretical difficulties involved in expressing Landless mathematical practices using school
mathematics. From an anthropological point of view this type of translation is very problematic.
The objective of making this translation, as I have done in other works, is only in order to favour
a faster understanding here and also when teaching the Landless students.

I am aware that in doing so, some (or maybe most of the) specificities that constitute the Landless’
forms of life characteristics, which produced the practices of “land cubagdo” are suppressed. So,
it can be said that those methods become ‘“hostages™ of the school mathematics. Later, I will
return to this point.

1 In referring to this Project, I want to pay a tribute to two very dear colleagues ALM Honorary Trustees, Diana Coben and Alison Tomlin. They followed me in
those early years of my work with the Landless, when the Movement was still extremely vulnerable. As I said in my ALM28 talk, that opportunity was a special

time to express to them how important their support was for me.

2 Cubacio da Terra” means to measure the surface of a piece of land.
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Having taken these precautions, allow me to present an example that, for many reasons, has only
traces of the methods of “land cubacdo” practiced by the Landless. The example is a polygon that
was an artificial piece of land that I presented to the first group of Landless students I had, given
their difficulties in understanding the results of those different methods of calculating the area of
polygons. The methods were applied to a “land” that was a quadrilateral formed by two parallel
sides, measuring 80cm and 60cm, respectively, and two equal length segments, which joined these
sides.

Adao, one of the students, presented the method used in his community as follows:

This is a piece of land with four walls. First, we add two of the opposite walls and divide them by two.
After, we add the other two walls and also divide them by two. Then, we multiply the first obtained
number by the second one. This is the "cubagao" of the land. (First calculus of Figurel)

Jorge explained a different method:

Here is a piece of land with four walls. First, we add all the walls. After, we divide the sum by four.
Then, we multiply the number obtained by itself. This is the "Cubagdo" of this land. (Second calculus
of Figure 1) (Knijnik, 2006)

At this point in the work, as a teacher, I taught students to calculate the area of the
polygon, using the “book mathematics method” * of “land cubagdo”. (Third calculus
of Figurel)*

Figure 1
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Despite the great tension caused in the classroom, the results of the Landless methods, which give
values so much higher than those given by school mathematics, allowed an important discussion.
It was centered on the comparisons among their own methods and the school mathematics
methods (which included the learning of the Heron’s Formula of calculating polygonal areas — a

3 This expression was used by some students to refer to traditional Western school mathematics.
* The results were very different: Adao found 6,500 m?, Jorge 8,100 m? and the result of the school book
mathematics was 5,200 m?
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formula that requires only the lengths of the polygon sides). In fact, when the land is not a flat
geometric figure, but a real, concrete land, its undulations offer much more surface for cultivation.

Thus, depending on the shape and undulations of the land, the increased result given by the
peasant methods can be suitable. Their methods lead them to obtain a value closer to that, which
effectively corresponds to the surface that can be cultivated.

Sometime later, during a fieldwork, I learned with a Landless peasant another way of “cubacao
da terra”. He used as parameter to determine the size of a surface the “tractor time used to hoe”.
“One places the tractor on the land. Working with it for 3 hours it makes exactly one hectare”.
(Knijnik, 2018)

This practice emerged as one among many examples of peasant ways of living in the south of
Brazil (Knijnik & Wanderer, 2018). It was a way of living marked by material vulnerability,
where the small farmer’s work rarely managed to compete with the landowners. Thus, the cost of
production, particularly the amount to be paid for the leasing of the machinery, was a central
point. These were the conditions that give meaning to the rule that associated time-space, which
characterized that practice. In that context, the precision, the exactitude of the area to be cultivated
was no longer relevant. The landless practice produced an approximate result; it was not exact.
Nevertheless, as Wittgenstein (1995) said in Aphorism 88 of Philosophical Investigations:
“inexact does not mean useless”.

Wittgenstein’s arguments allow us to call Adao’s method and Jorge’s method of “cubacdo da
terra” mathematical methods of calculating surface areas since they have family resemblances
with the book mathematics methods of calculating surface area.

We can utilize Wittgenstein's ideas not only to scrutinize the particularity of “cubacdo da terra”
but also to contemplate other mathematics education questions, such as: What happens when we
take for granted that “It's important to bring 'reality' into mathematics classes”? What have we been
doing in the work of schooling practices outside the school?

If we listen to Wittgenstein's teachings from Philosophical Investigations (1995), we will see that
the domestication of mathematical practices of non-school forms of life, meaning when these
practices are transported to school forms of life, is an unsuccessful operation. The practices are
captured by the school machinery, becoming school practices and not, as one might ideally wish,
practices of the ‘reality’ that would be introduced into the school in an intact way. This is because
the “out of school” practices and the school practices, in Wittgensteinian language, are different
language games governed by different logics.

This is why it is so hard and sometimes so frustrating to work in an ethnomathematics perspective.
For example, it requires deep fieldwork and careful transcription that allows preserving in detail
the language in which the peasants expressed their practices. It is necessary to make clear to
students that the peasant language games are marked by immanence and book mathematics
language games are marked by the transcendence of mathematics. Both have different logics. The
logic of mathematics outside school mathematics practices is contingent upon the specific situations in
which they take place. It is intimately connected to and influenced by the context and circumstances in
which they occur, making it an immanent logic. Conversely, the logic of school mathematics
practices is characterized by its abstract and general nature. It seeks to establish overarching principles
and rules that can be applied universally. It is a transcendent logic. Therefore, we have to be cautious
when saying that we teach school mathematics to be applied in everyday life and at work.

Let me present another example that is linked to an episode that happened during fieldwork
completed some years ago. A peasant explained that, on estimating the total value of what he
would spend to purchase inputs for production, he rounded numbers “upwards”, ignoring the
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cents, since he did not want “to be shamed and be short of money when time comes to pay”.
However, if the situation involved the sale of some product, the strategy used was precisely the
opposite. In this case, the rounding was done “downwards”, because, as he said, “I don’t want to
fool myself and think that I would have more [money] than I really had.”

As we can observe, these language games have family resemblances with that practice of Western
school forms of life, in which there is a fixed rule determining round up and round down numbers.
This example shows the immanence of the peasant rationality versus the transcendence of the
Western school mathematics. It also shows how what we teach in school is difficult to apply to
everyday life without taking care to examine the situation involved.

It is also important to mention Rivera’s statement: “a very important consequence of
Wittgenstein’s reflection about the expression “to follow a rule” is acknowledging the complete
impossibility of the existence of “private rules” (Rivera, 2004, p. 86). The author argues that to
follow a rule presupposes on the one hand, continuity of the practice and, on the other, the
reference to a community that constitutes the system of referents in whose framework the rules
acquire meaning” (p. 87). This idea is important to be highlighted, to show that the rule followed
by that peasant is not something individual and private. In short, Wittgenstein’s philosophy of
maturity, denying the existence of a universal language, enables us to question the notion of a
universal mathematical language.

This allows us to argue, from the philosophical viewpoint, about the existence of different
mathematical language games — such as those of the Western school and those of the Brazilian
Landless— with each corresponding to different forms of life and with specific rules. Both kinds
of mathematical language games (and the forms of life to which they belong) have family
resemblances.

Paul Ernest (1991) criticizes the uses of ethnomathematics in our school teaching practices. He
says “there is a conflict between the location of mathematics in the world of the student’s
experience, and the need to teach mathematics to provide the powerful thinking tools of abstract
mathematics. ... there is no way to avoid these conflicts” (p. 214). Wittgenstein’s later positions
help to justify the pertinence of such an argument: the meanings assigned to the language games
practiced in outside school forms of life cannot be automatically transferred to the school form of
life.

To move from one form of life to another does not guarantee the permanence of the meaning, which
shows the complexity of this kind of operation (Knijnik & Duarte, 2010). Therefore, it is relevant
to consider Ernest’s positions if we do not want to trivialize an ethnomathematics perspective and
take for granted what is, in fact, much more complex.

Based on this argument, we show the complexity of teaching mathematics language games from
diverse forms of life. Even so, I would argue for the importance of expanding our students’
repertoire of mathematical language games by including in this repertoire mathematics language
games practiced in non-school forms of life. The mathematics language games practiced by the
Landless peasants to calculate the portion of land to be cultivated or to round numbers have the
marks of contingency, of the immanence. They are considered valid in their respective forms of
life. They are different from the school mathematics language games that have an outstanding
transcendence, a universal character. We can see this same dichotomy: immanence versus
transcendence when considering the mathematical language games of work forms of life and those
of school mathematics.

We claim that it is necessary to broaden school mathematics curricula, but we must make explicit
to our students the differences between these mathematics language games, if we want them to
effectively learn to deal with everyday life situations and perform better in their work.

65 Adults Learning Mathematics — An International Journal



ALM International Journal, Vol.17(1), pp. 59-69

Very political numeracy episodes

In this section, I share two examples of my work with the Landless Movement that I consider
particularly political because of the characteristics of the courses in which they are associated.
The first one happened during a course developed for Landless leaders of the South of the
country’. The episode was centered on a report written by a woman student who belonged to the
Landless Movement National Committee (the group of elected peasants who coordinate the
Movement at the national level). Her report discussed a march that the Landless Movement was
conducting at the time in a specific region of the state of Rio Grande do Sul.

The march involved hundreds of peasant families — women, men and children -- who were
walking along the main roads of that region, to press the state authorities to expropriate an
unproductive large-holding whose owner had been in debt to the State for a long time. When the
discussion about her report started, she interrupted what was going on in the class, stood up and,
moving from a student subject-position to a leader subject-position, in a stentorian voice, as if she
was in front of thousands of her comrades, explained:

This is what is going on. We have 11 thousand 7 hundred families settled in the state. Following the
data given by our Production Sector, the total amount of the State debts is 70 million reais, its total,
counting everybody's debts. What is the point? The point is that Senhor Southal, the landowner
himself, has a debt of 32 million reais. In fact, it is not 32, it is 37, but let's assume 32 million. Then,
he alone has a debt of 32 million. And then I have a question because it is hard to debate about this
in the schools, in the communities we are visiting during our march, in the media: What is the
percentage that single farmer took of public government money compared to our debts, to the
“claims” that we are making?(Knijnik & Wanderer, 2000:35)

This question was asked on the very first day of the march when we sat down to prepare the people
who were going to talk at the schools. This question came up and we looked at each other and could
not answer. Her talk was interrupted by applause from the other students. The continuity of the
pedagogical work was centered in the analysis of her report. Initially the group was interested in
discussing mainly the economic dimension of the situation, even if its social and political
dimensions were always present. The group consensus was that it would be important to write a
text with the results of the analysis of the situation we had carried out.

Thus, the next stage of pedagogical work involved writing a text, which not only showed the
analysis results but also highlighted the reasoning developed by the group, marked by Landless
mathematics language games associated to their form of life. From the following week onwards,
the text was distributed in the communities through which the march moved.

Some elements of this episode deserve to be highlighted. The first concerns what I have called
the use of "raw texts" in numeracy processes. I am calling raw text a mathematics text like the
report presented by the peasant in this episode. It is a text which involves, for example, a non
usual (dis)order provoked by the presence of data that, although a significant part of the situation,
are not always necessary to perform the calculations. A raw text usually presents more complexity
than the mathematics textbooks problems.

I argue about the relevance of using raw texts in numeracy projects because they effectively
express how mathematical relationships present themselves in our daily lives, whether in domestic
or work activities. Mathematical relationships are in the world connected with social, cultural,
economic and affective relationships. And the problems we really need to solve are hardly just
mathematical... In the case of this report, as the discussion progressed, other data were brought up

3 This episode was described in Knijnik & Wanderer 2010)
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for discussion and more complex calculations were performed. These calculations involved the
use of a calculator.

Another aspect of the episode is the flexibility of the numeracy process, which allowed the
peasants to redirect it. Peasants assumed the leadership of the numeracy process and the text to
be distributed at the march gained priority. They considered the mathematics calculations
indispensable to justify the reason for the occupation of that property politically.

A third aspect linked to the episode that must be highlighted concerns the march itself. As happens
in all other marches, the Landless children who participated in that specific march with other
members of their families did not stop their schooling thanks to the itinerant school to which they
belonged. The itinerant schools were instituted by the Landless Movement in 1996 and had some
unique characteristics: the students and teachers were Landless people living in the movement
camps; teacher training was performed in Secondary School courses and courses of Higher
Education belonging to the Movement; the students entered at any time during the school year;
the general organization of the schools and the pedagogical work was implemented by the
teachers and by the camp community; the school curriculum was structured by stages that were
the equivalent of the initial grades of Brazilian Elementary Schooling and supported by the
principles of the Landless Movement Pedagogy. Many times, there were attempts to close the
Landless itinerant schools, and only the resistance of the Landless Movement made it possible for
these schools to continue to exist.

A final episode refers to the Higher Education Course in Technology of Management of
Cooperatives in which, different from the other examples presented, we faced difficulties in using
our ethnomathematics approach in the numeracy process.

The main challenge of the Course was to advance agricultural cooperation, introducing the
management of cooperatives in the neoliberal business model, but taking into account that such
an advance needed to be subordinated to the political and social positions defended by the
Movement in its history.

The Course, lasting three years, aimed to train 40 technicians of the Landless Movement and other
Peasant movements of Latin America and was run by the Landless Movement Education Sector
in partnership with the Universidad de Mondragdn of the Spanish Basque Country. This university
was in charge of the teaching of the subjects linked to technology and business management.

Nevertheless, when the Course started, its Pedagogical Team noticed that the students had
difficulties in the subjects of Accounting and Financial Management, which are central in the
Course curriculum. The Pedagogical Team considered that these difficulties were due to
deficiencies in mathematics. Thus, the Team made the decision to introduce a subject of
Mathematics into the Course, even though this had not been foreseen before. The Mathematics
syllabus was developed by Basque teachers who taught Accounting and Financial Business
subjects. The syllabus included topics such as percentages, fractions, equations, areas, and
volumes.

We were invited to be in charge of the teaching. One of my students was the teacher.

If we analyze, in a global way, the first Course in Technology of Management of Cooperatives
promoted by Landless Movement, we can affirm that its results were very positive. Its
repercussions in the productive sector of the Landless Movement were notorious. However, from
a numeracy point of view, the Course can be criticized.

The fact that the students' difficulties were not foreseen and, therefore, there was not enough time
for them to be worked on throughout the teaching of Accounting and Financial Business, implied
that the numeracy was carried out separately. This, in itself, made it impossible to implement the
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ethnomathematics perspective that until then had been central to our work. Numeracy ended up
being restricted to something routine: A list of contents to be taught with the purpose of being
applied after.in their professional life. After learning from Wittgenstein his notion of use, we
know how inefficient his pedagogical approach is. For the philosopher, meaning is given based
on the use we make of it in different situations and contexts, meaning is determined by the use.

But there is one more aspect that can be criticized in the Course from the standpoint of numeracy:
the subjects of Accounting and Financial Business, which can be considered themselves in some
way as numeracy, were taught by the Spanish Basque teachers, in a very traditional way. The
methodology: first theory and then application was implemented. In essence, we can say that the
Basque university methodological perspective was imposed upon us....

Ending words

Throughout my trajectory as a researcher working with the Landless, I have always tried to
mobilize all my efforts to never forget to problematize my own discourse, since it is necessarily
marked by my ‘privileged’ voice as an intellectual working with what can be seen, even today, as
“subaltern ‘subjects’”. In my attempts [ have been favored by this social movement, which is very
much aware of the risk of exposing themselves to academic research and of being narrated by
“the others” and being represented by us.

They chose to take this risk not only because of my “good intentions” of being vigilant about my
role in the work I have been developing with them for decades. Rather, they made this decision
because they put education as one of the key issues of their struggle and saw the importance of
having academics contributing to the construction of new alternatives within their educational
project.

In this journey, I have come to realize that the Landless peasants have taught me far more than I
could ever teach them. Their wisdom extends beyond the realm of mathematics language games
and encompasses invaluable life lessons.

Through their generosity, they have shown me the importance of selflessness and placing the
collective well-being above individual interests. Their tireless determination and unwavering
strength in struggling for a more just world have been truly inspiring. They have imparted upon
me a profound understanding of resilience, justice, and the power of collective action.
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