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Abstract
In this paper we discuss individual numeracy practices of older people (age cohort 65 and above), concentrating on findings 
concerning interdependencies of numeracy practices and vulnerability and their reciprocal effects, drawing on first results of 
a qualitative, explorative study entitled ‘Numeracy as social practice in the course of time’. For this paper, we examine the 
issue of vulnerability in relation to dimensions such as financial and economic situation, health and social embeddedness. 
Drawing on the concept of ‘numeracy as social practice’ according to Baker and Street (International encyclopedia of adult 
education and training, Pergamon Press, Oxford, 1996), we focus on the strategies of older people using numeracy practices 
and skills to lead independent, self-determined and autonomous lives, to experience individual life satisfaction and to avoid 
vulnerable situations. The findings, derived from in-depth interviews with the above-mentioned cohort, show that various 
meanings are attributed to numeracy practices in response to certain requirements and needs concerning personal well-
being, as well as anticipating developments such as biographical transitions. We discuss how mathematical knowledge and 
skills are applied when transformed into individual numeracy practices. Our findings, which demonstrate the creative and 
meaningful use of numeracy practices according to personal needs, are then discussed within the scope of formal teaching 
and learning processes in basic adult education.

Keywords Numeracy as social practice · Vulnerability in older age · Financial and economic situation · Health · Social 
embeddedness · Qualitative study

1 Introduction

In this paper we discuss the interrelationship between old 
age, vulnerability and numeracy practices, drawing on 
qualitative data from a current study entitled ‘Numeracy as 
social practice in the course of time’, which explores the 
use of numeracy practices by older people (birth cohorts 
1926–1955), taking into account the meanings they individ-
ually attribute to these practices.1 In our study we therefore 
ask how older people use numeracy practices throughout 

their lives, and we investigate the significance of numeracy 
for individuals. Our approach draws on the following theo-
retical frameworks: on the one hand, we analyse and inter-
pret the qualitative data regarding the concept of numeracy 
as social practice according to Baker and Street (1996), as 
well as the aspect of vulnerability. On the other hand, we are 
using the subject-oriented point of view on learning accord-
ing to Klaus Holzkamp’s learning theory (1993) as an inter-
pretative framework. Therefore we analyse the individual 
use and application of mathematical knowledge and skills 
of older people that have been learned earlier in life. The 
analysis also provides information concerning individual 
aims and objectives for ongoing learning processes by con-
sidering individual strategies and resources. The results of 
our study can also be discussed with regard to aspects of 
learning within settings of basic adult numeracy education. 
Considering aspects of the subjectively oriented learning 
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theory in facilitating processes within basic adult education 
settings, means carefully considering the learners’ practices 
and meanings. Facilitators, however, should be aware of the 
individual resources that learners draw on.

In the light of our research, the review of the literature 
regarding numeracy and mathematics concerning adults 
shows a lack of research in relation to people older than 
65 years of age. They are subjects of the ‘CiLL study’ 
(Competences in Later Life) (Friebe et al. 2014; Friebe and 
Schmidt-Hertha 2013), but mathematics is only one topic 
among several others. Therefore, numeracy practices by 
older people are rarely looked at. First results of our study 
show that these generations use numeracy practices in dif-
ferent ways and are thus able, among other things, to reduce 
the possible risks of vulnerability at this stage of life.

The paper is focused on the following questions:

• How do numeracy practices minimise the risk of vulner-
ability in old age?

• In what contexts do older people apply numerical skills 
and practices in order to avoid or minimise the effects of 
vulnerability?

• How does age affect the use of numeracy practices?
• What are the individual and social meanings of numeracy 

practices?

To answer these questions, the paper is structured as 
follows. Since numeracy is a complex and heterogeneous 
concept, the literature review in Sect. 2 outlines the current 
state of research and discussion. There, we also discuss our 
approach to the research. In Sect. 3, we present the theoreti-
cal framework developed for this contribution. In Sect. 4, we 
discuss our methodological and analytical approach. Sec-
tion 5 presents the results of our analysis as well as their 
interpretation with regard to vulnerability in old age and 
its minimisation through the usage of numeracy skills and 
practices, along with a discussion of these findings. Sec-
tion 6 draws conclusions concerning the practice of basic 
numeracy in adult education.

2  Literature review

In recent years, many dimensions of numeracy have been 
discussed in scientific discourse and research and, accord-
ing to Geiger et al. (2015), different concepts of numeracy 
related to adults have been developed. On the one hand, 
numeracy is presented from an international perspective, 
using large-scale longitudinal methodological approaches 
such as the Programme for the International Assessment of 
Adult Competencies (PIAAC). Therein, key competences 
concerning reading, writing, and computational as well as 
mathematical skills of adults were assessed and measured. 

On the other hand, everyday uses of numerical skills and 
practices of adults are examined, mostly drawing on qualita-
tive research methods such as biographical or ethnographical 
approaches (Yasukawa et al. 2018). These studies examine 
numeracy in different social domains such as work/employ-
ment, everyday life or health, and digitalisation, and they 
take different cultural contexts into account.

2.1  Numeracy and the ‘Programme 
for the International Assessment of Adult 
Competencies’ (PIAAC)

At the turn of the century the following arguments domi-
nated the international discourse: a lack of literacy and 
numeracy competences heavily influenced the ability of 
people to successfully manage lifespan transitions from 
school to work and later to retirement (Paulos 2000; Byn-
ner and Parsons 2006). This lack also affects personal and 
societal success with regard to earnings, employment, edu-
cation, further learning, etc. Positive individual outcomes 
were expected concerning health and the accumulation of 
social capital (Gal et al. 2009). Furthermore, the relevance 
of numeracy was discussed in a broader economic and soci-
etal context, both in maintaining economic competitiveness 
and enhancing personal chances of employability (Gal et al. 
2009), and in being critical for informed citizenship par-
ticipation and therefore supporting democracies (Gal et al. 
2009).

In this context, the PIAAC study was launched by the 
OECD in 2012, with the aim of identifying and measuring 
levels of literacy and numeracy and the “differences within 
and between countries” (Gal et al. 2009, p. 14). The main 
objectives of the PIAAC study were to provide information 
to policymakers and key stakeholders at national and inter-
national levels in order to support education policy measures 
(Gal et al. 2009). The PIAAC concentrates on numeracy 
competences of adults aged 16–65  years. Numeracy is 
defined as “the ability to access, use, interpret, and com-
municate mathematical information and ideas, in order to 
engage in and manage the mathematical demands of a range 
of situations in adult life” (Gal et al. 2009, p. 21).

In addition to numeracy, the PIAAC also describes 
numerate behaviour. Being able to “manage a situation or 
solve a problem in a real context; it involves responding 
to information about mathematical ideas that may be rep-
resented in a range of ways” (Gal et al. 2009, p. 21). It is 
“founded on the activation of several enabling factors and 
processes” (Gal et al. 2009, p. 21), such as mathematical 
knowledge, understanding and problem-solving skills, lit-
eracy skills, beliefs and attitudes, numeracy-related practices 
and experiences as well as context and world knowledge. 
Accordingly, numerate behaviour has four facets (context, 
responses, mathematical content, information and ideas, 
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and finally representations) which characterise situations or 
problems for people to manage or solve (Gal et al. 2009; 
Tout and Gal 2015).

1. The context, as a first facet, includes the purpose or aim 
of a calculation action that can take place in everyday 
life, at work, in society or in training activities.

2. The second facet implies that people must respond to a 
task in some way, for example by making an estimate 
or measuring, modelling and communicating about the 
activity.

3. In the third facet, there are four broad categories of 
mathematical content, information or ideas: quantity 
and number; data and chance; patterns, relationships 
and changes; and dimension and form.

4. The fourth facet indicates how mathematics can appear 
for people and describes various representations.

While the PIAAC does not consider our target group—
people aged 65 and older—we find corresponding research 
questions in the German ‘CiLL study’ (Competences in 
Later Life) (Friebe and Schmidt-Hertha 2013; Friebe et al. 
2014). The approach was twofold: the same cognitive assess-
ment methodology as in PIAAC was used in order to meas-
ure multiple life domains such as literacy, numeracy, and 
problem-solving in technology-rich environments. A large 
sample of older people (N = 1325), aged between 66 and 80, 
was assessed regarding their mathematical competences and 
mathematical skills (Friebe et al. 2014). A small qualitative 
study was added as a case study, in which were interviewed 
42 elderly people who described their everyday use of com-
petences in multiple life domains, including everyday use of 
basic mathematical skills.

According to the results of the CiLL study, complex 
mathematical calculation methods are hardly practised by 
older people, whereas they reported using basic mathemati-
cal skills for price calculations, checking bank statements, 
measuring drug dosages, supervising prescriptions on a 
daily basis, and so on (Knauber and Weiß 2014). Selected 
sociodemographic factors show further differences. Older 
people with academic degrees (1%) have a high level of 
mathematical competence. The majority of the elderly 
population reach level two or three, at which tasks can be 
processed with several steps, and statistics can be interpreted 
as graphics. In addition, men perform better than women, 
which is usually due to higher formal qualifications. There 
are also differences related to age; older people on average 
perform worse than younger ones (Knauber and Weiß 2014).

In the PIAAC studies, everyday application contexts of 
adult numerical skills are taken into account in the model-
ling of test tasks. Nevertheless, large-scale studies meas-
ure the handling of numerical requirements in a standard-
ised and comparable way for cross-cultural benchmarking 

concerning different countries. Cognitive dimensions are the 
focus of attention, but the individual perspectives of people 
on numeracy cannot be depicted. In addition, numeracy is 
applied differently in distinct social and cultural domains 
and shows various forms of representation. This perspective 
is examined in more detail in the following section.

2.2  Further perspectives on numeracy

Complementing the large-scale studies, qualitative, rather 
ethnographically oriented studies exist, which study numer-
acy in various social domains or with regard to cultural 
aspects, and which tackle, among other issues, the follow-
ing aspects (Geiger et al. 2015).

Workplace numeracy encompasses looking at applica-
tions of mathematical skills and knowledge in the work-
place (e.g. Zevenbergen et al. 2009; Yasukawa 2018), within 
the context of vocational education and training (Straesser 
2007), and looking at the skills needed to cope with digital 
society, which is called techno-mathematical literacy (Hoy-
les et al. 2010).

Already in 1982, the Cockcroft Report advocated statis-
tical literacy as an educational goal. The aim is to educate 
people about statistical information such as averages, sam-
ples, probabilities, etc., thereby enabling them to distinguish 
where opinions are influenced or deceived (Watson and Call-
ingham 2003). According to Houston (2009), a so-called 
financial competence involves personal financial knowledge 
and the application of this knowledge to plan and execute 
financial actions and to make appropriate decisions.

Health numeracy refers to skills and abilities which are 
necessary to make appropriate health decisions, to under-
stand health information concerning health plans, treatments 
and medication instructions, and to make informed health 
care choices (Institute of Medicine 2014). Peters et al. (2013) 
differentiate two aspects of numeracy which are useful in 
making health decisions: education-based numeracy skills 
and emergent decision-based numeracy abilities. The former 
concern basic skills such as reading numbers, counting, and 
telling time. The latter refers to more advanced skills such 
as computational, analytical and statistical skills needed to 
make informed health decisions. So far, health numeracy 
focuses on the question of how these different skills can be 
measured according to skill level; however, numerate behav-
iour concerning health issues also depends on the context in 
which it is used (Institute of Medicine 2014).

Concepts of critical numeracy ask about the impact of 
interests and power relations embedded in numeracy con-
cepts and usage (Cockcroft 1982; Yasukawa 2018). This per-
spective argues for an emancipatory or critical ability which 
reflects how numeracy is exposed to social or ideological 
criticism—a perspective which might question authorities 
(Zevenbergen 1995; Ernest 2002).
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A critical view is also taken by studies that can be 
summarised under the term numeracy as social practice. 
According to Yasukawa et al. (2018), the concept can be 
traced back to four theoretical origins and research lines. 
One major strand is known as the situational perspective 
on cognition and is defined as “what people do in daily, 
weekly and ordinary cycles of activity” (Lave 1988, p. 15). 
Practices include cultural and social norms of participation 
as well as routine sets of activities. Another influence on 
numeracy as social practice is the cultural-historical theory 
of activity (CHAT). This concept goes back to Vygotsky 
(1986) and asks how social practices are maintained even 
in times of disturbances. The third influence on numeracy 
as social practice goes back to ethnomathematics. For Ger-
des (1994), this is a field of research that aims to influence 
teaching mathematics and curricula in an emancipatory way. 
This vision is shared by others such as D’Ambrosio (1999), 
Zaslavsky (1994) and Borba (1990). The fourth influence on 
numeracy as social practice was derived from the concept of 
literacy as a social practice, developed by the anthropologist 
Brian Street (2001). The term ‘literacy’ refers to any form 
of social communication or practice that requires a semiotic 
code. This concept of literacy as social practice, represented 
by Heath (1982), Street (2001) and Barton and Hamilton 
(1998), deals with different ideas of reading and writing. Lit-
eracy as social practice not only refers to technical skills in 
order to decode and encode signs, it also focuses on literacy 
practices in different social domains. Our study is based on 
this approach.

3  Theoretical framework

The presentation of our findings is based on two different 
theoretical approaches. Our theoretical framework concerns 
the concept of numeracy as social practice, and we also draw 
on aspects discussing vulnerability in old age.

3.1  Numeracy as social practice: theoretical 
approaches and models

Numeracy as social practice focuses on usage and reasoning. 
As stated in Sect. 2.2, the model of numeracy as social prac-
tice is closely linked to the model of literacy as social prac-
tice. Both models emerged in the early 1990s. Within the 
context of new literacy studies, both literacy and numeracy 
were considered forms of action, embedded in various social 
and cultural contexts, and often characterised by unequal 
power relations. Numeracy and literacy are embedded in 
social structures and organisations, influencing the usage 
and their status (Heath 1982; Street 1984; Barton and Ham-
ilton 1998). Baker and Street (1996) define two models of 

literacy and numeracy as social practices, distinguishing 
between the autonomous and the cultural models:

An ‘autonomous’ model of literacy or numeracy 
assumes that the skills of reading, writing, enumer-
ating, and ‘doing math’ are independent of social 
context, have ‘autonomous’ characteristics that are 
universal across time and space, and generate conse-
quences—for cognition, social progress and individual 
achievement—that are general rather than cultural 
specific. The ‘cultural’ model sees reading, writing, 
enumerating, and ‘doing math’ as social practices, 
learnt in specific cultural contexts and imbued with 
epistemological significance. In this model, the uses 
and meanings of literacy and numeracy cannot easily 
be generalised across cultures but have to be under-
stood in their context.[…] such practices and concepts 
are always implicated in power relations and contests 
over meanings and resources. (p. 79)

Even though both models are discussed, the autonomous 
view dominates the domain of educational policy and edu-
cation. Nevertheless, it is important to note that the autono-
mous perspective on literacy and numeracy is influenced by 
the societal and political context. Baker and Street (1996) 
argued that contemporary academic mathematics’ claims (in 
universities and schools) are founded upon universal truths 
and techniques. In their view, this privileges particular 
subsectors of society, often to the disadvantage of cultural 
minorities. They also noted, with reference to Mellin-Olsen 
(1987), that in many societies, numeracy plays a role as a 
gatekeeper regarding employment (Baker and Street 1996). 
Therefore, Street (1992) differentiated between dominant 
literacies and everyday literacies, a model which has later 
been applied to numeracy (Baker and Street 1996).

In order to analyse numeracy as social practice, we dis-
tinguish between events and practices, which is similar to 
the analysis of literacy as social practice. The term ‘literacy 
event’, meaning “any occasion in which a piece of writing is 
integral to the nature of participants’ interactions and their 
interpretive processes”, was first developed by Heath (1982). 
The concept of ‘literacy practices’ based on literacy events 
includes aspects such as performance, conceptualisations, 
and intentions concerning the use and meaning of reading 
and/or writing. Additionally, they are based on everyday 
theories (folk models; Street 1993) and ideological precon-
ceptions (Street 1984, 1993).

In our study, firstly we take into account the social 
domains in which the events/practices are embedded and to 
which they relate. Social domains are specifically structured; 
they are more or less determined by established structures 
of society and define spaces within which people act and to 
which they respond. We already used this kind of perspec-
tive in an earlier ethnographical study on literacy as a social 
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practice (Zeuner and Pabst 2011). Secondly, our approach 
is based on a specific theoretical framework, referring to 
a subject-oriented perspective (Holzkamp 1993; Allespach 
and Held 2015), while analysing numeracy as social prac-
tice. Within this framework, researchers consider the view-
points of individuals and their interpretations of meanings. 
Relevant for this approach are individual objectives of action 
and structures of meaning, in which, among other things, 
social power relations are reflected.

Therefore, when speaking about numeracy practices, we 
refer to a broader understanding than just ‘doing’ numeracy. 
Firstly, we consider the event in which a certain numerical 
activity is involved. Secondly, we consider the broader cul-
tural conceptions that give meaning to the event. Thirdly, 
while analysing practices, we also take into account the 
personal meaning or the relevance people attribute to their 
numeracy performance. Fourthly, our analysis considers rel-
evant social and political contexts.

In addition, our study focuses on the role numeracy has 
played in the lifespan of our interviewees biographically. 
Thus, in our interviews we asked how and why the interview-
ees used and use mathematical thinking, skills, competences, 
modelling, and so on in their everyday life. With the help of 
the different facets of numerate behaviour as defined in the 
PIAAC framework, numeracy practices can be systematised 
in detail. However, from our theoretical point of view, we 
aim at identifying and describing various numeracy prac-
tices of older people, foremost taking into account individual 
as well as social meanings to which they refer, while apply-
ing these different numeracy practices. Therefore, we are not 
asking for certain skill levels or mathematical knowledge per 
se, even though they might be identified or referred to in the 
course of data analysis and interpretation.

3.2  Vulnerability

Vulnerability, our second theoretical approach, refers to an 
analytical concept initially used in environmental sciences to 
study the human impact of natural disasters such as floods, 
earthquakes or droughts (Schröder-Butterfill et al. 2006). 
Other disciplines, like clinical psychology, health psychol-
ogy, and medicine, also claim the term ‘vulnerability’. Vul-
nerability or susceptibility to disease can be interpreted as 
a result of the interaction of risk factors such as genetic 
makeup, lifestyle, certain life conditions, as well the spatial 
and social environment (Kruse 2017).

According to Streich (2009), vulnerability increases due 
to (un)social conditions, deficiency situations, and adverse 
living conditions such as housing shortages, unemploy-
ment, social discrimination, etc. Shi et al. (2008) stated 
that vulnerable populations are not only affected by one set 
of risks but by several risk factors. Similarly, a Swiss study 
suggests a much broader view on vulnerability. In addition 

to medical and psychological perspectives, the economic 
and social situation of a person is also seen as being prone 
to vulnerability (Gasser et al. 2015). All perspectives high-
light that vulnerability and insecurity contribute to the fact 
that people are more susceptible to stress and lack suffi-
cient coping strategies to counter threats (Chambers 1989). 
However, not everyone is equally vulnerable to threat: the 
way the threat is handled influences whether people are 
more or less vulnerable to harm (Schröder-Butterfill et al. 
2006). Furthermore, Chambers (1989) stated that “Vulner-
ability has thus two sides: an external side of risk, 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” (p. 1). We 
refer to vulnerability in a broader sense and include dimen-
sions such as the economic and financial situation, health, 
and social embeddedness (see below). We argue that older 
people are more likely to be exposed to certain risks such 
as poor health or economic and financial constraints which 
may lead to social isolation or exclusion. As a result, older 
people may become more vulnerable.

If older people are regarded as vulnerable, they may be 
characterised as being poor, frail or lonely (Russell 1999). 
In this context, Schröder-Butterfill et al. (2006, p. 1) raised 
the questions: “What is it a person is vulnerable to?” and 
“Who defines vulnerability?” According to Kruse (2017), 
possible weaknesses in old age can be described by the 
term ‘vulnerability’. However, the author does not directly 
refer to certain diseases, functional losses, and impair-
ments but rather takes into account the increasing suscepti-
bility of older people to such conditions. As a further risk, 
the loss of so-called assistance is mentioned: this means 
that in addition to physical and cognitive demands and 
strains, emotional vulnerability will also increase (Kruse 
2017). Further dimensions such as the level of education 
and health education, material resources, location and 
quality of housing, accessibility and the quality of ser-
vices like care or social networks also determine degrees 
of vulnerability. How people are able to cope with vulner-
ability also depends on these resources, which are bio-
graphically and socially linked. According to Gasser et al. 
(2015), differences concerning these dimensions tend to 
increase with age: “Vulnerability is therefore characterised 
by a cumulative deficit (…). Vulnerable older people not 
only often lack money, but also live isolated, struggle with 
language and understanding difficulties, and are restricted 
in their mobility” (p. 5).

The greater the number of these aspects that apply to 
older people, the higher the risk of becoming vulnerable. We 
are aware of the fact that vulnerability does not apply to all 
people of advanced age. According to the literature, the three 
dimensions financial and economic situation, health, and 
social embeddedness seem to increase the likelihood of older 
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people becoming vulnerable. We also find these dimensions 
in our interviews, which thus support the argument.

4  Methodological approach: qualitative 
inquiry

Our overall study entitled ‘Numeracy as social practice 
in the course of time’ explores everyday numeracy prac-
tices of the war and post-war generation (born between 
1926 and 1955). We are investigating how people, who are 
beyond school and adult education, deal with mathemati-
cal problems. We are interested in the personal strategies 
they have developed in order to solve them. We also ask 
how they apply numeracy practices in everyday life, with 
respect to the meaning of these numeracy practices as well 
as their individual biographical significance. In addition to 
researching historical arithmetic artefacts (texts) from 1920 
onwards, we conducted 11 short interviews with randomly 
chosen people between the ages of 15 and 84 years in Ham-
burg-Barmbek (duration between 5 and 10 min) in order to 
explore the access to the field.

Based on these data and our view on numeracy as social 
practice, we developed a guideline for in-depth focused 
interviews with older people. This form of guided interview 
correlates with the interpretative paradigm of qualitative 
research in the social sciences (Hopf 2015). The investiga-
tion is designed in such a way that different perspectives as 
well as individual orientations and positions can be included, 
which can additionally offer the chance of a discursive 
understanding of different and alternative interpretations of 
the object of research (Hopf 2015).

Between June and November 2018, we conducted 
ten interviews with people aged 64 to 93 years (duration 
between 47 and 120 min), chosen to achieve our goal to 
study individual numeracy practices of older people (age 
cohort 65 and above). They were recruited in different 
ways, mainly by presenting our project at meetings for the 
elderly at churches, the Red Cross, a local community col-
lege, etc., and also by ‘word of mouth’ recommendation. 
The interviewees supported our project voluntarily. These 
interviews focused on numeracy practices in everyday life, 

on biographical aspects, and on individual views and social 
requirements regarding the application of numeracy prac-
tices. Numeracy in relation to vulnerability—the topic of 
this article—was not central to our questions. Nevertheless, 
in four out of the ten interviews, we found an extraordinary 
number of statements about numeracy practices in combi-
nation with vulnerability and about the interdependencies 
between vulnerability in old age and the usage of numeracy. 
Since these findings correspond strongly with the overall 
topic of the issue of this journal, we decided to analyse these 
four interviews separately, focusing on the aspect of vulner-
ability in old age and numeracy as social practice.

Table 1 shows the sociodemographic status of the four 
selected respondents whose interviews we included in the 
scope of this paper.

The analysis of the interviews was carried out using the 
coding process of grounded theory according to Strauss and 
Corbin (1996). It is a systematically reasoned procedure 
which makes it possible to obtain and analyse various types 
of data openly and flexibly. Data analysis and theory genera-
tion are interdependent and mutually dependent. On another 
occasion, we described the associated research process as 
spiral-shaped, since it is based on recurring phases of data 
interpretation and withdrawal from already existing theo-
retical knowledge (Zeuner and Pabst 2011). Using grounded 
theory as a methodological approach, we could generate a 
data-based theory of intermediate range by systematically 
and repeatedly comparing our data, using the central method 
of open, axial, and selective coding. The resulting codes can 
be located more strongly in theory (theoretical codes) or in 
the data (in vivo codes) (Strauss and Corbin 1996).

Using this method, we first analysed the four selected 
interviews methodically according to numeracy events and 
practices. In the second step, we systematically arranged 
them, inspired by our theoretical framework. Our generated 
categories consist of core categories, which we have bor-
rowed from categories in the literature (see Sect. 3). The 
subcategories show numeracy practices related to vulner-
ability in old age, which are of particular importance to 
respondents in their daily lives. According to grounded 
theory, the category system used is both an analytical tool 
and a first result. Table 2 shows the categories generated.

Table 1  Sociodemographic status data of the interviewees

Interview Sex Age (years) Vocational education, jobs, professional activities

Interview 01 Male 84 Retail salesman in the office furniture industry; office technology; bookkeeping
Interview 02 Female 64 Office clerk; bookkeeping at an insurance company and an engineering association; personnel department 

of a transport company
Interview 09 Male 92 Commercial assistant; innkeeper; warehouse worker (food production)
Interview 10 Female 68 Pharmacy assistant; switchboard operator; bookkeeper; radio editor of the Lutheran Church in Northern 

Germany; administrative duties for the synod of the Lutheran Church in Hamburg; memory coach
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5  Results: reciprocal effects 
concerning vulnerability and numeracy 
in old age

In the following section we present the results, analyse the 
reciprocal effects of vulnerability and numeracy in old age, 
and interpret the above-mentioned categories.

5.1  Financial and economic situation

Although we did not directly ask our interviewees about 
their financial situations, we nevertheless received insights 
into the topic. In talking about everyday mathematics, they 
explained how they deal with money in order to make ends 
meet and how their pensions and other financial matters 
affect their daily lives. In the selected interviews, numeracy 
events and practices became visible and linked individual 
meaning to the retirement status:

• Households with the statutory pension and private old-
age provision.

• Saving and building up reserves.
• Personal budgeting and private bookkeeping.

In Germany, the statutory pension is the predominant 
source of income in old age (Bäcker and Schmitz  2013), 
a fact mirrored in our interviews. Due to political power 
relations, decisions concerning pensions have been subject 
to multiple changes, dominated by the fact that the finan-
cial situation of people over time will worsen rather than 
improve. This aspect of the social and political embedded-
ness of people’s personal budgets is mirrored in our inter-
views. The pensions of three interviewees are quite low and 

managing the budget requires adequate, long-term strate-
gies. Therefore, the topic of private pension provision was 
relevant for two interviewees. Interviewee 2 decided early 
on to take on a private pension plan, since she entered the 
labour market comparatively late and often worked in low-
paid jobs. In contrast, Interviewee 1 saw no need for special 
provision since he inherited some money which he takes 
special care of, though “with anger, because no penny is 
added to it” (Interview 1, p. 28).2 He stated that despite these 
additional sources of income, careful spending of the money 
available is required.

Both interviewees use mathematical skills such as calcu-
lating and estimating in order to make ends meet. However, 
they also apply long-term strategies using numeracy prac-
tices to anticipate changes. Two interviewees feel compelled 
to save money, while developing different strategies: Inter-
viewee 9 restricts his daily shopping to the most necessary 
goods; Interviewee 2 plans her savings well in advance. By 
selling her car, moving into a smaller, cheaper flat, and bor-
rowing books instead of buying them, she succeeds in mini-
mising costs in the long run. However, she does not perceive 
these measures as a restriction of her quality of life, since 
she can still enjoy her life as a pensioner.

Interviewee 2 reports how, in addition to saving, she 
builds up reserves in order to cover running costs:

So that I didn’t get into a spin or something, I then 
came up with a scheme so that I could basically tell 
today what I had left at the end of the month, what 
was actually in the account, and then I always checked 
it and so on. Yes, I always looked at the costs that 
were incurred. Insurances or something like that. How 
much they are per year; how much they are per month. 
This monthly contribution I monthly transferred to 
the account and therefore, as far as reserves were con-
cerned, I never got into trouble, because I always had 
the money when it was due. (Interview 2, p. 2)

The numeracy practices she describes enable her to apply 
mathematical skills like calculating and estimating and plan-
ning costs in advance. Her planning is proof of her ability to 
adapt to new, challenging changes using numerate behaviour 
(see PIAAC). Additionally, this kind of planning indicates 
aspects of critical numeracy: the person is able to critically 
assess the overall economic situation and political conditions 
which, at least in the future, might influence her financial 
situation negatively. Anticipating these developments, she 
changes her numerate behaviour. However, her action as she 
describes it does not include a critical analysis of the politics 
concerning pensions in the long run. She anticipates changes 

Table 2  Category system for the four selected interviews

Vulnerability in old age Numeracy practices interrelated to vulner-
ability

Financial and economic 
situation

Households with the statutory pension and 
private old-age provision

Saving and building up reserves
Personal budgeting and private bookkeep-

ing
Health Medical and therapeutic measures

Health problems and individual financial 
situation

Individual coping strategies for mental 
strength

Critical perspectives on health issues
Social embeddedness Financial independence and maintaining 

important social contacts
Advice and support for other people
Participation in specific courses and other 

events using numeracy practices

2 The translation of the interview quotes was done by the authors.
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on a personal level and acts accordingly but does not engage 
politically.

Three of the four interviewees regularly monitored their 
personal budgets in order to supervise their spending effec-
tively, even before they retired. One interviewee describes 
the procedure for creating the record:

I do this every week. I collect my receipts. I get a 
receipt for everything, even if it’s not ‘in vogue’, I’m 
not really interested in that. I enter everything and only 
keep the receipts that have something to do with guar-
antees or where I have to provide something—that can 
happen sometimes. Yes, I do that weekly. (Interview 
10, p. 22)

By collecting receipts from daily purchases, the inter-
viewee gets an overview of her expenses and takes note of 
them regularly. This behaviour first of all describes numer-
acy events, i.e., ‘doing numeracy’. In order to perform the 
events, some interviewees apply computational skills, using 
a PC and an Excel spreadsheet or other software. The budget 
books not only document daily costs, but they also provide a 
financial framework which allows them to compare income 
and expenditure. Writing a budget book using mathematical 
skills and ideas therefore becomes an individual numeracy 
practice which gives subjective meaning to this task (Inter-
view 2; Interview 10). In addition to creating a house-
hold book, Interviewee 1 also performs a kind of private 
accounting for himself. Using his accounts, he meticulously 
determines the surpluses and losses and thus checks any 
incorrect entries. As with the budget book, the control of 
bank accounts in conjunction with accounting also serves to 
keep track of one’s own finances and to avoid unnecessary 
expenditure (see interview partner 10). Skills according to 
the PIAAC are applied when numbers are read and related.

6  Health

Health issues were addressed in different ways—directly and 
indirectly. Directly, the interviewees talked about individual 
health restrictions (e.g., hypertension, renal insufficiency, 
cancer, heart attack, hip surgery) and their consequences, 
or explained personal strategies for responding and handling 
these restrictions. Four dimensions concerning the combined 
topics of health, age, and vulnerability could be identified in 
the data numeracy events and practices:

• in relation to health numeracy
• in relation to health problems and individual financial 

situation
• in relation to individual coping strategies for mental 

strength
• for critical perspectives on health issues.

Current health restrictions and appropriate medical treat-
ment are closely linked. These are major aspects when con-
sidering people of old age as a risk group prone to physi-
cal vulnerability (Renteln-Kruse 2008; Kruse 2017). In our 
interviews, numeracy events or practices are described as 
the regular intake of various medications or the evalua-
tion of health restrictions in view of various laboratory and 
examination findings. These evaluations involve statistical 
analysis as well as basic medical knowledge combined with 
the ability to critically assess results in relation to one’s own 
health. Therefore, mathematical knowledge and skills such 
as calculation, counting, measuring, and estimation have to 
be applied in order to interpret the data and communicate 
with medical staff—doctors, nurses, and support staff and 
to come to informed decisions concerning treatments and 
therapy options.

In addition, we find different numerical practices which 
control specific behaviour or everyday routines that serve 
individual health benefits. These include individual time 
management or measurement—for example, controlling 
fluid intake, performing specific exercises in order to stimu-
late physical activity, or generally following an individual 
work-life balance regime. Failing or declining memory is 
often an issue among older people, and they develop dif-
ferent numeracy strategies to cope with it, such as, for 
example, training memory skills while calculating prices 
or expenditures.

The anticipation of health problems and their prevention 
is often closely linked to financial expenses. One interviewee 
reports on her long-term saving strategy in order to be able 
to afford the next pair of glasses:

[…] and with this calculating, it also helps to keep the 
overview and just to look like that or, for example, at 
some point I’ll need a new pair of glasses which will 
be very expensive. And as a retired person I can’t just 
shake it up my sleeves. So I asked myself, how much 
is it today? About 1,000 euros. And then I thought, 
when is the next pair due? Five years. Then 1,000 
euros divided by five and then again divided by the 
year—how much do I have to save every month? And 
so I actually handle all the things (expenditures) for the 
big things. (Interview 2, p. 11).

Someone else explains a complicated procedure for 
claiming one-year reimbursement from his health insurance 
company for private copayments for prescription drugs. To 
benefit from this, he has to prove the yearly expenses, for 
which he uses accounting software.

Numeracy practices are also applied as individual strate-
gies in order to cope with the potential health restrictions 
and ageing itself. Health issues become significant in old 
age, since they are not only closely related to physical well-
being but also relate to opportunities to participate in social 
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life, to be able to live a self-determined and autonomous life, 
and to experience individual life satisfaction (Kruse 2017).

All interviewees addressed these aspects, expressing their 
opinions and explaining their coping strategies in order to 
stay mentally active and flexible. In this context, numeracy 
practices become crucial, in that groceries are added up 
mentally, cooking recipes are converted, telephone numbers 
are memorised, friends are met regularly to play card games, 
etc. It is emphasised that these activities are performed pur-
posefully and without further aids.

These strategies become particularly clear in the inter-
view with the memory coach (Interview 10). This inter-
viewee tells about her different ways of integrating mental 
arithmetic and therefore applying mathematical skills to eve-
ryday life events in order to stay mentally active and flexible. 
The daily use of the computer helps another interviewee 
to maintain his current cognitive ability (Interview 1). An 
interviewee, who is no longer mobile and stays in his apart-
ment most of the time reports as follows:

I feel I have to develop it further and I can’t just stand 
there and say, now I don’t care anymore. … As a child, 
you’ve already heard that from the old people: don’t let 
yourself go, be agile as long as you can breathe, you 
have to do something. And don’t say, now I don’t feel 
like it anymore. (Interview 9, p. 12).

These examples show the interrelation between health, 
self-care and autonomy, as well as its significance in old age 
(Doyal and Gough 1991; Wiggins et al. 2004).

Some of our results can also be viewed from a critical 
perspective of numeracy. Numeracy practices are used to 
assess health conditions critically, such as weighing and 
evaluating surgical interventions or strategically handling 
the limited time of nursing staff. One interviewee describes 
the decision-making process concerning hip surgery, for 
which the attending physician advised him to keep a pain 
protocol to document the intensity of pain in everyday life. 
In the course of time, the interviewee has increasingly dif-
ferentiated this protocol, for example with records of medi-
cation, blood pressure measurement, physical activity, etc., 
in order to be able to make a more detailed assessment of 
the pain:

One is no pain, ten is unbearable. […] That’s how it 
is. And everything that happened about it. I recorded 
that. I don’t know if I still have it at home. Most of the 
time I still have it. This has become a real treatise and 
they just marvelled and said: ‘Golly’. Then the main 
physician came in and I had another whole hour or 
more with him and then I said ‘yes’ at the end. (Inter-
view 1, p. 42).

This relates to suggestions concerning health numeracy—
being able to make appropriate health decisions and moni-
toring one’s own health (see Sect. 3.2).

6.1  Social embeddedness

As stated in Sect. 3.2, vulnerability in old age is often con-
sidered in relation to social inclusion or exclusion or in the 
context of social embeddedness of the elderly (Hawkley 
2017) and discussions concerning these aspects are numer-
ous. The theoretical frameworks range from a social needs 
perspective and a cognitive perspective to an evolutionary 
perspective (Hawkley 2017). In the different approaches, 
various factors such as social or emotional loneliness, 
poor social integration, feelings of disconnection, negative 
expectations, or anxiety are considered as being antagonistic 
to social embeddedness. Hawkley (2017) refers to differ-
ent quantitative studies, discussing interrelations between 
loneliness, social inclusion/exclusion in old age in relation 
to certain dimensions such as gender, socioeconomic sta-
tus, health, stressful events, and social relations (see also 
Bessa et al. 2018). Whereas the impact of gender seems to be 
uncertain, other factors such as socioeconomic status, health, 
stressful events, and social relations seem to play an impor-
tant positive role concerning social embeddedness. Higher 
socioeconomic status, better health, and reliable social rela-
tions seem to foster social embeddedness.

Considering these results, our data also provide insights 
concerning the importance of social embeddedness for older 
people. Since factors such as financial constraints or serious 
health issues can lead to a lack of social contacts and there-
fore isolation, existing or newly developed social networks—
with family, friends, neighbours, social groups, professional 
caregivers and the like—are crucial for older people (Gasser 
et al. 2015; Kruse 2017). The following categories refer to 
reciprocal effects concerning social embeddedness, numer-
acy practices and vulnerability:

• Financial independence as a prerequisite for maintaining 
important social contacts

• Advice and support to others on financial issues, com-
puter problems, etc.

• Participation in specific courses and other events using 
numeracy practices.

Social embeddedness involves various forms of interac-
tion and communication, and activities with others and for 
others. Regardless of the age of our interviewees, we find 
evidence that financial independence and autonomy are 
important in order to maintain social contacts, hobbies, etc., 
with the aim of living independently for as long as possible. 
Plans and considerations are made regarding one’s financial 
situation in relation to shaping one’s life in the third phase 
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(personal goals, hobbies, friends and family). We find strate-
gies concerning the transition to retirement where financial 
restrictions lead to personal budgeting plans.

Some interviewees function as competent partners and 
counterparts in discussing numerical problems and finding 
solutions with families and friends. Thus, they gain social 
recognition which is important for personal identity and self-
confidence in old age. At least two interviewees talk about 
counselling family members or caregivers or supporting 
family members financially (Interview 1 and 9). Different 
activities in old age serve to maintain social contacts. They 
include numerical practices in the narrower as well as in the 
broader sense. Examples in our interviews are the follow-
ing: regular visits of Skat rounds (poker-buddies), partici-
pation in mental training courses, asking others for specific 
support—for example helping with computer problems, 
and conversations with family members about new digital 
applications.

6.2  Discussion of findings

Our findings concerning interdependencies of vulnerability 
and numeracy practices in relation to old age confirm recip-
rocal effects of the usage of numeracy practices and numeri-
cal skills by older people in order to minimise vulnerability. 
Considering our research questions (Sect. 1), we find posi-
tive results concerning the interrelationship between old age, 
financial and economic situations, health, social embedded-
ness and numerate behaviour and the risk of vulnerability. 
We find that the numeracy practices that our interviewees 
are applying correspond more to the cultural or ideological 
model of Street and Baker (1996) than to the autonomous 
model, since the interviewees are using and developing 
them according to their personal needs and living condi-
tions. They perform numeracy events and practices within 
the context of old age, health, and vulnerability. This aspect 
also corresponds with the findings of the CiLL study which 
stated that older people are using numeracy practices rather 
than applied mathematical skills (see Sect. 2.3).

Concerning the financial and economic situation, our 
interviewees show different strategies into order to cope with 
expected financial constraints. This aspect strongly relates 
to observations in the literature in which the rethinking of 
financial issues with respect to retirement becomes impor-
tant. The topic of finances thus determines the everyday lives 
of our interviewees and holds important meaning for them, 
enabling to them to live well in old age according to their 
individual ideas and means (Houston 2009). Even though 
the interviewees do not use the term ‘vulnerability’ them-
selves, they are aware of the risk of becoming financially 
vulnerable in old age. This is indicated by their numeracy 
practices, which stabilise or even improve their financial 

situation in old age in order to minimise the risk of financial 
vulnerability.

Concerning health numeracy, the findings relate to theo-
retical considerations regarding the ability to monitor and 
deal with health problems and related issues (Peters et al. 
2013). They integrate numeracy practices in their everyday 
routines while monitoring their health. Therefore, numeracy 
practices can be seen as an instrument to understand and 
treat health issues from both a medical point of view and 
the patient’s/old person’s perspective. Numeracy practices 
prove to be significantly important in relation to cognitive 
training, in order to avoid cognitive impairment and prevent 
other health issues.

As can be seen, health numeracy also relates to aspects 
of health politics, which in Germany regulate expenditures 
in certain ways, restricting possible expenses paid by health 
insurance companies, etc. The numeracy practices of some 
of the interviewees mirror these social practices embedded 
in the health system. But, similarly to the results concerning 
financial aspects of numeracy practices, the interviewees do 
not, in their personal meaningful actions concerning health 
issues, critically assess the health system as a whole or try 
to change it politically.

Our interviews also show that social embeddedness lead-
ing to social inclusion and avoiding exclusion cannot be 
singled out as a dimension of old age, but that it is closely 
related to financial and health aspects (Gasser et al. 2015; 
Kruse 2017). Good health mobilises people, while a better 
financial background supports social activities in different 
ways. Giving reason to individual numeracy practices—
events like calculating and estimating costs, measuring 
medicine, spending money, interpreting graphs—emphasises 
the fact that the numeracy practices as social practices are 
embedded in different cultural settings and contexts (Street 
and Baker 1996). By applying them, people are both reacting 
to tasks or expectations and are anticipating developments, 
while taking into account certain foreseeable biographical 
changes.

Our interviews also mirror aspects of numerate behav-
iour as described in the OECD framework of PIAAC (Gal 
et al. 2009). They show numerate behaviour concerning 
all aspects mentioned above in order to manage a situation 
or solve problems such as reading numbers or tables and 
graphs, counting, performing arithmetic operations (addi-
tion, subtraction, multiplication, estimation, or forming rela-
tions). In addition, they use also emergent decision-based 
numeracy abilities, such as recalling numerical information 
from memory or using it in complex relations (Peters et al. 
2013). Some examples also show that numeracy practices 
are strongly interwoven into everyday life.

Based on our theoretical framework, however, our fore-
most interest is in analysing the subjective reasons for our 
interviewees applying certain problem-solving strategies, 



511Numeracy practices and vulnerability in old age: interdependencies and reciprocal effects  

1 3

while at the same time referring to subjective reasoning, 
intentions, and personal needs in performing different 
aspects of numerate behaviour.

7  Conclusion

In our paper we have focused on questions concerning inter-
dependencies and reciprocal effects of numeracy practices, 
vulnerability, and old age. Our findings demonstrate differ-
ent interrelations concerning the usage and application of 
numeracy practices based on mathematical knowledge and 
skills by older people in order to overcome obstacles in eve-
ryday life situations such as financial constraints or risks, 
health issues, or social isolation and exclusion. Concerning 
the concept of numeracy as social practice, it becomes obvi-
ous that most of the numeracy practices our interviewees are 
performing are justified by subjective reasoning, intentions, 
and personal needs.

Therefore, the application of numeracy practices is done 
intentionally and purposefully. In applying numeracy events 
in order to reach certain objectives, our interviewees some-
times draw on mathematical skills and competences which 
they learned in the formal educational system, the work-
place, or somewhere else. However, most of their numeracy 
practices indicate that the mathematical knowledge and 
competences they apply were developed individually in 
autodidactic, self-directed learning settings, using routines 
and patterns of action resembling the concept of numerate 
behavior and coinciding with the finding of the CiLL study 
(Knauber and Weiß 2014; see Sect. 2.1). They link appli-
cations of mathematical skills with life experience, world 
views, and knowledge concerning political, societal, and 
economic developments, which influence their personal 
lives. They are able to assess political and economic devel-
opments critically, and to relate them to their own living 
conditions in the sense of critical numeracy (Yasukawa 
2018; see Sect. 2.3). The applied numeracy practices are 
culturally embedded in the society from which the inter-
viewees come and are therefore unique. Different cultural 
environments and backgrounds would lead to insights into 
different numeracy practices.

Since our data indicate the cultural embeddedness of 
numeracy practices, the question arises of how this could 
be integrated in basic adult numeracy education. Review-
ing and reflecting on the few existing curricula focusing 
on basic numeracy education (Kaiser 2009; DVV 2017) 
or financial literacy (DIE 2015; Mania and Tröster 2015) 
in Germany and Switzerland, we mostly find traditional, 
skill-oriented mathematical modelling, implying a deficit-
perspective concerning the skills and knowledge of the 

learner. The question of the everyday use and application 
of numeracy practices is rarely tackled.

From the perspective of older people like our inter-
viewees, however, creative ways of dealing with every-
day problems requiring different numeracy practices are 
employed. Therefore, we ask how the concept of cultur-
ally induced numeracy practices could be integrated in 
the respective basic numeracy curricula. From our point 
of view, it is important for facilitators to recognise already 
existing skills and knowledge. This recognition implies 
a change of perspective from a deficit-oriented view to 
a resource-oriented view concerning (older) adult learn-
ers. The curricula could gain more impact if more atten-
tion were paid to the fact that most people have developed 
their own numeracy practices and are able to use them 
creatively and according to their own needs. These prac-
tices should be appreciated in their own right. They mirror 
non-formal competences which are ‘unmeasurable’, some-
times untraceable and invisible, but nonetheless existent. 
They fulfil tasks for people according to their own needs 
and objectives, and the respective contexts are recognised 
in their own right. They have reciprocal and interrelated 
effects and impacts, are influenced by different parties, 
each having their own agenda, and are affected by interests 
and power relations.

In addition, the concept of ‘critical numeracy prac-
tices’ (Yasukawa 2018) should be taken into account when 
reconsidering basic numeracy curricula in adult educa-
tion, with a goal of developing the ability of people to 
reflect on future personal needs and aspirations in rela-
tion to society’s expectations and the opportunities that 
society offers. In order to apply numeracy practices for 
one’s own good, people should develop a critical view 
about the economy and finances in relation to future needs. 
This aspect includes aspects of a critical economic com-
petence which will allow people to understand and assess 
economic developments with regard to broader political 
objectives, as well as in relation to their personal aims 
later in life concerning financial issues, education, pen-
sion, healthcare, housing, nutrition, and so on.

For us, this leads to the question of how people could 
become aware of the fact that mathematical skills and 
numeracy practices involve more than mental operations 
and methods but concern real-life questions which are 
simultaneously culturally embedded and reflect the fact 
that they can be used for political and social transforma-
tion within the scope of an informed, critical, and recipro-
cal dialogue within society.
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