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Abstract

In recent years, digital technologies have become an essential part of our lives. At the same
time, the well-being of the elderly has raised great concern in developed countries due to
the ageing of the population. In this context, our paper seeks to link these two issues by
analysing the relationship between digital technologies and the well-being of the elderly,
taking into account that the use of the former is endogenous. Such an issue has been little
addressed in the literature. For this purpose, we use microdata from the European Social
Survey since it includes both measures of individuals’ subjective level of well-being and
of their use of the internet. We focus on Spain because it is a rapidly aging country, which
also has the highest life expectancy in the European Union. Our main findings show that
using internet daily is negatively associated with individuals’ happiness, but we observe a
positive relationship between internet use and their social life. Additionally, these associa-
tions are enhanced for individuals aged over 60 years.
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1 Introduction

Since mid-90 s with the Bangemann report (European Commission, 1994), the widespread
diffusion of information and communication technologies (ICT) has been a keystone of the
European development strategy. Nowadays the focus is on the integration of digital tech-
nologies on individuals’ lives so that they can make the most of them and, ultimately, soci-
etal well-being is improved. In this sense, the recent European declaration on digital rights
and principles for the digital decade highlights that “people are at the centre of the digi-
tal transformation (...). Technology should serve and benefit all Europeans and empower
them”. This digital transformation should leave “nobody behind. It should notably include
elderly people, persons with disabilities, or marginalised, vulnerable ...” (European Com-
mission, 2022b, pp.2-3).

As regards the elderly, achieving such goal faces at least two major challenges. The
first challenge refers to the bridge of the so-called “grey” or “age-related” digital divide
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(Millward, 2003). Though the rates of use of digital technologies have generally increased
across all groups of population, the elderly still lag behind (Francis et al., 2019; Halmdi-
enst et al., 2019; Huxhold et al., 2020; Rice & Katz, 2003; Tirado-Morueta et al., 2021).
The second challenge relates to the need of a better understanding of the association of dig-
ital technologies with people’s well-being, in general, and the elders’, in particular (OECD,
2019a, 2019b). This is an issue of increasing importance in developed countries due to
the sharp ageing of the population and the consequent need to ensure the quality of life of
this group of population and the cares provided (Eurostat, 2019; OECD, 2013). Despite
the potential of some digital solutions “to increase the well-being of millions of citizens”
(European Commission, 2018a), empirical evidence shows no conclusive results yet on the
links between their use and well-being (Orben et al., 2022).

In this framework, the aim of this paper is to analyse the role played by age both in well-
being and internet use as well as their interactions, with special focus on older individuals.
We make two main contributions to the literature. First, we treat internet use as an endog-
enous variable in line with all findings on the digital divide. Most previous studies have
considered internet as exogenous when analysing its relationship with well-being. Sec-
ond, we provide evidence for Spain. We believe that it is interesting to analyse the Spanish
population since it is the country with the highest life expectancy in the European Union
(EU) (European Commission, 2020b) and, by 2050, will have the first and second largest
shares of population aged 60 years and over in Europe and the world, respectively (United
Nations, 2017), with an old-age dependency ratio expected to increase more than 30 per-
centage points by 2070 (European Commission, 2021b; United Nations, 2020). These facts
make Spain an interesting case of study as it might allow to anticipate future situations in
countries that have not yet reached such high levels of aging.

The remaining of the paper is structured as follows: Sect. 2 presents the literature
review, Sect. 3 describes the empirical approach, including data and methods, and Sect. 4
summarises the results. Finally, Sect. 5 concludes.

2 Literature Review

With developed societies becoming more and more “grey”, guaranteeing the well-being of
the elderly has become a key priority of the European agenda (European Parliament, 2021).

While the old age is generally associated with some deterioration (Lelkes, 2013), medi-
cal progress and healthier lifestyles have led to a time like never before when “have so
many people enjoyed such long and healthy lives” (European Commission, 2021a, p.10).
The literature on ageing and well-being highlights that “ageing affects every aspect of our
lives, throughout our lives”(European Commission, 2021a, p.2) and its relevance could be
comparable with major life events such as becoming unemployed or disabled (Lépez-Ulloa
et al., 2013; Lucas & Donnellan, 2007).

The relationship between age and well-being has been extensively studied, with research
finding that there is a U-shaped relationship between happiness and well-being (Blanch-
flower, 2021; Blanchflower & Oswald, 2008; Blanchflower et al., 2023; Gwozdz & Sousa-
Poza, 2010; Lopez-Ulloa et al., 2013), whilst other research contests this U-shape pattern
(Bartram, 2021, 2024; Bittmann, 2021; Glenn, 2009; Hellevik, 2017; Kratz & Briiderl,
2021; Morgan & O’Connor, 2017). In fact, Bartram (2024) shows that happiness decreases
with age with recent data from the European Social Survey (ESS).
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Along with this, several efforts have been devoted to unveiling the potential of ICT to
support the well-being of elders (European Commission, 2018a, 2018b, 2020a; European
Innovation Partnership on Active & Healthy Ageing, 2021). Much of this potential focuses
on health care solutions to promote healthy active ageing. As the European Commission,
(2018a) indicates: “Europe’s health and care systems face serious challenges. These are
ageing, multi-morbidity (...). Digital solutions for health and care can increase the well-
being of millions of citizens and radically change the way health and care services are
delivered to patients”.

Moreover, latest digital developments may facilitate the access to information by the
elderly and enhance their communication and social participation — boosting their social
capital and thus avoiding social isolation-, all of which ultimately contribute to higher
well-being (Castellacci & Tveito, 2018; European Commission, 2021a; Ma et al., 2021;
Nakagomi et al., 2022; OECD, 2019a). Nonetheless, the realisation of these benefits faces
some threats (European Council, 2020; OECD, 2019b). Of special concern is the so-called
“grey digital divide” (Millward, 2003), that is, the systematic lag of elderly people in the
use of ICT, compared to the rest of the population. Even though the divide in access is less
wide than before, there is still a gap in use, with the elders showing lower levels of ICT
usage, which is related to the lack of digital skills and the rapid evolution of technology
(not always designed in an accessible way) in addition to socio-economic features ((Boni)
Li & Perkins, 2007; Francis et al., 2019; Halmdienst et al., 2019; Huxhold et al., 2020;
Loos & Ivan, 2022; Lucendo-Monedero et al., 2019; OECD, 2021; Rice & Katz, 2003; van
Dijk, 2020; Vicente, 2022; Watts, 2020).

Moreover, as Kraut et al. (1998) early stated, the internet might have some negative
effects on people’s well-being to the extent that they substituted offline activities (that
usually required some socialization) for the internet which allowed to do them alone at
home, fostering individuals’ isolation.! However, the available empirical evidence is not
conclusive either for the population in general or the eldest in particular. Kraut et al. (1998)
showed that, at that time, the internet had a negative effect on individuals’ well-being. A
couple of years later, these same authors observed that most of this negative effect had
faded (Kraut et al., 2002). Nonetheless, both works focused on teenagers.

Later studies have reported various results as regards the link between the use of the
internet and well-being (Aggarwal et al., 2020; Ali et al., 2020; Beneito-Montagut et al.,
2018; Castellacci & Tveito, 2018; Gaia et al., 2021; Hasan & Linger, 2016; Johannes
et al., 2022; Kavetsos & Koutroumpis, 2011; Lelkes, 2013; Lifshitz et al., 2018; Lohmann,
2015; Lu & Kandilov, 2021; McDool et al., 2021; Nie et al., 2017; Orben et al., 2022;
Pénard et al., 2013; Schmiedeberg & Schroder, 2017; Sen et al., 2022; Stockwell et al.,
2021; Szabo et al., 2019). For instance, among three of the most recent studies, two of
them report no statistically significant association between the use of digital technologies
and individuals’ well-being (Johannes et al., 2022; Orben et al., 2022), whilst a third finds
that such usage would be positive for the elderly as it would contribute to lower their feel-
ings about isolation (Sen et al., 2022). Such discrepancies in results might be explained
by diverse reasons. In the first place, different measures of ICT are analysed: in some
cases, the focus is on the general use of the internet in general, in others either on the
utilization of particular services and applications (e.g. online social media) or the owner-
ship of devices (e.g. smartphones). In the second place, several measures of well-being are

I Other negative effects are related to the development of some addictive behaviours (OECD, 2019a,
2019b); however, this has been observed for other groups of population and not particularly among the
elderly.
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studied: happiness, life satisfaction, mental health, social participation and quality of life,
among others. In the third place, various populations and groups are considered: hence,
there are works which focus on the general population and accordingly take representative
random samples in order to unveil the links in the triplet age-internet-well-being; whereas,
some studies pay attention exclusively to the eldest group and consider convenience sam-
ples to do some qualitative research (e.g. groups discussion) or, on the contrary, try to take
random representative samples of this particular group of population to accomplish quanti-
tative research that allow for making inferences.

Overall, some major limitation of much of the previous empirical research is that the use
of technologies is mainly considered as exogenous. Taking internet use as exogenous disa-
grees with the rich empirical evidence from the literature on the digital divide which has
shown that the use of ICT is largely shaped by individuals’ sociodemographic background
(Helsper, 2021). Nonetheless, there are some recent exceptions that properly address the
endogenous nature of digital usage (Ali et al., 2020; Lu & Kandilov, 2021; Suérez Alvarez
& Vicente, 2023; Zheng et al., 2023, among others).Against this background, the present
paper aims to shed some light on the association between internet use and the level of
well-being of elders, taking into account the endogenous nature of internet use and several
measures of well-being. We seek to answer the following research questions (RQ): RQ1: Is
internet use related to the well-being of individuals? And RQ2: How does individuals’ age
influence the relationship between internet use and well-being?

3 Empirical Approach
3.1 Data and Descriptive Analysis

Microdata from the European Social Survey (ESS) will be used. The ESS is the most
appropriate database to fulfil the goals of this paper since it includes three essential pieces
of information for our analysis: (1) measures of individuals’ subjective level of well-being
(SWB), (2) measures of their use of the internet, and (3) sociodemographic information.”
Data from Rounds 8 and 9 (2016 and 2018, respectively) will be used. We focus on these
rounds because they refer to periods of extensive diffusion of the internet. Pooling these
data, we get a sample of 3,614 individuals.

Two different types of subjective well-being variables are considered. We include two
variables about individuals’ happiness and life satisfaction, Happy and Satflife, both in a
scale 0-10 that measures how happy/satisfied with life individuals are, from 0, extremely
unhappy/dissatisfied to 10, extremely happy/satisfied. Additionally, we include three varia-
bles to measure individuals’ social life: Meetings in a scale 1-7 which measures how often
the respondent meet with friends, relatives or colleagues from 1, never to 7, every day, Dis-
cuss in a scale 0—6 which considers the number of people the respondent can discuss with
intimate and personal matters, from O, none to 6, at least 10 persons; and finally, Sactiv in a
scale 1-5 measures individuals’ participation in social activities compared to others of the
same age from 1, much less to 5, much more.

2 While the Spanish National Statistical Office publishes the annual Survey on equipment and use of ICTs
in households, with detailed information on ICT usage, this survey does not include any data of individu-
als” well-being, and hence it does not serve to the purpose of this paper. Neither merge it with other surveys
containing measures of well-being is a feasible option.
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Table 1 Mean test of SWB

variables by frequency of internet Daily internet No daily internet Sig. Difference
use Happy 7.83 7.47 ok

Satflife 7.45 7.17 ok

Meetings 5.33 5.06 HAk

Discuss 321 2.72 Hkk

Sactiv 2.59 2.74 ook

ok

" p<0.01, ** p<0.05, * p<0.1. The measurement scales are for:
Happy and Satlife 0-10 scale; Meetings 1-7; Discuss 0-6; Sactiv 1-5

As internet variables, we include a dichotomous variable to measure the frequency of
use, Daily internet which takes value 1 if the individual use internet daily or mostly daily.
Taking into account the literature on ICT diffusion and the digital divide, this variable will
be considered endogenous. Additionally, we include the average maximum internet speed
at regional level (NUTS? 2 regions); unlike the previous variable this one might be consid-
ered exogenous and will be used as instrument in our models. Data on speed are sourced
from Fundacién Telef6nica (2019).

We also incorporate sociodemographic and socio-economic variables. Regarding
age, we consider individuals’ age as a (quantitative) variable and also build a dummy
variable for those individuals over 60 years old. Likewise, we include a series of dummy
variables to control for other socio-economic and sociodemographic characteristics:
gender (=1, female), employment situation (=1, employed individuals at the time of the
interview), family (=1, living with a partner), bad health (=1, individuals who report
having bad or very bad health status) and hampered status (1 =, if the person reports
being hampered in daily activities by several reasons including illness, disability, infir-
mity or mental health problem-). We also control for the type of area where the person
lives through the categorical variable, domicile, which distinguishes five types of areas:
1, a big city; 2, suburbs or outskirts of big city; 3, town or small city; 4, country village;
and 5, farm or home in countryside. From this variable, we also build the dummy rural
which takes value 1 when the person lives in a country village or in the countryside. To
measure income, two types of variables are considered; an objective variable, income,
with three categories: 1, individuals’ income below the 5th decile; 2, income above the
5th decile; and 3, don’t know/ don’t answer; and a subjective one, hincfel, which takes
into account individuals’ feelings about their household income in four categories: 1,
living comfortably on present income; 2, coping on present income; 3, difficult on pre-
sent income; 4, very difficult on present income and. We also include a variable of edu-
cational levels according to the categories of the International Standard Classification of
Education (ISCED)* and control for the ESS Round.

Tables 1 and 2 provide the results of the mean differences test for the SWB vari-
ables by frequency of internet use and age, respectively. Figure 1 shows the share of

3 NUTS refers to the Nomenclature of Territorial Units for Statistics, and in particular to its French version
Nomenclature des Unités Territoriales Statistiques. This is a hierarchical system for dividing up the eco-
nomic territory of the European Union. In the case of Spain, there are 19 NUTS 2, that correspond to the 17
Autonomous Communities and the 2 Autonomous Cities (Ceuta and Melilla).

4 The ESS data distinguish 7 levels of education: 1, less than lower secondary; 2, lower secondary; 3, lower
tier upper secondary; 4, upper tier upper secondary; 5, advanced vocational, sub-degree; 6, lower tertiary
education, i.e., Bachelor’s or equivalent level; 7, higher tertiary education, i.e., Master’s, Doctoral or equiv-
alent levels.

@ Springer



A. Suérez-Alvarez, M. R. Vicente

Table2 Mean test of SWB

variables by age Over 60 years Below 60 Sig. difference
Happy 7.49 7.80 ok
Satflife 7.35 7.36 No
Meetings 5.15 5.28 o
Discuss 2.87 3.13 HEE
Sactiv 2.59 2.74 ok

See notes below Table 1

8
kA

% Using internet daily
6
1

4

<25 25-39 40-50 51-60 >60
Age group

95% confidence intervals

Fig. 1 Share of individuals using internet daily by age group

individuals who use internet daily by age group. These figures indicate that, in general,
levels of SWB significantly differ in relation to the frequency of internet use and age.

It can be observed that mean levels of SWB are higher when the internet is used daily
(Daily internet=1) (Table 1) and for individuals aged below 60 years (Table 2).

Similarly, it is important to note that the share of individuals using internet on a daily
basis significantly decreases with age, as shown in Fig. 1. Finally, Table 3 reveals that
the average level of SWB is in general significantly higher for those individuals aged
over 60 years who use internet daily, compared to those of the same age who do not use
1t.
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Table 3 Mean test of SWB

variables for individuals over >60 & daily >60 & No daily ~ Sig. Difference

60 years by frequency of internet internet internet

use Happy 7.76 7.39 L
Satflife 7.51 7.29 No
Meetings 5.21 5.12 No
Discuss 3.30 2.70 HokE
Sactiv 3.00 2.42 ok

See notes below Table 1

3.2 Data Analysis

From ESS Rounds 8 and 9, we will specify and estimate econometric models that relate
individuals’ subjective level of well-being with their use of the internet. They will be built
upon existing subjective well-being models which consider the importance of personal,
family, and job-related characteristics and economic context variables (Akay et al., 2017;
de Pedraza & Vicente, 2021; de Pedraza et al., 2020; Tella et al., 2001).

Given the endogenous nature of the use of internet, our modelling will be based on
an instrumental variables two-equation model. The first equation focuses on explaining
whether an individual uses the internet daily or not and includes, as explanatory varia-
bles, the main sociodemographic features that the literature of the digital divide has found
to significantly shape the use of the internet (age, gender, employment situation, income,
location). The variable Speed will be also included as an instrument variable. The assump-
tion is that the speed of the internet connection is correlated with internet use but not with
an individual’s level of well-being; in other words, speed will not exert any effect on well-
being apart from that through internet use. The second equation focuses on identifying the
variables that shape the level of well-being of an individual. Since we consider five meas-
ures of well-being, we will have to estimate five pairs of equations.’ To properly isolate the
association between the internet and well-being, we incorporate as controls the previously
described socio-economic and sociodemographic variables. Moreover, we include interac-
tion terms between our group of interest, i.e., the eldest and internet use to study any dif-
ferential outcomes on the well-being of this group. Some other interaction terms (between
internet use and women and individuals with disabilities) are included as controls.

4 Results

Table 4 shows the results of the regressions performed for our two-equations models: the
first equations on internet use and the second equations on the five related variables on
well-being. We note that most of the regressors included in the two -equations models are
found to be statistically significant.

Specifically, we find that the use of the internet daily is negative and statistical and
significantly related to age and rural areas. A negative relationship is also observed for
individuals that did not report their income. In contrast, daily internet use is positive and

5 Estimations have been run by means of the Stata command cmp (Roodman, 2011) through the maximum
likelihood method. All SWB variables have been treated as continuous variables. Alternatively, they could
have been treated as ordered categorical variables. In any case, estimates show similar results.
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is statistically significantly related to being employed, individuals’ educational level and
income and the average speed of the connection in the region where they live. Besides, the
control variable for the round of the ESS (Round 9) shows a positive sign.°

As regards the well-being equations, the variable of internet use is found to be statisti-
cally significant in three out of the five dimensions considered. In particular, it is statisti-
cally significant with a negative coefficient on the happiness equation, and positive and
statistically significant on the equations related to people’s levels of social participation and
the number of people with whom they can discuss, whereas it is not statistically significant
neither on the life satisfaction nor the meetings equations.

The sociodemographic and socio-economic controls included in the well-being equa-
tions are mostly found to be statistically significant. Hence, the variables about age, having
a bad health status, being hampered and feelings of insufficient income shows some nega-
tive and statistically significant coefficients. In contrast, the age dummy for the 60+ age
group and location categories related to rural areas are positive and statistically significant.
Nonetheless, the significance of the interaction terms included between some of these vari-
ables and daily internet use moderate some of these relationships.

5 Discussion of Results

Our estimates confirm that, despite the increase of internet usage over the period of analy-
sis, the main dimensions of the digital divide still persist, those being, the grey or age gap,
the income, the rural versus urban as well as the educational and employment related gaps.
Hence, results suggest that the higher the age the lower the likelihood of using the internet.
Similarly, people living in rural areas are less likely to use the internet daily than those in
more urban environments. This urban-rural gap matters even once we control for internet
speed; in fact, people living in areas with higher levels of internet speed are more likely
to use the internet daily compared to individuals in areas where speed is poor. In contrast,
people having a job, a high level of education and getting some income over the 5th decile
are more likely to use the internet daily.

Concerning the association of the internet with the different variables of subjective well-
being, the first thing to note is that outcomes depend on the type of the well-being measure.
In this sense, we can distinguish two different outcomes: the link with individuals’ happi-
ness and life satisfaction and that with individuals’ social life. On the one hand, daily users
of the internet appear to report lower levels of happiness compared to those who do not use
it, while no difference (between these two groups of population) seems to arise in terms of
life satisfaction. On the other hand, internet daily users report higher levels of social life
variables than non-users.

® Initial estimates had included the variable Female in the first equation. However, gender was found not
to be statistically significant in several specifications. That is the reason why we decided to drop it from the
final estimations and does not appear on Table 4.
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6 Conclusions

The sharply aging of the population in developed countries has gone along with the increas-
ing digitalization of daily lives, a process in which the elder population are lagging behind.
Digital technologies are seen as an opportunity for raising societal well-being but there also
some threats and challenges. Moreover, empirical evidence is not clear about the association
between the two, that is, whether is positive or negative, or there is a mix of positive and nega-
tive effects that lead to some non-significant outcomes.

This paper has tried to contribute to this debate by linking the analysis on individuals’ well-
being with the empirical evidence provided by the literature on the digital divide, which poses
that ICT usage is clearly shaped by people’s socio-economic and demographic features.

As concerns our first research question, results show that, once controlled for the endog-
enous nature of internet use, its relationship with the well-being of individuals depends on
the type of well-being measure. In this sense, we find that using the internet on a daily basis
is negatively associated with individuals’ happiness and life satisfaction but positively related
with their social life.

To address our second research question, which focuses on how the use of the internet and
the well-being of the elders are related, we have included in our analysis an interaction term
between a dummy variable which considers individuals aged over 60 years and daily inter-
net usage. The inclusion of this term allows us to see that the associations described above
-between the use of the internet and well-being- become stronger for the elderly. These results
suggest that on the old age, individuals who use internet daily are less happy and satisfied
with life than those who do not use it. On the contrary, the elders who use the internet find
themselves to have more social life compared to others of the same age. Such a positive asso-
ciation is also observed for people hampered. These results are in line with all the literature
that claims that the internet may play an important role in preventing loneliness and improving
communication and social participation at the old age (Castellacci & Tveito, 2018; European
Commission, 2021a; OECD, 2019a; Sen et al., 2022).

Our findings have some implications both for the academia and policy makers. On the one
hand, the importance to link the findings of the literature on the digital divide and those on
well-being to properly assess the effect that digital technologies might exert on individuals’
levels of well-being. This is especially important in the case of elders who suffer from the
well-known grey digital divide which, though attenuated over time, has not still disappeared
as it happened for other groups of population (e.g., gender). On the other hand, it would be
important to consider that the use of digital technologies might have different effects on the
different dimensions of well-being. For instance, they might facilitate people’s social life but
not directly raise their level of well-being in terms of happiness. Then, tailored actions should
be designed to achieve gains in specific areas of well-being. Knowing that the old age tends
to be accompanied with social isolation, the promotion of ICT-related measures towards over-
coming this particular problem might be more effective and easier to evaluate than stating a
general goal of raising well-being.

7 Limitations of the Study

There are some considerations to take in our analysis. First, we are identifying just asso-
ciations, and no causality claims can be made about the use of the internet and elder’s
well-being. In the particular case of the positive link between internet use and social
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participation, there could be some double causality. In this sense, not only would using
the internet daily lead to a greater social life, but having a more intense social life per se
could lead to individuals using the internet more. Second, we analyse the use of the inter-
net in general, however specific services and applications might show different associations
with well-being. Unluckily, our data do not allow us to address such an issue. Finally, it
is important to take into account that all our well-being measures are subjective and the
scales of measurement are different. While an individual’ self-perceived levels of well-
being have some comparative nature (de Pedraza & Vicente, 2021), the question on social
participation is the only one that explicitly states that, i.e., how do you perceive yourself
compared to others in the same age group. There could be some bias there.

As lines of future research, it would be interesting to carry out longitudinal studies
which allow to assess how the use of ICTs varies with age and throughout the lifecycle. In
this sense, it would be worthy to assess whether advanced users in previous stages of life,
keep on being it in later stages and the role of digital skills throughout all this process.
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