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1. INTRODUCTION

Ageing populations have become an important issue, especially in developed 
countries. In the EU-28, 59.8% of the population was 20 to 64 years old in 2017. 
This is expected to drop below 55% by 2035 and remain there until at least 2080. 
In 2017, 19.4% of the population was 65 years old or older, but by 2080 this is 
expected to rise to 29.1% (Eurostat 2018). As the population ages, issues such as 
the welfare and quality of life of older citizens have come to the fore, as well as 
surveys focusing on their financial state and satisfaction levels (Bandura 2008; 
Yang 2014). There are several numerical indices to measure the welfare of older 
adults. In the EU, the most frequently used one is the Active Ageing Index, here-
inafter referred to as AAI (Zaidi et al. 2013). 

The index was created at the initiative of the United Nations Economic Com-
mission for Europe (UNECE) and the European Commission Directorate General 
for Employment, Social Affairs and Inclusion (Zaidi et al. 2013) in 2012, the Eu-
ropean Year for Active Ageing and Solidarity between Generations. Since then, 
it has been calculated and published every two years, each time evaluating data 
collected two years previously (e.g. AAI 2012 is about the year 2010). Presently, 
the indices available are those from 2010, 2012, 2014, 2016 and estimated values 
for 2018, covering the period from 2008 to 2016 (UNECE 2018).

The AAI is calculated as a weighted average of several different compo-
nents, where the weights applied were based on the recommendations of experts. 
Changes in AAI values can be used to describe the development of countries over 
time, and to analyze country rankings. The index values show how much of the 
potential for active ageing is realized in given countries. AAI can also be useful to 
policymakers when evaluating the efficacy of policies related to ageing. Although 
the index has faced much criticism, practical experience suggests that it serves its 
intended purpose quite well inasmuch as it reflects the effectiveness of policies. 
It also draws attention to areas where additional measures are needed. However, 
economic development obviously results in the emergence of new trends that 
affect the conditions of the older generation. Our paper focuses on one of these 
factors, namely the role of internet usage at an older age. We argue that the cur-
rent indicator for this factor should be replaced by one that qualitatively measures 
internet usage rather than indicating regular internet usage. 

The outline of this paper is as follows. The second section gives an overview 
of the components and structure of the AAI. In the third section we describe 
two variations made to the AAI where the weighting system of the components 
is based on mathematical-statistical estimates. The first of these variations was 
introduced by Djurovic et al. (2017) using the Composite I-distance Indicator 
(CIDI) method. The second one is our own experimental creation, based on factor 
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analysis. In the fourth section of the paper we focus on internet usage and show 
that it will soon become so ubiquitous that merely measuring regular usage will 
no longer yield any useful information. Therefore, we argue for the measurement 
of a more sophisticated, that is qualitative measure of internet usage instead. The 
fifth section shows the difference this would make for each of the AAI variations 
and their country rankings. Finally, we conclude by summarizing our findings. 

2. THE ACTIVE AGEING INDEX 

The Active Ageing Index (AAI) is a complex index containing 4 domains and 22 
indicators, which, as we have mentioned earlier, has been calculated regularly 
since 2012 by a group of experts working for the UNECE (Zaidi et al. 2013). The 
main goal for using AAI is to measure the effectiveness of economic policies that 
respond to ageing. AAI also shows the efficacy by which the economic and social 
potential of ageing is realized. The four major domains of AAI and the indicators 
within each domain are shown in Table 1.

The first three domains of the AAI relate to the results achieved in active age-
ing, including participation in paid and unpaid activities, as well as physical, 
social and financial security. These domains were included in the AAI on the rec-
ommendation of the World Health Organization (WHO 2002). Finally, the fourth 

Table 1. The four domains of AAI, the indicators of each domain, and the weight function 
of each indicator within the respective domain

Employment
(35%)

Participation in 
society
(35%)

Independent, healthy 
and secure living

(10%)

Capacity and enabling 
environment for active 

and healthy ageing
(20%)

Employment rate 
55–59 (25%)

Voluntary activities
(25%)

Physical exercise
(10%)

Remaining life expectancy 
at age 55 (33%)

Employment rate 
60–64 (25%)

Care to children, 
grandchildren (25%)

Access to health and 
dental care
(20%)

Share of healthy life ex-
pectancy at age 55 (23%)

Employment rate 
65–69 (25%)

Care to older adults
(30%)

Independent living
(20%)

Mental well-being
(17%)

Employment rate 
70–74 (25%)

Political participation
(20%)

Financial security
(3 indicators)
 (30%)

Use of Information 
and Communication 
Technology (ICT)  (7%)

Physical safety
(10%)

Social connectedness
(13%)

Lifelong learning
(10%)

Educational attainment
(7%)

Source: Zaidi et al. (2013).
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domain considers the extent to which the environment enables active ageing, and 
the level of effort people aged over 55 make to improve their quality of life.

The data used for calculating the AAI originates from European Union sur-
veys.2 When calculating the AAI, responses to subjective questions as well as 
quantitative data (e.g. employment rate) were placed on a 0–100 scale. As a re-
sult, all domains and indicators of the AAI appear as percentage data, enabling re-
searchers to make comparisons between countries and analyze the active ageing-
related trends of any EU nation. The closer an indicator is to 100 for any given 
year, the better the annual state of the country examined. Since the AAI also of-
fers breakdowns by gender for each indicator, it is possible to make male–female 
comparative analyses.

The weighting coefficients given to domain-specific indicators as well as the 
weights given to domains were determined by the UNECE Active Ageing Expert 
Group. Although originally all the indicators were to be given the same weighting 
coefficients (Zaidi et al. 2013), in the end due to scientific concerns they gained 
the weights indicated in Table 1 (in brackets under the names of the indicators 
and domains). 

A frequent criticism of composite indices that use weights given by expert 
opinion is that mathematical-statistical aspects are neglected. Such a critical ap-
proach is expressed in Paruolo et al. (2013), and specifically with respect to the 
AAI in São José et al. (2017). We tend to agree with these criticisms, especially 
in cases where the authors recommend better definitions of domains and greater 
consideration of correlations. However, our views are even more in line with the 
one presented in Kelley (1991), which is that though such composite indices have 
to be regarded with some wariness, they contain valuable information that other 
single domain indices cannot convey. 

On the other hand, indices calculated using mathematical-statistical methods 
are criticized because the weights are sensitive to changes in the data, thus they 
could shift in every time period. Therefore, this type of index is not as well suited 
to making intertemporal comparisons. However, at any given time, they can pro-
duce a more exact country ranking and provide better guidance to policymakers, 
since bigger weights are given to indicators which are currently deemed more 
important with respect to active aging. 

The critique presented in this article is that the degree to which certain fac-
tors contribute to active ageing changes over time. Therefore, factors need to be 

2  The specific datasets and surveys used include the following: EU-LFS (Labour Force Survey), 
EU-SILC (Statistics on Income and Living Conditions), EQLS (European Quality of Life 
Survey), EHLEIS (European Health and Life Expectancy Information Systems), Eurostat ICT 
Survey (Information and Communications Technology), and ESS (European Social Survey).
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periodically reconsidered and, if necessary, altered, especially if the values of the 
indicator under consideration differ less and less between individual countries. 
This is also true if the weights are calculated using statistical methods instead 
of relying on expert opinion. In the following section we introduce two different 
mathematical-statistical methods to derive AAI variants. 

3. DIFFERENT AAI CALCULATIONS USING STATISTICAL METHODS

In the previous section we introduced the conventional AAI based on expert esti-
mates. Now we introduce two AAI variants where the weighting coefficients are 
calculated using mathematical-statistical methods. The first one is the indicator 
of Djurovic et al. (2017), who uses a statistical estimate known as the Composite 
I-distance Indicator method (CIDI).3

The second calculation is our variant, created by factor analysis, hereinafter 
referred to as factor-based AAI. In this article we will not take a stance in the 
debate whether the AAI should be based on expert estimates or mathematical-
statistical tools. We merely wish to demonstrate that one of the important AAI 
indicators, internet usage, should be adjusted according to changing economic 
circumstances. We will show this after our introduction of the AAI variants based 
on statistical methods. 

A component of AAI, the Use of Information and Communication Technology 
(ICT) indicator measures the internet usage of older people. Specifically, it shows 
the ratio of 55- to 74-year-olds who in the previous three months had used the in-
ternet at least once a week. The data is from an annual Eurostat survey, collected 
by national statistical offices on the use of Information and Communication Tech-
nologies at the European level.

The CIDI method of Djurovic et al. (2017) used Pearson correlation coef-
ficients to determine the weighting system instead of subjective weights based 
on expert estimates. The gist of the method is that these correlation coefficients 
can be calculated by the I-distance values and the indicators used in the analysis. 
Pearson correlations show which indicators are the most significant in the coun-
try ranking process, and finally the most important ones get higher weights. For 
example, in the original index the same weight was given to the employment rate 
of all age groups, while the calculations of Djurovic et al. (2017) assign a larger 
weight to the 65- to 69-year-olds than to 60- to 64-year-olds, and a larger weight 
to the 60- to 64-year-olds than to 55- to 59-year-olds. The usual retirement age 

3  For a description of the Composite I-distance Indicator method see Ivanovic (1973), Jeremic 
et al. (2011), and Dobrota et al. (2016).
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in the EU is 65, so the employment rate is more likely to be higher among those 
under 65 than it is for those over 65. The weights calculated using the composite 
I-distance indicator show that the real challenge with respect to active ageing is 
to improve the employment rate of 65- to 69-year-olds. However, in Djurovic et 
al. (2017) the employment rate of 70- to 74-year-olds got a lower weight than 
the rate for 60- to 64-year-olds. The explanation for this is that the employment 
rate of 70- to 74-year-olds is extremely low, thus the role of the indicator is also 
negligible. We used the weighting system of Djurovic et al. (2017) to calculate 
the 2018 AAI (based on 2016 data).

As an experiment we also created a weighting system using a different statisti-
cal method with the 2016 data (AAI 2018 is calculated from the data of the year 
2016). Our AAI variant was calculated using factor analysis. Our aim was to use 
the indicators to create a composite index that consists of a linear combination 
of unobservable common factors closely correlated with the indicators. Latent 
variables are then created from the correlated indicators. We will call the index 
constructed from these variables the factor-based AAI.4 Using this method we 
can condense the information content of active ageing indicators into a single 
indicator, adjusting the weights to the output of the factor analysis rather than 
expert opinion.

Since we only constructed the factor-based AAI to show the importance of us-
ing a more sophisticated indicator of internet usage, we perform our calculations 
in a simplified form. We apply only the 10 indicators, which are considered the 
most important with respect to active ageing in Djurovic et al. (2017). These are 
shown in Table 2. The Kaiser-Meyer-Olkon test statistic is above 0.5, so we deem 
our sample adequate to perform factor analysis. This is further supported by the 
Bartlett test, which shows that the hypotheses of the independence of the vari-
ables can be rejected at all usual significance levels.

We get eigenvalues greater than one for two factors, so in accordance with the 
Kaiser criterion we keep these two factors. The factor loadings belonging to the 
factors after the orthogonal varimax rotation are shown in Table 2. In the table 
we set the factor loading that is larger in absolute value in bold font for every 
indicator. Factor loadings show the correlation between the factor and the given 
indicator, and hence these numbers indicate which factor can be more closely as-
sociated with the indicator.

Looking at the values set in bold font, the first factor contains the indicators 
that make it possible to be active in old age, such as physical and mental health, 
independent living and internet usage. The second factor corresponds to labor 

4 For a detailed description of factor analysis see Kovács (2006).
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market participation, because in countries where 60- to 69-year-olds have a higher 
employment rate they are less likely to care for children and/or grandchildren.

Finally, using the Stata software package we determine the scoring coefficients, 
which show the indicators’ weight in the given factors (see Appendix Table A1). 
Thus, for a given country we calculate the values of the first and second factor 
by taking the sum product of the 10 standardized indicator values and their cor-
responding coefficients, i.e. their weights. Once we have the two factors, we take 
their weighted sum, where, as in Antony and Visweswara Rao (2007), the weights 
are the fractions of variances explained by the factors. 

Based on the results of the factor analysis we find – similarly to Djurovic et al. 
(2017) – that the weight of the employment rate for 65- to 69-year-olds is higher 
than the weight of the employment rate for 60- to 64-year-olds in the second fac-
tor, and internet usage does not have the smallest weight, unlike in the original 
AAI (the original weight is 1.4%, in Djurovic et al. (2017) it is 7.26%, whereas in 
our factor-based AAI it is 8.17%). 

We calculated the 2018 values of the factor-based AAI for all EU member 
states with the exception of Malta, for which we could not obtain sufficient data 
(using 2016 data, just as the original 2018 AAI does). The country ranking based 
on this AAI differs somewhat from the original AAI ranking. This is due in part 
to the smaller number of indicators used. As we stated, our calculations merely 
aim to show that a more sophisticated indicator of internet usage is required. In 
the next sections we will analyze the role of the original ICT indicator in the AAI 
and at the same time we investigate the factor-based index and the Djurovic et al. 
(2017) method. Then we will examine how much using different internet usage 
indicators affects the order of country rankings. 

Table 2. Indicators used in factor analysis and their factor loadings after the rotation

Indicators Factor 1 Factor 2
Employment rate 60–64 0.1293 0.9206
Employment rate 65–69 –0.1560 0.8615
Care to children, grandchildren –0.1169 –0.5500
Care to older adults 0.6379 –0.1259
Independent living 0.7791 0.4194
Remaining life expectancy at age 55 0.7843 –0.1661
Share of healthy life expectancy at age 55 0.4599 0.4292
Mental well-being 0.7872 0.2680
Social connectedness 0.7802 0.0467
Use of Information and Communication Technology (ICT) 0.7968 0.3554

Source: authors’ calculations, based on AAI (2018).
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4. THE CHANGE IN INTERNET USAGE OF THE OLDER POPULATION

Reiterating the statement from the introduction, in many aspects the internet has 
been gaining importance in older people’s lives. As shown in Figure 1, the popu-
larity of the internet has been on the rise in the European Union among members 
of both the young and the old age group. In the decade between 2007 and 2017, 
the rate of internet users in the 55- to 74-year-old age group jumped from 24% to 
60%. These data also suggest the strong likelihood that using the internet for dif-
ferent life-enhancing purposes will in a few years become a more important indi-
cator of active ageing. The original internet usage indicator records only whether 
older people go online regularly, which will not yield too much information as the 
internet increasingly becomes a routine part of everyday life. Figure 1 represents 
this situation.

Behind the upward trend in internet usage among older people there are still 
underlying differences that are significant. Though the percentage of users in-
creased in all countries, 2017 data reveal that in Romania and Luxembourg the 
proportion of internet users aged above 55 is 28% and 91%, respectively – a strik-
ing difference. Nonetheless, given the rapidly accelerating trend, such differences 
are likely to diminish in the future. Based on our linear regression forecast, the 
difference between these two countries – the best and worst performing – will 
only be 49 percentage points in 2025, and 19 percentage points in 2035. 

Figure 1. The rate of the internet users from the 25–54 and 55–74 age groups in the European 
Union using the internet at least once a week.

Source: Eurostat (2018).
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This is further evidenced by the fact that internet usage among 25- to 54-year-
olds (also shown in Figure 1) has also increased rapidly, reaching 89% by 2017. 
It is unlikely that this generation will quit using the internet once they grow old, 
and much more likely that using the internet will become as ubiquitous as reading 
and writing is in European countries today. 

However, what someone uses the internet for will become more important. 
The literature already uses the phrase ‘digital divide’ to describe the differences 
that exist across social categories, countries and communities in how they use the 
internet. These differences are classified into three levels (Tirado-Morueta et al. 
2018). The first-level digital divide is the inequality between those who have ac-
cess to information and communication technology – including the internet – and 
those who do not. This level can be measured by the ICT indicator currently used 
by the AAI. The percentage of people living in developed economies who do not 
have internet access is rapidly shrinking, so nowadays the emphasis is shifting to 
how effective their internet usage is. This is what the second-level digital divide 
focuses on. The second-level digital divide explores the differences in the quality 
of internet usage resulting from the disparity of skills in internet usage (Hargittai 
2002; van Deursen – van Dijk 2011). Lastly, the third-level digital divide focuses 
on the differences in exploiting the advantages of internet usage. Different groups 
who have the same level of internet access and who use the internet with the same 
effectiveness may still reap different benefits from it. The second- and third-level 
digital divides may be mitigated by improving digital literacy, for which there 
are existing programs, even for older people (Tirado-Morueta et al. 2018). In our 
paper we call higher levels of digital literacy qualitative internet usage.

Along with the basic internet usage indicator, the Eurostat ICT Survey’s da-
tabase contains several indicators that give not just the frequency of the internet 
usage but also describe the activity itself (e.g. at what rate older people use the 
internet for job searches, learning, etc.). In the next section we will use these 
targeted indicators instead of the current internet usage indicator to calculate the 
original AAI, as well as the AAI variants determined by statistical methods.

5. RANKINGS WITH MORE SOPHISTICATED INTERNET USAGE 
INDICATORS 

The three AAI variants (the original variant based on expert estimates, the one 
based on Djurovic et al. (2017) and our factor-based AAI) enable us to test the 
robustness of the original weighting system, and also how much the country rank-
ing of the AAI variants change if we replace the internet usage indicator with 
a more sophisticated one. A comparison of the 2018 country rankings by the 
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different AAI variants based on the original ICT indicator can be found in the 
Appendix , Table A2.

We now turn to a discussion of qualitative internet5 usage. It matters whether 
someone merely checks the news on a favorite news portal or whether they also 
use the internet for online banking, keeping in touch with friends, or comparing 
products in order to make purchases. Therefore, it is worthwhile to include the 
quality of usage as well as the proportion of regular internet users in the indicator. 
We have already shown that the rate of internet usage is on the rise among older 
citizens and there is smaller and smaller distinction between different European 
countries. As a demonstration, we used three alternative indicators from the Eu-
rostat ICT Survey to calculate the AAI values, then we measured the average 
absolute difference between the country rankings. 

We performed our calculations for the year 2016, thus we arrived at alterna-
tives for the 2018 AAI. For this year, statistics for 25 different internet activi-
ties were recorded in the database. Of these we chose those that corresponded 
both with active-aging and qualitative internet usage. Before we give the exact 
categories, we present the method with which we compare the country rankings 
produced by the various indices. 

Based on OECD (2008) we characterize country rankings by average absolute 
difference. The formula for average absolute difference6 between the different 
AAI variants and M countries is given in (1):

  
1

1 | ( ) |,
M

ref c c
c

R Rank CI Rank CI
M





   (1)
  
where following OECD (2008) the notation  ref cRank CI  shows country c’s 
original ICT based ranking, and ( )cRank CI  shows the country’s ranking with 
the new indicator.

Indicators used were as follows (ICT is also included for the sake of complete-
ness):

–  the percentage of 55- to 74-year-olds who had used the internet at least once 
a week in the past three months (this is the original ICT indicator);

–  the percentage of 55- to 74-year-olds who used the internet to search for 
jobs (Job search);7 

5  A reminder: by qualitative internet usage we mean internet usage in order to achieve some 
goal rather than just passively browsing the web.

6 For a description of the average absolute difference indicator see OECD (2008). 
7  This internet usage indicator – as expected – got associated with the second, job market related 

factor during factor analysis. 
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–  the percentage of 55- to 74-year-olds who used the internet for any kind of 
learning activity (Learning);

–  the percentage of 55- to 74-year-olds who used the internet for online bank-
ing (E-banking). 

The relative standard deviation – i.e. standard deviation divided by the mean – 
of all three qualitative indicators is larger than that of the original ICT indicator, 
thus they are more likely to show the differences between countries than the ICT 
indicator. A comparison is shown in Table 4. 

Table 3. The average absolute differences between the country rankings 
in case of the three AAI variants with qualitative internet usage 

Original AAI
AAI based on 
Djurovic et al. 

(2017)
Factor-based AAI

ICT-Job search 0.36 0.57 0.89
ICT-Learning 0.21 0.50 0.96
ICT-E-banking 0.07 0.64 0.74

Note: the benchmark is the AAI calculated with the original ICT indicator.

Source: authors’ calculations based on Djurovic et al. (2017) and AAI (2018).

Table 4 shows that including a qualitative internet usage indicator instead of 
the original ICT alters – but not drastically – the AAI country rankings. Given 
the original weights, using the Job search indicator results in the biggest change, 
while using the weights of Djurovic et al. (2017) the E-banking indicator has the 
biggest effect. In case of factor-based AAI the Learning indicator has the most 
influence on the country rankings. 

Countries that score higher in qualitative internet usage also get higher AAI 
rankings than they do if we use the original ICT indicator (e.g. Lithuania in the 
case of E-banking, or Portugal in the case of Job search), while countries that 
achieve lower qualitative internet usage get lower rankings (e.g. Spain in the case 
of E-banking, or Austria in the case of Job search). This fact is true irrespective 
of the AAI variant used. 

Unfortunately, the data published from the Information and Communication 
Technology Survey does not contain indicators that combine types of internet 
usage – e.g. how many older people have used the internet for learning or job 
search – hence we could make no such comparisons. We find it likely that such 
combined indicators would further increase the ranking power of qualitative in-
ternet usage.
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6. CONCLUSIONS

Our paper described the Active Ageing Index. This indicator, created in 2012, 
aims to measure the untapped potential of older people for active and healthy 
ageing using data from European Union surveys. Domains and indicators chosen 
by experts are aggregated by weighting coefficients which were also chosen by 
the Expert Group. In one domain the internet usage of people aged 55 or older is 
measured as the proportion of this generation who use the internet at least once a 
week. Using this metric, the differences between countries will likely diminish, 
and the indicator will lose relevance. We examined the role and the content of 
this indicator.

We described the results of Djurovic et al. (2017) who applied the CIDI meth-
od, and also discussed our AAI variant based on factor analysis. This enabled us 
to compare country rankings based on the weighting system of the Expert Group 
and by the weights determined by mathematical-statistical methods as well. We 
saw that statistical methods make the differences more relevant between coun-
tries, but the changes in the rank order of countries were only moderate. 

In view of the diminishing relevance of weekly internet usage we also recom-
mended that an indicator of qualitative (active) internet usage should be included 
in AAI calculations. A few examples: whether a person has used the internet to 
search for a job, for a learning activity or for online banking. Unfortunately, the 
ICT Survey does not contain data for these categories jointly, but separately they 
could be found. 

We have shown that even the separate indicators affect the country rank-
ing more than the original internet usage indicator, especially for countries that 
achieve extreme scores for the given indicator. This is true irrespective of the 
AAI variant used. Therefore, we make the recommendation that in the future a 
composite qualitative internet usage indicator should be applied when calculating 
AAI.
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APPENDIX

Table A1. Indicators used in the factor analysis and their scoring coefficients.

Factor 1 Factor 2
Employment rate 60–64 –0.05824 0.38965
Employment rate 65–69 –0.13507 0.3935
Care to children, grandchildren 0.02327 –0.22868
Care to older adults 0.19863 –0.12157
Independent living 0.1829 0.10253
Remaining life expectancy at age 55 0.24539 –0.15441
Share of healthy life expectancy at age 55 0.08905 0.14007
Mental well-being 0.20102 0.0354
Social connectedness 0.19473 0.07267
Use of Information and Communication Technology (ICT) 0.22194 –0.06041

Source: Authors’ calculations based on AAI (2018).

Table A2. Country rankings in case of the three AAI variants with the original ICT concerning 
AAI 2018

Original AAI AAI based on 
Djurovic et al. (2017) Factor-based AAI

Sweden 1 1 1
Denmark 2 2 2
Netherlands 3 3 3
United Kingdom 4 5 5
Finland 5 4 4
Germany 6 9 6
Ireland 7 6 7
France 8 8 8
Estonia 9 12 12
Belgium 10 7 9
Czech Republic 11 14 15
Cyprus 12 15 18
Austria 13 11 11
Latvia 14 20 17
Luxembourg 15 10 10
Italy 16 17 13
Spain 17 13 14
Portugal 18 16 16
Lithuania 19 23 19
Bulgaria 20 19 20
Slovakia 21 21 24
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Table A2 cont.

Original AAI AAI based on 
Djurovic et al. (2017) Factor-based AAI

Slovenia 22 18 21
Poland 23 24 25
Hungary 24 22 22
Romania 25 26 27
Croatia 26 25 26
Greece 27 27 23

Source: authors’ calculations based on Djurovic et al. (2017) and AAI (2018). 
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