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Abstract
We examine the relationship between employees’ age and their individual productivity
potential (IPP). IPP is measured by individual characteristics which are related to skills
utilisation at work. Using PIAAC data for 27 European and non-European countries,
we find that the oldest employees have a lower IPP score than the middle-aged
employees in 17 of the 27 countries. It seems to be most demanding for the oldest
workers to keep up with the IPP of younger workers in countries with high average skill
loss for the oldest age group or high average skills level for all age groups (or both).
The significant positive effects of formal education and the absence of significant
effects of skills on the IPP score in many of the countries (the individual level), are
easier to adapt to the human capital perspective on the importance of formal education
than to the perspective of the signalling theory.

Keywords Individual productivity potential . Age groups . Employees . Human capital
theory . Signalling theory . Labour contracts

Introduction

People live longer than ever before, and birth rates decline in the majority of OECD
countries (OECD 2013). This leads to visible shifts in the age composition of the
population. At the global level, the proportion of persons aged 60 years or older is
predicted to increase from 12.3% in 2015, and continue to increase to 21.5% by 2050
(United Nations 2015). In Europe as a whole, this level has already been reached, and is
expected to increase further from 23.9% in 2015 to 34.2% by 2050 (ibid.). This
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development represents an array of financial and social challenges. In line with
OECD’s (2013) recommendations, it is important to increase the employability of
older adults and their motivation to postpone retirement, in order to facilitate a more
active ageing and thereby to reduce public costs for pensions and health care. Popula-
tion ageing and related financial sustainability concerns are pushing policy makers to
adopt an increase in the formal retirement age. But the major challenge is to increase
the real retirement age for many workers. To achieve this, older employees with earned
rights must be motivated to extend their professional careers and those who are out of
work must be included again. This requires regulatory changes and facilitation from the
state, but it also requires concrete follow-up from employers in the public and private
sectors.

So, we may ask, how does the business community deal with such challenges?
Conducted surveys indicate that policy-directed attempts to postpone claims for social
security benefits and the retirement of older workers may be counteracted by age
discrimination (Neumark and Song 2013; Carlsson and Eriksson 2019; Neumark
2020). The Norwegian Senior Policy Barometer of 2016 shows that 37% of managers
do not consider inviting applicants for vacancies for interviews unless they have at least
ten years left of their professional career. Exploring the possible effects of the financial
crisis in Norway on managers’ attitudes to older workers, Solem (2012) concludes that
older workers are among the least popular categories to recruit in both rising and falling
cycles. According to OECD (2013), ‘individuals already in their early 50s may meet
barriers in the labour market mainly because of their age’ (p. 92). These are expressions
of attitudes that respondents often justify with reference to their personal experience.
Many managers suggest that older workers are associated with lower profitability for
the firm. They assume that older workers have lower learning ability and adaptability
than younger workers. Using surveys of employees and employers in the Netherlands,
Van Dalen et al. (2010) find that both employers and employees rate the productivity of
older workers substantially lower than that of younger workers. Barthel (2008) em-
phasises that it is a widespread stereotype that older workers are probably less
productive: ‘the arguments given in the literature are that the physical abilities decrease
in general, cognitive abilities at least in some areas’ (ibid., p. 3).

It may therefore be unrealistic to expect employers to change their recruitment
strategy of re-entering older workers into the labour market due to rationalisation,
restrictions, closures, etc. We now ask whether these attitudes towards older workers
are also propagated in the workplace. Is it the case that the allocation of work tasks that
are learning and developing, advanced and demanding is also negatively affected by
the employee’s age? To answer this question, we use the concept ‘individual potential
productivity’ (IPP). Skirbekk (2004) outlines how human capital variables as mental
and physical abilities, education and job experience form an individual’s productivity
potential. Skirbekk (2008) aims to provide estimates for a framework to measure
productivity potential by age, where this measurement is based on cognitive and non-
cognitive skills and the labour market importance of these skills.

Based on this theory of IPP, we use PIAAC (Programme for the International
Assessment of Adult Competencies) data from the OECD to construct a measure of
activities that promote or enhance employees’ IPP in the workplace. IPP is measured by
five characteristics which are originally intended to measure the skills content of the
respondent’s job, and thus which may be regarded as proxies for the utilisation of skills
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at work, see OECD (2016, p. 96). Two of these characteristics are related to informal
learning at work (learning new work-related things, and learning by-doing from tasks),
a third one is related to innovative learning (keeping up to date with new products), and
the two remaining characteristics concern instructing, training, teaching or advising
people. Skirbekk (2004, 2008) argues that such job-related characteristics are among
several factors that form an individual’s productivity potential, but these aspects of job
performance do not necessarily measure individual productivity directly, at best they
are proxies for productivity at work. We contribute to this theory by examining how the
allocation of such activities is related to the age of the employees, conditioned by
selected human capital variables such as cognitive skills, formal education and the
employee’s profession and industrial affiliation. We also examine how these relation-
ships appear in 27 European and non-European countries.

According to the OECD, PIAAC measures adults’ proficiency in key information
skills – literacy, numeracy and problem solving in a technically advanced (digital)
environment – and gathers information on how adults use their skills at work, at home
and in the wider community (OECD 2016). PIAAC has been conducted in three rounds
covering more than 40 countries. Our dataset covers the two first rounds of the survey
and contains 31 countries, of which 27 countries have a complete data set on the
variables we analyse.

Economic theory usually operationalises productivity as the wage level, and PIAAC
demonstrates that an increase in the literacy scale of one standard deviation is associ-
ated with an increase in the likelihood of being employed (versus unemployed) by 0.8
percentage point when formal education and socio-demographic characteristics of the
employee are kept constant. Analogously, an increase of one standard deviation in
literacy proficiency is associated with a 6% increase in the wage level, on average,
ceteris paribus (OECD 2016, p. 17). The correlation (Pearson’s r) between the level of
formal education and literacy score is 0.523 (31 countries), which means that an
increase in formal education level with one standard deviation is associated with an
increase in skills level by approximately 0.5 standard deviation, on average (Grøgaard
and Børing 2017, p. 26). But at the same time, the implication of this is that individual
productivity is not captured by one and only one empirical indicator, e.g. the wage level
of the employee. As emphasised in OECD (2013), experience and expertise are
beneficial in some jobs, while physical strength and quick reactions are beneficial in
others. Van Ours and Stoeldraijer (2011) add that individual productivity is multidi-
mensional. They mention a number of characteristics that relate to productivity, ranging
from human capital variables like cognitive skills and formal education to personal
motivation and job experience.1

Productivity can also be measured at the firm level, but then it becomes problematic
to separate out the personal contribution to the firm’s production value. The OECD
(2013) argues that this inter alia is due to contributions from other confounding factors
and the general lack of precise data linking individual to joint or collective productivity.
Wage levels are affected by both skills, level of education and socio-demographic
characteristics, and relative wages are affected by the institutional settings in different

1 Van Ours and Stoeldraijer (2011) list communication skills, information processing speed, strength and
endurance, health, self-discipline, flexibility, administrative and strategic capacities, math proficiency, vocab-
ulary size, education, motivation, energy and job experience.
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countries, e.g. by their wage-bargaining systems. Scandinavian countries have a more
compressed wage structure (smaller wage differences) than most other OECD coun-
tries, but these countries have a highly productive export-oriented business sector
which is at least as productive as comparable sectors in OECD countries with larger
wage differences (Moene and Wallerstein 2003, 2005; Freeman 1997).

Most of the presented studies in this article which evaluate how age is related to
productivity are based on individual- or firm-level data for a single country. We
contribute to the research literature by examining whether there are country-specific
differences in the relationship between age and IPP based on the individual-level
PIAAC data. We also examine whether the estimation results can be explained on
the basis of country-specific differences in the average IPP score, the average skill loss
for the oldest age group, the average skills level, and the proportion of employees with
higher education, at the national level. In this way, we contribute to the theory of IPP in
the workplace, and we conduct an empirical study which in this context can be used to
test what we perceive as key hypotheses in human capital theory and signalling theory.
The analyses also provide information about the connection between employees’ age
and firms’ allocation of what we perceive as interesting and learning work tasks in an
employment relationship, and above all how such relationships vary between several
countries.

We first analyse the PIAAC data using two models, M1 and M2. M1 (Table 2)
reveals the bivariate relationship between the employee’s age and the score on the IPP
index in the 27 countries. M2 (Table 2) controls the relationship between age and IPP
for formal education, cognitive skills, occupation, industrial affiliation and many other
variables. Since age is the underlying variable, significant control variables act as
potential mediators of age effects on IPP in M2. If the age effect is robust, i.e. it
changes modestly from M1 to M2, significant control variables will operate as an
explanatory addition to age in the IPP regressions. We also test whether changes in age
effects are significant when controlling for 3rd variables (M3 and M4, Table 3). In
addition, we conduct a multi-level analysis (M5 and M6, Table 4). These models are
described in detail in “The Estimation Results” section.

The rest of the article is organised as follows. The theoretical framework is discussed
in “The Theoretical Framework” section. In “Previous Studies” section we present
previous studies. The hypotheses are presented in “The Hypotheses” section. In “The
Data and Method” section we describe the data and the method. Descriptive statistics
are provided in “Descriptive Statistics” section. The estimation results are presented in
“The estimation results” section, while discussions and conclusions are given in
“Discussions and Conclusions” section.

The Theoretical Framework

Within economic studies, the human capital theory is the traditional basis for analysing
the relationship between education, skills and productivity. Expressed in its most
general form, the theory deals with all relevant skills in the job context. If we have
specific measures on skills and these have no effects on productivity, wages and the
like, it can be argued that our measures are not valid expressions of human capital in the
situation we are studying. Thus, the theory becomes empirically intangible. Then we
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think it is more interesting that the theory links productivity to formal education
(Mincer 1958; Becker 1962). The theory rests on the assumption that individuals can
invest in their human capital through formal education. Formal schooling has per se a
positive effect on an individual’s skills and thus productivity. The individual assesses
the costs and benefits of different educational choices and selects an education that
maximises the return on the labour market. In this manner, an educational choice
becomes an individual investment in individual productivity.

Then we can imagine that this also applies to specific work tasks. An investment in
individual productivity through education means that employees invest in their capacity
to perform advanced work tasks. Thus, we can expect that there will be a positive
correlation between formal education and the score on our measure of IPP. If we also
have good indicators of cognitive skills, which we have, we can expect that skills partly
mediate educational effects against potential productivity and partly that both education
and skills directly affect IPP.

The signalling theory has a different perspective on educational choices and merits
(Arrow 1973; Spence 1973). Based on this theory, formal education does not in itself
have a positive effect on an individual’s skills and productivity, but individuals signal
skills and productivity through their education. Formal education serves instead as a
selection arena for talent, skills and productivity. Both theories will predict that skills,
productivity and formal education are positively correlated, but it is primarily the
human capital theory that links these attributes causally. According to the signalling
perspective on education and skills, one can expect that skills primarily will be
positively related to productivity. Education will, at best, have indirect effects on
productivity through its positive correlation with skills, or education may even appear
as irrelevant when we have suitable measures on skills.

A more dynamic perspective on the relationship between age and productivity
among employees that can be related to the human capital perspective, is represented
by Lazear (1979) and Goldthorpe (2007). Lazear’s (1979) starting point is that it is
economically advantageous for both employers and employees to enter into long-term
employment contracts. His theory states that it pays firms to agree to a long-term wage
stream which pays workers less than the value of their marginal product (VMP) when
young and more than their VMP when old. This will also be beneficial to the workers
since their lifetime VMP will be higher than it would be in the absence of this payment
schedule. On the other hand, Goldthorpe (2007) argues that this logic primarily covers
relations to employees on ‘service contracts’ and not employment relations regulated
by ‘labour contracts’.

The wage level does not necessarily follow the productivity level over the
life cycle, and perhaps this also applies to the allocation of advanced work
tasks. Thus, employers give older employees access to work tasks that are also
not strictly adapted to their productivity over the life cycle. In this area too, it
may be important to distinguish between different types of employment con-
tracts, e.g., that employees with a higher education in salaried jobs are to a
greater extent allocated to work tasks with high productivity potential than
modestly educated employees in manual jobs. According to such perspectives,
we should expect that formal education and occupational status are central
variables in explaining age variation in IPP in working life. The PIAAC data
set has suitable indicators of occupational status and industrial affiliation.
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Finally, we should mention that there are other theories competing as explanations
for such observations. Direct effects of formal education on employee IPP that are not
captured by PIAAC’s cognitive skills indicators can be understood as expressions of
segmentation or educational credentialism in the labour market. In this case, formal
education represents a gateway to specific activities or tasks in an employment
relationship (Doeringer and Piore 1971; Collins 1979; Grøgaard and Børing 2017).
Since we use occupation and industry as control variables, it is also possible that these
variables act as carriers of possible gateway effects in the labour market.

Although we owe it to the reader to point out that there may be some diversity of
interpretation, we choose here to relate hypotheses and empirical tests to central
perspectives in human capital theory and signalling theory, and to the dynamic
versions of these theories which can be linked to works by Lazear (1979) and
Goldthorpe (2007).

Previous Studies

Several empirical studies have focused on how productivity is related to age. To the
best of our knowledge, and in contrast to our analysis which is based on data for several
countries, most of these studies are based on individual- or firm-level data for a single
country. One exception is the paper by Aiyar et al. (2016), which is based on data
covering up to 24 countries. They examine the relationship between workforce ageing
and productivity in Europe. The data come from the OECD (and the Penn World
Table 9.0). They find that an increase in the 55–64 age cohort of the labour force is
associated with a reduction in total factor productivity.

Examples of studies that are based on matched employer–employee data for a single
country are Hellerstein and Neumark (2004), Aubert and Crépon (2006), Lallemand
and Rycx (2009), Van Ours (2009), Van Ours and Stoeldraijer (2011), Cataldi et al.
(2012), Göbel and Zwick (2012), and Börsch-Supan and Weiss (2016). The results in
several of these studies suggest that older workers are less productive than younger
workers (Lallemand and Rycx 2009; Van Ours 2009; Van Ours and Stoeldraijer 2011;
Cataldi et al. 2012), while this is hardly supported by some of the other studies (Aubert
and Crépon 2006; Göbel and Zwick 2012; Börsch-Supan and Weiss 2016). Aubert and
Crépon (2006) find that productivity increases with age until age 40 and then remains
stable after this age, while the findings in Börsch-Supan and Weiss (2016) show that
the average age–productivity profile of individual workers is increasing until age 65.
The results in Göbel and Zwick (2012) suggest that there are no pure age effects on
productivity.

Skirbekk (2004) presents a literature survey on how individual productivity varies
with age, and an overview over how employer–employee studies relate to age is
presented in his article. For most of these studies, productivity is found to be concave
in age. In another study, which is based on matched employer–employee data for the
U.S., Hellerstein and Neumark (2004) conclude that both the estimated productivity
profile and the estimated wage profile are concave in age. Estimating the relation
between age and productivity potential, Skirbekk (2008) finds that productivity peaks
for the 35–44 age group, but that the productivity peak shifts toward younger ages if the
demand for experience falls.
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There are also several studies in the field of psychology on the relation of age to
various dimensions of performance. Examples of such studies are Waldman and Avolio
(1986), McEvoy and Cascio (1989), Sturman (2003), Kanfer and Ackerman (2004),
and Ng and Feldman (2008). These studies show mixed results regarding the relation-
ship between age and performance. Some of the studies give little support to the notion
that work motivation declines with age (Kanfer and Ackerman 2004; Ng and Feldman
2008). Waldman and Avolio (1986) show a pattern of increases in performance, as
measured by productivity indices, at higher ages. The analyses in McEvoy and Cascio
(1989) reveal that age and job performance generally are unrelated. Sturman (2003)
finds some support for the existence of an inverted U-shaped relationship between
temporal variables (i.e. job experience, organisational tenure and employee age) and
job performance.

Based on the presented employer–employee studies and the studies in the
field of psychology above, it is not possible to draw any unambiguous conclu-
sions about how productivity or the other different performance measures are
related to age. The question is whether the mixed results can be explained on
the basis of country-specific differences in some averages at the national level,
where one of the averages may be the performance measure(s) used in the
analysis. We are not aware of any studies that have examined this. As outlined
in the introductory section, our contribution to the research literature is to first
examine how age is related to our performance measure, i.e. the IPP score, and
then to examine whether the estimated results can be explained by country-
specific differences in four averages at the national level. One of these averages
is the average IPP score in each country.

The Hypotheses

Based on the studies in “Previous Studies” section, we are unable to draw unambiguous
conclusions about the relationship between age and performance. However, in line with
the studies using matched employer–employee data which find a negative relationship
between productivity and age (Lallemand and Rycx 2009; Van Ours 2009; Van Ours
and Stoeldraijer 2011; Cataldi et al. 2012), we thus formulate the following hypothesis:

H1: Older employees have a lower IPP than younger employees.

Based on the discussion of the signalling theory and the human capital theory in “The
Theoretical Framework” section, we formulate the following two hypotheses regarding
how IPP is related to educational level and skills level:

H2: IPP is positively related to (a) the educational level and (b) the skills level.
H3: Variation in IPP is to a greater extent explained by the skills level than by the
educational level.

If confidence in hypotheses H2b and H3 is strengthened, confidence in explanations
based on signalling theory is also strengthened. If we find that both H2a and H2b are
supported, H3 will also be consistent with the human capital perspective on such
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relations. If we find support for H2a and not for H2b, we have strengthened the
credibility of human capital theory at the expense of signalling theory.

In “The Estimation Results” section, we present two models, M1-M2. M1 measures
the relationship between age and the IPP score. M2 controls this statistical relationship
for formal education, documented skills and several other variables. Previous analyses
of the PIAAC data have documented a systematic reduction in skills by age, which is
interpreted as expressing a skill loss by age in most countries (Desjardins and Warnke
2012). Given that skills are expected to be positively related to IPP (H2b), we also
expect that the inclusion of the skills level (together with the other control variables) in
M2 reduces the correlation between the IPP score and age compared to M1. We
therefore formulate the following hypothesis:

H4: (a) The inclusion of the control variables in M2 reduces the relationship
between the IPP score and age compared to M1, and (b) the employee’s profession
is one of the most important control variables.

If the inclusion of control variables in M2 reduces the statistical effect of age on IPP,
control variables with significant effects on IPP function as mediators of age differences
in M1 (the bivariate case). The reason for this is that age is an underlying variable, and
the control variables are intermediate variables, in M2. If H4b is strengthened without
support for H4a, we can argue that the allocation of learning and demanding work tasks
is linked to the employee’s profession, i.e. this allocation depends on whether a
person’s employment is regulated by a service or labour contract (cf. Goldthorpe
2007). Here, occupation serves as an explanatory variable in addition to age in M2.
If the profession mediates age differences in the sense that both H4a and H4b are
supported, Goldthorpe’s clarification of Lazear’s theory is strengthened (Lazear 1979;
Goldthorpe 2007). In this case it is only rational for employers to enter into long-term
employment contracts with employees in specific positions, the so-called ‘service
contracts’. For older workers, we imagine that if this is the case with wages, it also
applies to the allocation of learning and demanding work tasks as measured by our IPP
index.

The hypotheses H1-H4 will be tested in the analysis.

The Data and Method

In the analysis, we use individual-level data from the PIAAC database. The data is
collected using personal interviews. Basically, 200,588 persons in 31 countries are
included in the data set. Four of the 31 countries (Austria, Canada, Germany, the US)
are excluded from the sample since all values are missing for at least one of the
explanatory variables. This reduces the sample to 158,300 persons. All the remaining
27 countries are included in the sample.

We only include employees and not self-employed in the sample. The reasons are
that dummy variables for firm size are included as control variables in the regressions,
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and firm size only refers to employees. Persons with missing values for at least one of
the explanatory variables are excluded from the sample, with two exceptions: persons
with unknown educational level or firm size are included in the sample. The sample is
also limited to the age group 20–59 years. However, most countries have a formal
retirement age that is higher than 59 years.

Table 1 Descriptive statistics: four national averages, by country

Country Average
IPP score

Average skill loss for
the oldest age group

Average skills level
for all age groups

Proportion of employees
with higher education

N

Belgium 15.4 53.6 282.0 43.4 2754

Chile 16.8 64.7 227.5 33.1 2223

Cyprus 15.0 2.6 274.3 45.1 2230

Czech Republic 14.4 45.9 277.7 22.0 2688

Denmark 16.8 41.3 278.9 43.3 3941

Estonia 16.3 50.4 279.9 44.3 4172

Finland 17.6 63.4 299.5 48.2 2994

France 15.6 69.1 268.2 34.9 3584

Greece 14.4 13.0 258.0 36.5 1433

Ireland 16.4 42.6 275.3 46.4 2767

Israel 15.8 40.5 264.5 52.9 2576

Italy 14.9 12.5 254.3 16.5 2051

Japan 15.3 42.2 303.2 50.0 3001

Republic of
Korea

13.7 91.1 276.1 46.7 2975

Lithuania 13.6 58.3 270.6 35.4 2606

Netherlands 16.0 63.2 292.2 36.1 2939

New Zealand 18.0 15.0 286.6 50.2 3050

Norway 17.6 28.1 286.7 44.1 2958

Poland 14.8 41.1 273.7 38.3 3965

Russian
Federation

14.1 −5.8 279.9 69.7 1680

Singapore 16.0 107.9 262.3 58.2 3055

Slovak
Republic

14.6 36.7 280.4 26.1 2572

Slovenia 16.6 37.1 261.4 33.2 2544

Spain 16.4 38.7 261.9 41.6 2543

Sweden 17.4 43.2 290.2 35.5 2570

Turkey 13.7 37.7 237.3 26.9 1543

United
Kingdom

16.9 26.8 280.8 44.2 4363
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Table 2 Estimated effects on the IPP score, by country

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Belgium Chile Cyprus

Aged 20–29 0.22 0.27 0.28 0.29 0.57 0.44 0.88 0.46 0.09 0.37 0.28 0.38

Aged 40–49 −0.68 *0.29 −0.27 0.29 −0.25 0.45 0.08 0.39 −0.31 0.31 0.02 0.33

Aged 50–59 −1.51 *0.25 −0.41 0.38 −0.84 0.51 0.05 0.51 −1.43 *0.34 −0.48 0.53

Low. secon.
Less

−0.76 *0.29 −0.55 0.46 −0.06 0.35

Higher
education

0.44 *0.20 0.41 0.27 0.77 *0.23

Unkn. educ.
Lev.

−1.18 1.20

Skills level 0.00 0.00 −0.01 *0.00 −0.01 *0.00

Occupation

Armed forces 1.58 1.30 3.39 *1.23 1.81 *0.73

Managers 0.49 0.28 0.81 0.75 1.28 *0.54

Techn., ass.
Prof.

−0.51 0.26 −0.13 0.34 −0.28 0.33

Clerical support −1.76 *0.31 −1.31 *0.56 −1.39 *0.42

Service and
sales

−0.77 *0.31 −0.33 0.51 −0.62 0.38

Agricul.,
forestry

0.29 0.83 −4.75 *1.04 0.51 1.60

Craft, rela.
Trades

−2.00 *0.36 −1.09 0.76 −1.29 *0.48

Plant, machine −3.78 *0.43 −4.02 *0.59 −3.20 *0.65

Elementary −4.44 *0.37 −3.95 *0.64 −3.70 *0.59

Unknown −2.35 *0.66 −0.52 0.80

N 2754 2223 2230

Czech Republic Denmark Estonia

Aged 20–29 0.02 0.26 0.11 0.29 −1.00 *0.24 0.47 0.24 −0.30 0.17 0.13 0.21

Aged 40–49 −0.96 *0.31 −0.22 0.38 −0.18 0.20 −0.59 *0.23 −0.88 *0.16 −0.50 *0.20

Aged 50–59 −1.03 *0.34 0.18 0.54 −0.86 *0.22 −1.33 *0.35 −1.49 *0.19 −0.92 *0.29

Low. secon.
Less

−0.89 0.47 −0.92 *0.20 −0.56 *0.24

Higher
education

0.75 *0.33 0.57 *0.19 0.37 *0.17

Unkn. educ.
Lev.

1.45 7.28

Skills level 0.01 0.00 −0.00 0.00 −0.01 *0.00

Occupation

Armed forces −0.09 1.61 −1.55 0.98 0.28 0.98

Managers 1.76 *0.43 −0.24 0.23 1.51 *0.24

0.37 0.38 −0.67 *0.21 0.05 0.22
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Table 2 (continued)

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Techn., ass.
Prof.

Clerical support −0.26 0.45 −2.35 *0.27 −1.31 *0.32

Service and
sales

0.35 0.42 −0.64 *0.26 −0.65 *0.26

Agricul.,
forestry

−2.58 1.48 −2.50 *0.74 −1.07 0.73

Craft, rela.
Trades

−0.48 0.54 −2.08 *0.32 −1.63 *0.32

Plant, machine −2.36 *0.44 −3.47 *0.42 −3.59 *0.29

Elementary −2.42 *0.67 −4.17 *0.36 −4.58 *0.31

Unknown −1.08 3.14 2.36 *0.69

N 2688 3941 4172

Finland France Greece

Aged 20–29 −0.46 *0.20 0.61 *0.20 0.45 *0.18 0.87 *0.20 0.27 0.40 0.25 0.44

Aged 40–49 −0.56 *0.20 −1.00 *0.22 −0.87 *0.18 −0.51 *0.23 −0.83 *0.40 −0.33 0.40

Aged 50–59 −0.90 *0.19 −1.54 *0.31 −1.54 *0.21 −1.08 *0.33 −1.49 *0.52 −0.32 0.55

Low. secon.
Less

−0.98 *0.31 −0.95 *0.21 −0.73 0.43

Higher
education

0.09 0.18 −0.13 0.19 −0.24 0.37

Unkn. educ.
Lev.

−0.05 0.30

Skills level −0.00 *0.00 0.00 0.00 −0.00 0.00

Occupation

Armed forces 1.91 *0.85 0.75 0.64 −2.52 *0.95

Managers 0.54 0.28 0.12 0.22 −0.44 0.97

Techn., ass.
Prof.

0.33 0.22 −0.64 *0.21 −2.17 *0.61

Clerical support −0.73 *0.27 −2.17 *0.27 −1.85 *0.73

Service and
sales

−0.21 0.28 −1.61 *0.25 −2.43 *0.71

Agricul.,
forestry

−3.94 *0.98 −4.27 *0.83 −2.95 *1.44

Craft, rela.
Trades

−2.11 *0.34 −3.23 *0.32 −3.46 *0.98

Plant, machine −2.95 *0.33 −4.54 *0.28 −4.85 *0.88

Elementary −2.74 *0.38 −4.64 *0.27 −5.58 *0.76

Unknown −2.21 1.28

N 2994 3584 1433

Ireland Israel Italy

Aged 20–29 −0.58 0.30 0.29 0.31 −0.66 *0.22 0.28 0.28 −0.18 0.38 −0.08 0.39

Aged 40–49 −0.76 *0.25 −0.74 *0.29 −0.57 *0.28 −0.31 0.28 −0.63 0.33 −0.92 *0.31
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Table 2 (continued)

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Aged 50–59 −2.33 *0.35 −2.22 *0.46 −1.36 *0.32 −0.52 0.43 −1.20 *0.35 −1.93 *0.39

Low. secon.
Less

−0.26 0.33 −1.36 *0.42 −0.75 *0.32

Higher
education

0.72 *0.26 0.46 0.26 0.65 *0.33

Unkn. educ.
Lev.

−3.16 *0.72

Skills level −0.00 0.00 −0.00 0.00 −0.00 0.00

Occupation

Armed forces −2.01 1.70 1.98 1.02

Managers −0.19 0.42 0.47 0.34 2.08 *0.66

Techn., ass.
Prof.

−0.70 *0.31 −0.76 *0.35 −0.99 *0.30

Clerical support −1.89 *0.30 −1.52 *0.43 −2.19 *0.43

Service and
sales

−1.80 *0.41 −2.09 *0.35 −1.55 *0.49

Agricul.,
forestry

−2.72 *0.78 −3.27 *0.94 −4.39 *1.11

Craft, rela.
Trades

−2.14 *0.45 −2.06 *0.53 −2.15 *0.49

Plant, machine −4.02 *0.60 −3.05 *0.58 −3.53 *0.54

Elementary −4.54 *0.52 −5.64 *0.61 −4.62 *0.46

Unknown −5.02 3.93 −1.10 0.77

N 2767 2576 2051

Japan Republic of Korea Lithuania

Aged 20–29 0.19 0.20 0.18 0.22 0.14 0.25 0.44 0.26 0.75 *0.34 0.64 *0.27

Aged 40–49 −0.68 *0.22 −0.97 *0.22 −1.38 *0.22 −0.82 *0.23 −1.26 *0.34 −1.08 *0.33

Aged 50–59 −0.96 *0.21 −1.29 *0.26 −2.67 *0.24 −1.67 *0.30 −1.90 *0.29 −1.39 *0.45

Low. secon.
Less

−0.03 0.30 −1.28 *0.33 −0.13 0.54

Higher
education

0.02 0.20 0.18 0.23 0.58 *0.28

Unkn. educ.
Lev.

3.60 *0.41 0.56 0.53

Skills level 0.00 0.00 −0.00 0.00 −0.00 0.00

Occupation

Armed forces −0.77 1.15 0.97 0.73 3.28 *1.14

Managers 0.83 *0.32 0.21 0.49 0.78 0.45

Techn., ass.
Prof.

−0.61 *0.25 −0.68 *0.32 −0.02 0.38

Clerical support −2.27 *0.26 −1.54 *0.28 −1.02 *0.41

Service and
sales

−0.36 0.27 −1.34 *0.30 −1.55 *0.38
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Table 2 (continued)

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Agricul.,
forestry

−2.24 *1.11 −0.52 1.21 −3.01 *1.16

Craft, rela.
Trades

−1.20 *0.35 −1.63 *0.39 −2.50 *0.43

Plant, machine −2.53 *0.37 −2.92 *0.37 −4.31 *0.44

Elementary −2.58 *0.45 −3.14 *0.40 −4.52 *0.46

Unknown −0.83 1.56 −1.77 6.25 3.28 *1.63

N 3001 2975 2606

Netherlands New Zealand Norway

Aged 20–29 −0.12 0.23 0.82 *0.23 0.18 0.26 0.40 0.27 −0.70 *0.18 0.11 0.18

Aged 40–49 −0.55 *0.26 −0.60 *0.24 −0.58 *0.23 −0.36 0.25 −0.01 0.19 −0.21 0.21

Aged 50–59 −1.04 *0.26 −1.34 *0.33 −0.61 *0.30 −0.24 0.35 −0.58 *0.19 −0.85 *0.29

Low. secon.
Less

−0.74 *0.22 −0.43 0.27 −0.42 *0.21

Higher
education

0.13 0.19 −0.08 0.22 0.27 0.17

Unkn. educ.
Lev.

−0.28 1.51 0.23 0.43

Skills level 0.00 0.00 −0.01 *0.00 −0.00 0.00

Occupation

Armed forces 1.40 1.16 0.78 0.65

Managers 0.39 0.22 −0.27 0.25 0.05 0.23

Techn., ass.
Prof.

−0.70 *0.22 −1.03 *0.24 −0.77 *0.20

Clerical support −2.49 *0.31 −2.07 *0.32 −2.30 *0.31

Service and
sales

−1.20 *0.34 −1.78 *0.34 −0.52 *0.23

Agricul.,
forestry

−3.65 *0.76 −3.64 *0.65 −3.61 *1.71

Craft, rela.
Trades

−2.74 *0.37 −1.85 *0.33 −1.20 *0.32

Plant, machine −4.28 *0.44 −3.77 *0.50 −3.19 *0.48

Elementary −4.86 *0.39 −5.27 *0.52 −4.02 *0.40

Unknown −6.94 *1.18 −1.12 *0.26

N 2939 3050 2958

Poland Russian Federation Singapore

Aged 20–29 0.39 0.29 0.51 0.30 0.63 0.52 0.57 0.57 0.24 0.23 0.31 0.21

Aged 40–49 −0.63 0.40 −0.14 0.38 −0.84 0.65 −0.69 0.57 −1.38 *0.20 −0.40 0.24

Aged 50–59 −1.99 *0.35 −0.94 *0.43 −2.25 *0.54 −1.57 0.91 −3.26 *0.23 −1.23 *0.38

Low. secon.
Less

−0.67 0.47 −1.12 1.15 −1.22 *0.38

Higher
education

0.26 0.25 0.99 *0.36 0.14 0.27
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Table 2 (continued)

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Unkn. educ.
Lev.

Skills level −0.00 0.00 0.00 0.00 0.00 0.00

Occupation

Armed forces −0.40 0.99 1.96 1.88 0.56 0.62

Managers 0.23 0.42 1.46 *0.61 1.06 *0.28

Techn., ass.
Prof.

−0.90 *0.35 −0.81 0.67 −0.20 0.25

Clerical support −2.59 *0.43 −0.94 0.53 −1.46 *0.40

Service and
sales

−1.43 *0.34 −1.99 *0.35 −0.08 0.45

Agricul.,
forestry

−4.09 *1.53 −3.13 2.60

Craft, rela.
Trades

−3.24 *0.39 −3.48 *0.76 −0.88 0.57

Plant, machine −4.96 *0.43 −5.35 *0.58 −3.14 *0.59

Elementary −5.93 *0.50 −6.51 *0.53 −3.34 *0.63

Unknown 3.51 1.86

N 3965 1680 3055

Slovakia Slovenia Spain

Aged 20–29 0.30 0.32 0.56 0.31 0.01 0.31 0.85 *0.30 −0.07 0.29 0.70 *0.29

Aged 40–49 −0.58 *0.28 −0.61 *0.29 −0.87 *0.25 −1.28 *0.31 −0.38 0.24 −0.56 *0.24

Aged 50–59 −1.30 *0.28 −1.21 *0.41 −1.32 *0.24 −2.07 *0.45 −0.54 0.36 −1.30 *0.39

Low. secon.
Less

−1.48 *0.33 −1.35 *0.31 −1.19 *0.31

Higher
education

0.51 0.28 0.43 0.24 −0.13 0.28

Unkn. educ.
Lev.

Skills level 0.01 0.00 −0.00 0.00 0.01 *0.00

Occupation

Armed forces 0.41 1.20 −1.23 1.08

Managers 0.87 0.49 1.01 *0.29 −0.12 0.56

Techn., ass.
Prof.

−0.54 0.34 −0.71 *0.30 −1.19 *0.37

Clerical support −2.13 *0.40 −1.91 *0.39 −2.81 *0.38

Service and
sales

−1.64 *0.39 −1.01 *0.36 −2.25 *0.42

Agricul.,
forestry

−3.92 *1.15 −3.66 *1.63 −4.36 *0.76

Craft, rela.
Trades

−2.76 *0.49 −2.23 *0.43 −2.70 *0.53

Plant, machine −4.57 *0.42 −4.37 *0.43 −5.17 *0.51
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The final sample consists of 75,777 employees living in 27 European and non-
European countries. The sample size (N) by country is shown in Tables 1 and 2. The
data for the Russian Federation only covers the Moscow municipal area.

The Dependent Variable

The dependent variable measures IPP. IPP is measured by the following five individual
characteristics: (1) how often a person learns new work-related things from co-workers
or supervisors in his or her own job (abbreviated formulation ‘learning new work-

Table 2 (continued)

Explanatory
variables

M1 M2 M1 M2 M1 M2

C SE C SE C SE C SE C SE C SE

Elementary −5.18 *0.49 −5.39 *0.52 −4.89 *0.54

Unknown 5.19 *0.64 −4.83 *1.37

N 2572 2544 2543

Sweden Turkey United Kingdom

Aged 20–29 −0.63 *0.24 0.53 *0.25 0.92 0.50 0.93 *0.46 0.25 0.26 0.63 *0.26

Aged 40–49 −0.53 *0.23 −0.97 *0.32 −0.40 0.36 0.40 0.37 −0.68 *0.28 −0.30 0.30

Aged 50–59 −0.68 *0.25 −1.33 *0.48 −1.44 *0.62 −0.12 0.64 −1.73 *0.29 −0.58 0.43

Low. secon.
Less

−0.19 0.32 −0.95 *0.39 −1.02 *0.36

Higher
education

−0.08 0.19 0.81 0.43 0.65 *0.22

Unkn. educ.
Lev.

−0.35 0.99

Skills level −0.01 *0.00 0.01 *0.00 −0.00 0.00

Occupation

Armed forces 0.79 1.16 2.03 2.09 0.93 0.95

Managers 0.26 0.30 0.86 0.64 0.24 0.29

Techn., ass.
Prof.

−0.03 0.22 −0.39 0.65 0.29 0.26

Clerical support −1.93 *0.44 −1.69 *0.81 −1.30 *0.33

Service and
sales

−1.70 *0.25 −2.08 *0.80 −0.42 0.28

Agricul.,
forestry

−2.57 *1.18 −5.57 *0.89 −3.21 2.34

Craft, rela.
Trades

−1.83 *0.40 −2.34 *0.78 −1.06 0.58

Plant, machine −3.71 *0.35 −4.19 *0.82 −3.96 *0.52

Elementary −4.92 *0.59 −4.13 *0.78 −3.92 *0.43

Unknown 0.31 0.67 1.62 2.70 −0.57 1.34

N 2570 1543 4363

1) The table shows the estimated coefficients (C) and standard errors (SE) for each country, where we use
linear regression (constant terms included). 2) * Significant at the 5% level
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related things’), (2) how often a person’s job involves learning-by-doing from the tasks
he or she performs (‘learning-by-doing from tasks’), (3) how often a person’s job
involves keeping up to date with new products (‘keeping up to date with new
products’), (4) how often a person’s job usually involves instructing, training or
teaching people, individually or in groups (‘instructing, training or teaching people’),
and (5) how often a person’s job usually involves advising people (‘advising people’).

For each of the characteristics (1)–(5), the response categories are: 1 Never, 2 Less
than once a month, 3 Less than once a week but at least once a month, 4 At least once a
week but not every day, and 5 Every day. Since the Cronbach’s alpha for the five
characteristics is within the acceptable range for the internal consistency of these
characteristics (i.e. alpha > 0.7) for all countries as a whole, we include them in the
same scale as an overall measure of IPP and treat this measure as one-dimensional.

We have also carried out a (principal-component) factor analysis for all countries as
a whole. After orthogonal rotation (varimax), this factor analysis gives us a two-
variable factor-solution, but prior to rotation the factor-solution shows that each of
the five items in the measure of IPP has a higher factor loading on the first factor
variable than on the second factor variable, which in addition to the alpha-score
supports our choice of including all five items into one single variable. The dependent
variable is therefore set equal to the sum of the characteristics (1)–(5), and thus varies
from 5 to 25.

The Explanatory Variables

Endogeneity is a common problem in regression analyses, which refers here to the
possibility that the values of at least one of the explanatory variables is affected by
the dependent variable. Instrumental variables (IV) techniques are commonly used
to address this problem. According to Chang and Kang (2018), the instruments must
be both relevant and exogenous. They suggest strategies to test both the relevance
and exogeneity requirements. It is likely that at least one of several potential
instruments will be related to an explanatory variable that we suspect to be endog-
enous. Therefore, we will probably be able to find an instrument that is associated
with the variable that may be endogenous. However, the problem is to find exoge-
nous instruments; that is, they should not be affected by the employees’ IPP, but
correlated with the explanatory variable suspected to be endogenous. Based on the
PIAAC data set, we have no suggestions for such instruments. Furthermore, the
cross-sectional nature of the PIAAC data prevents us from lagging variables that we
suspect to be endogenous, and using the lagged variables as instruments to reduce
the potential endogeneity of the variables that are lagged. Because it is difficult to
find suitable instruments, we cannot use IV techniques in the analysis. As a substi-
tute for this, we try to reduce the potential bias from endogeneity by not controlling
for individual characteristics that we expect will be affected by the measure of IPP
(for example, characteristics like ‘confronting more complex problems’, and ‘how
often the job usually involves planning own activities’).

We have also selected the explanatory variables to account for the potential
multicollinearity problem. This selection is based on calculations of the Variance
Inflation Factor (VIF). These calculations indicate that we have no serious
multicollinearity problems.
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In accordance with the purpose of the article, age is the only key regressor in the
analysis. Since we lack information about exact age for some of the countries, we use
four age dummy variables in the regressions: 20–29 years, 30–39 years (the reference
category), 40–49 years, and 50–59 years.

The following control variables are included in the estimations: gender (1=female,
0=male), educational level (four dummy variables), skills level, seniority, participation
in formal and non-formal learning, weekly working hours, firm size (six dummy
variables), occupation (11 dummy variables), and industrial sector affiliation (12
dummy variables). Controlling for occupation accounts to some degree for character-
istics that are more relevant for specific jobs such as physical strength and innovative
learning.

There are three educational levels: lower secondary or less, upper secondary or post-
secondary (the reference category), and higher education. We also include a category
for those with unknown educational level.

We have chosen to measure skills level as literacy skills, since the correlation
between literacy skills and numeracy skills is very high.2 Literacy (and numeracy)
skills in the PIAAC database consist of a set of ten plausible values estimated for each
person.

Seniority measures approximately how many years a person has had paid work in
total (only years where 6 months or more was spent in either full-time or part-time
work). We control for seniority since age is highly correlated with seniority for a
particular occupation,3 and since employees in different occupations may begin their
active careers at different ages. The age variables are thus net of seniority effects.

We differentiate between participation in formal and non-formal learning. Partici-
pants in formal learning are studying for any kind of formal qualification at the time of
the interview, or have studied for any formal qualification during the last 12 months.
Participants in non-formal learning have participated in at least one of the following
activities during the last 12 months: open or distance education, on-the-job training or
training by supervisors or co-workers, seminars or workshops, and other courses or
private lessons.

Firm size (i.e. number of employees) is a variable with five categories: 1–10
employees, 11–50 employees, 51–250 employees (the reference category), 251–1000
employees, and more than 1000 employees. We also include a category for those with
unknown firm size.

Occupation is based on ISCO codes (1-digit), where ‘professionals’ is used as the
reference category. Persons with a manual occupation are either employed as ‘clerical
support workers’, ‘service and sales workers’, ‘skilled agricultural, forestry and fishery
workers’, ‘craft and related trades workers’, ‘plant and machine operators, and assem-
blers’, or employed in ‘elementary occupations’. Industrial sector is based on ISIC

2 The pairwise correlation coefficient between literacy and numeracy skills is 0.90 for the 27 countries as a
whole.
3 The pairwise correlation coefficient between exact age and seniority for a particular occupation is in the
interval [0.76,0.93] for the 25 countries in the sample as a whole with non-missing values for exact age (except
New Zealand, Singapore). The corresponding coefficients between the age dummy variables and seniority for
the 27 countries as a whole are much lower (measured in absolute value): [−0.72,-0.48] (20–29 years), [−0.48,-
0.14] (30–39 years), [0.13,0.53] (40–49 years), and [0.53,0.69] (50–59 years).
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codes (alphabetical level), where ‘trade, transportation and service’ is used as the
reference category.

Skills level, seniority and weekly working hours are continuous variables. All other
explanatory variables are dummy variables.

The Weighting Procedures

All results in Table 2 and Fig. 1 are weighted by using the full sample (final) weight
and the 80 replicate weights in the PIAAC database. The weighting procedure ensures
representative data. The ‘repest’ command in Stata, which is used when weighting the
results, ensures correct estimates for standard errors for the skills level.

This procedure is also used when weighting the results in Table 3, but in this case
the weights are corrected to provide that the number of observations for all the 27
countries is the same. We set this number to 5200 in each country (see Støren 2015,
Appendix 1). This weighting procedure secures that all the country samples will have
the same influence on the results when using all countries as a whole.

In Table 4, the results are weighted by using the ‘mixed’ command in Stata, where
we only use the full sample (final) weight (based on sampling weighting). Sampling
weights are specified at the first level in the multilevel model. The type of standard
error reported is derived from asymptotic theory. A likelihood-ratio test is carried out
after the regression (in M6). Since this test is invalid in the case of sampling weighted
estimators, the test is based on frequency weighting. In this case, Stata produces exactly
the same results (in terms of estimated coefficients and standard errors, including
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Fig. 1 Composition of sample of employees, by country and age
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estimates of random-effects parameters), regardless of whether we use sampling or
frequency weighting.

All calculations of the VIFs are weighted, where we only use the full sample (final)
weight (based on sampling weighting). The results from the factor analysis in “The
Dependent Variable” section, and the calculations of the pairwise correlation coeffi-
cients in “The Explanatory Variables” section, are also weighted by using only the full
sample weight (based on analytic weighting). The Cronbach’s alpha calculation in “The
Dependent Variable” section, and the calculations of the pairwise correlation coeffi-
cients in “Descriptive Statistics” and “The Effects of National Averages” sections, are
done without using any weights.

Table 3 Estimated effects on the country-specific estimated coefficient for the oldest age group (M3) and the
probability that this estimated coefficient is significant (M4), all countries as a whole

Explanatory variables M3 M4

C SE C SE

Individual level

IPP score −0.00 *0.00 0.01 *0.00

Lower secondary or less −0.07 *0.01 0.39 *0.04

Higher education −0.02 *0.01 0.10 *0.03

Unknown educational level 0.31 *0.12 −1.61 *0.41

Skills level −0.00 *0.00 0.00 *0.00

Occupation

Armed forces occupations −0.11 *0.04 0.51 *0.15

Managers 0.11 *0.01 −0.41 *0.05

Technicians and associate professionals 0.04 *0.01 −0.17 *0.04

Clerical support workers 0.06 *0.01 −0.35 *0.06

Service and sales workers 0.03 *0.01 −0.14 *0.05

Skilled agricultural, forestry and fishery workers 0.06 0.04 −0.48 *0.16

Craft and related trades workers 0.01 0.01 −0.09 0.06

Plant and machine operators, and assemblers 0.03 0.02 −0.24 *0.07

Elementary occupations 0.04 *0.01 −0.26 *0.07

Unknown occupation 0.26 *0.02 0.23 *0.11

National level

Average IPP score 0.03 *0.00 0.38 *0.01

Average skill loss for the oldest age group −0.00 *0.00 0.06 *0.00

Average skills level for all age groups −0.01 *0.00 0.07 *0.00

Proportion of employees with higher education −0.00 *0.00 −0.10 *0.00

N 75,777

1) The table shows the estimated coefficients (C) and standard errors (SE) for all countries as a whole, where
we use linear regression in M3 and logistic regression in M4 (constant terms included). 2) In M3, the
dependent variable is the estimated coefficients for the oldest age group in Table 2 (M2). 3) In M4, the
dependent variable is equal to 1 if an estimated coefficient for the oldest age group in Table 2 (M2) is
significant (at the 5% level), and 0 otherwise. 4) * Significant at the 5% level

Do Older Employees Have a Lower Individual Productivity Potential...



The Econometric Methods

Several econometric methods are used in the analysis. When examining whether the
effects of the explanatory variables on the IPP score differ between the countries, we
run regressions for the 27 countries separately. One possibility is to use ordered logistic
regression in this case. The problem is that the assumptions of the ordered logit model
are often violated (Williams 2016). We therefore prefer to use linear regression, for two
further reasons. First, since the dependent variable can be seen as a coarsened version
of a continuous variable, and not a truly ordered variable, we can derive a meaningful
scale of the dependent variable. Second, the results from linear regression are in most
cases easier to interpret than the corresponding results from ordered logistic

Table 4 Estimated effects on the IPP score, all countries as a whole

Explanatory variables M5 M6

C SE C SE

Individual level

Aged 20–29 0.01 0.05 0.49 *0.05

Aged 40–49 −0.68 *0.05 −0.54 *0.05

Aged 50–59 −1.39 *0.05 −1.05 *0.07

Lower secondary or less −0.74 *0.05

Higher education 0.41 *0.09

Unknown educational level 0.12 0.65

Skills level −0.00 0.00

Occupation

Armed forces occupations 0.53 *0.21

Managers 0.61 *0.07

Technicians and associate professionals −0.50 *0.06

Clerical support workers −1.83 *0.07

Service and sales workers −1.20 *0.06

Skilled agricultural, forestry and fishery workers −3.24 *0.20

Craft and related trades workers −2.07 *0.08

Plant and machine operators, and assemblers −3.89 *0.08

Elementary occupations −4.43 *0.08

Unknown occupation −1.01 *0.19

E SE

National level

Skills level 0.17 0.06

Higher education 0.00 0.00

N 75,777

1) The table shows the estimated coefficients (C), estimates (E) and standard errors (SE) for all countries as a
whole, where we use multilevel mixed-effects linear regression (constant terms included). 2) * Significant at
the 5% level
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regression.4 Based on linear regression, larger values of the dependent variable corre-
spond to higher IPP scores.

We also run a regression for all countries as a whole using multilevel mixed-effects
linear regression. In this case, we examine the effects of the explanatory variables on
the IPP score at the individual level and the effects of some of these variables (i.e. the
‘higher education’ variable and the skills level) at the national level.

Two further regressions are performed for all countries as a whole. One is based on
linear regression, where we examine the effects of explanatory variables on the
country-specific estimated coefficient for the oldest age group. The other is based on
logistic regression, where we examine the effects of the same explanatory variables on
the probability that this estimated coefficient is significant (at the 5% level).

Descriptive Statistics

Figure 1 presents the distribution of age by country. We see that Lithuania (26%),
Belgium (25%), Finland (25%) and Denmark (25%) have the highest proportions of the
oldest age group, while Turkey (8%), Greece (17%) and Israel (17%) have the lowest.
As a consequence of these results, Turkey has the highest proportions of those aged 30–
39 (38%) and those aged 20–29 (29%). Lithuania (23%) is found to have the lowest
proportion of those aged 30–39, while Slovenia (14%) has the lowest proportion of the
youngest age group. Although Greece and Israel have the same proportions of the
oldest age group, Greece (35%) has the highest proportion and Israel (22%) the lowest
proportion of those aged 40–49.

Table 1 presents the following four national averages by country: the average IPP
score, the average skill loss for the oldest age group, the average skills level for all age
groups, and the proportion of employees with higher education. The average skill loss
for the oldest age group is measured as the difference in the average (literacy) skills
level between the youngest age group (aged 20–29) and the oldest age group (aged 50–
59) divided by the average of the standard deviations for these two age groups
(multiplied by 100). The proportion of employees with higher education (at the national
level) is measured in percent.

These four variables at the national level are not found to be significantly related to
each other (at the 5% level), based on pairwise correlation coefficients between the
variables where country is the unit of observation. The strongest pairwise correlation
coefficient is between the average skills level for all age groups and the proportion of
employees with higher education (0.36), but the estimated coefficient is only significant
at the 10% level.

We find from Table 1 that New Zealand, Norway, Finland and Sweden have the
highest average IPP scores, while Lithuania, the Republic of Korea and Turkey have
the lowest. The average skill loss for the oldest age group is highest in Singapore and
the Republic of Korea, and lowest in the Russian Federation and Cyprus.

4 Hellevik (2009) argues that ‘the statistical arguments against the use of linear regression with a binary
dependent variable are not as decisive as it is often claimed… The results for linear and logistic significance
probabilities as we have seen turn out to be nearly identical, even with small samples and skewed distributions
on the dependent variable… This means that we are not restricted to use logistic regression with a binary
dependent variable’ (p. 73).
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The table shows that Japan, Finland, the Netherlands and Sweden have the highest
average skills levels, while Chile, Turkey, Italy and Greece have the lowest levels. The
countries of Northern Europe have much higher average skills levels than the countries
of Southern Europe.

The Russian Federation (70%), Singapore (58%) and Israel (53%) have the highest
proportions of employees with higher education, while Italy (17%), the Czech Republic
(22%), Slovakia (26%) and Turkey (27%) have the lowest proportions. The result for
the Russian Federation must be seen in the context that the data for this country only
covers the Moscow municipal area.

The Estimation Results

The estimation results for each country are presented in Table 2. M1 shows the
relationship between the age of the employees and the IPP score in each of the 27
countries. M2 shows this relationship when we include the control variables. Due to
space limitations, the table only shows the estimated effects of age, educational level,
skills level and occupation, but we also comment on some of the other control
variables.

The Effects of the Key Regressor

M1 shows that only two of the 27 countries (Chile, Spain) have non-significant effects
of the oldest age group on the IPP score (at the 5% level). In all the other countries, the
oldest employees have a significantly lower score than the reference group (aged 30–
39). The hypothesis H1 is therefore supported for 25 of the 27 countries, but the form of
the bivariate relation between age and IPP, as well as the size of it, varies between the
countries.

Only two countries have a clear age gradient in the IPP score (France, Lithuania),
which means that the score declines successively with increasing age group. Further-
more, it is considerable variation in the age effects between the countries. Ireland, the
Republic of Korea, the Russian Federation and Singapore have 2–3 points lower IPP
score among the oldest employees than among those in the reference group. In the four
Nordic countries, Japan and New Zealand, this difference is less than one point, even
though it is statistically significant in each of these countries.

When the control variables are introduced (M2), the number of countries with non-
significant age differences between the oldest employees and those in the reference
group increases from two to 10 countries (Belgium, Chile, Cyprus, the Czech Republic,
Greece, Israel, New Zealand, the Russian Federation, Turkey, the UK). The IPP score
among 50–59 year olds is found to be significantly lower than among 30–39 year olds
in all the remaining 17 countries. In 14 of the 17 countries with significant age effects in
M2 (except Estonia, Norway, Poland) there is a reduction of more than one point in the
IPP score between employees aged 50–59 and the reference group. Seven countries
(Finland, France, Lithuania, the Netherlands, Slovenia, Spain, Sweden) have a clear age
gradient in the IPP score.

We also see from Table 2 that there is a significant age effect for the oldest age
group in both M1 and M2 for 16 countries. The question is then whether the change in
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the age effect between M2 and M1 for these 16 countries is significant? We find that
the age differences are reduced in eight of the 16 countries (Estonia, France, Ireland, the
Republic of Korea, Lithuania, Poland, Singapore, Slovakia) and increased in the
remaining eight other countries, when the control variables are included. Except for
four countries (Estonia, the Republic of Korea, Poland, Singapore), none of the other
reductions in the age effects on the IPP score are significant (based on a 95% CI). This
means that the age effect for the oldest age group seems to be statistically robust in
most of the 16 countries, in the sense that it is not particularly influenced by the
inclusion of the control variables. Thus, the hypothesis H4a is not supported for most of
the countries, but it is supported for four countries.

The Effects of the Control Variables

Table 2 shows that the educational level has a non-significant effect on the IPP score in
five of the countries (Chile, Greece, New Zealand, Poland, Sweden), while one country
(Japan) has only a significant (positive) effect of those with unknown educational level.
There is a clear educational gradient in the IPP score in five of the other 21 countries
(Belgium, Denmark, Estonia, Italy, the UK). In five other countries (Cyprus, the
Czech Republic, Ireland, Lithuania, the Russian Federation), employees with higher
education have a higher IPP score than the reference group. In the remaining 11
countries, employees with a low educational level have a lower score than the reference
group. This means that in most of the countries, formal education increases the IPP
score significantly. When we add that skills are not significantly associated with the
score in 19 of the countries, and that the significant effects are quite modest and are
most often negative (only positive for Spain and Turkey), these results support the
hypothesis H2(a), while the hypotheses H2(b) and H3 are not supported. Thus, the
confidence in a human capital interpretation is strengthened at the expense of the
signalling theory’s understanding of how such variables should be related to each
other. Small negative effects of skills on the IPP score may also indicate that some
people with a relatively low skills level try to compensate for this by increasing their
skills utilisation at work.

In more than half of the countries, all employees with a manual occupation have a
lower IPP score than professionals (the reference group), and being employed in at least
one of the manual occupations gives a relatively lower score in all countries. The
difference is quite large, up to 2–7 points on the IPP scale in each country based on
those manual occupations where there is a significant (negative) effect. No employees
with a manual occupation have a significantly higher IPP score than professionals.
These results indicate that Goldthorpe’s (2007) distinction between service and labour
contracts sheds light on important differences in the IPP score between different groups
of workers. Furthermore, we find that there are differences in the IPP score in different
industries. The reference category ‘trade, transportation and service’ has a higher score
than ‘agriculture, forestry, fishing’, ‘mining, manufacturing, electricity’, ‘professional,
scientific’ and ‘public, defence’ in many countries. We therefore conclude that the
hypothesis H4b is quite strongly supported in M2.

There is a clear tendency for full-time workers to have a higher IPP score than those
who work part-time. The variable measuring weekly working hours is positive and
significant for almost all countries (only a non-significant effect for Chile).
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Females have a lower IPP score than males in Belgium, Chile, Cyprus, Estonia,
Japan, the Republic of Korea, Poland, Singapore and Spain. All the other 18 countries
have non-significant gender differences in the IPP score (at the 5% level). For most
countries we find that the effect of seniority on the IPP score is non-significant, while
for some countries this variable has a positive effect (Denmark, Finland, Ireland, Italy,
the Netherlands, Norway, Slovenia, Spain).

The IPP score clearly correlates with participation in non-formal learning. In all
countries, there is a positive relationship. The score rarely correlates with participation
in formal learning and the firm size variables.

The Effects of National Averages

Now, we ask whether the country-specific estimated coefficients for the oldest age
group in Table 2 (M2) are related to the aggregated characteristics of the 27 countries
(in Table 1). Table 3 shows the effects of individual characteristics and the four
averages at the national level on the estimated coefficient for the oldest age group in
a country (M3), and the probability that this estimated coefficient is significant (M4),
where we use all countries as a whole. The explanatory variables at the individual level
are the same as in Table 2 (M2), except that the age dummy variables are replaced with
the individual IPP score. VIF calculations based on the linear regression in Table 3
indicate that there are no serious multicollinearity problems.5

We see from Table 3 that there is a positive relationship between the estimated
coefficient for the oldest age group in a country and the average IPP score, and a
negative relationship for the three other averages at the national level. The proportion of
employees with higher education has a negative effect on the probability that the
estimated coefficient for the oldest age group is significant, while each of the three
other national averages has a positive effect. At the individual level, we find from the
table that the estimated coefficient for the oldest age group is negatively related to the
IPP score, the skills level, and the ‘lower secondary or less’ and ‘higher education’
categories. Each of these four individual characteristics is positively related to the
probability that the estimated coefficient is significant. Most of the manual occupations
are negatively related to this probability, while half of the manual occupations are
positively related to the estimated coefficient for the oldest age group.

In Table 4, we examine how the IPP score is affected by the age dummy variables
when we exclude (M5) and include (M6) the control variables. M6 also includes two
explanatory variables (the ‘higher education’ variable and the skills level) at the
national level. The results in the table are based on multilevel mixed-effects linear
regression, where we use all countries as a whole. The dependent variable and the
explanatory variables at the individual level in M5 and M6 are the same as in M1 and
M2 in Table 2, respectively. VIF calculations based on linear regression (using the
variables at the individual level in Table 4) indicate that we have no serious
multicollinearity problems.

5 We have estimated the pairwise correlation coefficient between each of the four national-level variables in
Table 1 and the country-specific estimated coefficients for the oldest age group, where country is the unit of
observation, but none of the estimated coefficients are significant at the 10% per cent level.
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Table 4 shows that the oldest employees have significantly lower IPP score than the
middle-aged employees in both M5 and M6, but there is only a clear age gradient in the
score in M6. Employees with higher education have a higher IPP score than the
reference group, while employees with a low educational level have a relatively lower
score. The IPP score is not significantly affected by skills at the individual level. All
employees with a manual occupation have a lower IPP score than professionals, and the
difference is 2–4 points on the score for most of these occupations. At the national
level, the skills level and the ‘higher education’ variable have positive effects on the
IPP score, and it seems that these effects are significant given a 95% CI for each of the
two national-level variables and based on a likelihood-ratio test after the regression.

It follows from these results that countries with significant age differences in the IPP
score between the middle-aged and the oldest workers have a larger average skill loss
for the oldest age group and/or a larger average skills level for all age groups at the
national level than countries without such significant age differences (on average), after
controlling for several individual characteristics and national differences in the average
IPP score and the proportion of employees with higher education. This indicates that it
is most demanding for the oldest workers to keep up with the IPP of younger workers
where the national averages in skill loss or skills level (or both) are highest.

Discussions and Conclusions

We find that the oldest employees have a lower IPP score than the middle-aged
employees for 25 of the 27 countries, when the control variables are not included.
Thus, the answer to the question whether age is associated with a significant reduction
in activities which promote or enhance potential productivity is yes, it does so in nearly
all the 27 countries. Basically, we tend to link this to the employer’s allocation of work
tasks in the workplace. Introducing the control variables in the regressions, we find that
the oldest employees have a lower IPP score than the middle-aged employees for 17 of
the 27 countries, while for the remaining 10 countries we find no significant differences
in this score between the oldest and middle-aged employees. The age effect for the
oldest age group on IPP is not particularly influenced by the inclusion of the control
variables in the majority of the countries, and therefore seems to be statistically robust.
In countries with significant age effect (for the oldest age group) in M1 and non-
significant age effect in M2, control variables with significant effects on IPP act as
mediators for age differences in IPP.

Formal education has significant positive impact on IPP in most countries. Thus,
even though we account for documented cognitive skills, variation in IPP is still
explained by formal education. Since we use occupation and industry as control
variables and thus take into account the possible gateway effects associated with
educational segmentation and credentialism in the labour market, significant positive
effects of formal education and the absence of significant effects of skills on the IPP
score in many of the countries, are easier to adapt to the human capital perspective on
the importance of formal education than to the competing perspective of the signalling
theory. According to the signalling theory, cognitive skills should bear the explanatory
power of the model, not formal education. Since we study established employment
relations, we assume that the employer has this relevant information (it is not an
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information problem), and apparently to a greater extent allocates learning and inno-
vative work tasks according to formal education, occupation and age than by cognitive
skills.

Although skills have hardly any direct impact on the IPP score at the individual
level, observed differences in the average skills level between the youngest and oldest
employees (i.e. so-called skill loss for the oldest age group) and the average skills level
for all age groups are important at the national level. It appears that it is a major
challenge for the oldest workers to keep up with the IPP of younger workers if the
average skill loss for the oldest age group and the average skills level in a country are
high (or at least on one of these national averages). An alternative interpretation is that
the allocation of such potentially productive work tasks reduces the older employees’
opportunity to keep up with the potential productivity of younger employees in
countries which is characterised by a high average skills level in the workforce. This
seems to be more prevalent in Northern European countries and Japan where the
general skills level is high than in Southern European countries where the general
skills level is lower.

The IPP score is clearly influenced by the employee’s professional status, which is in
line with Goldthorpe’s (2007) distinction between ‘service contracts’ and ‘labour
contracts’. Then we have an empirically rooted argument that Lazear’s theory should
differentiate between different positions in the labour market, but it may still be the case
that both firms and employees would benefit from the fact that the working life is
structured according to Lazear’s general theory. There is also a clear relationship
between the IPP score and participation in non-formal learning. These two findings
point to a possible focus area for individual businesses, industries and the government:
firms should involve more groups of employees, especially employees with a manual
occupation and those with a low participation rate in non-formal learning, since there is
a clear tendency for professionals to have a higher IPP score than workers with a
manual occupation, and that participation in non-formal learning positively correlates
with this score. Furthermore, the fact that formal education influences the IPP score, is a
fairly strong indication that access to formal education when somewhat younger is
probably important for the IPP of older employees, and this should primarily be
considered as a public authority task. Here we allow ourselves to dynamise the
interpretation of a finding that is based on observations at one point in time (a cross-
sectional view). In many European industrialised countries, efforts are now being made
to increase the population’s skills through formal education, and this policy also
includes middle-aged employees and job seekers through measures of qualification
and lifelong learning.

On the basis of these results, we can conclude that especially the formal
education and occupation of the employee mediate age differences in 10 of the
27 countries (i.e. function as ‘mechanisms’), while these hallmarks operate as
additional explanations for differences in IPP in the remaining 16 countries.
Chile has no significant age differences in IPP in any of the models M1 and
M2. At the individual level, cognitive skills are not associated with potential
productivity, but the average skills level (and skill loss due to age) is signif-
icantly associated with the average reduction of IPP due to age at the national
level. Japan and Northern European countries have the highest average skills
level in the PIAAC sample. This is our contribution to a theory of how various
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aspects of human capital are related to activities that promote potential produc-
tivity (IPP) at work (cf. Skirbekk 2004, 2008).

Two important reservations of our study must be made. First, the sample only
includes employees. Thus, there may be a selection problem in the analysis, since the
average employment rate varies a lot between different PIAAC countries (Grøgaard
and Børing 2017). This rate will also vary for a particular age group between countries,
including older workers. For example, there are differences in pension behaviour and
the right to retire between countries. A country’s employment rate may also be related
to the average educational level in the country. By setting the upper limit for age at 59,
we have reduced the problem related to early retirement in some countries without
removing it completely.

We have tried to examine whether we have a selection problem in the analysis. This
is done by estimating the pairwise correlation coefficient between the country-specific
estimated coefficients for the oldest age group and each of the following five national-
level variables, where country is the unit of observation: the average employment level
among persons in the 20–29 age group, 30–39 age group, 40–49 age group, 50–59 age
group, and 20–59 age group. Persons include those who are employed, unemployed
and outside the labour force. Based on the PIAAC data, we find that none of the
estimated coefficients are significant at the 10% per cent level. Thus, these estimations
indicate that we have no serious selection problem.

Secondly, in a cross-sectional survey, like PIAAC, we do not know what kind of
skills and IPP the elderly had when they were younger. Estimated age effects can
therefore express generation effects and not life-phase effects (see Desjardins and
Warnke 2012 for a discussion of the relationship between ageing and skills). In order
to examine whether it is a life-phase effect or a generational effect, we need in principle
a panel design. Thus, there is a clear need for more evidence of the relationship between
employees’ age and their IPP.
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