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Abstract
On a global scale, life expectancy has increased, and birth rates have reduced. This
has both decreased the size of the employed workforce and has negatively affected total
factor productivity (TFP) and total output. This research looks at whether technology,
and ICT in particular, can counter the effects of an aging population on the German
manufacturing sector. Using a Cobb-Douglas production function, we calculate and
compare the magnitude of such effects. While we conclude that an ageing population has
a negative impact on employment, output, and productivity, findings suggest that the
effect of ICT on total output is not statistically significant, and that its relative productivity
does not differ from that of non-ICT capital. Our findings add to the existing literature by
providing an up to date view of the phenomena and a more comprehensive
understanding of its linkage with information technology in German manufacturing
sector.

Key words: ageing population, ICT, technology, output, Germany, manufacturing sector

1

Acknowledgement
We would like to thank the organisers of LSE GROUPS, in particular Dr Ellis Saxey, for creating
this opportunity to conduct this research project. We are especially thankful to our supervisor
Jessica Simpson, for her unwavering support and guidance throughout the research process. In
addition, we thank all the other LSE GROUPS supervisors who have led resource sessions for us.

2

1.

Introduction

Ageing population is a worldwide phenomenon. According to one United Nations (2017) report,
177 of 195 countries are experiencing a significant increase in the share and number of elderly
people (64+) in the total population. As the population ages, Prskawetz et al. (2008) argue that
there will be a change in the labour force, particularly, the number of employed workers may
decrease, and the average age of the labour force will increase. Liu and Westelius (2016) found
that this will result in a decline in labour productivity and lower total output as it is assumed by
Vaportazis, Clausen and Gow (2017) that older generations will be more reluctant to adapt new
technologies than the younger generation. At present, we do not know to what extent an ageing
population will affect total output. This research seeks to investigate the effects of an ageing
population on labour input and on Total Factor Productivity (TFP) which is measured as the ratio
of aggregate output to aggregate inputs. TFP is the portion of growth in output not explained by
inputs. We define output as the value of goods produced in any given sector. TFP depends on two
main elements: the degree of modernisation of capital and skills of the workforce (Artus, 2016).
The first research question we therefore seek to address is:

“Could ageing population negatively affect TFP and labour input, which can then decrease the
total output in German manufacturing sector?”

The use of new technologies has paved the way for production of goods more efficiently. To study
its impacts on TFP, we focus solely on Information and Communication Technology (ICT), such as
computer systems and the Internet, as ICT has played a dominant role in creating revolutionary
change in production in the last 20 years (from OECD, 2014). Thus, in this paper we examine in
detail the relative productivities of ICT and of old workers (defined as over 50 years old), and the
effect of the interactions between the proportions of the same on TFP. So here arises our second
research question, looking at the joint impact of the two factors:
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“To what extent has progress in Information & Communication technology compensated for the
decrease in total output caused by ageing population?”

In the paper, we focus on the manufacturing sector specifically as it is most affected by the ageing
population in comparison to other sectors such as agriculture (Ours & Stoeldraijer, 2010). In
addition, the study is limited to Germany not only for practical reasons, such as the accessibility
and availability of the data, but also because Germany satisfies the following characteristics.
Firstly, the country has a strong manufacturing base, making up 25.8% of GDP (Statistisches
Bundesamt, 2019). Secondly, Germany has experienced an ageing population in recent decades
and the situation is forecasted to worsen in the future - the percentage of 64+ population in 2016
was 21.1% and is projected to be 26.1 % in 2030 (European Commission, 2017). This is currently
one of the highest among all European countries.

The structure of the paper is laid out as follows: in Section two, we will review existing research
and literature relating to our topic. Section three will introduce our methodology and in Section
four, key findings will be presented. In Section five we will discuss the implications of our study
and finally, in Section six, we draw conclusions from our research and attempt to answer our
proposed research questions.
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2.

Literature Review

The following literature review positions our paper within the existing field of research. This
section will begin by exploring the relationship between ageing populations and labour markets
to explain the problem that this paper aims to address. Secondly, we review literature which focus
on the existing use of econometric models to determine the effects of ageing populations on the
economy, and thirdly we provide an overview of existing research looking at ageing populations
and the German manufacturing sector.

2.1. Ageing population and the labour force
There are several studies exploring the effects an ageing population can have on a country’s
worker-demographic. The studies highlight two key adjustments occurring the labour market,
firstly the median age of workers has been and is projected to increase consistently in developed
economies, secondly the proportion of the population participating in the labour force is
projected to decrease. This latter point, arising from increased life expectancy and a lower birth
rate (Fougere & Merette, 1999), placing downward pressure on the supply of labour.
In addition to possible implications of an older workforce on worker productivity, which will be
discussed in the next sub-section, research from the Office for National Statistics has also
highlighted a potentially less mobile labour force (Dixon, 2003). Older workers are less willing to
move for work, due to potential tenure-related benefits with their incumbent firms and also due
to the reduced pay-off from moving when moving costs are factored in (Groot & Verberne, 1997),
which is consistent with the view that an older population negatively effects the supply of labour
(Kochling, 2003; Acemoglu & Restrepo, 2017).
Overall, research has been conclusive in connecting an ageing population to the demographics of
the labour force. There have been at least two studies (Kirpal & Kühl, 2006; Kochling, 2003)
looking at the effects of an ageing population on the Germany, however neither uses recent data.
Part of the analysis in this paper will seek to verify previous conclusions, linking ageing
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population to a reduced labour force, using more recent data. However, the analysis within this
paper will analyse the overall macro effects of an ageing population on the labour force, and not
the specific drivers.

2.2. Ageing population and production
Most studies on the effect of ageing demographics focus either on changes in TFP or on labour
input in individual countries. In terms of the effects on TFP, Liu and Westelius’ (2016) study in
Japan suggests that the ageing of the working age population and TFP are negatively correlated.
In particular, a 1% shift from the 40 to 50-years-old age group will decrease the productivity by
1.3%. Ours & Stoeldraijer’s (2010) study looked at the relationship of ageing population and
productivity in Dutch companies. It also used the Cobb-Douglas production function under the
assumption that workers of different age groups are perfect substitutes for one another (i.e.
younger workers could completely replace older workers) but that they may have different
marginal productivity. The results of the research show that the ‘value added’ of workers in the
manufacturing sector declines sharply when workers turn 50 in comparison to other industries
such as wholesale trade and commercial service. Such results have influenced our decision to
narrow the scope to the manufacturing sector.
Thun et al’s (2007) study regarding German manufacturing sector found that 37% of the
workforce of companies in this sector is made up of 50-year-old and older workers. The group of
the ‘40-50-year-olds’ represents 30% of the workforce in the sample companies who will have
turned 50 years or older in 10 years. This suggests that the ageing population does have a large
impact on the structure of the workforce in manufacturing sector. This has created several
problems because older workers are considered to have problems concerning flexibility, the
willingness to learn, their learning, reactivity, physical and psychological resilience. Therefore,
the question about how countries can tackle the problem of an ageing population has been raised.

2.3. ICT technological change and production
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Most of the macroeconomic research concluded that ICT was responsible for much of the
acceleration in productivity growth. (Ark, Inklaar and McGuckin 2003). When looking at German
manufacturing sector specially, by using gross-output growth accounting exercise, the research
conducted by Strobel in 2016 concludes that imported ICT intermediate inputs played a dominate
role in boosting productivity and total output in German manufacturing sector through both
direct investment in ICT and spill over effect from upstream to downstream sector originating
from implementation of new ICT technologies in the production process of final goods.
The study by Ilmakunnas & Miyakosh (2013) which looked at the joint effect of TFP and ICT is
more significant in shaping our research paper. The study draws upon the Cobb-Douglas
production function and dividing labour into groups according to both age groups and levels of
skills. Nonetheless, this model ignores the fact that labour force will shrink as a result of ageing
population. Therefore, we aim to develop the model will take this effect into account and the
detailed modifications will be explained in Section 3.
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3.

Methodology

We study the effects of labour, ICT and the interplay between the two on the level of output, and
to do so assume a Cobb-Douglas production function with capital and labour inputs:

Y = AK a Lb

(1)

A is the total factor productivity Index. Growth in TFP is portion of growth in output not explained
by growth in inputs (capital and labour). Taking logarithms on both sides of the equation, we get:

ln( A) = ln( y) - a ln(K ) - b ln(L) = q

(2)

In line with the primary purpose of this paper, the differential effect of the labour age is studied
and all other parameters of the worker, including skill level and gender characteristics are left
out on the grounds of being irrelevant to the empirical analyses that follows. This paper, as
opposed to ones presented previously, such as the one by Ilmakunnas and Miyakoshi (2013),
focuses, among other things, on the effects of an ageing population on 1) labour size and 2) labour
structure, identifying how the individual elements of the production function change the total
output Y. Whether employment does in-fact experience a change or not will be studied in the
‘Findings’ section through the following multiple regression model.

LabourManufacture = b0 + b1 PercentOlder + b 2 (LabourForce) + t + Ît

(3)

Where ‘PercentOlder’ captures the proportion of the population above the age of 50, and
‘LabourManufacture’ the number of people employed in the manufacturing sector of Germany
(the regression also adds a control variable in the form of ‘LabourForce’ which keeps the ‘size’ of
the labour force constant and controlled for). t is the term for time fixed effects and t is error
term.
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The second part of this paper focuses on studying the effects of a ‘modified TFP’ measure on
output and labour inputs. The formulation provided through equation (2) is enough to
understand the general relationship between TFP change, output change and inputs change.
However, it cannot tell us what would be the economic factors that affect the TFP. To investigate
the effects of Information and Communication Technology (ICT) and age, and the effects of their
relative productivities on TFP and subsequently on output, we need to include these factors in
the production function. We thus use updated figures K* and L* which are the quality-adjusted
capital and labour inputs.

The Updated figures for L and K include the figures for productivity and shares.

L* = o Lo +  y Ly = L(o so +  y sy )

(4)

K * = y ICT K ICT + y non- ICT K non- ICT = K(y osICT + y y snon- ICT )

(5)

In (4), the quality-adjusted labour input L* is defined as a weighted average of the young and old
workers, where their productivities o and y are the weights. Lo is the number of old workers,
and Ly, the number of young workers. So = Lo/L is the share of old workers, Sy = Ly/L is the share of
young workers.
In (5), similarly the quality-adjusted capital input K* is defined as a weighted average of the ICT
capital KICT and non-ICT capital Knon-ICT, where their respective productivity ICT and
non-ICT are the weights. SICT = KICT/K measures the ICT capital as a share of the total capital. Similarly,
Snon-ICT = Knon-ICT/K.

Recall (2), replacing K and L with K* and L*:
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ln(Y ) = ln( A) + a ln(K*) + b ln(L*)

(6)

In order to generate estimation about K using data available, appropriate approximation is
needed. Here we use first-order Taylor expansion (Ilmakunnas and Miyakoshi, 2013), applying
to (4) and (5):

ln L* = ln(L(oso +  y s y )) = ln L + ln(1+ so (o -1)) » ln L + so (o -1)

(7)

ln K * » ln K + sICT (y ICT - 1)

(8)

Replace (7) and (8) into (6) and rearranging the equation (6) gives us

(9)

, where qICT = sICT, the former being used to avoid confusion during the empirical analysis,

Ln( A) = q , which can be interpreted as the TFP index without incorporating the effects of
productivities of labour, capital, and the interplay between the two. We use o *,y ICT * as relative
productivities of old workers and of ICT capital respectively; assuming that the productivities of
young workers and of non-ICT capital are normalized to 1, these relative productivities are simply
*0
*1
equal to the productivities found earlier and can be substituted in the model. o * = o + o qICT

shows that the productivities of workers are based on a term showing independent productivity
and one term which is used to describe productivity as an interaction with the fraction of ICT used
qICT , which is equal to KICT/K
In the section that follows, we study the following two effects of an ageing population- (1) The
Partial, True, unbiased effect of an ageing population on the number of people employed in the
manufacturing sector in Germany and hence on the total manufacturing output. Our initial
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hypothesis is that this will be a negative effect. (2) Afterwards, we incorporate equation (9) into
the production function, including relevant controls and study whether an increase in ICT share,
weighted by the relative productivity, can statistically positively affect total manufacturing
output and potentially compensate for the decrease caused by an ageing population.
The data has been collected from the EU KLEMS database, OECD library, and the International
Labour Organization. We use a repeated cross-sectional data where average statistics are used
for the manufacturing across the 21 years from 1995 to 2015, A repeated cross section allows us
to study evolution over time and control for relevant fixed effects.
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4.

Findings

The first task is to study the effect of an ageing population on the size of the labour force in the
manufacturing sector. The model used allows us to study the effect of an increase in the
percentage of people over the age of 50 on the number of people employed in the manufacturing
sector in Germany. By the construction of the equation, it is evident that the size of the population
and that of the labour force is being controlled for.

LabourManufacturet = b0 + b1 PercentOldert + b 2 (LabourForce) + t + Ît

(3)

It can be interpreted that as the percentage of people above the age of 50 in the population rises
by 1, the employment of the manufacturing sector shrinks by 109 (Table 1) which corresponds
to a 1.39% (Table 2) reduction in the percentage employed in manufacturing accounting for the
same controls as before; and a reduction of 1% in the percentage employed reduces total output
by 1.4% (Table 3). By controlling for the size of the labour force we ensure that the potential
channels for omitted variable bias are avoided; this effect is statistically different from zero at the
0.1% significance level.
Labour Manufacture (total employed in Manufacturing)- From Table 1
Independent Variable (and

Coefficient

P-value (Calculated at null hypothesis of 0

other controls)

effect)

PercentOlder

-109.88

0.001

LabourForce

0.2060

0.003

The time fixed effects require a note here. We identify that as a combination of dummy variables
that can take values 0 or 1
Tf

å iTf i = 1Tf1 + 2Tf 2 + 2Tf3 + 4Tf4

(10)

t=1
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Tf1, for instance takes value 1 for years 1996-2000, and Tf2 takes value 1 for the years 2001-2005
and so on till 2015. To avoid perfect multicollinearity, a total of 20, instead of 21 time periods are
incorporated in the time fixed effects.
Now that it has been established that the effect of an ageing population on output is statistically
significant, we need to study whether the productivity of ICT positively effects of total
manufacturing output and whether it is enough to compensate for the decrease caused by an
ageing population. To study the effects of the productivities, we use the model described above
in the methodology section. Finally, an ageing population also negatively impacts productivity
(TFP) by increasing the share of old workers in the manufacturing sector. With a p-value less than
0.02, it has been established with sufficient confidence that an increase in the share of old workers
by 1% reduces the percentage of TFP (productivity) by approximately 2- all else controlled for.

Recall:

1*
ln(TFP) = q + y *ICT qICT + O0*sO + O,ICT
sO qICT

(9)

ln( y) = a ln(K ) + b ln(L) + ln(TFP)

(2)

Combine (9) and (2), we have :
1*
ln( y) = a ln(K ) + b ln(L) + q + y *ICT qICT + O0*sO + O,ICT
sO qICT

(11)

We can interpret the relative productivities of older workers & of ICT, as the partial effect of
increase in the respective shares on the increase (or decrease) in output. Thus, the relative
productivity of old workers, independent of ICT is the slope coefficient in the regression where
the dependent variable is the total output and the independent variable is the share of old
workers; this is given by
workers and given by

O0* . Similarly, the productivity of ICT, independent of interaction with

y *ICT , can be interpreted as the slope coefficient in the same regression
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measuring the partial effect of a share of ICT on total output. And lastly, the relative productivity
1*
of the interaction of old workers and ICT is given by O,ICT
.

Thus, we now study the effect of the relative weighted productivities on the total output through
the following regression model:

ln(TotalOutputMft ) = g 0 + g 1 ln(TotalCapitalMft ) + g 2 ln(LabourManufacturet ) + g 3 ( LabourForcet ) +

g 4 ln(TFPIndext ) + g 5 ( Mean _ Monthly _ Earnt ) + g 6 (sh _ old _ manufacturingt )

(12)

+g 7 (qICT ) + g 8 (sh _ old _ manufacturingt XqICT ) + t + Ît
t

t

Findings suggest that as the share of ICT in interaction with the share of old workers
(sh_old_manufacturingtXqICTt) increases by 0.1% the total output increases by 2.4%; this has been
captured by g 8 . However, this has been measured with a very large standard error and hence is
dragging the t-statistic down, raising the p-value; the finding is that this coefficient is neither
statistically different from 0 nor is it statistically different from 1. A similar interpretation goes
for g 7 , whose t-statistic implies that the share of ICT does not statistically differ from the share
of non-ICT capital. What CAN be observed from this regression is that the productivities of an old
workforce are different from 1, as shown by g 6

Total Real Output (LOG) (all figures for manufacturing)- From Table 3
Independent Variable (and other controls)

Coefficient

P-value (Calculated at null
hypothesis of 0 effect)

Sh_Old_Mf (so)

-2.45

0.244

Sh_ICT (qICT )

-5.268

0.472

ShOld_Mf X Sh_ICT (so X qICT)

24.06

0.384
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On conducting a t-test, we found that g 6 is statistically different from 1 at the 10% signiicance
level as the absolute t statistic value is more than the petinent critical value. This implies that the
productivity of an old worker is statistically different from that of a young worker and hence a
change in in the share of old workers does in fact impact TFP. Thus, the weighted productivity of
an old worker, evaluated at ‘mean share’ is

(13)

, where nt is the number of time periods. This would come out to -2.45 x 0.22, which is equal to 0.539 (Table 4). Finally, it is also worth noting that the effect of capital accumulation on total
output is almost 3 times that of TFP (table 3), both being statistically significant.

In summary, while it was established that the differential effect of productivities of old workers
is present, which does indeed negatively impact TFP, an increase in the share of ICT might not be
able to compensate for the effects of an ageing population as the ‘weight’ for that measure, which
is the productivity of ICT ( independently and in interaction old labour share ) is not statistically
significant in its effect on Total Manufacturing Output.
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5.

Discussion

The purpose of this paper is to answer the question of whether information technology could be
a strong enough solution to the aging problems in German manufacturing industry. Our findings
suggest that information technology might not have a strong impact on productivity and output
in German manufacturing industry. Our research does however, have the following three
limitations:
1. This result might be subject to biased caused by data limitations. The EU-KLEMS data we
used only has the data for 21 years. There is possibility that the t-statistics might become
more statistically significant as the number of observations is increased and standard
errors are reduced.
2. The model used does not allow for a randomized control study and therefore, inevitably
our research could not be completely free from Omitted Variable bias.
3. Due to time constraints, our research only studied the German manufacturing industry.
Hence our findings might not be able to generalisable to other countries and industries
and thus have external validity concerns. In other words, our findings are sensitive to the
country and industry being studied.
Our research focuses on information and communication technology, due to its prevalence in
modern day manufacturing and business in general. However, productivities of other
technologies could have strong positive effects on productivity and output in German
manufacturing sector. For this reason, our findings should not be interpreted as saying that ‘the
effect of technology of any kind is not strong enough for solving aging problems’. Our findings
largely apply to the case we studied. Indeed, other forms of capital, such as automation and
robotics could have a strong positive impact on manufacturing due to statistically significant
relative productivities. Further research needs to be conducted to study whether automation
technology could compensate for the problems caused by aging populations and possibly even
replace labour input in the long run. The age structure of workforce might be one explanation for
16

the lack of statistical significance of the effect of ICT share: older workers in manufacturing are
less likely to adopt new ICT technologies, despite heavy investment in ICT capitals by firms. Since
we do not directly run regressions studying the relationship between ageing populations and ICT,
we cannot rule out the effects of age structure on efficiency of ICT technology adoption. Again,
further research is needed in this area. Due to the data & model limitations highlighted earlier, it
would be difficult to justify causality between age structure and technology adoption. Lastly,
mathematically finding the optimal balance between ICT capital, non-ICT capital, and labour input
to maximize total output under different economic variables & scenarios could prove to be of high
significance
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6.

Conclusion

The purpose of this paper has been to investigate the interaction effects of ageing population and
ICT on total output. On the one hand, we found that ageing population has a negative impact on
TFP and labour input. Ageing population has resulted in a decline in the number of employed
workers in German manufacturing sector. These results are consistent with our hypothesis and
intuitive reasoning. On the other hand, the impact of ICT is not as significant as we have expected.
In other words, we found that increasing the share of ICT might be an exercise in futility, based
on past data in the manufacturing sector, as its relative productivity does not make the effect
strong enough in boosting the output to compensate for the fall in output as a result of the ageing
population.
We therefore suggest that capital accumulation may have a more direct and greater influence on
determining the level of output compared to TFP and its respective components. Further research
could investigate the significance of capital accumulation in making up for the loss of output in
the manufacturing sector and if the result implies that investment in capital does help, firms
should focus more on accumulating capital than upgrading ICT. In conclusion, the model acts as a
useful resource for future scholars to study the impact of ageing population on TFP and output as
well as assessing the role of ICT in other sectors such as agriculture, retail, financial service, etc.
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Appendix
H0: g 6 = 1 & H1: g 6 ¹ 1 where the t statistic is
 (-2.45-1)/1.95 = -1.76 (the absolute value of which is less than 1.645, which is the critical
value for a two tailed hypothesis test at the 10% significance level). Thus, it has been
established with significant confidence that the relative productivity of an old worker (2.45) is statistically different from that of a young worker. Thus, the weighted productivity
of an old worker, evaluated at ‘mean share’ is

T
0*
0*
( o,ICT
X(
X mean of share of old)= o,ICT

åS

o,t

/ nt )

t=1

, where nt is the number of time periods. This would come out to -2.45 x 0.22, which is
equal to -0.539.

Stata Table 1: STUDYING EFFECT OF OLD POPULATION ON NUMBER OF WORKERS EMPLOYED IN
MANUFACTURING
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Stata Table 2: STUDYING THE EFFECT OF NUMBER EMPLOYED IN MANUFACTURING ON LOG Stata

Stat Table 3: RELATIVE PRODUCTIVITIES OF LABOUR,OF ICT, AND OF THE INTERACTION BETWEEN
THE TWO
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Stata Table 4: MEAN OF SHARE OF OLD WORKERS

[End of Appendix]

23

