
______________________________________  Pavle Sicherl: Leads and Lags between US and the EU 

Leads and Lags between the United States and 
the European Union 

 
Pavle Sicherl 

 
 

  

A b s t r a c t 
 
The position of the EU is compared with the USA and Japan for 10 selected economic, 
social, R&D and information society indicators with the help of a novel methodology. The 
degree of disparities is measured in two dimensions: existing static measures are left 
unchanged, but complemented by proximity in time. The novel time distance concept and 
statistical measure can lead to very different theoretical, analytical and policy conclusions 
when the severity of the gaps is evaluated by percentage differences or by time distances. 
The latter show that the gap in R&D is the most alarming, as distinct from conventional 
analysis. 
  

1  Introduction 

The time perspective, which no doubt exists in human perception when 
comparing different situations, has been systematically introduced both as a 
concept and as a quantifiable measure. On the theoretical level the time 
distance approach provides a new view of information: it uses level of the 
variable(s) as identifiers and time as the focus of comparison and numeraire. 
Time distance is a generic concept, like percentage difference or growth 
rate1. In such capacity it can be used to analyse a variety of problems beyond 
the applications in this paper, which are focused on comparisons between 
countries. It can be generalised to other types of applications, like analysis of 
discrepancy between the estimated and actual values and goodness-of-fit in 
time series, regressions and models, forecasting and monitoring2, and 
extended to variables other than time.  

                                                 
1  For elaboration of this statement see e.g. Sicherl (1999b), which also presents the 

extension of the concept to variables other than time.  
2  As mentioned earlier, there are other fields of application beyond comparing indicators 

between different units. For the extension to measuring deviations between estimated 
and actual values in time distance for regressions and models, for forecasting and 
monitoring and for business cycle analysis see Sicherl (1994, 1996, 1998). Also Granger 
and Jeon (1997, 2003) mention that ‘this concept can help us to think more clearly about 
the forecastibility of series.’ They present the formalization for the case of lagged and 
leading indicators and use it for evaluation of such forecasting models by comparing 
them also in terms of time distance.  
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In the more narrow interpretation here, comparing different indicators 
among countries and regions, two important objectives of time distance 
application can be mentioned. The first less ambitious objective is to use the 
S-distance as a novel descriptive statistical measure, complementing the 
existing measures of disparity. The perception of and the conclusions about 
the degree of disparity based on two-dimensional analysis of disparity 
(proximity) provide a better understanding of the situation. 

The second more ambitious objective is to follow the implications of the 
multidimensional concept of disparity for subjective perceptions, policy and 
welfare issues can only be mentioned (for these see e.g. Sicherl 1992, 1997 
and 2001a); and for an expanded notion of disparity and convergence3, with 
important policy consequences4. Definitions of two concepts, the overall 
degree of inequality and convergence (divergence), are broadened by the 
concept of time distance, and should be discussed in two dimensions: closer 
(farther) in ratio or percentage, and closer (farther) in time, for both 
theoretical and empirical considerations.  

The paper is meant to provide a brief outline of the novel approach to 
analysis of the neglected time dimension of disparities, and apply it to 
empirical examples of disparities between the EU on the one hand and the 
USA and Japan, on the other. This selected example serves predominantly to 
show how this dimension could be added to existing approaches, i.e. to raise 
new questions about the conceptual, analytical and policy issues, rather than 
provide an in-depth analysis of the substantive problems of these cases. The 
aim of the paper is to raise awareness of the relative magnitudes of the gaps 

                                                 
3  Sicherl (2001a) showed an example of measuring the convergence in two dimensions for 

GDP per capita of Spain, Portugal and Greece with France for the period 1973-1998, 
based on data from Maddison (2001). While the percentage differences improved 
somewhat in this period, the time distance with France increased for Spain from 10 to 
21 years, for Portugal from 13 to 25 years, and for Greece from 13 to 29 years. This is 
not a result of a situation in which the GDP per capita for these three countries would 
be growing slower than that of France. This is a counterintuitive conclusion stemming 
from the fact that the rate of growth was in this period considerably slower than in the 
period before 1973. Sicherl (1999a) showed the examples of time dimension of 
disparities in the world among world regions, countries, regions within countries (also 
Sicherl 1980) and for income groups by percentiles.   

4  As discussed earlier in this volume, a further important hypothesis about the 
interrelationship between efficiency, growth and disparity can be formulated. In the 
conventional theory the trade-off between growth and inequality is emphasised. In this 
framework a high growth rate (with appropriate distribution policy) is not only a means 
for reaching higher levels of satisfaction of needs faster, but can also be a means of 
reducing disparities, at least in the time dimension. Lower growth rates should signal to 
politicians that an increase in the degree of disparity may be felt and that social tension 
may be increasing and cohesion decreasing (Sicherl, 1992). 
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between the EU and the USA in the four different domains of concern from 
a novel point of view, which can be used in explaining past developments 
and in preparing policy recommendations. The results show that from the 
time distance perspective the gap in R&D is the largest, which is not the 
conclusion reached by conventional measures. Thus this discussion confirms 
the statement that the two dimensional analysis of disparity can lead to very 
different analytical and policy conclusions, and raises important questions 
for the strategic policy options of the EU. 

2  Empirical Application: The Awareness of the Severity of the Gap 
between the USA and the EU across Different Fields of Concerns 

In empirical research, the art of handling and understanding different views 
of data is crucial for discovering the relevant patterns. The severity of the 
gaps between USA and Japan, on the one hand, and EU15 on the other can 
be measured in several ways. For quantitative indicators the conventional 
approach is to express these differences in terms of ratios, indices or 
percentages. This is a good first step for looking at disparities at a given 
point in time. Secondly, growth rates are used when certain dynamic 
characteristics are examined. However, we could do better than that. 
Without interfering with the above two types of measures, a third natural 
way of comparing can be added, as we have seen in the methodological 
section describing the time distance concept and S-distance measure. The 
shortest description of its benefits is new insight from existing data, as a new 
dimension is added to exploit the information content left undetected by 
existing methods. For a better perception of the reality all of the 
perspectives have to be studied simultaneously.  

The position of the average for the EU15 is analysed in relation to the USA 
and Japan for a selection of 10 indicators from four domains: 1. economic 
indicators, 2. social indicators, 3. indicators of R&D, and 4. communication 
and information infrastructure indicators5. The intention is to compare the 
time distances not only among the three compared units of the Triad, but 
also among the indicators for the four chosen fields of concern. The 
corresponding values of time distances and percentage differences are 
presented in Table 1. Also the respective rankings of indicators in each 
comparison are shown in the descending order from those with the largest 
time distances in favour of the USA or Japan relative to the EU to the 
indicators where the position of the EU is more favourable.   

                                                 
5  This section is based on Sicherl (2001b), where more details can be found.  
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Table 1  USA and Japan compared to EU15: Gap in Time Distance 
and in Percent (Values and Ranking for 10 Selected Indicators 
Grouped in 4 Domains, around 1999) 
  

USA USA JAP JAP USA USA JAP JAP Group Ranking of indicators by 
the magnitude of time 

distance 
S 

years
P 
% 

S 
years

P 
%

Rank 
S 

Rank 
P 

Rank 
S 

Rank 
P 

3 
R&D in industry per 
capita (ppp) -40 150 -14 120 1 2 3 1 

3 R&D/GDP -40 37 -19 58 2 6 1 4 

3 
Scientists, eng. in 
R&D/1000 labour force -21 61 -18 80 3 4 2 3 

          
1 GDP per capita (ppp) -17 56 -7 8 4 5 6 6 

1 
GDP per employed 
(ppp) -13 21 7 -11 5 8 10 10 

          

4 
Main telephone lines per 
100 inhabitants -10 24 0 4 6 7 9 7 

4 PC per 100 inhabitants -7 105 -1 15 7 3 7 5 

4 
Internet hosts per 10000

inhabitants -4 725 0 89 8 1 8 2 
          
2 Infant survival rate 5 0 -12 0 9 9 4 9 
2 Life expectancy (female) 6 -2  -11 3 10 10 5 8 

 
S=S-distance in years, S = Ti – TEU for a given level of the indicator, T= time 
For S-distance – time lead, + time lag as compared with EU15 
P= percentage difference, P=((value(i)/value (EU15)) x 100 – 100) 
(ppp)= purchasing power parity 
 

In the USA-EU comparison the ranking of the selected indicators by the 
magnitude of time distance (see Table 1) shows a very systematic pattern 
(see also Diagram 1): S-distance in favour of USA is the largest for R&D 
indicators (group 3), followed by general economic indicators (group 1), 
followed in turn by communications and information infrastructure 
indicators (group 4), while for social indicators (group 2) the EU is ahead of 
the USA. A different conclusion would arise if one takes into account only 
the conventional static percentage differences: groups 3 and 4 would be 
showing approximately equal position of average ranks, followed by general 
economic indicators in group 1, while the position of social indicators is the 
same as earlier. Similarly, if for instance the situation with respect to the 
share of R&D in GDP is compared with the situation regarding Internet 
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hosts per 10000 inhabitants in both dimensions (static percentage difference 
and time distance), the perception of the gaps in the two domains is 
strikingly different depending on the statistical measure chosen. For Internet 
hosts per 10000 inhabitants the value for the USA is whole 725 percent 
higher than in the EU15, while the time distance is about 4 years. On the 
other hand, for R&D/GDP the value for the USA is 37 percent higher, but 
the time distance appears to be about 40 years. 

These examples confirm that the perception of the degree of disparities may 
be very different in percentage terms and in time. Obviously these 
conclusions from Sicherl (2001b) represent a very strong presentation and 
communication device to convey to the public and to the decision makers 
the urgency of changing the dramatic delay in R&D in EU. Though the 
estimates of the ex post time distances may give an impression of less 
numerical precision than the more recent static comparisons, the additional 
insight brought about by time distance analysis is of major importance. 
There is a drastic difference between 725 percent higher value with 4 years 
of time distance for Internet hosts per 10000 inhabitants, on the one hand, 
and 37 percent higher value and 40 years of time lag for R&D/GDP, on the 
other. This leads to very different perception and conclusions about the 
magnitude of the development gap between the USA and the EU in 
different fields of concern and the time distance insight might serve a very 
strong and widely understandable argument for the need of raising the target 
for R&D/GDP in the EU towards 3 percent (European Commission 2002, 
UNICE 2002). 

It may be important to emphasize that the historical time distances do not 
mean that so much time is needed to close the gap in the share of GDP 
spent on R&D. There is a distinction between backward looking (ex post) 
and forward looking (ex ante) time distances. They relate to different 
periods, past and future. The first belongs to the domain of statistical 
measures based on known facts; the second is important for describing the 
time distance outcomes of the results of alternative policy scenarios for the 
future. How fast the EU can reach a one quarter to one third higher share of 
R&D in GDP depends on its determination to increase the share, material 
resources and absorptive capacity. In the past Japan needed about 15 years 
to increase the civil R&D share in GDP from the present 1.7 percent in the 
EU to the present USA level of 2.3 percent (reached already in mid-1980s) 
and also USA needed a substantial period of time to do that. The size and 
speed of the increase of the share of R&D in the EU cannot be determined 
by such benchmarking but there is no doubt that the EU would need to 
move in this direction.  
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In the Japan-EU comparison (see Diagram 2) the relative position of the 
groups of indicators is different than in the USA-EU comparison. However, 
the contrast in ranking by time distance and percentage differences is very 
clear also in this case. The greatest gap evaluated by time distance criterion is 
in the R&D group (group 3), which is followed by social indicators (group 
2), while the average ranks for groups 1 and 4 are very close. Social 
indicators are a good example how misleading an evaluation of the 
magnitude of the gap by percentage differences alone could be. Life 
expectancy (female) in Japan is only 3 percent higher than in EU15. 
Comparing among indicators it would appear that this is a negligible 
disparity. However, as this is a slowly growing indicator that is not easy to 
change, the time distance of 11 years gives a better perception of the 
difficulty to lower or eliminate the degree of disparity in this domain.  

Ranking indicators by the degree of the disparity in terms of time distances 
puts without exception the three indicators of the R&D domain on top of 
the 10 selected indicators indicating that the time dimension of the gap is the 
largest, both in comparison with the USA and with Japan. Diagrams 1 and 2 
provide a vivid image of this result. Breaking down EU15 data into country 
values would show that some European countries could in certain aspects 
also in the R&D domain be compared favourably with the USA or Japan. 
However, this would also mean that for some other countries the gaps 
would be even larger, which raises the problem how to prevent an 
‘exclusion’ in the R&D domain of some EU6 and candidate countries. 
Notwithstanding this additional problem, the comparison with Triad in 
several dimensions showed that in the EU there is an urgent need to 
increase the material and human resources devoted to R&D.   

The dimension of the time distances in this domain is alarming. The 
statistical measure of time distance is backward looking S-distance, which 
means that it shows the time interval between the recent values of the 
indicators for the EU15 and the time when the same value was attained in 
the USA or Japan. The share of research scientists and engineers in total 
labour force for the EU15 in 1997 was achieved in the USA already in 1976 
and in Japan in 1979, time distances were 21 and 18 years, respectively.  

Even greater are time distances for the share of R&D in GDP. The share of 
1.9 percent for the EU15 in 1998 was achieved in the USA in 1956 and in 
Japan in 1979. Time distance shows that the EU is behind the USA for 

                                                 
6  Sicherl (2001c) shows that similar time gaps as between the USA and the EU exist in the 

R&D between EU4 average (cohesion countries Ireland, Spain, Portugal and Greece) 
and EU15 average. For R&D in industry per capita (ppp) the time distance is about 40 
years, for scientists, eng. in R&D/1000 labour force 15 years (see Diagram 3). 
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around 40 years and behind Japan for 19 years. This means that for this 
period the two compared units may have been spending about one quarter 
to one third higher share of GDP for the R&D7. In relative terms not much 
is changed if estimated civil GERD as share of GDP is evaluated, in 1998 
the respective percentages were 2.6 in Japan, 2.3 in the USA and 1.7 in the 
EU15, though the time distance may be somewhat shorter. The lengthy time 
lags of the EU for R&D indicators contain another information. This means 
that sudden leaps in the aggregate values of these indicators are not to be 
expected, as distinct from the indicators like penetration rates for mobile 
telephones. A weak point of the EU is also R&D in industry. R&D in 
industry per capita (ppp) is lagging behind the USA for about 40 years and 
for about 14 years behind Japan. If the EU followed the past performance 
of Japan, it would take it 14 years to reach the present level of Japan for this 
indicator.  

The policy conclusion based on the analysis of time distances leads to the 
conclusion that the gap in the R&D domain is so large that it cannot be 
expected that better organization and better utilization of the current levels 
of R&D expenditures alone can lead to a significant improvement in the 
relative position of the EU. There is an urgent need to increase the material 
and human resources devoted to R&D in the EU to make a serious attempt 
to close the gap with the USA in the R&D domain where the delay in terms 
of time distances is more pronounced than in the other three analysed broad 
domains. A very similar picture across indicators for various fields of 
concern arises by comparing the four EU cohesion countries with the EU15 
average. Also here the time distances are largest for R&D domain (see 
Diagram 3).   

It is evident that the time dimension of disparities provides new insight for 
the perception and evaluation of the magnitude of the gaps within Triad. 
The time distance results are definitively adding a new view of the situation 
that is distinct from that based on the static disparities and growth rates 
alone. International comparisons are beset with problems of coverage and 
comparability8, and thus one should not try to calculate the numerical 

                                                 
7  Muldur (2000) deals in more details with absolute magnitudes of the R&D gap between 

USA and EU15 and mentions that a massive 1260 billion dollar gap in R&D investment 
has accumulated over the last thirty years.   

8  The conclusions in this section are based on Sicherl (2001b), which used data from 
Economic Commission (2000) and National Science Foundation (2000). The more 
recent data provided in the OECD Science, Technology and Industry Scoreboard might 
in some instances change the numerical values calculated but not the qualitative 
conclusions.  
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estimates of time distances to several decimal points and pay too much 
attention to numerical precision of the estimates.  

Diagram 1  Time Distances between the EU15 and the United 
States in Years (Arrows to the left: EU behind in Years, Arrows to the 
Right: EU ahead in Years) 
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Diagram 2  Time Distances between the EU15 and Japan in Years 
(Arrows to the left: EU behind in Years, Arrows to the Right: EU 
ahead in Years) 
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Diagram 3  Time Distances between the EU15 and EU4 (EU-
Cohesion Countries Ireland, Spain, Portugal, Greece) in Years 
(Arrows to the left: EU4 behind in Years, Arrows to the Right: EU4 
ahead in Years) 
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Table 2  USA and Japan Compared to EU15: Years When the 
Recent Values for EU15 Were Attained by USA and Japan 
 

Group Ranking of indicators by the magnitude of 
time distance 

EU15 USA Japan 

3 R&D in industry per capita (ppp) 1998 1956 1982 
3 R&D/GDP 1998 1956 1979 
3 Scientists, eng. in R&D/1000 labour force 1997 1976 1979 
1 GDP per capita (ppp) 1999 1982 1992 
1 GDP per employed (ppp) 1999 1986 (1992) 
4 Main telephone lines per 100 inhabitants 1999 1989 1998.7 
4 PC per 100 inhabitants 1999 1992 1998 
4 Internet hosts per 10000 inhabitants 1999 1995 1998.5 
2 Infant survival rate 1998 (1993) 1986 
2 Life expectancy (female) 1997 (1991) 1986 

(   ): years in brackets indicate the year in which EU15 attained the recent value of the 
indicator for USA or Japan, respectively. 
 
 

3  Concluding Remarks 

The first conclusion of the paper is methodological. The present state-of-
the-art of socio-economic analysis of disparities is deficient: concepts of the 
degree of disparity and of convergence and divergence should be measured, 
evaluated and policy options debated in a broader, truly dynamic conceptual 
and analytical framework. The novel time distance methodology 
complements the existing predominantly static measures of disparity to 
arrive at a more realistic assessment of the situation. It the offers a new 
perspective to the problems, an easily understandable additional statistical 
measure, and a presentation tool and improved semantics for policy analysis 
and debate expressed in time, readily understood by policy makers, media 
and general public.  

This broader method for comparative analysis can be usefully applied to the 
strategy considerations for the European Research Area. The Lisbon target 
implies that EU will have to improve its position in the Triad. When the 
magnitude of the gap is measured only in percentage terms, we see only a 
part of the story and base our perception about the gap on an unnecessarily 
restricted view of the situation. Time distance analysis brings new insight 
from the same data. Ranking of 10 selected indicators (from four groups: 
economic, social, R&D and communication and information), by the degree 
of the disparity in terms of time distances places without exception the three 
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indicators of the R&D domain on top of the 10 selected indicators, i.e. that 
for the R&D dimension of the time dimension of the gap is the largest, both 
in comparison with the USA and with Japan. The time distances in this 
domain are alarming. A very similar picture across indicators for the selected 
fields of concern arises when one compares the four EU cohesion countries 
with the EU15 average. Also here the time distances are largest for R&D 
domain.  

The policy deduction based on the analysis of time distances leads to the 
conclusion that the gap in the R&D domain is so large that it cannot be 
expected that better organization and better utilization of the current levels 
of R&D expenditures as two of the objectives of the European Research 
Area alone can lead to a significant improvement in the relative position of 
the EU. There is an urgent need to increase the material and human 
resources devoted to R&D in the EU to make a serious attempt to close the 
gap in the R&D domain with the USA and Japan, as in the R&D domain the 
delay in terms of time lag is more pronounced than in the other three 
analysed broad domains. This analysis provides also a strong argument in 
support of the established target of the EU to move towards the 3 percent 
share of R&D in GDP. 

The time distance concept and the S-distance measure can be usefully 
applied to many issues in economics, politics, business and statistics. Time 
distance approach is not a methodology oriented towards some specific 
substantive problem, it presents an additional generic view to many 
problems and applications. By analogy, there is a wide-open possibility to 
apply this methodology to numerous business problems at the micro, 
corporate and sector levels. It offers a new view of data that is exceptionally 
easy to understand and communicate, and it may allow for developing and 
exploring new hypotheses and policy perspectives in a dynamic framework 
that cannot be adequately dealt without the new concept. The time distance 
was also shown to be an interesting presentation tool that can contribute to 
a more realistic evaluation of the situation and can help to bring about 
additional information to raise awareness of the situation in different 
domains and thus influences decision-making and public opinion It is 
expected that the analysis of and discussion about time distances in 
numerous fields of concern will have considerable influence on how experts 
and general public will form their perception about a situation and thus on 
public opinion.   
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5. Research Scientists and Engineers, share in 1000 labour force 
For 1997 EU15 Key Figures, Table 3.1.1, for USA and Japan, National Science Foundation, 
Science and Engineering Indicators 2000, Appendix Table 3-25, for time series National 
Science Foundation, Science and Engineering Indicators 2000 
6. GERD/GDP 
For 1998 Key Figures, Table 2.2.2 
Time series for Japan NSF, National Patterns for R&D Resources, Washington 1994, time 
series for USA Steven Payson, R&D as a Percentage of GDP Continues Upward Climb, 
Data Brief, NSF, October 4, 1999 
7. R&D in industry per capita, purchasing power parity 
For 1998 Key Figures, Table 2.2.2 
Time series data for USA, EU15 and Japan National Science Foundation, Science and 
Engineering Indicators 2000, Appendix table 7-11, current purchasing power parity, 
deflated by USA deflator 
8. PC per 100 inhabitants 
For 1999 ITU web site 
Time series for USA ITU database 
9. Main telephone lines per 100 inhabitants 
For 1999 ITU web site 
Time series for USA ITU, Challenges to the Network, Geneva 1997 
10. Internet hosts per 10000 inhabitants 
For 1999 ITU web site 
Time series for USA ITU database 
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