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Is technological change accelerating in today’s world? As yet, we are lacking a proper answer to
this question. The increasing fragmentation of production is setting new problems for the measurement of
technological change. The standard way of measuring this is by deriving Total Factor Productivity (TFP)
growth rates using growth accounting techniques. Based on the neoclassical Solow growth model, TFP
growth can be interpreted as the change in the level of technology. There are two important preconditions
for this interpretation. First, all inputs in production should be taken into account. Second, prices and
guantities of all output and inputs should be properly measured (Jorgenson and Griliches, 1967, Diewert,
2000). However, this is becoming increasingly harder because of the fragmentation of production both
within and across countries, such as the outsourcing of (business) services by manufacturing firms and
more recently the fragmentation of production processes across borders.

It is well known that price measurement for intermediate services is difficult, and that import
price trends are not well captured by existing price surveys (see e.g. Houseman et al. 2011 for the case of
US). In addition, transfer pricing in multinational enterprises and the use of intangible capital input
appears to be highly elusive for statistical measurement (e.g. Diewert et al, 2005; Lipsey 2010). This is on
top of the well-known problems of measuring quality-adjusted prices of high-tech inputs (see e.g. Triplett,
1989 for an early statement). The underlying problem is the same in all cases: when production is
fragmented in many intermediate steps, more price observations are needed to measure TFP while they
are increasingly harder to measure. As a result, we have currently no proper understanding of the rate of
technological progress in the world.

In this paper we propose a measure of global technological change that is much less sensitive to
these measurement problems. In a first stage, it identifies all factor inputs that are directly and indirectly
needed in the production of a final good. This is based on the notion of vertically integrated production
where all stages of production are considered together (Pasinetti, 1973; Wolff, 1994). Based on an input-
output model of the world economy, we will derive the total amounts of labour and capital in any
country-industry needed for the production of the good. By construction all factor inputs in the production
process are accounted for such that they measure technological change properly. Combined with the
factor cost shares in production, new measures of TFP in vertical production can be derived. By
considering all production stages simultaneously, there is no need to estimate productivity in each stage.
Moreover, separate price and quantity indices for intermediate inputs are not needed and these new
measures will thus suffer much less from the measurement problems outlined above.

We outline the new methodology and illustrate it by deriving measures of TFP in the production
of final manufacturing goods in 40 countries and 14 industries over the period 1995 to 2009, using the
recently released World Input Output Database (WIOD, Timmer et al. 2012).
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