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Abstract
Antonelli and Quatraro (2010) apply a speci…c methodology to identify the e¤ects
of biased technological change on productivity growth. However, this method has been
criticized by Ji and Wang (2014). This research note is a reply to their critique.
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Three compared models

This section describes three methods to measure total factor productivity (T F P ) developed in Solow (1957), Antonelli and Quatraro (2010) and Ji and Wang (2014).
Solow (1957) assumes a generic aggregate production function of the form:
Y = F (K; L; t) ,

(1)

where Y is the output; K is the capital input in physical units; L is the labor input in
physical units; t is the technical change i.e. “any kind of shift in the production function”
(Solow, 1957:312).
Initially, Solow assumes a neutral technical change at time t, denoted by At . Formally:
Yt = At f (K; L) .

(2)

Nevertheless, although it does not represent the core of his paper,1 Solow seemingly
generalizes the function (2) in the case of a non-neutral shift of the production function,
denoted by Ft . However, Solow makes a very restrictive hypothesis that brings back to a
neutral shift of equation (1). More speci…cally, Solow assumes that:
Yt = Ft f (K; L) .

(3)
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In fact, in Solow (1957) all the graphics, the econometric studies and the majority of the formulas
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He argues, correctly, that in order to change the function (1) to the function (3), it is
necessary to assume that Ft is independent of K and L.2
In further calculations, Solow implicitly assumes a Cobb-Douglas production function.
In this paper I set the same assumption. To be, as generic as possible, I focus on equation
(3), in which the function Ft comprises it the independence hypothesis. Let de…ne t and
t are, respectively, the output elasticity of capital and of labor at time t. However, Solow
assumes constant returns to scale, as in the two models analyzed below. So, t = 1
t.
Then, the Solow’s T F P can be written as:
T F PtS = Ft = yt

kt t

lt t ,

(4)

where lowercase letters refer to the logarithm of the corresponding uppercase letter variables (e.g. yt = ln (Yt )). The superscript S indicates that equation (4) is the T F P
identi…ed by Solow. It is clear that the T F P measures exactly the neutral shift e¤ect of
technological change.
Antonelli and Quatraro (2010), henceforth AQ (2010), criticized the Solow’s method.
In particular, they point out that equation (4) does not take into account all the possible
e¤ects of technological change. More speci…cally, they state that the Solow’s methodology does not consider the introduction of biased technological change (BT C) as a form of
technological change. In fact, only when the output’s elasticity is kept constant, the di¤erence between the historic output (yt ) and the actual theoretical output kt 0 + lt 0 can
measure the e¤ects of the introduction of BT C. That is, according to AQ (2010), the
correct T F P is:
T F PtAQ = yt

kt 0

lt 0

= yt

kt t

lt t + kt t + lt t

= Ft + kt t

kt 0 + lt t

lt 0 ,

kt 0

lt 0
(5)

where the superscript AQ indicates that the equation (5) is the T F P identi…ed by AQ
(2010). The di¤erence between (4) and (5) comes from a di¤erent de…nition of theoretical
output. If the new output of elasticity of the most abundant factor is higher (lower)
than the previous one then the T F PtAQ increases (decreases). Nevertheless, this does not
2
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derive from the shift e¤ect à la Solow, but from the biased e¤ect of technology. So, I can
write the T F PtAQ as the sum of two e¤ects: the shift e¤ect (T F PtS ) and the biased e¤ect
(BT CtAQ ), that is the object of the AQ (2010) paper. Then:
T F PtAQ = T F PtS + BT CtAQ .

(6)

For this feature AQ (2010) call the T F PtAQ as the total-T F P .
Ji and Wang (2014), henceforth JW (2014), criticized AQ (2010) paper.3 In particular,
they argued that T F PtS accounts for non-neutral shifts of the production function.4 They
state that the correct T F P is:
T F PtJW

= yt

k0 t

l0 t

= yt

kt t

lt t + kt t + lt t

= Ft + kt t

k0 t + lt t

l0 t ,

k0 t

l0 t
(7)

where the superscript JW indicates that the equation (7) is the T F P identi…ed by JW
(2014).5 The main di¤erence between (4) and (7) is, once again, in the di¤erent de…nition
of theoretical output. Similarly to AQ (2010), their proposal leads to two e¤ects: the shift
e¤ect and the biased e¤ect.6 So, with the exception of superscripts, equation (6) holds.
However, the decomposition presented in (7) is in contrast to the rest of the paper.
Indeed, if the …rst part of the paper shows that Solow’s method is applicable also in a nonneutral technological contest, the second part of the paper seems to sustain the opposite
thesis.
In fact, the equation T F PtJW = T F PtS + BT CtJW is consistent with the idea of AQ
(2010).
3

This criticism also concerns at Antonelli (2006, 2012) and Antonelli and Quatraro (2013). In particular,
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Why the new method is wrong

Equations (5) and (7) show that the Solow’s method does not allow to calculate the
biased technological change. However, the two models use two di¤erent de…nitions of
T F P , therefore there are two possible formulations about the BT C. In particular, AQ
(2010) calculate the BT C as follows:
BT CtAQ = T F PtAQ

T F PtS .

(8)

When BT CtAQ in a region is above (below) zero, then the direction of the technological
activity is right (wrong). This can be observed in equation (5). Assume that an input,
e.g. kt , has a relatively high value and that the corresponding elasticity of output, e.g. t ,
increases (decreases). Then, under constant return to scale, the other output of elasticity,
e.g. t , decreases (increases). So, the biased e¤ect includes two opposite e¤ects. Indeed,
the …rst e¤ect (increase of t ) implies an increase of e¢ ciency of kt but the second e¤ect
(reduction of t ) implies the reduction in relative e¢ ciency of lt . However, by kt > lt , the
…rst e¤ect is larger. So, the biased e¤ect ampli…es (reduces) the total e¤ect. Therefore,
the technological change is consistent with the factors endowment. Of course, the reverse
is true if the input has a relatively low value.
Using the same methodology, JW (2014) calculate the biased e¤ect through:
BT CtJW = T F PtJW

T F PtS .

(9)

Also in equation (9) the critical value is zero. When BT CtJW in a region is above
(below) zero, then the direction of the endowment factors is right (wrong). Then, the
technology is appropriate whether the technology progress is in accordance with the factors
endowment. This can be observed in equation (7). So, the biased e¤ect ampli…es (reduces)
the total e¤ect. Of course, if the elasticity of the output has a relatively low value, the
opposite is true. Note that both wording and intuition of BT CtJW are symmetrical to the
results in AQ (2010). The only di¤erence between the equation (5) and the equation (7)
is, as already mentioned above, in the explanation of the biased e¤ect.
The T F P calculated with the last methodology is hard to justify. Indeed, calculating
the change of production factors to analyze the change in technology is at least audacious.
In particular, there are several reasons for which the inputs increase endogenously and
only one of these reasons derives from technological change. Then, the production factors
vary not only if the technology changes, but also if the relative cost of factors and/or the
budget endowment is modi…ed. So, it may happen that the technological activity is characterized by the right directionality but factor endowment is characterized by the opposite
directionality (and vice versa).7 Therefore, the methodology in JW (2014) measures the
true biased e¤ect only if the factor’s budget and the costs are constant over time. These
problems do not occur in the methodology developed in AQ (2010).
In addition, only in equation (8) it is possible to observe if there is directionality of
technological change. In fact, as noted above, the change of the factors is endogenous in
7

To better understand this argument, to see also the example in the Appendix.
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the model and so it is the e¤ect and not the cause of technological change. Finally, even
if the change of factors is exogenous, there is no reason to sustain that the increase of a
production factor leads to a reduction of the other factor.
As a …nal remark, the JW (2014) method might be useful if the focus of the paper
is not on technological change but on how the direction of the technology in‡uences the
variation of inputs. Indeed, JW (2014) show how the inputs vary, but they do not give
information about the motivation for this change. In others words, JW (2014) paper does
not explain whether this change comes from a decrease of prices or an increase of e¢ ciency.
On the contrary, using the idea underlying the paper of AQ (2010), JW (2014) method
can to distinguish if the factors’endowment increases by technological reason or by other
reasons.
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Conclusion

This paper aims at clarifying the idea presented by the AQ (2010). I show that the
criticism of JW (2014) probably comes from a misunderstanding of the Solow’s paper and
it is unjusti…ed. In particular, I show that the AQ (2010) model calculates the correct
biased e¤ect and that the method of JW (2014) calculates the true biased e¤ect only if
there are not variations in factor costs and/or budget.
However, the criticism is useful for two reasons. On the one hand, it helps to lend
support to the goodness of the paper of AQ (2010). In fact, I show that the model of
JW (2014) also criticizes the Solow’s paper for the lack of the biased e¤ect in his analysis.
However, I demonstrate that the BT CtJW does not calculate the direction of technological
change. More precisely, it indicates neither the direction nor the technological change.
On the other hand, the JW (2014) implicitly show how the factors endowment changes
within a region and if this variation is consistent with the technology in that region. This
result is useful, even although it stems from using the methodology in AQ (2010), to know
if the increase (decrease) of a factor of production is due to an increase (decrease) of the
e¤ectiveness factor or it is due to other aspects not related with technology.
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Appendix - A numerical example

Let us consider a simple numerical example that makes extreme assumptions to clarify
why the AQ (2010) method is better than the JW (2014) one. Let us assume that, at time
0, exists a region characterized by the following production function:
Y0 = K00:25 L0:75
0 ,

(10)

100 = 1K0 + 5L0 .

(11)

and by the cost function:
Standard optimization implies that the …rm will produce Y0 = 17.
If at time 1 the technology does not change but the wage decreases, from 5 to 4, then
the …rm will be able to produce Y1 = 20.
The T F P changes in the three cases:
T F P1S = ln (20)
6

ln (20) = 0,

(12)

T F P1AQ = ln (20)
T F P1JW = ln (20)

ln (20) = 0,

(13)

ln (17) = 1:6.

(14)

T F P1S = 0,

(15)

T F P1S = 1:6.

(16)

So, the BT Cs are:
BT C1AQ = T F P1AQ
BT C1JW = T F P1JW

Equation (15) shows that the technology has not moved neither towards the more
productive factor nor towards the less productive factor. Indeed, it is easily observe that
there was no change of e¢ ciency.
Equation (16) shows that the growth of capital is consistent with the technology of the
region. However, it gives wrong information to understand the direction of technological
change. Of course, this conclusion is true also in the case of a change in the price of capital
and/or a budget endowment variation.
This example shows than only the method introduced by AQ (2010) can avoid the
above problems.
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