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ABSTRACT 

 

Most empirical studies of long run growth refer to one of the two seminal contributions by 

Robert Solow (1956, 1957). His work shows that in order to estimate the relative roles of 

factor accumulation and technology in development, an a priori identification assumption is 

needed about the nature of technical change. This specific assumption differs across the two 

Solow papers. I show that starting with the identification assumption made in Solow (1956), 

one should expect to find that differences in technology rather than differences in factor 

accumulation explain most if not all of the observed long-run differences in output per 

worker. The opposite interpretation appears to prevail in parts of the recent literature on the 

empirics of growth. 



1. Introduction 

 

Understanding the long run growth rate of an economy is of central importance to national 

policy makers, and understanding the vast international differences in the level of output per 

worker is of central importance for devising effective development policies. Most empirical 

studies in these fields refer to one of the two seminal contributions by Robert Solow (1956, 

1957), which discuss the role of factor accumulation and technical change in long-run growth 

and development. His work shows that in order to estimate the relative roles of factor 

accumulation and technology in development, an a priori identification assumption is needed 

about the nature of technical change. This specific assumption differs across the two Solow 

papers. 

 

The remarkable comeback of non-parametric accounting studies in the empirics of growth and 

development highlights that the subtle though quantitatively important methodological 

difference between Solow (1956) and Solow (1957) is not always recognized. Following 

Solow (1957), recent growth accounting studies have been used to measure a possible 

acceleration of the long run growth rate in the US and other advanced economies since the 

mid 1990s.1 Following Solow (1956), development accounting studies have been used to 

identify the relative roles of factor accumulation and technology in explaining international 

differences in output per worker.2 Unfortunately, a clear-cut empirical distinction between the 

relative contributions of factor accumulation and technical change (or technology differences 

across countries) cannot be achieved by conventional methods of growth accounting. This 

problem has been known in the literature for long, but it has consistently been ignored in most 

of the recent discussion. Non-parametric accounting methods can only identify what a given 

concept of technical change implies for the interpretation of observed growth rates or levels 

of development but they cannot identify whether the a priori chosen concept is correct in the 

sense that it reflects the true nature of technical change. 

 

In principle, parametric estimation methods could be used to identify the potential factor 

augmenting bias of technical change. But in practice, such a solution is marred by empirical 

                                                           
1 Examples include Gordon (2000), Jorgenson and Stiroh (2000), and Oliner and Sichel 

(2000). 

2 Examples include Klenow and Rodriguez-Clare (1997), and Hall and Jones (1999). 



problems. The main empirical problems are the often missing robustness of non-linear 

regression techniques which is required to estimated flexible functional forms, and the 

potential endogeneity of standard explanatory variables which requires appropriate 

instruments in order to achieve unbiased regression coefficients. That is, an econometric 

approach may require a priori restrictions to guarantee the consistency of the parameter 

estimates with economic theory and, therefore, brings back the same identification problem 

that plagues non-parametric methods. Most surprising is, however, that cross-country 

regression analyses that claim to be in line with the Solow (1956) model have modeled the 

level of technology as part of the regression constant. The seminal paper in this line of 

research is Mankiw et al. (1992)3. By default, their modeling strategy does not allow for one 

of the basic insights of the Solow growth model (1956), namely that long run differences in 

output per worker should be due to differences in technology. 

 

The next section presents some stylized facts and highlights the methodological ambiguities 

that surround every empirical study of growth and development. Section 3 shows that 

different assumptions about the factor bias of technical change necessarily result in 

quantitatively different assessments of the relative roles of factor accumulation and 

technology in growth and development. Reconsidering what has been called the neoclassical 

revival in growth economics, Section 4 clarifies why empirical results that show a large 

contribution of technology differences to explaining income differences actually support the 

Solow growth model (Solow 1956), contrary to what has sometimes been said in the 

literature. 

 

2. Stylized Facts and the Identification Problem 

 

Leaving aside any statistical problems of measuring output and factor input, the standard 

methodology used in the empirics of growth and development suggests that an observed 

difference in output per unit of labor input – either over time or across countries - can result 

from two sources: from a movement along a production function, or from a shift of the 

production function. An upward movement along a production function reflects an increase in 

factor accumulation. An upward shift of the production function reflects a change in 
                                                           
3 This paper has generated a large empirical literature. For detailed references to this 

literature, see, e.g., http://www.bris.ac.uk/Depts/Economics/Growth/refs/augsol.htm, and 
http://www.bris.ac.uk/Depts/Economics/Growth/refs/levels.htm. 



"technology", which can be interpreted in broader terms than just including technical change, 

especially in a cross-country context.4 

 

However, the notion of technical change proves to be an elusive concept when it comes to 

empirical estimation. In the growth accounting literature, it is often neglected that there is no 

way to estimate the size of the rate of technical change from a given set of data without 

implementing an identifying assumption that determines how the underlying production 

function might shift. Since identifying assumptions may reasonably differ, interpreting 

productivity growth often means different things to different people. Figure 1 tries to 

highlight the basic problem in the context of some stylized facts of growth and development. 

 

Points A and B are assumed to be generated by production functions with diminishing returns. 

Both points may represent observed combinations of output per hours worked (labor 

productivity y) and capital per hours worked (capital intensity k), either at different points in 

time or across countries. The question is how much of the observed increase in labor 

productivity from y(A) to y(B) can be explained in terms of increased factor accumulation (as 

a movement along a given production function) and how much can be explained in terms of 

technical change (as a shift of the production function to a higher level). 

 

Three stylized facts of growth and development provide helpful restrictions. First, the capital 

output ratio appears to be fairly constant on average, for individual countries in the long run 

and also across countries. For instance, average labor productivity has grown about as fast as 

average capital intensity in the United States in the 20th century, which implies a constant 

capital output ratio (see, e.g., Mankiw 2000). And in cross-country data, there is a statistically 

significant correlation between the log levels of labor productivity and capital intensity, 
                                                           
4 For instance, countries obviously differ, among other things, by geographic and climatic 

conditions, disease ecologies, and institutional frameworks. Most of these factors appear to 
be fairly persistent over time; some, like climate and geography, do not change at all in 
economically relevant time. All of these factors can be expected to impact on output per 
worker, either directly or indirectly through their effects on factor accumulation and 
population growth. Such a broad concept of "technology" has recently been proxied by 
variables such as frost frequency (Masters and McMillan 2001), malaria prevalence (Sachs 
2001, 2003), and institutional infrastructure (Hall and Jones 1999, Acemoglu et al. 2001), 
where the proxy variables may be considered as identifying international differences in 
agricultural technology, health technology, and institutional technology. 

 



pointing to a constant capital output ratio on average. At a minimum, the international 

variation in the capital output ratio appears to be small relative to the variation in output per 

worker and the variation in capital per worker (Hall and Jones 1999). In Figure 1, a constant 

capital output ratio shows up as the slope of the straight line through the origin. 

 

Second, the shares of capital and labor in factor income have remained fairly constant over 

time in industrialized countries (Gust and Marquez 2000), and they appear to be fairly 

constant across countries as well (Gollien 2002). With a constant capital output ratio and 

constant factor shares, it follows as a third stylized fact that the rate of return to capital has 

remained more or less constant in industrialized countries over the long run, and does not 

differ systematically across countries. In Figure 1, the constant rate of return to capital shows 

up as the identical slope of the straight lines through A and B, which represent tangents to two 

production functions in the y-k space. The intersection of each tangent with the y-axis 

identifies the real wage w as a function of the capital intensity. As Figure 1 is drawn, the 

relation between the real wage and labor productivity is held constant, which reflects the 

stylized fact of a constant labor share.5 

 

Hence given the stylized facts of growth and development with regard to factor shares, the 

capital output ratio, and the rate of return to capital, at least part of the increase in labor 

productivity would have to be interpreted as due to a shift of the production function. But 

since the shift of the production function cannot be directly observed, it is principally 

impossible to know from data on labor productivity and capital intensity alone which part of 

the change in labor productivity is due to a change in technology and which part is due to a 

change in factor accumulation. This identification problem is well known for more than a 

quarter century at least (Nelson 1973) and has been discussed in great detail in theory 

(Diamond et al. 1978) but, as Hulten (2000) notes in passing, has generally been ignored in 

the applied productivity literature. 

 

                                                           
5 In Figure 1, w(A) and w(B) are fixed at 70 percent of y(A) and y(B), which approximately 

equals the size of labor's share in factor income. 



3. Accounting for Growth with Alternative Technology Assumptions 

 

In terms of Figure 1, the basic methodological question is how a production function through 

A should be shifted to end up as a production function through B. For instance, there could be 

a vertical upward shift, a horizontal leftward shift, or a shift along the straight line through the 

origin. Under certain additional conditions to be discussed below, shifts of the production 

function along these lines would be neutral with regard to the functional distribution of 

income, i.e., they would be compatible with the observed constancy of factor shares.6 

However, the three distribution-neutral shifts of the production function would imply rather 

different interpretations of the relative roles of factor accumulation and technical change in a 

decomposition of labor productivity. 

 

A most general form of the production function would specify output (Y) as a function of 

capital (K), labor (L), and technology such that 

 

(1) ( )LtAKtBFY )(,)(=   , 

 

where technical change is assumed to be factor augmenting, with factors A and B growing 

over time. For ,1)( =tA  technical change is said to be purely capital augmenting, for ,1)( =tB  

it is said to be purely labor augmenting, and for )()( tBtA = , it is said to be both capital and 

labor augmenting. 

 

Up to now the growth accounting literature has mainly relied on a concept of technical change 

with )()( tBtA = . This concept is called Hicks-neutral and is defined as a shift of the 

production function that leaves unchanged the capital intensity k for any constant factor price 

relation w/r. 7 Hicks-neutral technical change appears to conform most naturally to the notion 

of neutrality because it implies a vertical upward shift of the production function along a 

constant capital intensity in a diagram like Figure 1. However, it should be noted that the term 

"neutral" as defined above actually refers to constant factor shares, not necessarily to a 

constant capital intensity. 
                                                           
6 For an early textbook discussion of distribution-neutral shifts of the production function 

see, e.g., Allen (1967). 

7 For recent surveys of the literature, see Barro (1999) and Hulten (2000). 



 

Since constant factor shares appear to be a stylized fact in time series and in cross country 

data, it is probably no coincidence that the Cobb-Douglas production function with constant 

returns to scale and a unit elasticity of substitution has been widely used in the applied growth 

literature. In addition, this specific functional form guarantees the existence of a steady state 

for a production function like (1) independent from the specific parameter values for )(tA  and 

)(tB .8 Hicks-neutral technological change can be incorporated into a Cobb-Douglas 

production function as 

 

(2) )1()( αα −= LKtCY   , 

 

where CtBtAtC )()()( == , and α  is capital's share in factor income. Using small letters to 

indicate per capita terms, equation (2) can be rewritten in growth rates as 

 

(3) ktCy ∆+∆=∆ α)(   , 

 

where ∆  indicates a rate of change over time. Equation (2) is the standard formula used in the 

literature to account for the sources of labor productivity growth, where the term k∆α  is 

called capital deepening and the term )(tC∆ , which accounts for the rate of Hicks-neutral 

technical change, is called total factor productivity growth. For instance, if average labor 

productivity grows at 2 percent and capital intensity also grows at 2 percent, which roughly 

describes the long run growth experience of the United States, using a capital share in factor 

income of one third implies that the contribution of capital deepening would be estimated to 

be 2/3 percentage points, with a residual contribution of total factor productivity growth (of 

Hicks neutral technical change) of 4/3 percentage points. Hence by employing Hicks-

neutrality as the identifying assumption in this specific example, 66.6 percent of the observed 

increase in labor productivity would be attributed to a shift of the production function, and 

33.3 percent would be attributed to a movement along the production function. 

 

A different identifying assumption should produce a different quantitative result for the 

relative roles of factor accumulation and technical change. For instance, the concept of Solow 
                                                           
8 For a textbook discussion, see, e.g., Allen (1967); for a more recent treatment, see, e.g., 

Barro and Sala-i-Martin (1995). 



neutral technical change refers to the case 1)( =tA  and is defined as a shift of the production 

function that leaves unchanged the labor output ratio for any constant real wage. A constant 

real wage at constant labor productivity again satisfies the condition of constant factor shares. 

This specific concept of technical change has been held to be more appropriate than the 

concept of Hicks neutrality for the case of developing countries (Fei and Ranis 1963). But 

also for G7 countries in 1960-97, Boskin and Lau (2000) find, based on the econometric 

estimation of an aggregate meta-production function, that technological change may indeed 

be represented as "generalized Solow neutral". 

 

Like Hicks neutrality, Solow neutrality would (only) be consistent with steady state growth 

for the special case of a Cobb-Douglas production function, which can always be rewritten in 

a way that is consistent with a constant capital output ratio in the presence of growth. But the 

implied contributions of factor accumulation and technical change would differ under the two 

neutrality assumptions, even in the case of a Cobb-Douglas production function. With Solow 

neutrality for the Cobb-Douglas case, output equals 

 

(4) ( ) )1()( αα −= LKtBY   , 

 

so it follows that 

 

(5) ktBy ∆+∆=∆ αα )(   . 

 

Comparing equations (5) and (3), it is tempting to infer that the contribution of total factor 

productivity to growth, which is represented by the whole first term on the right side of 

equation (5), does not seem to depend on the identifying assumption. Hence it is often 

concluded that when using a Cobb-Douglas production function, it does not matter for an 

assessment of the relative roles of factor accumulation and total factor productivity which 

specific form of distribution-neutral technical change is employed. 

 

In my view, such an interpretation is misleading. As it is used in the literature, the term total 

factor productivity, as indicated by its appropriate name, is invariably tied to the concept of 

Hicks neutral technical change. If technical change turns out to be Solow neutral rather than 

Hicks neutral, the concept of total factor productivity can no longer be reasonably applied. 



This is because Solow neutrality is defined for a constant labor output ratio, not for a constant 

capital intensity as in equation (6). Using Solow neutrality as the identifying assumption, the 

appropriate accounting equation would thus follow as 

 

(6) ( ) yktBy ∆
−

−∆+∆=∆
α
α1   , 

 

where y in the third term on the right-hand-side equals the inverse of the labor output ratio. 

Hence by definition, the concept of Solow neutrality gives a larger weight to the contribution 

of technical change in a decomposition of labor productivity growth than Hicks neutrality, 

since 

 

(7) ( ) ( )tCtB ∆=∆
α
1   . 

 

With 3/1=α  as before and Solow neutrality as the identifying assumption, the contribution 

of technical change to labor productivity growth would be estimated to be three times as large 

as in the case of Hicks neutrality. At face value, there is no way to decide which of the two 

estimates of the contribution of technical change is more plausible. Following Solow (1956), 

however, one would conclude that Hicks neutrality and Solow neutrality are both misleading 

approaches when applied in the empirical analysis of long run growth. 

 

One reason is that, as mentioned before, Hicks neutrality and Solow neutrality are only 

consistent with steady state growth under the specific assumption of a Cobb-Douglas 

production function. The other reason is that the variables to be held constant in these 

concepts of technological change, namely the capital intensity and the labor output ratio, are 

actually not constant but change over time (and differ across countries) in a systematic way. 

Given the stylized facts of growth and development as discussed in the previous section, a 

concept of technological change that holds constant the capital output ratio should provide a 

more promising starting point for empirical analyses of growth and development. 

 

The concept of Harrod neutral technological change, employed in Solow (1956), satisfies 

both conditions. It is consistent with a steady state for the case of a general production 



function9 and it holds constant the capital output ratio. That is, Harrod neutral technological 

change is defined as a shift of the production function that leaves unchanged the capital 

output ratio for any constant rate of return to capital. Harrod neutral technological change is 

labor augmenting in the sense that it is equivalent to an increase in the labor force. Hence 

Harrod neutrality assumes that a shift of the production function causes changes in capital 

intensity in order to maintain a constant capital-output ratio in the presence of a rising labor 

force. In this interpretation, changes in capital intensity would result because of the change in 

technology and, therefore, should be counted as endogenous. Comparing two steady states, all 

of the observed difference in labor productivity would accordingly be counted as being 

entirely due to the contribution of exogenous technical change. 

 

With Harrod neutrality in the Cobb-Douglas case, output equals  

 

(8) ( )( ) )1( αα −= LtAKY   , 

 

so holding the capital output ratio constant it follows that 

 

(9) ( )yktAy /
)1(

)( ∆
−

+∆=∆
α

α   , 

 

which is the basic equation used in the development accounting studies by Klenow and 

Rodriguez-Clare (1997) and Hall and Jones (1999). It follows by definition that 

 

(10) ( ) ( ) ( )tBtCtA ∆
−

=∆
−

=∆
α

α
α 1)1(

1   , 

 

which shows that Harrod neutrality gives a larger weight than Hicks-neutrality and a smaller 

weight than Solow neutrality to the contribution of technical change to growth. With a capital 

share of 1/3 as before, equation (10) states that by using Harrod neutrality as the identifying 

assumption, the contribution of technical change to labor productivity growth would be 

estimated to be 50 percent larger than under Hicks neutrality and 50 percent smaller than 

under Solow neutrality. 

                                                           
9 For a recent textbook discussion, see, e.g., Barro and Sala-i-Martin (1995). 



 

My accounting exercises are meant to demonstrate that it is not possible to decide on the basis 

of non-parametric methods which concept of technical change is the correct one. Since the 

specific factor-augmenting properties of technological change cannot be directly observed, 

they have to be imposed as an a priori assumption. Theory and empirics do suggest, however, 

that Harrod neutrality appears to be the most convenient concept of technical change in 

studies of long run growth. Nevertheless, most growth accounting studies still use Hicks-

neutrality as the identifying assumption. Starting from Solow (1956), growth accounting 

studies would give a substantially larger weight to the contribution of technical change to 

labor productivity growth. And for samples with a more or less constant capital output ratio, 

which could be considered as representing steady state behavior across units of observation, 

one should in fact expect to find that almost all of the observed differences in labor 

productivity (over time or across countries) are due to differences in technology. 

 

4. The Neoclassical Revival and Its Critics Reconsidered 

 

After the advent of endogenous growth theory in the mid 1980s (Romer 1986, Lucas 1988), 

the empirical study by Mankiw et al. (1992, henceforth MRW) is usually held to represent 

one of the basic cornerstones of a “neoclassical revival”10 in empirical growth economics. 

The MRW paper reports cross country regression results, which show that international 

differences in factor accumulation are statistically significantly correlated with international 

differences in output per worker. Abstracting from all detail and focusing on the simplest case 

with just two factors of production,11 MRW start from equation (8) and use an equation like 

(see also equation (9) 

 

(11) ( ) ( ) iii yktAy ε
α

α
+

−
+= /ln

)1(
lnln  

 
                                                           
10 This term was coined by Klenow and Rodriguez-Clare (1997) and refers specifically to the 

papers by Mankiw et al. (1992), Mankiw (1995), Barro et al. (1995), and Young (1995); 
see also Easterly and Levine (2001). 

11 MRW augment the Solow growth model by a third factor of production, namely human 
capital. Their empirical results are meant to support the augmented Solow model, not the 
textbook Solow model, but this does not make a difference for the point to be discussed 
below. 



to run an OLS regression in log levels across a sample of countries ni ...1= , with ε  as an 

i.i.d. error term. Assuming a constant rate of technical change, the technology term is 

considered as part of the regression constant, thereby imposing the restriction that there are no 

systematic differences in technology across countries. The regression coefficient on their 

proxy variable for the capital output ratio is estimated to be statistically significant and of a 

size which implies a factor share of capital of about 1/3 (at least in the specification which 

includes a measure of human capital), which quantitatively confirms a priori expectations. 

Therefore, MRW claim to provide strong empirical support in favor of the (augmented) 

Solow growth model. 

 

Klenow and Rodriguez-Clare (1997, henceforth KRC) criticize the MRW approach and claim 

that the cross-country data do not support the Solow growth model. Again abstracting from all 

detail, KRC use a variant of equation (9) as a non-parametric accounting equation in levels 

and estimate the technology term as a residual: 

 

(12) ( ) ( )iii ykytA /ln
)1(

lnln
α

α
−

−=   . 

 

Since the international variation in the capital output ratio is small relative to the international 

variation in output per worker, they find, somehow by default, a large contribution of the 

residual (of international differences in Harrod neutral technology) to international 

differences in output per worker. KRC interpret their accounting result as providing strong 

empirical evidence against the restriction imposed in the MRW approach, namely that 

technology does not systematically differ across countries. Therefore, KRC conclude that 

research needs to be re-focused on models that emphasize differences in technology rather 

than differences in factor accumulation. 

 

The puzzling aspect in this debate is that the neoclassical growth model has been interpreted 

by these two studies as a model that emphasizes differences in factor accumulation as an 

explanation for differences in output per worker. This interpretation appears to persist in the 

literature on the empirics of growth, at least according to a recent overview by Easterly and 

Levine (2001), but it appears to be in conflict with the basic insight of the Solow growth 

model (Solow 1956). This is most obvious by looking again at Figure 1. Imposing the 

restriction that there are no systematic differences in technology across countries, the MRW 



regression approach approximates points A and B by a single production function.12 But the 

Solow growth model holds that the steady state difference in output per worker between 

points A and B should result from a shift of the production function rather than from a 

movement along a production function. 

 

KRC use a more plausible approach to estimate the Solow growth model by allowing for 

variation in the level of technology across countries. Yet because their empirical evidence is 

in obvious conflict with the MRW evidence, and the MRW findings are presumed to confirm 

the Solow growth model, KRC interpret their findings as empirical evidence against the 

Solow growth model. In my view, this is not justified. Nevertheless, KRC are right to argue 

that what is needed is a better understanding of the factors behind the observed international 

differences in the level of the residual variable called technology.13 

 

Recent contributions by Hall and Jones (1999), Acemoglu et al. (2001), and Sachs (2001, 

2003) can be interpreted as first steps in this direction. These studies point to country specific 

factors such as institutional frameworks or natural endowments like climate, geography, and 

disease ecology as the major determinants of international income differences. Abstracting 

from the ongoing discussion on the relative importance of institutions and endowments, the 

impact of these variables on labor productivity can be estimated in principle by a modified 

cross-country regression equation like equation (11). 

 

One possibility to capture the potential productivity effects of endowments and institutions 

would be to model the technology term of equation (11) as a broad concept of technology that 

allows for country-specific factors, as informally suggested by Solow (2001). That is, Harrod 

neutral technology ( )tAi  can be assumed to grow for each individual country i with the same 

constant rate g over time t, but at different levels which are determined by various factors iX  

such that 

 

                                                           
12 The relatively good fit of the MRW regression arises because they use the log investment 

share in GDP and the log of the growth rate of the labor force (conditioned by a rate of 
technological change of 2 percent and a depreciation rate of 3 percent) instead of the log of 
the capital output ratio, which is of course not exactly constant across countries. 

13 This point is also emphasized by Prescott (1998). 



(13) ( ) ikk Xtg
i eeAtA φ)0(=   , 

 

where A(0) stands for the initial level of a narrow concept of technical knowledge which is 

the same for all countries, and kX  may capture factors k=1...l  such as institutions and 

endowments that differ across countries but remain fairly stable over time. Equation (13) 

suggests that persistent differences in X across countries would explain persistent differences 

across country-specific production functions, which in turn would shift over time due to the 

common constant rate g. 

 

With this modification of the technology term and by imposing the alternative restriction that 

the capital output ratio is part of the regression constant, equation (11) can be rewritten as  

 

(14) ( ) iii XyktgAy εφ
α

α
++

−
++= /ln

)1(
)0(lnln   , 

 

which reproduces the basic structure of the regression equations used by Hall and Jones 

(1999), Acemoglu et al. (2001), and Sachs (2003). That is, by imposing a cross-country 

restriction on the factor accumulation term rather than on the technology term, these studies 

reproduce the non-parametric accounting result of KRC with a parametric methodology, 

namely that international differences in a broad concept of technology account for 

international differences in output per worker. Notwithstanding all sorts of empirical 

estimation problems, it appears that this result is much closer to the basic message of the 

Solow growth model than the results presented by MRW. 

 

5. Conclusion 

 

Two seminal papers by Robert Solow continue to influence empirical research on growth and 

development. Following Solow (1957), a large literature has attempted to account for the 

relative contributions of technical change and factor accumulation to growth in output per 

worker. What has been known for long but has rarely been discussed recently is that non-

parametric accounting methods require an a priori identification of the factor bias of 

technological change. Neoclassical growth theory following Solow (1956) and empirical 

evidence on a relatively constant capital output ratio both suggest that Harrod neutrality is the 



most convenient identifying assumption to begin with in empirical analyses of long run 

growth. However, traditional growth accounting studies usually employ Hicks neutrality as 

the identifying assumption. By default, one would estimate a contribution of technical change 

to growth and development that is about 50 percent higher with Harrod neutrality than with 

Hicks neutrality. 

 

Hence by estimating the Solow growth model in a cross-country context, one should expect to 

find a large contribution of technology differences in explaining international differences in 

the level of development. The opposite interpretation prevails in parts of the applied 

literature. Studies showing a large contribution of factor accumulation have been held to 

support the Solow growth model, and studies showing a large contribution of technology have 

been held to reject the Solow growth model. In my view, such an interpretation neglects the 

subtle differences in the identifying assumptions between Solow (1956) and Solow (1957), 

which imply substantially different roles of factor accumulation and technical change in the 

empirics of growth and development. This insight is not new but obviously ignored in most 

recent applied work. 



References 
 
Acemoglu, Daron, Simon Johnson, James A. Robinson (2001). The Colonial Origins of 

Comparative Development: An Empirical Investigation. American Economic Review 
91 (5): 1369-1401. 

Allen, R. G. D. (1967). Macro-Economic Theory. A Mathematical Treatment. London: 
Macmillan. 

Barro, Robert J. (1999). Notes on Growth Accounting. Journal of Economic Growth 4: 119-
137. 

Barro, Robert J., N. Gregory Mankiw, Xavier Sala-i-Martin (1995). Capital Mobility in 
Neoclassical Models of Growth. American Economic Review 85 (1): 103-115. 

Barro, Robert J., Xavier Sala-i-Martin (1995). Economic Growth. New York: McGraw Hill. 

Boskin, Michael J., Lawrence J. Lau (2000). Generalized Solow-Neutral Technical Progress 
and Postwar Economic Growth. NBER Working Paper, 8023, December. 

Diamond, Peter, Daniel McFadden, and Miguel Rodriguez (1978). Measurement of the 
Elasticity of Factor Substitution and Bias of Technical Change. In: Melvyn Fuss, Daniel 
McFadden (eds.), Production Economics: A Dual Approach to Theory and 
Applications. Vol. 2, Amsterdam: North Holland 

Easterly, William, Ross Levine (2001). It’s Not Factor Accumulation: Stylized Facts and 
Growth Models. World Bank Economic Review 15 (2): 177-219. 

Fei, John C. H., Gustav Ranis (1965). Innovational Intensity and Factor Bias in the Theory of 
Growth. International Economic Review 5: 182-198. 

Gollin, Douglas (2002). Getting Income Shares Right. Journal of Political Economy 110: 458-
474. 

Gordon, Robert J. (2000). Does the "New Economy" Measure up to the Great Inventions of 
the Past? Journal of Economic Perspectives 14 (4): 49-74. 

Gust, Christopher, Jaime Marquez (2000). Productivity Developments Abroad. Federal 
Reserve Bulletin, October: 665-681. 

Lucas, Robert E., jr. (1988). On the Mechanics of Economic Development. Journal of 
Monetary Economics 22: 3-42. 

Hall, Robert E., Charles I. Jones (1999). Why Do Some Countries Produce So Much More 
Output per Worker than Others? Quarterly Journal of Economics 114: 83-116. 

Hulten, Charles (2000). Total Factor Productivity: A Short Biography. NBER Working Paper, 
7471, January. 

Jorgenson, Dale W., Kevin J. Stiroh (2000). Raising the Speed Limit: U.S. Economic Growth 
in the Information Age. OECD Working Paper, Vol. 8, No. 87. 

Klenow, Peter J., Andrés Rodriguez-Clare (1997). The Neoclassical Revival in Growth 
Economics: Has it Gone Too Far? NBER Macroeconomics Annual 12: 73-102. 

Maddison, Angus (1987). Growth and Slowdown in Advanced Capitalist Economies. Journal 
of Economic Literature 25: 649-698. 

Mankiw, N. Gregory, (2000). Macroeconomics (4th ed.). New York: Worth Publ. 



Mankiw, N. Gregory (1995). The Growth of Nations. Brookings Papers on Economic Activity 
(1): 275-326. 

Mankiw, N. Gregory, David Romer, David N. Weil (1992). A Contribution to the Empirics of 
Economic Growth. Quarterly Journal of Economics 107: 408-437. 

Masters, William A., Margaret S. McMillan (2001). Climate and Scale in Economic Growth. 
Journal of Economic Growth 6 (3): 167-186. 

Nelson, Richard R. (1973). Recent Exercises in Growth Accounting: New Understanding or 
Dead End? American Economic Review 63 (3): 462-468. 

Prescott, Edward C. (1998). Needed: A Theory of Total Factor Productivity. International 
Economic Review 39: 525-552. 

Oliner, Stephen D., Daniel E. Sichel (2000). The Resurgence of Growth in the Late 1990s: Is 
Information Theory the Story? Journal of Economic Perspectives 14 (4): 3-22. 

Romer, Paul (1986). Increasing Returns and Long-Run Growth. Journal of Political Economy, 
94: 1002-1037. 

Sachs, Jeffrey D. (2001). Tropical Underdevelopment. NBER Working Paper, 8119, 
February. 

Sachs, Jeffrey D. (2003). Institutions Don't Rule: Direct Effects of Geography on Per Capita 
Income. NBER Working Paper, 9490, February. 

Solow, Robert M. (1956). A Contribution to the Theory of Economic Growth. Quarterly 
Journal of Economics 70: 65-94. 

Solow, Robert M. (1957). Technical Change and the Aggregate Production Function. Review 
of Economics and Statistics 39: 312-320. 

Solow, Robert M. (2001). Applying Growth Theory across Countries. World Bank Economic 
Review 15 (2): 283-288. 

Young, Alwyn (1995), The Tyranny of Numbers: Confronting the Statistical Realities of the 
East Asian Growth Experience. Quarterly Journal of Economics, 110: 641-680. 



Figure 1  Stylized Facts About Growth and Development: From A to B 
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