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Should “appropriate technology” be revived?

I I have a mixed answer:

1. Much of the diagnosis in the “appropriate technology”
literature still rings true, and deserves renewed attention.

2. I am less convinced about the proposed policy remedies.



Strengths of “appropriate technology” literature

I A willingness/commitment to examine the technological
details of specific industries.

I Important insights (in e.g. Stewart (1972, 1974, 1978)):
1. Typically only a few, roughly Leontief, technologies are

available in a given sector.
I No continuous choice of techniques.

2. Choice of technique often bundled with choice of product.
I Higher-quality products typically require newer, more

capital-intensive techniques.

3. Technological change localized around particular factor
combinations (Atkinson and Stiglitz, 1969).

4. Frontier techniques have been invented in rich countries, and
are best suited to conditions there.

I There is growing empirical evidence consistent with these
views, especially 4.



Consistent evidence I

I Evidence from biotechnology to counteract crop pests and
pathogens (CPPs) (Moscona and Sastry, 2021)Figure 2: Global Patenting on CPPs
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Notes: Graph (a) reports the average number of patented technologies developed in countries ` related to CPP
threats t if the CPP is present not present. Graph (b) reports the average number of patented technologies
developed about CPPs that are not present in the US and CPPs that are present in the US. Graph (c) reports the
number of patented technologies developed about CPPs that are present only in (i.e., endemic to) the countries
specified on the x-axis.

using PatSnap’s determination of the assignee’s location. We document three facts about patenting at
the country-by-CPP level, all consistent with the premise of the inappropriate technology hypothesis
and the way this premise was encoded in the model.

First, a large share of global innovation is focused on crop pests and pathogens (CPPs); 33% of all
global biological and chemical agricultural patents are related at least one CPP in our sample.

Second, innovators focus substantially more on locally present CPPs. On average, over 17 times
more patented technologies are developed for locally present CPPs compared to CPPs that are not
present in the country of interest (panel (a) of Figure 2). We investigate this patternmore systematically
by estimating the following regression:

y`,t � ξ · Local CPP(`, t) + χ` + χt + ε`,t (3.1)

where the unit of observation is a CPP-year and Local CPP(`, t) is an indicator that equals one if CPP
t is present in country `. y`,t is the number of patented technologies developed in country ` related
to CPP threat t, transformed by the inverse hyperbolic sine, and χ` and χt absorb country and CPP
fixed effects. ξ captures the extent to which innovation is disproportionately targeted toward local
CPP threats. Table A1 reports our estimates. We estimate that ξ > 0 in Equation 3.1, and it remains
large and significant focusing on either the intensive or extensive margin separately (columns 2-3).

Third, substantially more technology is developed to combat CPPs that exist in high-income
countries like the US. Panel (b) of Figure 2 demonstrates that CPPs present in the US have a more
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I Have data on CPPs by country, patents that address them
(with country origins), international licensing of varieties.

I Find:
I Most patents deal with local CPPs.
I There are few patents for CPPs not in US, Europe.
I “CPP distance” negatively associated with transfers of crop

varieties, controlling for country and crop effects.
I “CPP distance” negatively associated with productivity.



Consistent evidence II

I Recent output growth in Africa has not led to large
employment increases in larger firms (>10 employees) in
manufacturing (Diao, Ellis, McMillan and Rodrik, 2021)
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Figure 2.3a Total, formal, small and informal manufacturing employment in Tanzania and Ethiopia 

  
Figure 2.3b Total, formal, small and informal manufacturing employment in Taiwan and Vietnam 

 
Notes: Total manufacturing employment comes from the GGDC 10 sector database. Formal sector employment is 
based on UNIDO data and in the cases of Tanzania and Ethiopia, we also plot formal sector employment using 
aggregates from the firm level censuses for each country; these firms employ 10 or more workers. We label the 
difference between total and formal as small and informal firm employment. 

  

0
2

0
0

4
0

0
6

0
0

8
0

0
N

u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Formal Employment, ASIP (weighted) Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Tanzania

0
1
0
0
0

2
0
0
0

3
0
0
0

4
0
0
0

N
u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Formal Employment, LMSM Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Ethiopia

0
1

0
0

0
2

0
0

0
3

0
0

0
N

u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1960 1970 1980 1990 2000 2010
Year

Total Employment, GGDC Formal Employment, UNIDO

Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Taiwan

0
2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

1
0
0
0
0

N
u

m
b

e
rs

 o
f 

E
m

p
lo

y
e

e
s
, 

1
0

0
0

s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Vietnam

48 
 

Figure 2.3a Total, formal, small and informal manufacturing employment in Tanzania and Ethiopia 

  
Figure 2.3b Total, formal, small and informal manufacturing employment in Taiwan and Vietnam 

 
Notes: Total manufacturing employment comes from the GGDC 10 sector database. Formal sector employment is 
based on UNIDO data and in the cases of Tanzania and Ethiopia, we also plot formal sector employment using 
aggregates from the firm level censuses for each country; these firms employ 10 or more workers. We label the 
difference between total and formal as small and informal firm employment. 

  

0
2

0
0

4
0

0
6

0
0

8
0

0
N

u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Formal Employment, ASIP (weighted) Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Tanzania

0
1
0
0
0

2
0
0
0

3
0
0
0

4
0
0
0

N
u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Formal Employment, LMSM Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Ethiopia

0
1

0
0

0
2

0
0

0
3

0
0

0
N

u
m

b
e
rs

 o
f 
E

m
p
lo

y
e
e
s
, 
1
0
0
0
s

1960 1970 1980 1990 2000 2010
Year

Total Employment, GGDC Formal Employment, UNIDO

Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Taiwan

0
2
0
0
0

4
0
0
0

6
0
0
0

8
0
0
0

1
0
0
0
0

N
u

m
b

e
rs

 o
f 

E
m

p
lo

y
e

e
s
, 

1
0

0
0

s

1990 1995 2000 2005 2010 2015
Year

Total Employment, GGDC Formal Employment, UNIDO

Informal Employment

Note: The vertical red line indicates the start of the country's growth acceleration

*Informal employment is derived from GGDC - UNIDO

Vietnam



Consistent evidence III

I Exporting ↑ ⇒ Within-firm wage inequality ↑ (Fŕıas, Kaplan
and Verhoogen, 2012)VOL. 102 NO. 3 439Exports and Within-Plant Wage Distributions

seventy-fifth; and (iii) there is no evidence of 
an increase in dispersion between the seventy-
fifth and ninetieth percentiles. The third fact 
suggests that the increase in within-plant wage 
dispersion is not due solely to wage increases 
for top managers.

An interesting issue that remains largely 
unexplored is the dynamic adjustment of the 
wage distribution within plants. It may be that 
in the response to the export shock plants must 
initially raise the wages of engineers, techni-
cians, and other skilled workers, but that wages 
at the low end catch up over the medium run. 
The results here are consistent with this inter-
pretation, but data constraints limit our ability to 
pursue it further. Investigating such dynamics is 
a topic for future work.

Table 2——Changes in Wage Outcomes

Δlog mean 
hourly wage

Δmean log 
daily wage

Δ quantiles of within-firm log wage distribution
Δexport 

share(EIA) (IMSS) 10th 25th 50th 75th 90th
(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. OLS
Δ exporter 0.025** 0.009 0.001 0.003 0.003 0.016 0.023*

(0.011) (0.007) (0.008) (0.008) (0.008) (0.010) (0.012)
initial log emp. 0.030*** 0.044*** 0.037*** 0.043*** 0.044*** 0.045*** 0.054***

(0.005) (0.004) (0.004) (0.004) (0.005) (0.005) (0.006)

Panel B. OLS
Δ export share 0.011 −0.019 −0.014 −0.056* −0.035 −0.029 −0.004

(0.043) (0.027) (0.030) (0.030) (0.032) (0.036) (0.044)
initial log emp. 0.031*** 0.044*** 0.037*** 0.044*** 0.044*** 0.045*** 0.054***

(0.005) (0.004) (0.004) (0.004) (0.005) (0.005) (0.006)

Panel C. Reduced form and first stage
init. log emp. × 0.032*** 0.048*** −0.001 0.030*** 0.048*** 0.065*** 0.065*** 0.012***
    ​T​93−97​ (0.010) (0.007) (0.008) (0.009) (0.009) (0.010) (0.012) (0.004)
initial log emp. 0.016 0.021*** 0.037*** 0.029*** 0.022** 0.015 0.024* 0.004

(0.006) (0.005) (0.005) (0.006) (0.006) (0.006) (0.008) (0.002)

Panel D. IV
Δ export share 2.647** 3.928*** -0.058 2.455** 3.965*** 5.296*** 5.333***

(1.227) (1.443) (0.639) (1.113) (1.532) (1.945) (2.026)
initial log emp. 0.006 0.007 0.037*** 0.021* 0.007 −0.004 0.004

(0.012) (0.014) (0.007) (0.011) (0.015) (0.019) (0.020)

Notes: All regressions have N = 5,062 and include six-digit industry-year effects and region (state)-year effects. Export share 
is fraction of total sales derived from exports. Exporter indicator takes the value 1 if export share is greater than zero, and 0 
otherwise. Changes are for periods 1993–1997 or 1997–2001; initial log employment refers to employment as reported in 
IMSS data in first year of period (1993 or 1997). T93−97 is indicator variable that takes the value 1 for 1993–1997 period, 0 for 
1997–2001. Robust standard errors in parentheses.

*** Significant at the 1 percent level.
  ** Significant at the 5 percent level.
    * Significant at the 10 percent level.
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Consistent evidence IV
I MNC wage premium greater for college-educated workers

(Alfaro-Ureña, Manelici and Vasquez, 2021)
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(“no college”). The sample is restricted to workers with the same main employer continuously between quarter -8 and -1 and
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average labor earnings. This exercise pools together MNCs inside and outside of the Zona Franca (Free Zone) regime. We use
robust standard errors clustered at the individual level.
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Figure B5: Employer Size and Worker Quarterly-Average Labor Earnings, by Educational Attainment

Notes: Figure B5 explores the importance of employer size in explaining the change in earnings upon changing employers. In
this exercise, workers are split into two categories of educational attainment: college or more (“college”) and less than college
(“no college”). Panel B5a uses as dependent variable the log number of workers of the employer that quarter. Panel B5b uses
as dependent variable the log quarterly-average worker labor earnings. The difference between the estimates in Panel B5b
and those in Figure B4 comes from the additional controls in Panel B5b for the logs of the number of workers of the employer
that quarter and the square of this number, and the two-digit industry code of the employer. We use robust standard errors
clustered at the individual level.
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I More work needs to be done to track technology choices in
manufacturing, but technological “mismatch” seems likely to
play a role in these employment and wage patterns.



What is to be done?

I Broad types of policy proposals that have emanated from
“appropriate technology” literature:

1. Encouragement for LDC firms to use more labor-intensive
technologies, from existing sets of technologies.

2. Encouragement for development of new, more labor-intensive
technologies appropriate to LDCs.

I I have concerns about both.



Concerns I
I Using more labor-intensive technologies may carry a

short-term, static, productivity cost.
I Nice recent evidence from Brazil (de Souza, 2021):

Figure 1: Technology Substitution Program and Innovation

(a) Int. Technology Lease (b) PCT Patent Applications

Description: This figure contains time series information on the number of patent applications, and the number of technology leasing contracts.
The number of patent applications is from the OECD REGPAT, and the number of technology purchases was calculated using data extracted
from the Brazilian patent office.

Appendix A.15 describes the details and motivations of the program. It shows that the

program was not predicted, it was not created in response to trends in the labor market,

that subsidized sectors were selected based on past outcomes, and that the tax on technology

transactions was not created with a specific policy goal. These features are important to the

identification strategy that I use.

4 Empirics

I now evaluate the effect of the Brazilian technology substitution program on innovation,

factor shares, and employment. The identification strategy relies on heterogeneous exposure

to TSP. The program created a tax on international technology leasing and a subsidy to

innovation target at specific sectors. The firms exposed most to the program were the ones

leasing international technology when the program was introduced in sectors targeted by

the subsidy. These firms had an increase in the cost of using international technology with

patent office, and the number of inventors in Brazil. Using cross-country synthetic control and differences-
in-differences, Appendix A.13 shows an increase in Brazilian patents, in comparison to other countries, in
response to TSP.
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Tax on int’l licenses ⇒ fewer licenses

Figure 2: Innovation and Exposure to the TSP

(a) I(Patent Past 10 Yrs.) (b) I(EPO Patent Past 10 Yrs.)

Description: Figure 2a contains the estimated parameter of model (3) on a dummy that is one if a firm applied for a patent in the Brazilian
Patent Office during the past 10 years. Figure 2b includes a dummy that is one if a firm applied for a patent at the European Patent Office. Data
are from 1995 to 2010. As controls I use a 1-digit sector-region fixed effect, employment growth from 1995 to 2000, a dummy for having a patent
during the past 10 years in 2000, and growth between 1995 and 2000 is a dummy if the firm ever had a PCT patent. Each control is interacted
with a year-fixed effect. Standard errors are clustered at the 5-digit sector level.

patents, industrial designs, and trademarks, and were more likely to receive R&D subsidies.

Table 5 shows that firms exposed to the program increased their patenting by 4.7 p.p., in

comparison to less-exposed firms, which is an economically significant impact that represents

2.5 times the average change in patenting in the economy. Table 5 also shows that exposed

firms increased their likelihood of applying for patents in the European Patent Office. Col-

umn 3 shows that firms exposed to the program were also more likely to submit applications

for patents or industrial designs, and, in column 4, to apply for intellectual property protec-

tion, which includes patents, trademarks, and industrial designs. The last column of table

5 shows that firms in the treatment group had a 1.7 p.p. higher probability of receiving the

subsidy.

Firms also increased the hiring of scientists, PhDs, and patents from high-quality inven-

tors, in response to TSP. Table 36 in the Appendix shows that in response to TSP, firms

increased hiring of workers with doctorates and Master’s degrees, hiring of workers in scien-

tific occupations, patents created by inventors with PhDs, and patents create by inventors

20

⇒ more domestic patents
Figure 3: Expenditure Shares and Exposure to the TSP

(a) Exp. Shr. H.S. Dropout (b) Exp. Shr. H.S. Complete

Description: Figures 2a and 2b report estimated parameters of model 3 on expenditure shares of High School dropouts and workers with High
School completion. The difference is taken within the firm and between 2010 and 2000. As controls, I use a 1-digit sector-region fixed effect,
employment growth from 1995 to 2000, a dummy for having a patent during the past 10 years in 2000, and growth between 1995 and 2000 is a
dummy if the firm ever had a PCT patent. Each control is interacted with a year-fixed effect. Standard errors are clustered at the 5-digit sector
level.

rienced an increase to expenditure share, had a drop in overall employment.33,34

Table 7: Employment and Exposure to the TSP

(1) (2) (4) (5) (6)
∆log(N.Workers) ∆log(WageBill) ∆log(N.WorkersDropout) ∆log(N.WorkersHSComplete) ∆log(N.WorkersHSMore)

Exposure TSP -0.170*** -0.192*** -0.322*** -0.336*** -0.197***
(0.0612) (0.0652) (0.0502) (0.0587) (0.0571)

N 29301 29301 27886 22479 14693
R2 0.092 0.093 0.099 0.100 0.113
Mean Dep. Var .284 .608 -.114 1.085 .66
SD Dep. Var 1.41 1.448 1.338 1.335 1.098
Mean Indep. Var .01 .01 .01 .01 .01
SD Indep. Var .101 .101 .101 .101 .101
Controls Yes Yes Yes Yes Yes

Description: This table reports estimated parameters of model (2) on measures of firm size. log(N.Workers) is the log of total firm employment, log(WageBill)
is the log of wage bill, log(N.WorkersDropout) is the log of the number of High School dropouts, log(N.WorkersHSComplete) is the log of the number of High
School complete, and log(N.WorkersHSMore) is the log of the number of workers with at least some college. The difference is taken within the firm and between
2010 and 2000. As controls, I use a 1-digit sector-region fixed effect, employment growth from 1995 to 2000, a dummy for having a patent during the past 10 years
in 2000, and growth between 1995 and 2000 is a dummy if the firm ever had a PCT patent.Standard errors are clustered at the 5-digit sector level.

33 The effect in columns 4 through 6 does not average to the total employment effect in column 1. This
occurs for two reasons—selection and log-approximation. First, not all firms have workers with High School
dropouts, workers with High School completion, or workers with more than High School, which creates a
selection problem among these variables. Second, log difference is a poor approximation of the percentage
change in large numbers. Table 44 in the Appendix show the result for a balanced sample of firms using
percentage change to employment. In this case, the effect on employment is the average of the effects across
education groups.

34 In table 45 in the Appendix, I show that results are robust when addressing the selection problem using
Heckman correction.
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⇒ less-skilled workforce

Figure 4: Employment and Exposure to TSP

(a) log(N. Workers) (b) log(Wage Bill)

Description: Figure 2a and 2b contains the estimated parameter of model (3) on the number of workers and wage bill. As controls, I use a 1-digit
sector-region fixed effect, employment growth from 1995 to 2000, a dummy for having a patent during the past 10 years in 2000, and growth
between 1995 and 2000 is a dummy if the firm ever had a PCT patent. Each control is interacted with a year-fixed effect. Standard errors are
clustered at the 5-digit sector level.

Firms more exposed to TSP also decreased average wages, the probability of exporting,

the probability of importing an input, and the probability of importing capital.35 These

results suggest an overall negative effect on firm performance.

In conclusion, in response to the TSP firms decreased employment and wage bill.

4.4 Robustness and Alternative Specifications

In response to TSP, firms increased innovation, increased expenditure share with High School

dropouts, and decreased overall employment. This section shows that these results are robust

to the addition of trends, extra controls, various exposure measures, and use of a matched

differences-in-differences design. This section also discusses results from a specification al-

lowing the effect of the tax and the subsidy to differ.

Treatment Linear Trends Despite showing a clear trend break, figures 2a and 3a suggest

a small downward trend. To ensure that results are not driven by a pre-treatment trend,

figures 39 through 41 in Appendix B.4.6 reproduce the baseline regressions on innovation

35 Results for wages appear in table 46 in the Appendix, and results for imports appear in table 47.
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Concerns II
I Technologies evolve along “trajectories” (Dosi, 1982).

I Visualization from patents for fuel cells (Verspagen, 2007):
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Fig. 3. The evolution of main paths over time (network P).

shaded dots represent patents that are on the maximal SPNP main path from

C’2002, i.e. the backbone that we identified in Fig. 2. This path represents the

most recent map of the technological trajectory in fuel cells research. The darkly

shaded dots represent patents that were at one stage part of the main trajectory,

but subsequently dropped out. Note that in Fig. 3, the years denote the t in pt, i.e.

they indicate the periods for which the trajectories were calculated rather than the

year in which the patents were filed (e.g. pt for, say, 1980, may include a patent

from, say, 1963, or 1923).

On the left of Fig. 3, we see a collection of patents that represent the initial

phase of the development. This is the set of patents in the area marked “pre-1980.”

Indeed, 1980 emerges from the analysis as the demarcation year between the phase

of exploration and the building-up of the cumulative trajectory identified by the

lightly shaded nodes. Before 1980, the main path changes direction quite often,

resulting in the relatively complex (compared to the 1980–2002 part of the graph)

structure of the network. In this period, there are three main branches (coming

from above, below, and from the right) that converge on the path that stretches

into the lower-left corner. But as it turns out, this is a dead end, and, instead of

continuing this path, the 1980–2002 developments continue in a different direction,

re-starting from one the three braches that emerged in the pre-1980 period.

The “dead end” path in the pre-1980 period is one that is focused on the devel-

opment of the electrodes of fuel cells. It does not involve a single one of the organi-

zations in Table 3. On the other hand, the (lightly shaded) path that does become

the main focusing device after 1979, is one that is associated with larger systems.

Initially (this is the part of the trajectory that lies before 1980), work on electrodes



Concerns II (cont.)

I Coming up with an “appropriate” technological trajectory is
not a one-shot process.
I Trajectories involve lots of incremental steps, often by firms

competing to push the frontier.

I Paths are endogenous; firms build on what has come before.
I Very much in spirit of appropriate technology literature.

I Publicly funded R&D seems unlikely to be able to sustain an
entire trajectory.
I There are exceptions:

I Agriculture (green revolution technologies).
I Vaccines (e.g. through advance market commitments).

I But would require massive investments of resources, political
capital.

I In absence of such investments, I worry about encouraging
industries into dead ends, or branches that are forever behind
the frontier.



An anecdote: story of Midea Group
I 1968: Founded as township enterprise near

Guangzhou, making bottle lids.

I 1980: Electric fans.

I 1985: Air conditioners.

I 1990: Started producing for Toshiba.

I 1993: Rice cookers.

I 1998: Purchased Toshiba AC compressor
factory.

I 2001: Dishwashers, water dispensers.

I 2004: Joint venture with Toshiba.

I 2005: Vacuum cleaners.

... overseas expansion ...

I 2016: Purchased Toshiba’s appliances
business (∼$.5b) and Kuka robots (∼$5b).

I 2021: 288th on Global Fortune 500 list,
revenue >$40bn, ∼150k employees. Largest
global producer of appliances.

I Company strategy has been to get to the global technology
frontier for each new product as quickly as possible.



Closing thoughts

I I come back to the idea that policy should aim at promoting
activities that generate learning, which tends to spill over.
I These may not be the most unskilled-labor-intensive.

I The long-run gains would seem to outweigh the short-run lack
of labor absorption.
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