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Defeminization, Structural Transformation and
Technological Upgrading in Manufacturing

Sheba Tejani and David Kucera

ABSTRACT

This article examines gendered employment implications of structural trans-
formation and technological upgrading in manufacturing. It focuses on 14
countries that relied heavily on exports of labour-intensive and assembly in-
dustries that have long provided strategic entry points onto global markets.
The study uses accounting decomposition methods to identify the drivers of
changes in female shares of manufacturing employment as well as economet-
ric analysis to assess the gendered impacts of technological upgrading. This
study is the first to apply either of these methods at a detailed industry level
as well as the first to estimate long-run relationships between women’s rep-
resentation in manufacturing employment and technological upgrading. The
main findings are that within-industry effects on female shares of employ-
ment are generally more important than employment reallocation effects and
that there is more often a negative than positive relationship between tech-
nological upgrading and female shares of employment at the country and
industry levels. These negative effects of technological upgrading are found
in four of the five strategic export-oriented industries — food, beverages and
tobacco products; textiles; apparel, leather products and footwear; and motor
vehicles. The article discusses the policy implications of these findings and
of the defeminization of manufacturing employment more generally.

INTRODUCTION

Since the publication in 1999 of a United Nations report on ‘the role of
women in economic development’ in the context of globalization, a growing
number of studies have examined the gender implications of export-oriented
industrialization (UN, 1999). These studies endeavour to account for the
commonly occurring phase of feminization of manufacturing employment
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in the early stages of export-oriented industrialization followed by a phase of
defeminization, defined in terms of rising and falling female shares of man-
ufacturing employment. In particular, a number of studies have examined
the relationship between defeminization and technological upgrading, with
the latter taking the form of technological upgrading within manufacturing
industries and compositional shifts away from labour-intensive manufactur-
ing industries — most notably female-intensive textiles and garments —
towards higher value-added industries. A general finding of these studies is
that technological upgrading is associated with the defeminization of manu-
facturing employment.

There have been three main types of studies in this regard. These are
country-industry case studies (e.g. Barrientos et al., 2004; Joekes, 1999);
econometric studies (e.g. Greenstein and Anderson, 2017; Seguino and
Braunstein, 2018; Tejani and Milberg, 2016); and studies using accounting
decomposition methods to identify the drivers of changing female shares of
manufacturing employment (e.g. Kucera and Tejani, 2014; Saraçoğlu et al.,
2018). In particular, accounting decomposition methods (of which there are
several variations) enable one to identify the relative importance of compo-
sitional shifts in employment among industries with different female shares
of employment versus changes in female shares of employment within in-
dustries, referred to as employment reallocation and within-industry effects
respectively. Our study combines the second and third of these approaches,
using both econometric and decomposition methods.

A notable limitation of these econometric and decomposition studies is
their broad levels of aggregation. That is, the econometric studies look only
at the manufacturing sector as a whole, and the decomposition studies focus
on three broad groups of manufacturing industries, classified by the labour
intensity of production in Kucera and Tejani (2014) and the technology
intensity of production in Saraçoğlu et al. (2018). Both Tejani and Milberg
(2016) and Greenstein and Anderson (2017) suggest that their analyses of
the relationship between female shares of manufacturing employment and
technological upgrading should be explored more fully using industry-level
manufacturing data. Correspondingly, one of the main contributions of our
study is to apply these two methods for 14 manufacturing industries, at
as detailed a level as the data allows while maintaining consistency across
countries and over time. This matters not just in having a finer sense of the
industry-level drivers of results for the manufacturing sector as a whole.
In particular, the relative importance of employment reallocation versus
within-industry effects resulting from decomposition methods is not abso-
lute for a given country and period but rather depends fundamentally on
the level of aggregation of data to which the method is applied. Using their
three broad industry groups, both Kucera and Tejani (2014) and Saraçoğlu
et al. (2018) find that within-industry effects are generally more important
than reallocation effects in driving both the feminization and defeminization
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of manufacturing employment. Yet the more aggregated are data, the more
compositional shifts among industries can be masked within broader indus-
try groups and thus accounted for as within-industry (or within sub-sector)
effects. This has policy implications for improving women’s representation
in manufacturing employment in the face of technological upgrading, a
point to which we return below.

These decomposition methods were initially used to identify the relative
importance of employment reallocation versus within-industry effects
as drivers of aggregate productivity growth. The relative importance of
these effects is a central concern of the structural transformation school
of development economics, particularly as embodied in Kaldor’s ‘growth
laws’ (Kaldor, 1967, 1968). Although structural transformation is initiated
by compositional shifts towards manufacturing, Kaldor argued that the
associated reallocation effects on aggregate productivity growth are less
important than the resultant within-industry effects (Kaldor, 1968: 386). A
number of studies applying decomposition methods affirm Kaldor’s views
of the greater importance of within-industry compared to employment
reallocation effects in driving aggregate labour productivity growth (Kucera
and Jiang, 2018; Ocampo et al., 2009; Roncolato and Kucera, 2014; Tim-
mer and de Vries, 2009). These studies all decompose aggregate labour
productivity growth, and Ocampo et al. (2009: 42) provide a compelling
reason for doing so: ‘[h]istorically, labor productivity increases have been
the major contributing factor to growth in real GDP per capita’. While these
studies focus on the economy as a whole, structural transformation is also
concerned with compositional shifts within manufacturing towards higher
value-added industries.

There is a renewed interest in economic policy discussions on struc-
tural transformation and industrial policy, the latter serving as means to
the former (e.g. Stiglitz et al., 2013; UNCTAD, 2016). One of the reasons
for this is concern about the negative implications of deindustrialization
and particularly ‘premature’ deindustrialization in developing and emerging
economies, in which the share of industrial output and employment starts
declining at much lower levels than in earlier economic development trajec-
tories. Tregenna (2009) analyses how the implications of deindustrialization
depend on whether these are assessed in terms of output or employment
shares. With respect to employment, Tregenna argues that deindustrializa-
tion has a negative impact on aggregate demand because industrial jobs tend
to be relatively high paying, particularly compared to the informal jobs in
agriculture and services so prevalent in developing countries.

It is these same concerns about premature deindustrialization and its im-
pact on employment that leads to concerns about the defeminization of
manufacturing employment. Increasing or at least maintaining women’s
share of manufacturing employment is important because these are
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comparatively good jobs, especially in developing countries.1 This holds all
the more strongly in the face of technological upgrading in manufacturing,
so that women can benefit from the better jobs created through employment
reallocation as well as within industries. Following the same line of argu-
ment in their study on gender segregation and structural transformation in
developing countries, Seguino and Braunstein (2018) use industrial jobs as
a proxy for good jobs, based on the authors’ assessment of industry’s rela-
tively high labour productivity and relatively low share of ‘vulnerable’ em-
ployment, defined as contributing family workers and own-account workers.

Though focusing on the US, a study by the McKinsey Global Insti-
tute (2017) makes a point that holds more generally about manufacturing
jobs providing opportunities for less educated workers. In contrast, India’s
services-led growth path has been associated with weak job prospects for
less educated workers in ICT-intensive sectors as well as weak employment
growth more generally, leading a number of authors to argue for the con-
tinued importance of manufacturing jobs in India (e.g. Eichengreen and
Gupta, 2011; Ramaswamy and Agrawal, 2012). Even in developing coun-
tries for which the share of industrial employment is increasing — as are
most of the countries in the sample we consider — concerns about the de-
feminization of manufacturing employment remain.

We alluded to the policy implications underlying the relative impor-
tance of employment reallocation versus within-industry effects in driving
changes in female shares of employment for the manufacturing sector as
a whole. Compositional shifts in employment among industries only result
in employment reallocation effects in the presence of gender segregation
among industries. That is, if female shares of employment were identical
across all industries, compositional shifts in employment would have no ef-
fect on the female share of employment for the manufacturing sector as a
whole. If defeminization were predominately driven by reallocation effects,
a key policy objective would be to break down existing patterns of gender
segregation among industries.

The patterns of gender segregation among industries on which realloca-
tion effects are premised result in large part from firms’ past hiring deci-
sions. Seguino and Braunstein (2018) provide four hypotheses to explain
such hiring decisions. These include gender stereotypes about men and
women’s qualifications; concerns about the negative effect on productivity
of hiring women in jobs dominated by men; using gender segregation among
occupations as a divide and conquer strategy to weaken workers’ bargaining
power; and gains to firms through paying men efficiency wages. Seguino and
Braunstein (ibid.) view the resultant patterns of gender segregation through

1. For a debate on this point with respect to women garment workers in Bangladesh, particu-
larly in the wake of the Rana Plaza factory collapse in 2013, see Ashwin et al. (2020), Berik
(2017) and Kabeer (2004).



Defeminization and Technological Upgrading in Manufacturing 537

the lens of ‘job hoarding’ in which men get privileged access to good jobs,
a problem that is exacerbated when there is a scarcity of such jobs.

While gender segregation among industries is a necessary precondition
for employment reallocation effects, within-industry effects can occur even
in the complete absence of gender segregation. Within-industry effects are
directly driven by firms’ contemporaneous decisions about which work-
ers to retain and which to hire anew. Where defeminization is predom-
inately driven by within-industry effects, the policy objective would thus
be for firms to retain currently employed women workers. Within-industry
effects result from changes in women’s employment relative to total (men
and women’s) employment. Yet we will see that in several important cases,
women’s employment also declined in absolute terms in key industries such
as textiles and apparel, and footwear. In this context, it is important to under-
stand employers’ preference for men rather than women workers particularly
in the context of technological upgrading. Summarizing three hypotheses
put forth in studies addressing this question, Kucera and Tejani (2014: 570)
write the following:

These studies invoke the lesser importance of low-wage women’s labor in more capital-
intensive production; gender norms designating men as breadwinners and women as sec-
ondary workers, with men more likely to be hired for higher paying jobs; and the different
skills requirements of new industrial jobs combined with the purportedly different skills of
men and women workers and whether these differences are real or perceived.

Note that these are distinct from the four hypotheses put forth by Seguino
and Braunstein (2018). That is, these three hypotheses endeavour to explain
why, in the context of defeminization driven by technological upgrading,
firms either do not retain women workers they previously hired or maintain
the same proportions of men and women workers, rather than why firms in
male-intensive industries tend not to hire women workers in the first place.
In sum, whether defeminization is driven predominantly by employment
reallocation or within-industry effects respectively puts the policy focus
on breaking down gender segregation resulting from firms’ past hiring
decisions versus addressing firms’ contemporaneous retention of women
workers.

In this article, we focus on a group of countries that relied heavily on
exports in labour-intensive and assembly industries that have been histor-
ically important for export-oriented industrialization. For these countries,
we first carry out a decomposition analysis to identify industry-level drivers
of the growth of the female share of employment and distinguish between
the relative importance of within- and between-industry effects. We also de-
compose labour productivity growth for the manufacturing sector as a whole
by country to get a summary sense of whether structural transformation is
driven by within or reallocation effects. Next, we attempt to explain what
factors account for shifts in the female share of manufacturing employment
in the long run, using regression analysis, with a particular focus on the



538 Sheba Tejani and David Kucera

importance of technological upgrading (measured by labour productivity
growth). We conduct the analysis on a country-by-country basis but also at
the industry level by pooling data across countries, which allows us to return
to the labour-intensive and export-oriented industries that motivated our
analysis and identify the factors that determine the female share of employ-
ment within them in the long run. Main findings are that within-industry
effects on female shares of employment are generally more important than
employment reallocation effects and that technological upgrading has a
largely negative effect on female shares of employment at the country and
industry levels. For four of the five export-oriented industries that account
for the largest shifts in the female share of employment in the decompo-
sition analysis — food, beverages and tobacco products; textiles; apparel,
leather products and footwear; and motor vehicles — we find that the neg-
ative impact of labour productivity growth emerges as an important cause.
We have elaborated on the policy implications of within-industry versus
reallocation effects, but the negative relationship between technologic-
al upgrading and female shares of employment also has important policy
implications, in that it threatens to undo the gains made by women entering
into manufacturing employment.

DECOMPOSING THE GROWTH OF FEMALE EMPLOYMENT SHARES
AND LABOUR PRODUCTIVITY

Industries and Countries

Our decomposition analysis is based on manufacturing employment and
value-added data from the United Nations Industrial Development Orga-
nization’s (UNIDO) Industrial Statistics Database (UNIDO, 2017). In order
to maintain consistency in the number of industries across countries and
over time, we combined the 22 two-digit International Standard Industrial
Classification (ISIC) industries into 14 industries, with the combined indus-
tries grouped in boxes as shown in Table 1. These are all adjacent industries
in ISIC, and for the most part it was not necessary to group dissimilar in-
dustries.2 Further information on this data, including the exact years used
for each country and data cleaning procedures, is provided in the Data Ap-
pendix).

For countries with data that were sufficiently complete across industries
and over time from 1990 on, we arrived at a set of 14 mainly developing
countries that differed widely in terms of overall export orientation but that

2. The exception is for ISIC industries 29–33, which groups electronics with non-electrical
machinery and various other products. Note also that ISIC 23 for Coke, refined petroleum
products and nuclear fuel was dropped from the analysis because of problematic data dis-
continuities, which are discussed further in the Data Appendix.
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Table 1. Manufacturing Industry Groups

ISIC (Revision 3)

15 Food products and beverages
16 Tobacco products
17 Textiles
18 Wearing apparel; dressing and dyeing of fur
19 Tanning and dressing of leather; luggage, handbags, saddlery, harness and footwear
20 Wood and cork products, except furniture; articles of straw and plaiting materials
21 Paper and paper products
22 Publishing, printing and reproduction of recorded media
24 Chemicals and chemical products
25 Rubber and plastic products
26 Other non-metallic mineral products
27 Basic metals
28 Fabricated metal products, except machinery and equipment
29 Machinery and equipment NEC
30 Office, accounting and computing machinery
31 Electrical machinery and apparatus NEC
32 Radio, television and communication equipment and apparatus
33 Medical, precision and optical instruments, watches and clocks
34 Motor vehicles, trailers and semi-trailers
35 Other transport equipment
36 Furniture; manufacturing NEC

Note: NEC: Not elsewhere classified.

all relied heavily on export-oriented industrialization. These are the textiles,
apparel and footwear; food, beverages and tobacco products; electronics;
and motor vehicles industries. As we will see in our discussion of industry-
level decomposition results, all but motor vehicles also tend to have rela-
tively high shares of female employment. In particular, we selected countries
that were either leading exporters in these industries or for which exports in
these industries made up a large share of their merchandise exports, based
on data from the World Trade Organization’s International Trade Statistics
(WTO, 2014).3 We focus on these countries given our interest in the gen-
der dynamics of export-oriented industrialization. These countries were also
very dynamic, with their share of world exports roughly doubling over the
period studied (World Bank, 2020).4

The 14 countries are listed in Table 2, which depicts 10 indicators pro-
viding a broader country context for our empirical results, expressed in
terms of annual averages for 2012–14 as well as the difference from annual

3. In International Trade Statistics (WTO, 2014), these industries are referred to as: office
and telecom equipment, electronic data processing (EDP) equipment, telecommunications
equipment, integrated circuits and electronic components (these last three contained within
the first, though we looked at the corresponding tables for each of these industries individ-
ually); automotive products; and textiles and clothing.

4. Leaving aside Taiwan (China), the 13 countries’ share of world exports of goods and ser-
vices increased from 6.1 to 11.2 per cent from 1990 to 2014.
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averages for 1990–92, with average values (unweighted) shown at the bot-
tom of the table. Grey shading (for Table 2 and subsequent tables) indicates
the six countries that experienced falling female shares of manufacturing
employment overall. Table 2 shows that exports of goods and services as a
percentage of GDP were very high in Malaysia, Taiwan (China) and Viet-
nam (above 75 per cent) and quite low in Bangladesh and Egypt (below 20
per cent), with similar cross-country variation for manufacturing exports as
a percentage of GDP. The table also shows that only three of the 13 countries
for which we have data experienced deindustrialization in terms of falling
shares of employment in industry: Malaysia, the Philippines and South Ko-
rea (though this was negligible in the Philippines). Table 2 also shows female
labour force participation and employment rates, the distribution of female
employment among agriculture, industry, services and vulnerable employ-
ment, and ratios of female-to-male years of educational attainment, to which
we return below.

Decomposition Method

The female share of manufacturing employment is defined as female manu-
facturing employment divided by total (female and male) manufacturing
employment, or F/L, and industry-level female shares within manufactur-
ing are correspondingly defined as Fi/Li. This can be also expressed as:

F/L =
∑

Fi/
∑

Li (1)

Following Ocampo et al. (2009: 54), the growth of female shares in manu-
facturing employment for any given year can be expressed relative to the
share in the prior year as follows:

� =
(

1 + L̂
)−1 ∑[

θ0
i
(

F̂i − L̂i
)

+ (
θ0

i − ε0
i
)

L̂i
]

(2)

where:

L̂i = (
L1

i − L0
i
)
/L0

i

F̂i = (
F1

i − F0
i
)
/F0

i

θ0
i = F0

i/F0

ε0
i = L0

i/L0

Note that we decompose the growth rates of female employment shares
rather than the difference in these shares and do so based on annual data to
the extent possible rather than period endpoints, with further elaboration in
the Technical Appendix.
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The within-industry effect on the growth of female employment shares is
represented by the left-hand bracketed term in Eq. 2, that is:

�W =
∑[

θ0
i
(

F̂i − L̂i
)]

(3)

For any given industry, the within-industry effect is the difference between
industry-level female employment growth and total employment growth
weighted by the distribution of female employment in the industry relative to
female employment in the manufacturing sector as a whole). Positive (nega-
tive) within-industry effects result when industry-level female employment
grows faster (slower) than industry-level total employment. It is important
to note that positive within-industry effects can occur when men lose jobs at
higher rates than women, such as during a recession. Such a scenario does
not represent real improvements for either women or men workers, and so
within-industry effects must be interpreted in a broader country context.

The reallocation effect on the growth of female employment shares is
represented by the right-hand bracketed term in Eq. 2, that is:

�r =
∑[(

θ0
i − ε0

i
)

L̂i
]

(4)

For any given industry, the reallocation effect is the difference between
the distribution of female employment in the industry (relative to female
employment for the manufacturing sector as a whole) and the distribution
of total employment in the industry (relative to total employment for the
manufacturing sector as a whole), multiplied by industry-level employment
growth. In this context, the expression (θ0

i - ε0
i) provides a measure of gen-

der segregation, with smaller absolute values indicating less gender segre-
gation.

Positive (negative) reallocation effects result when industry-level employ-
ment grows in industries for which the difference between the distribution
of female employment and the distribution of total employment is positive
(negative), that is, in industries with above (below) average female shares
of manufacturing employment.5 Yet positive reallocation effects also result
when industry-level employment contracts in industries with below aver-
age female shares of manufacturing employment. Such a scenario does not
represent real improvements for either women or men workers and, as with
within-industry effects, reallocation effects must be interpreted in a broader
country context.

5. Note that while Saraçoğlu et al. (2018) also use UNIDO’s Industrial Statistics Database to
decompose changes in female shares of manufacturing employment, their method differs in
several key respects. Saraçoğlu et al. (ibid.: 5–6) decompose these changes as the difference
between period endpoints (rather than growth over annual data) for three industry groups
by technology levels. More fundamentally, their reallocation effect is positive whenever the
employment share of total manufacturing employment for an industry increases, whether
the industry has above or below average female shares of manufacturing employment, which
we find counterintuitive.
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As noted, we decompose the growth of both female employment shares
as well as labour productivity for each of the 14 countries. Substituting
value added for female employment in the above formulas (that is, ‘X’ for
‘F’) converts them into decompositions of labour productivity growth, with
analogous interpretations of within-industry and reallocation effects.

DECOMPOSITION ANALYSIS RESULTS

Female Shares of Manufacturing Employment

Results of the decomposition analysis for the 14 countries and 14 manu-
facturing industries are presented in Table 3. Under the country heading
are decomposition results presented in three columns for within-industry
effects, reallocation effects and the sum of these two effects. The sums of
cross-industry effects for the decomposition of the growth of female shares
of manufacturing employment are presented at the bottom of panels A1, A2
and A3 in Table 3. The sums of cross-industry effects for the decomposi-
tion of labour productivity growth are presented in panels B1, B2 and B3
in Table 3. To facilitate comparison across countries and the presentation
of generally small numbers, we follow Pieper (2000) and normalize decom-
position results by dividing each value by the absolute value of the period
average growth for each country. We do this for female share growth as
well as labour productivity growth respectively.6 The exception is the final
rows of all panels, which present the non-normalized sums of industry-level
effects as average per cent changes.

For the three countries with continuous annual data — India, South
Korea and Taiwan (China) — the sum of the within-industry and reallo-
cation effects in the penultimate row of panels A1, A2 and A3 represents
the average annual change of female employment shares in manufacturing
(leaving aside the small interaction effects). Yet the other 11 countries do not
have continuous annual data and some of them have large gaps in years of
data. This is particularly acute in the case of Bangladesh and Mexico, where
there were large increases in female shares in the former and large decreases
in female shares in the latter. This limitation in mind, if the sum of within-
industry and reallocation effects is positive, this means that the female share
of manufacturing employment increased overall, and vice versa if the sum

6. Note that when period averages of changes in female shares of manufacturing employment
are small, some industry percentages can be considerably greater than 100, most notably
in the cases of Indonesia and Vietnam. These large values nonetheless bear the same pro-
portionate relationship to other industry values within a country whether or not expressed
as percentages and can be interpreted accordingly. Note also that the cross-industry sums
of within-industry and reallocation effects generally hover around, though are not exactly
equal to, 100 per cent, with the difference resulting from interactions referred to in the
discussion of Eq. 2.
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Figure 1. Total Manufacturing Employment and Female Shares of
Manufacturing Employment

Source: Author’s illustration using UNIDO (2017).

is negative. For six of the 14 countries, there was an overall decrease in the
female share of manufacturing employment: Indonesia, Malaysia, Mexico,
South Korea, Sri Lanka and Taiwan (China). For the other eight countries,
there was an overall increase in the female share of manufacturing employ-
ment.

A visual sense of these changes can be had to some extent from Figure 1,
showing female shares of manufacturing employment alongside the abso-
lute numbers of total (male and female) manufacturing employment, though
overall changes in female shares are often too small to show decided trends.
In general, we do not observe any evident relationship between changes in
female shares of manufacturing employment and changes in total manu-
facturing employment in our sample of countries. Yet the figure does show
that the feminization of manufacturing employment in Bangladesh and
Morocco occurred alongside increases in total manufacturing employment
whereas feminization in Egypt was accompanied by falling total manu-
facturing employment. The defeminization of manufacturing employment
in Malaysia and Taiwan occurred alongside increases in total manufactur-
ing employment whereas defeminization in South Korea was not accompa-
nied by clear trends in total manufacturing employment. Nor is there any
evident relationship between changes in female shares of manufacturing
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employment and deindustrialization in terms of falling shares of employ-
ment in industry.

The bottom rows of Table 3 show that within-industry effects were greater
(in absolute value) than reallocation effects for 11 of the 14 countries, with
Bangladesh, Egypt and South Korea the exceptions — though we note our
concerns about the quality of the data for Bangladesh and Egypt in the Data
Appendix. Though reallocation effects are emphasized in the literature on
how female shares of manufacturing employment rise and fall in the process
of industrialization (see, for example, Caraway, 2006), it is actually changes
within manufacturing industries that matter more in accounting for the fem-
inization and defeminization of manufacturing employment. This holds not
only for our sample of countries, but for the larger sample of countries in
Kucera and Tejani (2014), who we have noted apply decomposition analysis
to three manufacturing industry groups. Yet the more disaggregated the data
one works with, the generally more important are reallocation effects rela-
tive to within-industry effects, and in this sense our results on the greater
importance of within-industry effects are particularly noteworthy.

Though reallocation effects were smaller (in absolute value) than within-
industry effects in 11 of 14 countries, this is not to say they were unimpor-
tant. Indeed, reallocation effects were at least one-third as large as within-
industry effects in India, Indonesia, Jordan and Mexico and at least one-
fourth as large in Malaysia and Sri Lanka. The countries for which the cross-
industry sum of reallocation effects is negative suggests a potentially chal-
lenging context for women’s representation in manufacturing employment,
in that this represents a compositional shift away from female-intensive and
towards male-intensive industries. There were five such countries: Malaysia,
Mexico, the Philippines, South Korea and Taiwan (China). Of these five,
only in the Philippines was the increase in women’s manufacturing employ-
ment within industries sufficient to more than offset the negative realloca-
tion effect. Indonesia and Sri Lanka represent a mirror image of the Philip-
pines, in that the female share of employment in the manufacturing sector
as a whole decreased in spite of compositional shifts in employment being
favourable towards women’s representation in manufacturing employment.

In defining within-industry and employment reallocation effects, we noted
the potential ambiguity in the interpretation of these effects and the im-
portance of country context. For all six defeminizing countries, it is worth
noting that men’s total employment in manufacturing increased in absolute
terms. By definition, women’s employment increased by less than men’s
for these six countries, but women’s total employment in manufacturing
also decreased in absolute terms in three of these six countries: Mexico,
South Korea and Taiwan.7 For seven of the eight feminizing countries, men’s

7. The number of women workers in the manufacturing sector as a whole declined by period
average rates of -12.0, -1.8 and -0.02 per cent in Mexico, South Korea and Taiwan respec-
tively.
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Figure 2. Female Share of Employment by Industry (%, cross-country avg.)
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total employment in manufacturing rose in absolute terms, with Egypt be-
ing the exception.8 In seven of these eight countries, in other words, the
growing representation of women in manufacturing employment cannot be
interpreted as having occurred at the expense of men workers in any abso-
lute sense.

Industry-level Drivers

We turn next to discussing which industries were the key drivers of changes
in female shares of employment in the manufacturing sector as a whole.
For this it is instructive to look at Figure 2, showing average female shares
of employment across countries by manufacturing industry, using all avail-
able years of data. Female shares are highest in apparel, leather products and
footwear, at 63 per cent, followed by textiles at 38 per cent and electrical and
non-electrical machinery and equipment — including electronics — at 34
per cent. Female shares are also high in food, beverages and tobacco prod-
ucts, at 31 per cent. The motor vehicles industry had below average female
shares, at 15 per cent. Table A2 in the Data Appendix provides industry-
level female shares of employment and total (male and female) employment
growth, which are particularly helpful in interpreting employment realloca-
tion effects.

These four industries are the most important drivers of changes in fe-
male employment shares for the manufacturing sector as a whole. This is
revealed by looking in Table 3 at the four largest absolute values across
industries within each country for within-industry and reallocation effects.
(Though the threshold of four is somewhat arbitrary, the same basic story
emerges with slightly lower or higher thresholds.) It is useful to first look at

8. In Egypt, the number of men workers in the manufacturing sector as a whole declined by an
average rate of -1.1 per cent while the number of women workers increased by an average
rate of 0.7 per cent.
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within-industry and reallocation effects rather than the sum of these effects.
The reason is that even though the sum of the two effects might be small for
an industry, underlying this might be large but offsetting within-industry and
reallocation effects, one having a having a negative and the other a positive
value.

The largest absolute values for within-industry and reallocation effects
are the italicized and bolded values in Table 3. Summing across countries,
the industries that ranked most frequently among the top four by absolute
values are apparel, leather products and footwear (among the top four in-
dustries within a country 19 times), food, beverages and tobacco products
(nine times), electrical and non-electrical machinery and equipment (eight
times), motor vehicles (eight times), and textiles (seven times). No other
industries come close in this regard.

Turning to the sum of within-industry and reallocation effects, we see that
the industries that have been most important in this sense in contributing to
changes in female shares of manufacturing employment are apparel, leather
products and footwear; food, beverages and tobacco products; and textiles,
in that order.9 Yet we also observe cases where within-industry and reallo-
cation effects for a given industry within a country are of opposite sign and
thus offset each other. Particularly noteworthy in this regard is the pattern of
offsetting positive within-industry and negative reallocation effects for mo-
tor vehicles. That is, in 11 of the 14 countries, there are negative reallocation
effects and positive within-industry effects for motor vehicles, with Jordan,
Egypt and Sri Lanka the exceptions. Since motor vehicles has a relatively
low share of female employment in all of our countries (Data Appendix
Table A2), this means that for these 11 countries, an overall increase in to-
tal employment in the industry occurred alongside a rising share of female
employment within the industry. In seven of these 11 countries, the sum
of within-industry and reallocation effects is negative, meaning that motor
vehicles ultimately hurt women’s representation in manufacturing employ-
ment.10

We have noted that within-industry effects result from relative rather
than absolute changes in women’s employment and have also noted the im-
portance of the textiles and particularly the apparel, leather products and
footwear industries in driving changes in female shares of employment
for the manufacturing sector as a whole. Of the six defeminizing coun-
tries, there were negative within-industry effects for these two industries
in Malaysia, Mexico, South Korea and Taiwan. Yet these industries experi-
enced not just relative but also absolute declines in women’s employment
in these economies, and we have also noted that the last three of these also
experienced absolute declines in women’s employment alongside absolute

9. Based on the industries with the two largest absolute values across industries within each
country for the sum of within-industry and reallocation effects.

10. Mexico, Philippines, Sri Lanka and Taiwan (China) are the exceptions.
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increases in men’s manufacturing employment for the manufacturing as a
whole.11 In these cases, then, defeminization played out not just in a rela-
tive but also an absolute sense.

Labour Productivity Growth

We have noted that the sums of cross-industry effects for the decomposi-
tion of labour productivity growth are presented in panels B1, B2 and B3
in Table 3. As with the decomposition of the growth of female shares of
manufacturing employment, within-industry effects are greater (in absolute
value) than employment reallocation effects for 11 of the 14 countries.12

This is consistent with Kaldor’s expectation of the greater importance of
within-industry than reallocation effects in driving productivity growth for
the economy as a whole.

In our decomposition of female shares of manufacturing employment, we
suggested that preference for male workers in the face of technological up-
grading could be one of the reasons for defeminization within industries as
well as for the manufacturing sector as a whole. If employers display a pref-
erence for male workers as they upgrade technologically, women will lose
out on the resulting gains and remain sequestered in relatively labour inten-
sive and low value-added jobs. We are interested in systematically exploring
how technological upgrading as measured by labour productivity growth af-
fects growth in female shares of manufacturing employment. For this, one
might be tempted to look at the relationship between within-industry effects
for the decomposition of the growth of female share of employment and
labour productivity. However, the purpose of constructing industry-level de-
composition effects is so that they sum to overall growth, and as such contain
industry-level weights that confound the relationship between the growth of
female shares of employment and labour productivity at the industry level.
For example, the weight term θ0

i = F0
i/F0 has no bearing on the industry-

level relationship between labour productivity and female shares of employ-
ment and including it in the analysis could create misleading results. As
such, the regressions addressed in the next section of the article use direct

11. The number of women workers in the textiles and apparel and footwear industries declined
respectively by period average rates of -3.2 and -0.7 per cent in Malaysia, -42.2 and -30.4 per
cent in Mexico, -6.8 and -6.3 per cent in South Korea and -3.9 and -3.6 per cent in Taiwan.
The number of men workers in these two industries also declined in Mexico, South Korea
and Taiwan, though at lower rates than for women workers, and increased in Malaysia.

12. There are two countries for which there is a switch between the within-industry versus re-
allocation effect being larger, comparing results for the decomposition of the growth of
female shares of employment and labour productivity: Egypt and Morocco. Note also that
our data indicates that Malaysia experienced declining labour productivity, but this contra-
dicts findings from other studies (e.g. World Bank, 2018) and so results should be viewed
with caution.
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industry-level measures of the growth of female shares of employment and
labour productivity.

REGRESSION RESULTS

Econometric Methodology: ARDL Approach and Pooled Mean Group
Estimation

In this section we attempt to identify the key factors that explain shifts in
the female share of manufacturing employment with a particular focus on
the role of technological upgrading measured as labour productivity growth.
Establishing the relationship between technological upgrading and defemi-
nization can point to the direction that policy must take in order to ensure
an equitable gender distribution of jobs in manufacturing, as outlined in the
introduction. With the female share of manufacturing employment as our de-
pendent variable, we first conduct regressions by country. In order to identify
the main industry-level drivers of the country results, we also pool countries
and estimate cross-country industry-level elasticities of labour productivity
with respect to the female share of employment. Our study is distinctive be-
cause we estimate long-run parameters for these relationships by country
and individual manufacturing industries, which to our knowledge has not
been previously attempted in the literature.

We are able to estimate the long-run relationship between our variables of
interest since we have a sufficiently large time span (T) as well as evidence
of non-stationarity in our panel dataset. We thus use an autoregressive dis-
tributed lag (ARDL) approach with a pooled mean group estimator (PMG)
proposed by Pesaran et al. (1999). The PMG estimator produces consis-
tent and efficient long-run estimates in the presence of integrated as well
as stationary variables and obviates the need to determine the potentially
inconclusive order of integration of the variables in panel data. Unlike the
mean group (MG) estimator, it assumes slope homogeneity across indus-
tries, which is tested using a standard Hausman test. For more discussion on
the PMG and MG estimators and the number of years and panels in relation
to them, please refer to the Technical Appendix.

Our general specification in Equation 5 designates the female share of
manufacturing employment as the dependent variable and labour produc-
tivity, average real wages and salaries,13 and export share as independent
variables. The construction of the variables and data sources are described
in Table A3 of the Data Appendix and each of the independent variables
is discussed below. Mexico and Bangladesh are dropped because of insuf-
ficient data. The model is estimated for each of the remaining 12 countries

13. Since UNIDO (2017) does not provide wage data disaggregated by gender, average wages
and salaries had to be used.
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using the identical panel dataset (for the years 1990–2014) as the decompo-
sition. All variables are in logs and their coefficients can be interpreted as
elasticities.

fit =
p∑

j=1

λi j .
(

fi,t− j

) +
q∑

j = 0

δi j
′.

(
χi,t− j

) + μi + εit (5)

where fit is the female share of manufacturing employment; and χ it is a
vector of explanatory variables including: labour productivity (ξ it); average
real wages and salaries (ωit); and export shares (xit). δij are the coefficient
vectors of the control variables; λij are scalars and coefficients of the lagged
dependent variables; μi represents the panel specific fixed effect and εit is
the error term. Subscript i denotes industry and t denotes time.

Because a PMG estimator makes large parametric demands on the data,
and degrees of freedom are limited, we opt for a parsimonious specification
that focuses on the key variables that influence female shares employment
as identified in the theoretical and empirical literature. Apart from prob-
lems in estimation, multicollinearity with other supply and demand related
factors14 that may impact the dependent variable led to very high variance
inflation factors (VIFs) and implausibly large and unstable coefficient esti-
mates, which is another reason they were excluded.

Our main variable of interest is manufacturing labour productivity as
technological upgrading is expected to translate into rising value added per
worker. Increases in labour productivity also result from the process of struc-
tural transformation and are most often driven by within-industry effects re-
lated to learning by doing, economies of scale and market expansion as de-
scribed in the introduction. We would expect labour productivity to have a
negative relation with the female share of employment for reasons discussed
earlier, including stereotypes about gender-appropriate work, breadwinner
norms, job hoarding and lack of on-the-job training.

Real wages and salaries are intended to control for the portion of wages
not accounted for by labour productivity, in other words, bargaining power.
When both labour productivity and real wages are included as independent
variables, we can assume that labour productivity already captures the por-
tion of the wage related to productivity increases. Since women have limited
bargaining power and tend to be crowded into low value-added industries,
the sign on this coefficient is expected to be negative.15

14. The variables that were tested include: GDP per capita; labour force participation ratios
(f/m) or alternatively the employment to population ratio (f); average schooling years (f/m);
the male unemployment rate to capture the added-worker effect; the age dependency ratio
to account for caring burdens; and the services share of employment.

15. Other studies have found evidence of this relationship as well: Ozler (2000) finds that rela-
tive wages are negatively associated with the female share of employment in Turkey; Tejani
and Milberg (2016) find the same, though using the gender education gap as a proxy for the
gender wage gap, for a group of countries in Latin America and Southeast Asia. Seguino
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The export share variable captures the average impact of the export com-
petitiveness of manufacturing industries on the dependent variable. In that
sense our study goes beyond the discussion on whether trade openness itself
drives feminization, or the hiring of women as a source of cheap labour due
to greater competition (Standing, 1989; Wood, 1991). Rather, we measure
changes in the composition of exports driven by competitiveness, as stud-
ies have shown that primary export-oriented industrialization (EOI), where
price competition is intense and production is labour intensive, is related to
feminization and that secondary EOI is consistent with defeminization (Te-
jani and Milberg, 2016). Thus the coefficient can be expected to be either
positive or negative depending on a country’s stage of industrialization, the
composition of its exports as well as prevailing gender norms.

Testing these variables for non-stationarity using the Augmented Dickey-
Fuller test reveals that we have mix of stationary I(0) and non-stationary
I(1) series across countries, which confirms that an ARDL approach with
a PMG estimator is appropriate. Theoretically, we would expect a long-run
relation to exist between labour productivity, real wages and export share
though, in the short run, adjustments will depend on dynamics of the labour
market, export volatility and wage fluctuations in each country. Our general
specification is thus reparameterized in error correction form in Equation 6.
Lag order is selected using consistent Bayesian Information Criterion on a
country-by-country basis. Since there are a limited number of observations,
we constrain the maximum number of lags to be 1. Because the variables
have been log transformed, Equation 6 represents a regression of the growth
of the female share of employment on the growth of labour productivity and
other control variables.


 fit = φi

(
fi,t−1 − βi

′χit

) +
p−1∑
j = 1

λi j
 fi,t− j +
q−1∑
j = 0

δi j
′
χi,t− j + μi + εit

(6)
where φi = −(1 − ∑p

j=1 λi j ), βi = ∑q
j=0 δi j/(1 − ∑

k λik ).

The parameter φi captures the speed of adjustment of the error correction
process and is negative and statistically significant when there is reversion to
a long-run equilibrium. The long-run β i coefficients are of primary concern
for our purposes while δi are the short run coefficients of the model.

The validity of the PMG estimator rests on the assumption that there
is a long-run relationship between the variables, the regressors are strictly
exogenous and residuals are serially uncorrelated (Loayza and Rancière,
2006). When serial correlation is present, it is eliminated by augmenting

(1997) has shown that the feminization of industrial employment in South Korea puts down-
ward pressure on relative wages due to women’s lower bargaining power, which is in turn
driven by their weaker fall-back position.
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lags on the regressors thus also ensuring exogeneity. In order to ensure
cross-sectional independence, we time-demean all the variables to control
for omitted factors that are common across panels (Pesaran et al., 1999:
622).16

Country-level Results

Table 4 presents the long-run parameters and results of our estimation exer-
cise.17 Jordan and Taiwan display serial correlation, which is eliminated by
augmenting lags on the regressors. A Hausman test confirms that the restric-
tion of slope homogeneity across industries is not rejected for all countries,
indicating that our PMG estimates are consistent. Since our coefficients are
elasticities, and measure the impact of a 1 per cent change in the indepen-
dent variable on the dependent variable, we organize our discussion around
their economic significance. Using summary statistics presented in the Data
Appendix Table A4, we calculate the impact of a one standard deviation
change in each independent variable on the dependent variable. In addition,
we also rely on Table 2 and Table 3 to contextualize the results.

Before discussing the results in more detail, it would be useful to point to
some general trends and patterns that emerge across the sample. First, the
error correction term is negative and highly significant across the sample
indicating that the variables converge to a long-run equilibrium in every
country. The speed of adjustment is highest in Jordan and slowest in the
Philippines. Second, we find that labour productivity growth is statistically
significant in explaining shifts in the female share of employment in 10 out
of 12 countries when controlling for other factors. Of these, eight display
negative coefficients indicating that technological change is negatively
related to the female share of employment in two-thirds of the countries in
our sample. In five of these countries, technological upgrading led to defem-
inization but, critically in three, technological downgrading contributed to a
feminization of labour. Third, the results for real wages and salaries variable
are mixed, with only five statistically significant coefficients of which three
display a positive sign and two a negative sign. Thus in a few countries we
see that women are being integrated into industries with relatively higher
bargaining power, which could be related to greater skill acquisition and the
significant closing of the gender gap in education.18 Fourth, and in contrast
to labour productivity growth, the coefficient on export share growth is
largely positive with seven countries displaying a positive and statistically

16. An alternative is to use cross-sectional means as additional regressors (Pesaran et al., 1999)
but we do not have sufficient degrees of freedom to use this method.

17. For reasons of space, short-run estimates are not presented but are available upon request
from the authors.

18. This has also been documented by other studies such as Seguino (2006).
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significant sign and three a negative sign. The pattern across countries sug-
gests that rising export shares — a sign of growing export competitiveness
— promote a greater reliance on female labour in more than half the coun-
tries in our sample. Yet this positive impact exists once the largely negative
impact of labour productivity growth is controlled for, which highlights
women’s continuing segregation in low productivity export-oriented jobs in
manufacturing. We discuss each of the variables in turn.

A one standard deviation rise in labour productivity leads to some of the
largest declines in the female share of employment in Philippines (24 per
cent), Morocco (23 per cent) and Jordan (14 per cent). For the remaining
countries, the impact on female share is not negligible either, with a sim-
ilar rise in labour productivity leading to a decline of 11 per cent in the
female share of employment South Korea and 8 per cent each in Egypt and
Sri Lanka. It should be noted that the negative relationship holds for fem-
inizing (Egypt, Jordan, Morocco, the Philippines and Vietnam) as well as
defeminizing (Sri Lanka, South Korea and Taiwan) countries. The negative
impact of labour productivity is mostly taking place in an environment of
expanding total manufacturing employment, except in Egypt, South Korea
and, to some extent, Taiwan. In these countries, where deindustrialization is
underway, it is possible that the shrinking pool of remunerative and higher
productivity jobs in manufacturing are being rationed to men.

Labour productivity growth driven by within-industry effects has been
strong in Egypt, the Philippines and Taiwan and relatively moderate in Sri
Lanka but in all cases has gone along with a defeminization of labour. South
Korea experienced a decline in labour productivity growth within industries,
but this was concentrated only in electrical and non-electrical machinery and
equipment while other industries experienced strong productivity growth
and defeminization. But not all countries show positive labour productivity
growth in our sample and technological downgrading emerges as a com-
mon theme for some feminizing countries. For instance, Morocco showed
strong feminization over the period while experiencing sizable declines in
within-industry labour productivity across a range of industries but most
significantly in food, beverages and tobacco and apparel, leather products
and footwear. In Jordan and Vietnam, the expansion of the relatively lower
productivity apparel, leather products and footwear industry dampened to-
tal labour productivity growth (through negative reallocation effects) but
spurred a feminization of labour. Industry is becoming an important source
of employment for women relative to agriculture in both countries and in
Vietnam manufacturing is a female dominated sector.

Indonesia and Malaysia are noteworthy for their positive and significant
coefficients on labour productivity growth. A one standard deviation rise
in labour productivity leads to a 10 per cent rise in the female share of
employment in Indonesia. Although Indonesia is defeminizing across a
range of industries, this was offset to a significant extent by an increase
in the female share of employment in textiles as well as apparel, leather
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products and footwear, which also experienced technological upgrading dur-
ing the period. The coefficient for Malaysia is only significant at the 10 per
cent level and given the unexpected finding of negative labour productivity
growth mentioned previously, the results must be viewed with caution.

The results for real wages are more mixed,19 with the largest positive co-
efficients seen in Jordan, and the Philippines, where a one standard deviation
increase in bargaining power led to a 26 per cent and 18 per cent rise in the
female share of employment respectively. In the Philippines, and to a lesser
extent Jordan, this represents gains for women who have entered a range
of new industries in manufacturing though in Jordan the absolute number
of women in manufacturing remains low. In both countries, key female-
intensive industries such as food and beverages (Jordan and Philippines),
as well as apparel, leather products and footwear industries (Jordan only)
continued to feminize even as wages rose. When interpreted in conjunction
with the findings on labour productivity, it suggests that the preference for
female labour in relatively low wage industries can persist even when labour
productivity increases, likely due to the cost advantage of employing women
when industries compete on the basis of unit labour costs.20

Sri Lanka and Vietnam display negative coefficients for real wages and
are in line with other studies that emphasize women’s concentration in rela-
tively low wage jobs with low bargaining power. In both countries, this com-
pounds the already negative impact of labour productivity on the female
share of employment and implies that technological upgrading and a rise in
bargaining power tend to disadvantage women on average.

Finally, the statistically significant results for the export share variable
are mostly positive and roughly the reverse of those for labour productiv-
ity. Export competitiveness in the form rising export shares has the most
economically significant impact on the female share of employment in the
Philippines and Jordan, where a one standard deviation rise leads to a 81
per cent and 51 per cent rise in female share respectively. These countries
tend to display some of the largest elasticities for the female share of em-
ployment when economic significance is considered, despite the negative
effects of labour productivity growth. The Philippines has become a ma-
jor world exporter of office and telecom equipment evident in a massive
shift in the composition of exports towards the electrical and non-electrical

19. In order to test for the potential confounding effects of labour productivity and real wages,
we ran the regression by excluding real wages altogether. The results are broadly similar to
those reported here in that the coefficient on labour productivity was negative in more cases
than it was positive. We also ran a regression by dropping labour productivity (instead of
real wages) and confirmed that the coefficient on real wages continued to be positive in six
countries.

20. Still it is noteworthy that in both countries, other key female-intensive industries such as
textiles show the opposite pattern: the female share of employment fell when wages rose. In
the Philippines, feminization in the electrical and non-electrical machinery and equipment
took place as the average wage actually declined.
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machinery and equipment industry, which feminized over time. Feminiza-
tion also took place in other export-intensive industries that increased their
share of total exports such as food, beverages and tobacco and the rela-
tively male-dominated motor vehicles industry. The story is similar in Jor-
dan where the composition of exports shifted towards the apparel, leather
products and footwear and food, beverages and tobacco industries, which
also enlisted more women workers over time.

Indonesia, Sri Lanka and Egypt display negative coefficients for export
share with a one standard deviation rise in an industry’s export share leading
to a 13 per cent decline in the female share of employment in Indonesia and a
6 per cent decline each in Sri Lanka and Egypt. Indonesia and Sri Lanka are
both defeminizing countries in which manufacturing exports as a percentage
of GDP contracted over time, with the decline in Sri Lanka being as high as
10 per cent of GDP (see Table 2). Alongside this contraction, in Indonesia
the composition of exports shifted away from female-dominated industries,
such as apparel and textiles, and towards male-dominated ones, such as mo-
tor vehicles, which adversely affected the gender composition of employ-
ment. In Sri Lanka, female-intensive industries such as textiles, apparel,
leather products and footwear and electrical and non-electrical machinery
and equipment upgraded and defeminized even as their export shares de-
clined or stagnated from 2000 onwards. Egypt is primarily a commodity
exporting country in which the shares of the most important manufacturing
exports — textiles and apparel, leather products and footwear — have also
declined and feminized over time. This suggests that feminization may be a
strategy to stem the decline of competitiveness of the industry.

Industry-level Results

In order to identify the industry-level drivers of technological upgrading
and defeminization, we also pool data across countries and obtain long-run
estimates (based on Equation 6) for our key variables by industry following
the identical procedures as described earlier. We find evidence for serial
correlation in the wood and cork products industry and augment lags on
the regressors to eliminate it. For three industries, the assumption of slope
homogeneity across panels (countries in this case) was rejected using the
Hausman test and for those industries we present both the PMG and MG
estimates. The MG results apply. Table 5 presents the estimates.

In general, our analysis identifies eight industries as being important
drivers of defeminization through technological upgrading as well as two
that buck the trend. The results confirm our previous country level finding
that increases in labour productivity have a largely negative impact on the
female share of employment. On the other hand, the positive impact of
average wages or bargaining power on the female share of employment ap-
pears to be stronger at the industry rather than the country level, with seven
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industries displaying positive and three displaying negative coefficients.
Export share again appears as an important determinant of the female
share of employment across countries, with eight out of 11 statistically
coefficients displaying a positive sign and three a negative sign.

Four of the five industries that have been strategically important for
export-oriented industrialization in developing countries — namely food,
beverages and tobacco products; textiles; apparel, leather products and
footwear; and motor vehicles — display negative and statistically significant
coefficients for labour productivity. These four industries account for some
of the largest shifts in the female share of employment in our decomposition
analysis, and we can confirm here that technological upgrading is a critical
factor driving these shifts. Together, these four industries also accounted for
62 per cent of total female manufacturing employment across the sample
in 2013. The largest negative effects of labour productivity on the female
share of employment in the group come from food, beverages and tobacco
(-19.8 per cent) followed by apparel, leather products and footwear (-15.8
per cent). Other industries like paper and paper products and basic metals
too show sizable negative impacts of labour productivity. It is noteworthy
that the furniture and manufacturing (NEC) industry, which has a relatively
large average female share of employment of about 30 per cent across the
sample (see Figure 2), also displays a negative labour productivity coeffi-
cient.

In contrast, women are gaining from the positive impact of average real
wage or bargaining power on the female share of employment, most notably
in the paper and paper products, motor vehicles, basic metals as well as fab-
ricated metal products, which are relatively male-dominated. The closing
gender education and skills gap witnessed in many countries may account
for these effects though it should be noted that they coexist with the nega-
tive impacts of labour productivity growth. Moreover, in many of these in-
dustries the absolute number of women employed remains very low. For
instance, in 2013 there were approximately 248,000 women employed in
motor vehicles across the 12 countries (for which the regression analysis
was conducted) as compared to 1.89 million men, or a little over one-tenth.
In basic metals, this ratio is even more skewed with about 63,000 women for
1.43 million men, or 1/25th as many women as men. Women’s integration
into these industries is no doubt a positive development but the policy goal
should be to ensure that these gains are not undone as industries upgrade
technologically. This is also true for relatively female-intensive industries
such as food and beverages and textiles, which also display positive coeffi-
cients for real wages.

Across countries, employers also show a marked preference for female
labour when an industry’s share of exports increases, suggesting that female
labour remains an important source of export competitiveness. This is
likely due to closing education gaps, the persistence of universal gender
wage gaps but perhaps also because the ‘trope of productive femininity’
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(Salzinger, 2003) mobilized by firms to facilitate the hiring of women for
labour-intensive and export-oriented jobs has endured. Yet, this positive
impact also holds in industries with differing export intensities once the
(largely negative) impact of labour productivity is controlled for: some of
the largest positive effects are seen in furniture and manufacturing (NEC)
and fabricated metal products where average export shares are 3 per cent
and 1 per cent respectively as well as in textiles and apparel, leather products
and footwear where average export shares are 5.4 per cent and 16.7 per cent
respectively.

CONCLUDING REMARKS

This article examined gendered employment implications of structural
transformation and technological upgrading in manufacturing. We focused
on 14 countries that rely heavily on exports of labour-intensive and assem-
bly industries that have long provided strategic entry points onto global
markets. Six of these countries experienced the defeminization of manu-
facturing employment in recent years, defined in terms of falling shares of
female employment: Indonesia, Malaysia, Mexico, South Korea, Sri Lanka
and Taiwan (China). Our study addresses similar questions as prior studies,
using accounting decomposition methods to identify the drivers of changes
in female shares of manufacturing employment as well as econometric ana-
lysis to assess the gendered impacts of technological upgrading in manu-
facturing. To our knowledge, however, ours is the first study to apply either
of these methods at a detailed industry level, for 14 manufacturing indus-
tries. This enables us to have a more definitive sense of the relative impor-
tance of within-industry versus employment reallocation effects as well as
to identify the industry-level drivers of the negative relationship between
technological upgrading and women’s representation in manufacturing em-
ployment observed by prior studies. By conducting our regression analysis
using an ARDL model and pooled mean group estimator, we are able to esti-
mate long-run relationships between women’s representation in manufactur-
ing employment and technological upgrading as well as other key variables,
again a first in the literature to our knowledge.

Our study found that for 11 of these 14 countries, within-industry effects
are more important than employment reallocation effects in accounting for
changes in female shares of manufacturing employment, yet reallocation ef-
fects are nonetheless sizeable in a number of countries. We found negative
(statistically significant) relationships between technological upgrading and
female shares of manufacturing employment for eight countries, consistent
with the prior literature, and positive (statistically significant) relationships
for two countries. The decomposition analysis reveals that changes in female
shares of employment were driven predominantly by the same industries that
have driven export-oriented industrialization, namely, food, beverages and
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tobacco products; textiles; apparel, leather products and footwear; electrical
and non-electrical machinery and equipment; and motor vehicles. For these
strategic industries, the industry-level econometric analysis showed a nega-
tive (statistically significant) relationship between technological upgrading
and female shares of employment for food, beverages and tobacco products;
textiles; apparel, leather products and footwear (with the MG estimator);
and motor vehicles, and no positive (statistically significant) relationships.
At both the country and industry level, then, we observe that technological
upgrading is predominantly associated with the defeminization of manufac-
turing employment. Though beyond the scope of this article, it would be im-
portant for future research to understand what accounts for these differences
among countries and industries and the extent to which they are amenable
to policy intervention.

We observe not just relative but also absolute declines in the number of
women workers in Mexico, South Korea and Taiwan as well as in the textiles
and apparel, leather products and footwear industries in several countries.
With regard to the defeminization of manufacturing employment in the face
of technological upgrading, Barrientos et al. (2004: 5) write, ‘What explains
these trends and what happens to the women workers who lose or fail to find
jobs is obviously of considerable policy interest’. Our empirical approach
does not enable us to directly address this issue, but we close our discussion
by returning to Table 2 to provide broader country context for our findings.

The female employment-to-population ratio declined only in India and
Turkey, countries that experienced the feminization of manufacturing em-
ployment.21 This ratio increased in all other countries, both feminizing and
defeminizing, meaning that declines in the female share of manufacturing
employment in the six defeminizing countries went against the prevailing
current. Looking at female employment in the agriculture, industry and ser-
vice sectors as a share of total female employment, we observe composi-
tional shifts towards services in all 13 countries for which we have data and
away from agriculture in all but one country (Morocco). The contrasting
patterns of feminization and defeminization of manufacturing employment
we have observed thus occurred alongside these similar broad structural
shifts in women’s employment. Industry provides a more mixed picture, but
in general, these patterns are what we expect from processes of structural
transformation.

Vulnerable employment, defined as contributing family workers and
own-account workers, declined in all countries except for Sri Lanka. With
the exception of Sri Lanka, then, the defeminization of manufacturing
employment is consistent with an increase in the quality of employment by
this measure. Yet this measure sets the bar very low for job quality. While
not tracing the work transitions of individual women workers, the data

21. The female labour force participation rate also declined for India and Turkey as well as Sri
Lanka.
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presented in Table 2 is consistent with the view that women shifting from
manufacturing to service sector jobs did not generally find themselves in the
lowest tiers of service sector informal employment. Yet this tells us nothing
about how job quality and earnings changed for women shifting from paid
employment in manufacturing to services, especially in light of the prospect
of better manufacturing jobs resulting from technological upgrading. We
also observe that the ratio of female-to-male years of educational attainment
increased in all 14 countries, closing the gender gap in educational attain-
ment, and was 0.85 or greater in 10 of these countries as of 2010. While this
is a very imperfect measure of workplace skills in manufacturing, it does
not provide evident support for the notion that men are preferred in the face
of technological upgrading because of their greater skills.

The manufacturing sector tends to provide relatively good jobs in devel-
oping countries as well as ready job opportunities for less educated workers,
including those shifting out of agriculture, particularly when compared to
ICT-intensive service sector jobs. On these grounds and following from our
findings, we argue that a key policy objective should be for firms to retain
previously hired women workers in the face of technological upgrading, es-
pecially as upgrading enables firms to pay higher wages and improve job
quality more generally. Yet patterns of gender segregation matter too, and
it is also important to break down gender segregation so that more women
are hired in higher productivity and better paid, predominately male, manu-
facturing industries. Among the policies advocated to break down gender
segregation across sectors and occupations are social policies to encourage
girls and women to enter into traditionally male jobs and labour market poli-
cies to provide unbiased job evaluations and training, including continuing
vocational training (Borrowman and Klasen, 2017; EGGE, 2009).

DATA APPENDIX

UNIDO employment data refer to employees and exclude ‘home workers …
working proprietors, active business partners and unpaid family members’
(UNIDO, 2011: 33). In the process of data cleaning, we came across a num-
ber of implausible discontinuities in the UNIDO dataset, and we took care to
not evaluate changes over such discontinuities. We looked for such disconti-
nuities by evaluating annual growth rates for each industry in each country,
focusing on increases of 100 per cent or more and decreases of 50 per cent
or more. In some cases, such large changes are plausible as they are based on
small absolute numbers. Yet in other cases, there are large changes in a given
year across a number of industries, and these changes we did not evaluate.
See the notes in Table 2 in this regard. Given the need to maintain the full set
of industries over time for the decomposition analysis, we also occasionally
resorted to linear interpolations of missing or problematic data for individ-
ual industries, predominately for single years of data. Despite this, the data
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for Bangladesh and Egypt were too rife with discontinuities to adequately
address and data for Mexico were only available for the years 2003, 2012
and 2013. As such, results for these three countries must be viewed with
particular caution. Regarding price indices to deflate the value-added data,
these were not available in the UNIDO dataset for some industries for 11 of
the 14 countries, and so national data sources were used to fill in these gaps.
This enabled us to convert all value-added data to constant national currency
units at the industry level. Detailed documentation on all these procedures
are available from the authors upon request.

Table A1. Years of Data Used for Each Country

Bangladesh 1990–92, 1995, 1998, 2006, 2011
Egypt 1991–95, 1997–98, 2002, 2004–06, 2010–14
India 1993–2013
Indonesia 1993–96, 1998–2013
Jordan 1992–93, 1995–98, 2000–14
Malaysia 1990–97, 1999–2010, 2012, 2014
Mexico 2003, 2012–13
Morocco 1992–98, 2000–05, 2007–10, 2012–13
Philippines 1992–99, 2001, 2003, 2005–06, 2008–10, 2012–13
South Korea 1990–2012
Sri Lanka 1990–2001, 2007–12
Taiwan (China) 1990–2014
Turkey 1992–2001, 2003–14
Vietnam 1998, 2001–14
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Table A3. Variables in Regression Analysis

Variable Name Explanation Source

f Female share Female mfg. employment/Total
manufacturing employment

Calculated using
UNIDO (2017)

ξ Labour productivity Value added (VA)/Employment Calculated using
UNIDO (2017)VA is deflated to the year 2010 using

industry level producer price indices
obtained from country sources.

x Export share Exports/Total manufacturing exports
Three-digit level export data classified

according to SITC Revision 2 from the
UN’s Comtrade (2019) database is
converted to ISIC Rev. 3 using product
concordance tables to maintain
consistency with UNIDO data. As data
for Taiwan are not available on
Comtrade, we use Merchanse
Exports/GDP as the export share
variable instead.

Calculated using
Comtrade (2019);
For Taiwan, WTO
(2018) and IMF
(2018)

ω Real wages Real Wages and Salaries UNIDO (2017)
Wages and salaries are deflated to the year

2010 using industry level producer price
indices from country sources to obtain
the product wage.

y GDP per capita GDP per capita World Bank (2020)
In constant local currency units deflated to

the year 2010 using GDP deflators

Table A4. Summary Statistics for Long-run Estimations by Country

Labour productivity Average Real Wages
Share in Total
Exports (%)

Mean
Standard
deviation Mean

Standard
deviation Mean

Standard
deviation

Egypt 56,796 47,207 18,564 13,275 3.9 4.5
India 5,42,398 4,01,943 1,46,677 1,07,343 6.0 5.2
Indonesia 16,40,00,000 18,30,00,000 2,01,00,000 1,44,00,000 4.2 3.5
Jordan 13,706 11,273 3,092 1,783 5.7 7.4
Malaysia 1,01,046 86,752 27,614 14,730 5.6 12.5
Morocco 2,10,160 1,50,478 81,025 39,934 6.0 8.9
Philippines 5,56,233 4,15,568 1,38,275 71,016 6.0 14.8
South Korea 12,00,00,000 10,20,00,000 2,43,00,000 1,31,00,000 6.6 10.6
Sri Lanka 8,44,787 6,88,765 1,61,769 1,06,613 6.8 12.5
Taiwan (China) 10,07,687 6,26,225 5,97,693 4,05,885 43.6 7.5
Turkey 32,270 27,708 15,067 6,857 6.5 6.5
Vietnam 14,50,00,000 9,09,00,000 3,70,00,000 1,35,00,000 5.7 8.4

TECHNICAL APPENDIX

Decomposition analysis. The data used in the decomposition analysis of fe-
male shares of employment and labour productivity for manufacturing are
available annually. Note that we decompose annual growth rates of these
measures, which need to be calculated in discrete time. This is in contrast
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with Saraçoğlu et al. (2018), for example, who decompose differences in
female shares of manufacturing employment between period endpoints. In
their discussion of decomposition methods, Ocampo et al. (2009) present
a simplified algebraic presentation of the decomposition of labour produc-
tivity growth considering only two points in time, 0 and 1, which we have
noted is equivalent to the decomposition of the growth of female share of
employment by substituting value added for female employment in Eq. 2.
The growth rate of female shares of employment for any given industry be-
tween time 0 and 1 can then be expressed as follows:

� i =
(

1 + L̂i
)−1 (

F̂i − L̂i
)

As Ocampo et al. (2009: 54) point out, terms such as (1 + L)̂-1 are com-
monly referred to in the literature as ‘interactions’ arising from the discrete
measurement of time, and they are generally negligible.

The growth of female shares of employment for all manufacturing indus-
tries can be expressed in turn as follows:

� =
(

1 + L̂
)−1 ∑[

θ0
i
(

F̂i − L̂i
)

+ (
θ0

i − ε0
i
)

L̂i
]

This expression (Eq. 2) makes explicit the industry-level weights for the
distribution of female and total employment among manufacturing indus-
tries (given that θ0

i = F0
i/F0 and ε0

i = L0
i/L0). This provides us with the

within-industry and employment reallocation effects on the growth of fe-
male employment shares, as represented by the left-hand and right-hand
bracketed terms respectively.

In the above expression, reallocation effects are driven by shifts in total
(male plus female) employment. Though not used in our current analysis,
this can be rewritten so that reallocation effects are driven by shifts in female
employment as follows:

� =
(

1 + L̂
)−1 ∑[

ε0
i
(

F̂i − L̂i
)

+ (
θ0

i − ε0
i
)

F̂i
]

Econometric analysis. The PMG estimator is an intermediate estimator
in that it constrains long run coefficients to be equal but allows intercepts,
short run slopes and error variances to differ across entities, or industries in
our case (Pesaran et al., 1999). On the other hand, the less restrictive mean
group (MG) estimator allows variation across groups and calculates cross-
group coefficients using a simple arithmetic average but is quite sensitive to
outliers as a result (Pesaran et al., 1995). The choice of estimator depends
on whether the assumption of slope homogeneity across industries is a rea-
sonable one, which is assessed using a standard Hausman test. The PMG
estimator is preferable for our purposes because it is a consistent and effi-
cient estimator as compared to the MG, which is consistent but not efficient.
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We have 14 industries (N) and a maximum of 25 years (T) of data for
each country and although our N is small our T is relatively large for panel
data. The PMG estimator is consistent for small N and large T samples as
well (Pesaran et al., 1999: 627) while the MG estimator is consistent only
for large N and T. For some countries, gaps in the series shrink the number
of available years for estimation but Pesaran et al. (ibid.) demonstrate the
effective application of the PMG estimator to relatively small T as well.
There can be a downward bias in the size of the coefficients when T is small
but the PMG remains robust to outliers and choice of lag (ibid.). The models
are fit using a maximum likelihood procedure.
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