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ABSTRACT. The known in empirical economics question 

‘Why so Few? Why so Slow? Why so Low?’ refers here to the 
persistently small number of women involved in 
innovative activities, the slowness of change in the 
inequalities between women and men in these fields, and 
women’s continuing lower rank in business and academic 
positions. In developing countries, women`s labour and 
entrepreneurial activity remains an ‘untapped resource’ for 
economic growth. In recent years, the rising proportion of 
women participating in the labour market has drawn the 
attention of many scholars. This positive change towards 
mobilising previously unused human resources is 
perceived as one of the positive externalities enhanced by 
the seemingly boundless flow of information and 
communication technology. This research examines, from 
a macroperspective, the association between economic 
deployment of ICT, women`s labour market participation, 
and economic growth in 64 developing countries between 
1990 and 2017. We rely on the macrodata extracted from 
the World Bank Development Indicators (2018), the 
World Bank Enterprise Survey, the World Development 
Reports and the World Telecommunication/ICT 
Indicators Database (2018). Our methodological 
framework, in addition to standard descriptive statistics, 
combines time trends, graphical non-parametric analysis 
and  panel vector-autoregressive models. 

JEL Classification: O30, 
O40 

Keywords: ICT, female labour, women, developing countries. 

Introduction  

In the period under study here, 1990-2017, all the countries of the world experienced 
an unprecedentedly rapid diffusion of new information and communication technologies 
(ICTs). Even economically backward countries displayed significant increases in the adoption 
and use of ICT: at the turn of the 1990s the presence of ICT in developing countries was 
negligible, but by 2017 no less than 98% of their population had access to mobile cellular 
telephony (ITU, 2018), and even in the least developed countries this share exceeded 70%. 

Lechman, E. (2019). Still ‘few, slow and low’? On the female dimension of 
technology, labour markets and economic activity: Evidence for the period 
of 1990-2017. Economics and Sociology, 12(1), 11-38. doi:10.14254/2071-
789X.2019/12-1/1 
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Meanwhile, that same year 48% of the people in the developing world were using active 
mobile broadband networks, gaining unlimited access to all types of knowledge and 
information. This revolutionary change is certainly generating more profound changes in 
these economies and societies. The arrival of ICT and the start of its worldwide diffusion in 
the early 1980s gave rise to various social and economic changes, owing mainly to the unique 
characteristics of the technology. ICTs are recognised as general purpose technologies (GPTs 
– Bresnahan and Trajtenberg, 1995), meaning that they are ‘enabling technologies’ and that 
their adoption offers practically unlimited opportunities -- socially, institutionally and 
economically. They trigger profound changes and structural shifts. ICTs create a series of 
different networks (Shapiro and Varian, 1998; Valente, 1996; Castells et al., 2009), which 
enhance the exchange of information and knowledge and reshape the way people 
communicate and run their businesses. In economic terms, this means that the growing 
number of interpersonal links potentially translates into real gains by mobilising unused 
financial or labour resources. To some extent, the widespread deployment of ICT may 
gradually eradicate various forms of exclusion – social, economic, institutional, even political.  

In the majority of developing economies women constitute an economically 
disadvantaged group. They are exposed to extreme poverty, suffer from low literacy rates, 
poor access to healthcare and education and also barriers in entry to formal labour market, as 
they are usually unpaid and unregistered workers. They are left behind, their economic 
potential remaining unused. Traditional societies tend to limit their economic and social 
mobility. Persistent religious and other prejudices continue to exclude female population from 
many social and economic activities. This constitutes a significant constraint on economic 
growth and development, and in fact in these countries women now represent untapped 
resources (Fielden et al., 2000; Andersson & Hatakka, 2017). In many cases economic and 
social empowerment of women becomes a key to the implementation of various antipoverty 
programmes and plans to accelerate economic growth (see, for instance, Hafkin and Huyer, 
2006; Islam, 2015; Afrah and Fabiha, 2017; Bandiera et al., 2017). As ICT has quickly 
become one of the key factors in national economies as in the global economy as such, it 
arguably offers women broad opportunities for empowerment. ICT may help women to gain 
literacy, education and professional training, skills that would enable them become active 
participants in the formal economy (Afshar, 2016; Cornwall, 2016). Ready activation of ICT 
helps women access healthcare systems and financial services, become economically engaged 
(Buvinic & Furst-Nichols, 2014; Kabir, 2016; Kabeer, 2017).  

This study augments our knowledge in two ways. First, it documents major changes in 
women empowerment that have taken place, using seven indicators of participation in 
economic life: namely, female employment in agriculture, female youth employment rate 
(ages 15-24), female self-employment, female vulnerable employment, female wage and 
salaried work, female contributing family workers and female labour force (as the share of the 
total labour force). Additionally, we consider girls’ share in secondary school enrolment as 
the indicator of access to education. Second, we relate women empowerment to ICT 
deployment – approximated by the share of population using the Internet. Our major objective 
is to determine whether variations in women empowerment and in ICT use are correlated. Put 
differently, this study examines – from the macroeconomic perspective – changes in women’s 
labour market participation in the context of expanding use of ICT in the economically 
backward countries. The sample encompasses 64 low- and lower-middle-income economies 
in the period from 1990 to 2017. All the statistical data are derived from the World 
Telecommunication/ICT Indicators Database 2016, the World Development Indicators 2017 
and the International Labour Organization database 2017.  

This paper comprises six logically structured sections. Section 2 below contextualises 
the research, presenting the main arguments and briefly reviewing the related literature. 
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Section 3 describes the research method, while Section 4 discusses the data used for the 
analysis. Section 5, entirely empirical, sets out the results of the numerical analysis and 
interprets and discusses the outcomes. Section 6 concludes.  

1. Context and Background 

The question ‘Why so Few? Why so Slow? Why so Low?’ in the influential work of 
Ranga & Etzkowitz (2010) referred to the persistently small number of women involved in 
innovative activities broadly defined, the slowness of change in the degree of inequality 
between women and men in these fields and women’s generally lower rank in business and 
academic hierarchies. Here we can see the straightforward relationship between women`s 
socio-economic empowerment and their engagement in the formal labour market and 
business. Needless to say, especially in developing countries women`s labour and 
entrepreneurial activities still remain an ‘untapped resource’ for economic growth and 
welfare. In recent years, the rising proportion of women in the labour market has drawn the 
notice of many scholars (Gaddis & Klasen, 2014; Verick, 2014; Tsani et al., 2015; Allen and 
Truman, 2016; Drucker, 2017). This new mobilisation of unused human resources is 
perceived as one of the positive externalities produced by the massive introduction of ICTs, 
which as general purpose technologies (Bresnahan & Trajtenberg, 1995) have a profound 
impact in all spheres of social and economic life. ICTs can be seen as unlocking the potential 
of women in general; more in particular they contribute, directly and indirectly, to women`s 
greater engagement in generating national output (through such means as higher labour force 
participation, self-employment, and leaving the informal sector). ICTs are known to make it 
easier to overcome various gender-specific constraints on entrepreneurial behaviour, such as 
lack of education and experience, high rates of involvement in unpaid family work and/or the 
informal economy, and limited ability to acquire financial assets. From now on there is no 
neglecting the role of ICT in fostering women`s entrepreneurial attitudes (Kaur, Lechman & 
Marsz, 2017). ICTs are pervasive cutting-edge technologies that produce profound shifts and 
transformations in societies and economies. ICT, as an emerging techno-economic paradigm, 
has given rise to organisational and institutional change. Many claim that ICT was the prime 
catalyst of globalisation, making possible the incredibly rapid spread of information and 
knowledge and facilitating interpersonal communication between distant agents. Due to its 
disruptiveness and pervasiveness, ICT’s effects cut across all sectors of the economy, bypass 
socio-economic systems and bring long-term productivity gains (Jovanovic & Rousseau, 
2005). That is, ICTs are held to be general purpose technologies (Bresnahan & Trajtenberg, 
1995).  GPTs are ‘prime-movers’ of the economy; they produce positive externalities and 
welfare, but only if their diffusion is not restricted by the institutional framework or the 
inability of economic agents to absorb them. GPTs pave the way ahead and open up new 
opportunities: ‘as GPTs appear […] there is a spell of growth, with rising output, real wages, 
and profits’ (Helpman & Trajtenber, 1996, p.4). Gregory Clark writes that ‘…the biggest 
beneficiary of the Industrial Revolution has so far been the unskilled…’ (Clark, 2008, p. 3). 
Recently, there has been widespread recognition of the opportunities that ICTs offer to 
developing economies, with emphasis on their special importance when deployed in low-
income and economically marginal societies. Perez and Soete (1988) say that ICTs are the 
windows of opportunity by means of which developing societies and economies are 
influenced, through various channels. The prime attribute of ICTs is their enablement of 
widespread communication and rapid and easy access to information and knowledge, critical 
prerequisites for long-term socioeconomic development (Hanna et al., 1995). Above all, ICTs 
may directly affect social and economic development by mobilising resources and reinforcing 
market activities. By allowing better access to financial markets (as via e-finance and mobile 
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finance), ICTs foster the mobilisation of savings and provide opportunities to convert it into 
investment, which has long-term positive consequences for market activity and economic 
growth. At the same time ICTs facilitate greater mobilisation of the labour force, with 
multiple consequences. First, increased participation in formal labour markets provides a solid 
base for earning regular income. This moves people out of the subsistence economy, 
gradually alleviates poverty and reduces vulnerability to risk and external shocks. There is no 
question that greater engagement in labour markets, both through salaried employment and 
through small business start-ups, produces economic gains and allows for the gradual 
eradication of various forms of deprivation. Higher participation in the labour force is very 
likely to be the first, most important step for developing countries to exploit the full potential 
of ICT. Its deployment permits timely access to information, helping to overcome one of the 
fundamental barriers to the effective functioning of the market, namely information 
asymmetries. Combined appropriately, these two elements – shifting labour force 
participation and removing constraints on information access – lead to increases in the 
number of transactions, enable participation in global markets, reduce transaction costs and 
ensure worldwide visibility, all of which in the longer run offers better prospects for 
economic growth and development. Indirectly, ICTs may foster socioeconomic development 
though better access to education and knowledge, better and more effective healthcare 
systems (mainly e-health and telemedicine) and so-called e-government. All of these 
developments make for significant growth in human capital and skills, contribute to social 
cohesion, enhance the empowerment of all social groups (e.g. indigenous peoples), and ensure 
transparency and political inclusion. Obviously, the effect of ICTs on education and 
healthcare systems is qualitative in nature; the real gains emerge progressively in the form of 
social and economic advance. One of the most serious problems for economically backward 
countries is low female participation in the formal market economy, i.e. in the job market and 
entrepreneurial activities. Women`s relatively low rate of economic activity may be the direct 
effect of poor education, poor skills and illiteracy. Women in developing countries are often 
deprived of access to the financial system; they have no permanent income from contracted 
work. In traditional societies, a whole series of social or religious norms and attitudes often 
consign the female population to the status of ‘hidden and usually unpaid’ labour. Women are 
exposed to extreme poverty and often denied basic rights. In fact, to a great extent women in 
developing countries constitute an unused labour force, which may significantly impede 
national growth and development. According to World Bank estimates, for instance, in Africa 
almost 65% of the women outside agriculture are self-employed. Unfortunately, they tend to 
be engaged in informal home-based businesses, mostly in traditional activities, which usually 
require less seed capital and less experience, and accordingly yield lower returns and benefits. 
Although various studies have found a growing number of women worldwide who operate 
their own businesses, there are a number of regional and national determinants of female 
labour market participation. Evidently, in economically backward countries the main factor 
impelling women to set up their own businesses and become engaged in the formal labour 
market is necessity, not opportunity. In the absence of alternative ways of supplementing 
household income, entrepreneurship or self-employment is the only viable option. 
Additionally, women who want to engage in economic activity face various gender-specific 
constraints, such as barriers to education and lack of the combination of relevant education, 
professional skills and work experience, which may be a severe handicap not only in seeking 
decently paid jobs but also in forming businesses of their own. Additionally, especially in the 
less advanced countries, restricted access to technology and difficulty in financial market 
participation (‘financial exclusion’) are heavy barriers for women seeking to escape 
vulnerable, low-paid and indecent employment (Beneria et al., 2015). Moreover, in these 
countries women entrepreneurs mostly run home-based businesses in traditional, often 
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informal, sectors, which are characterised by low effective demand, low profits and high 
exposure to risk and external shocks (Pryer, 2017). In developing countries, a significant 
share of women are ‘just’ inside workers. They are highly vulnerable, suffering from poor 
education and permanent material and institutional exclusion (Klasen et al., 2015). Verick 
(2018) claims that with respect to developing countries, the issues related to women 
participation in labour market are far more complex than, for instance, in high-income 
economies. He argues that due to various social and educational constrains girls and then 
adults are simply deprived from unbounded access to labour activities. He also raises that the 
simple and well-established relationships between female labour participation and e.g. 
economic growth that seem to be the U-shaped relationship, do not appear in low income 
economies. Similar claims may be traced in Lindio-McGovern and Williamann (2016) or 
Sachs (2018) where they argue that the problem of marginal women engagement in formal 
economic activities is especially sever in rural areas, where girls are simply denied to attend 
school and then ‘condemned’ to become unpaid family worker. In Klasen (2018 and 2018a), 
we find more arguments and explanation of female exclusion in labour market. He turns to 
show that social values and norms, structure of national economy but also state political 
regimes in developing countries can effectively hinder women participation on value added 
creation. In the same vein, in reference to Mexico, we find evidence in Ortiz and Pillai (2019).  

2. Methodological approach 

Our empirical strategy combines different analytical techniques that reveal the key 
features of the variables and the relationships among them. In addition to standard descriptive 
statistics, our methodological framework combines time trends, graphical non-parametric 
analysis and panel vector autoregressive modelling techniques.  

First, we use density curves plotted by adopting non-parametric estimation of 
probability density functions of the form 𝑓(𝑥) =  𝑑𝑑𝑥 F(x),                                                                                                                       (1) 

where F(x) represents the continuous distribution of random variable X. Density 
curves generated by the kernel density estimator are continuous and show an ‘empirical’ 
distribution of variables. To estimate the density of f(x), we use its discrete derivative, so the 
kernel estimator takes the general form:  𝑓`(𝑥) = 1 𝑛ℎ  ∑ 𝑘𝑛𝑖=1  (𝑋𝑖− 𝑥ℎ ),                                                                                                      (2) 

where k(u) is a kernel function that satisfies ∫ 𝑘(𝑢)𝑑𝑢 = 1∞−∞ . In our case 𝑓`(𝑥) shows 

the percentage of observations located near 𝑥. If these are very numerous, then 𝑓`(𝑥) is large; 
otherwise it is small. The specific kernel functions represent in-time changes in the 
distribution of each variable examined and allow for a preliminary pattern analysis.  

Next, to reveal the statistical relationships between consecutive pairs of variables, we 
adopt a locally weighted polynomial smoother, which is a nonparametric method that 
graphically fits the curve displaying the relationship between two variables. This useful 
method is widely employed, as it allows one to relax the rigid assumptions of conventional 
parametric analysis, so that no assumption regarding the form of the relationships is made. A 
great advantage of using the locally weighted scatterplot smoothing method (LOWESS) is 
that it is outlier-resistant, introducing  no disturbances in results. Following Cleveland (1979), 
we approximate a function with the general form: 𝑓(. ),                                                                                                                                          (3) 

assuming that all the errors 𝑒𝑖 generated by the model are equal to zero. Having 
defined 𝑥𝑖 as one of the covariates, we can estimate 𝑓(. ) by using the multivariate polynomial 
form, where the respective 𝑥𝑖 are chosen to extrapolate: 
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𝑦𝑖 = 𝑓(𝑥𝑖∗),                                                                                                                               (4) 

if 𝑖 = 1, … … 𝑘, in the 𝑘-nearest neighborhood of 𝑥∗, with the underlying assumption 
that 𝑓 is a locally smooth function.  

Furthermore, to examine potential quantitative relationships arising between the 
variables, we use panel model regressions and panel vector autoregression models (PVAR).  

First, we try a fixed effects regression, which yields 𝜑𝑖𝑦 =  𝛼𝑖 +  𝛾1𝑥1𝑖𝑦 + ⋯ +  𝛾𝑛𝑥𝑛𝑖𝑦 +  𝜀𝑖𝑦 ,                                                                              (5) 

where 𝑖 denotes the country and 𝑦 the year. Eq. (8) can be reformulated by introducing 
country dummies: 𝜑𝑖𝑦 =  𝛼𝑖 +  𝛾1𝑥1𝑖𝑦 + ⋯ +  𝛾𝑛𝑥𝑛𝑖𝑦 +  𝛿2𝐶2 + ⋯ + 𝛿𝑛𝐶𝑛 + 𝜀𝑖𝑦 .                                            (6) 

In Eqs. (5) and (6), i denotes unobserved and time-invariant fixed effects, 𝛿𝑛 is the 
coefficient for binary country regressors, 𝐶 is the country dummy and 𝑛 the number of 

countries. For Eqs. (5-6) to satisfy the exogeneity assumption, we assume that 𝐸(𝜀𝑖𝑦 𝑥𝑖𝑦,𝛼𝑖) = 0 , if 𝑥𝑖𝑦 stands for the explanatory variable. To confirm the adequacy of the fixed 

effects regression, we perform a Hausman test (Maddala and Lahiri, 2009), which verifies the 

null hypothesis 𝐻0: 𝑐𝑜𝑣 (𝛼𝑖 , 𝑥𝑖𝑦) = 0 if a random effects regression is asymptotically more 

efficient than a fixed effects regression; otherwise fixed effects regression is more suitable. If 
the random effects model proves to be more appropriate, we estimate 𝜑𝑖𝑦 =  𝛾0 +  𝛾1𝑥1𝑖𝑦 + ⋯ +  𝛾𝑛𝑥𝑛𝑖𝑦 +  𝛼𝑖 +  𝜀𝑖𝑦 ,                                                                    (7) 

with notation analogous to Eqs. (5-6). As the name implies, random effects models 
assume that variation across countries (or other entities) is random, and hence not correlated 
with the explanatory variables. 

Technically, a panel VAR model is constructed with the same logic as a standard VAR 
but with an added cross-sectional dimension. Suppose we have a cross-section of 𝑌 sets of 
units (say, countries) and we presume that these are linked to each other. For each 𝑦-unit, we 
consider a set of 𝑋 economic variables over time. By definition in a panel VAR all the 
variables are endogenous, so each is assumed to depend on its own lagged values plus those 
of all the others in the model (Dées & Guntner, 2014). Considering that a panel VAR model 
also accounts for the cross-sectional dimension, its equation has the general form (Dées  & 
Guntner, 2014) 

𝑦,𝑡 = 𝑦 + 1,𝑦𝑡−1 + ⋯ + 𝑝,𝑦𝑡−𝑝 + 𝑒𝑦,𝑡  if 𝑦 = 1, … … . , 𝑌.                                          (8) 

In Eq. (9), 𝑦,𝑡 denotes the (𝑋 × 1) vector of endogenous variables for the 𝑦-unit 

examined; 𝑡 is time and 𝑝 the lags of the endogenous variables. 𝑡 = (1,𝑡` , … , 𝑁,𝑡` ) stands for 

the (𝑌 ∙ 𝑋 × 1) vector of 𝑦,𝑡 if 𝑦 = 1, … … . , 𝑌. 𝑗,𝑦, 𝑗 = 1, … … , 𝑝, 𝑦 = 1, … . . , 𝑌, represents (𝑋 × 𝑌 ∙ 𝑋) matrices of the slope coefficients of the endogenous variables, 𝑦 is the (𝑋 × 1) 

vector of intercepts and 𝑒𝑦,𝑡 stands for the (𝑋 × 1) vector of contemporaneously correlated 

reduced-form coefficients (Dées  and  Guntner, 2014; Abrigo  and  Love, 2016). 
However, 𝑡, which represents a (𝑌 ∙ 𝑋 × 1) vector, may depend on the exogenous 

variables selected, defined as a (𝑍 × 1) vector – for this, see the pioneering work of Ramey 
and Shapiro (1998). The exogenous variables that  may be included in the model as additional 
determinants of 𝑡, are – by definition – independent of the lagged values of 𝑡. 

The panel VAR model augmented with a set of exogenous variables (PVARX) has the 
general form 

𝑦,𝑡 = 1𝑦 + ∑ 𝑙,𝑦𝑡−𝑙 + ∑ 𝑙`,𝑦𝑡−𝑙` + 𝑒1𝑦,𝑡𝑞𝑙`=0𝑝𝑙=1 ,                                                          (9) 

where 𝑡 = 2 + ∑ 𝑙𝑡−𝑙 +𝑝𝑥𝑙=1 𝑒2,𝑡.                                                                                   (10) 
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In Eq. (10) 𝑙`,𝑦, 𝑙` = 0, … …, , are (𝑌 ∙ 𝑋 × 𝑍) matrices of the coefficients of the 

exogenous variables, 𝑞 represents potential lags of the exogenous variables, and 𝑒1𝑦,𝑡 and 𝑒2,𝑡 

should be uncorrelated. By estimating Eqs. (10-11), we generate a system of simultaneous 
equations where each successive equation contains 𝑊 = 𝑌 ∙ 𝑋 ∙ 𝑝 + 𝑍 ∙ (𝑞 + 1) + 1 estimated 
coefficients including the intercept; and the total number of coefficients generated by all the 
equations in the system amounts to  𝑌 ∙ 𝑋 ∙ 𝑊. In this study we are dealing with a strongly 
balanced panel. Accordingly, in order to estimate the panel VARX models we use a GMM 
estimator (Canova & Ciccarelli, 2013), and in this procedure we estimate consecutive 
equations in the system, instrumenting lagged differences with the differences and levels of 

𝑦,𝑡 from the previous periods (Anderson  and  Hsiao, 1982; Hayakawa, 2016). Based on the 

GMM estimates, Wald tests can be conducted to verify the null hypothesis that one variable 
does not Granger-cause another (Granger, 1980). Typically, the estimation of consecutive 
panel VARX models is preceded by specifying an optimal lag order (Abrigo & Love, 2016). 
As Andrews and Lu (2001) suggest, the model selection criteria (MSC) are commonly used 
standards such as the Akaike information criteria (AIC) (Akaike, 1969), the Bayesian 
information criteria (BIC) (Akaike, 1977; Schwarz, 1978) or the Hannan-Quinn information 
criteria (HQIC) (Hannan & Quinn, 1979). To select the appropriate number of lags in our 
panel VAR models, we follow the Moment and Model Selection Criteria (MMSC) suggested 
by Andrews and Lu (2001). We assume an 𝑥-variate panel VAR of order 𝑝, sample size 𝑛, 
and 𝑞 lags of the dependent variables, where 𝐽𝑛(𝑥, 𝑝, 𝑞) is the Hansen 𝐽 statistic of over-
identifying restrictions (Hansen, 1982). We choose the pair of vectors (𝑝, 𝑞) that minimises 
the following: 𝑀𝑀𝑆𝐶𝐴𝐼𝐶,𝑛(𝑥, 𝑝, 𝑞) = 𝐽𝑛(𝑥2𝑝, 𝑥2𝑞) − 2𝑘2(|𝑞| −  |𝑝|),                                                        (11) 𝑀𝑀𝑆𝐶𝐵𝐼𝐶,𝑛(𝑥, 𝑝, 𝑞) = 𝐽𝑛(𝑥2𝑝, 𝑥2𝑞) − (|𝑞| −  |𝑝|)𝑘2 ln 𝑛,                                                  (12) 𝑀𝑀𝑆𝐶𝐻𝑄𝐼𝐶,𝑛(𝑥, 𝑝, 𝑞) = 𝐽𝑛(𝑥2𝑝, 𝑥2𝑞) − 𝑅𝑘2(|𝑞| −  |𝑝|) ln ln 𝑛.                                         (13) 

Note that the pair of vectors (𝑝, 𝑞) that minimises the criteria defined in Eqs. (13-15) is 
only available if 𝑞 > 𝑝. These information criteria (Eqs. 11-13) consist of a vector that 
minimises the modified AIC(MAIC), the modified BIC (MBIC) and the modified QIC 
information criteria (MQIC), which, conversely to the conventional information criteria based 
on the normal likelihood function, are calculated using a quasi-likelihood function 
(McCullagh  and  Nelder, 1989). Additionally, for model selection the coefficient of 
determination (CD) may be used, which captures the proportion of the total variation 
explained by the specific panel VAR model (Abrigo and Love, 2016). In contrast to the 
information criteria, the maximum value of the CD is considered to indicate the optimum 
number of lags. To conclude, the length of the lag in the panel VAR model should be chosen 
by maximising the CD and minimising the MAIC, MBIC and MQIC. If the results are 
inconclusive, then, as Ng and Perron (2001) suggest, the MAIC criterion should be 
considered. As for model validation and to draw valid conclusions basing on the selected 
PVAR models, we adopt impulse-response function (IRF) to know the response of one 
variable to an impulse of another variable. To solve these issues, using the causal ordering, 
the orthogonal zed impulse-response function is estimated and plotted (Becketti, 2013). Prior, 
to impulse-response function estimates, we check for the stability condition of the estimated 
panels and forecast-error variance decomposition. To ease interpretation, the stability 
condition is visualized using roots of the companion matrix that allows for fast check if given 
panel satisfies or not the stability condition (Aknouche, 2007; Abrigo & Love, 2016a). In the 
paper we decide to adopt the panel vector-autoregression modelling, which so far has been 
relatively rarely used in macroeconomic studies. Some more recent examples of this method 
usage may be traced in works of, inter alia, Gnimasoun and Mignon (2016), Aminsano and 
Geweke (2017), Koop (2017), Sigmund et al. (2017) or Thach and Oanch (2018). Surely this 
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method has certain advantages and limitations as always when qualitative in nature process 
are intended to be captured in numbers. One of the greatest advantages is that panel 
autoregression modelling approach allows for identifying dynamic interdependencies among 
variables. It additionally allows determining the spatial heterogeneity of objects and tracing – 
at least in statistics – how changes in one variable may potentially affect changes in other 
variables across spatially dispersed and heterogenic units (e.g. countries) (Bagliano & 
Morana, 2009; and Canova & Ciccarelli, 2013). Moreover as claimed by scholars, the use of 
this approach allows for identifying shocks impact on macroeconomic process. Still, one of 
the drawbacks of the use of panel vector autoregression models is that estimated parameters 
are hard to interpret directly, which implies – in some cases, relatively weak value for, for 
instance, policy recommendation.  

3. The data 

This study focuses on economically backward countries, for which we aim to identify 
correlations between women’s economic activity and the use of ICT. We have selected 64 
countries (see Table 1 in the Appendix) classified by the Word Bank as low-income (per 
capita GNI at most $995) or lower-middle-income (per capita GNI $996-$3,895).1 The period 
examined is 1990-2017, although for some countries the time series is shorter. We selected 10 
variables for investigation. First is Internet Users (IUy,t), the share of a country’s population 
that uses the Internet. This variable includes both estimates and data on the proportion of the 
population using the Internet, based on national household surveys (the number should reflect 
the total population of the country, or at least individuals aged 5 and older; see the definition 
in WTI, 2016). These data are derived from the World Telecommunications/ICT Indicators 
database 2017. We use 7 different indicators of women`s participation in economic activities:  

 Female employment in agriculture as share of total female employment (Agricy,t); 

 The female youth employment rate (the percentage of women aged 15-24 who are 
employed (Empl15-24y,t); the International Labour Organization generally considers ages 
15-24 to be the youth population; 

 Female self-employment as share of total female employment (Selfy,t); 

 Female vulnerable employment as share of total female employment (Vulnery,t); 

 Female wage and salaried workers as share of total female employment (Wagey,t);  

 Female contributing family workers as share of total female employment (Familyy,t); 

 Female labour force as share of total labour force [Labory,t).   
All these statistics are extracted from the International Labour Organization ILOSTAT 

database (retrieved in November 2017), and basically they rely on modelled ILO estimates. 
According to the ILO (2013), self-employed workers are those who work on their own 
account or with one or a few partners or in cooperatives; their remuneration depends directly 
on the profits generated by the business they run. The category includes employers, own-
account workers, members of producers’ cooperatives and contributing family workers. The 
term ‘vulnerable employment’ refers to family workers and own-account workers who are 
usually employed ‘under relatively precarious circumstances. … [B]ecause contributing 
family workers and own-account workers are less likely to have formal work arrangements, 
access to benefits or social protection programmes and are more “at risk” to economic cycles, 
these are the statuses categorized as “vulnerable”’ (ILO 2013, p.28). We also use the indicator 
‘contributing family workers,’ which covers those who are own-account workers and 
contribute to a ‘market-oriented establishment’ that is run by another person living in the 
                                                 
1 See: https://blogs.worldbank.org/opendata/new-country-classifications-income-level-2018-2019 [accessed: Aug 
2018]. 
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same household but cannot be considered a business partner because their commitment to the 
operation of the business is ‘too low compared to the head of the firm’ (see the ILO Current 
Guidelines2). Next, the term ‘wage and salaried workers’ refers to those who hold the type of 
jobs defined as ‘paid employment jobs’ and hold employment contracts. The last indicator 
shows the extent to which women are active in the total labour force. Additionally, we use 
two other indicators Female secondary school enrolment as a share of total school enrolment 
(SchoolSecy,t) and GDP per capita, PPP (constant 2011 international $) (GDPy,t). These 
statistics are derived from the World Development Indicators 2018 database. 

4. Empirical evidence 

4.1. Graphical evidence 

We start our discussion on the interrelationships between ICT diffusion and women’s 
economic empowerment by tracing the general trends in the variables examined. Figure 1 
tracks all the variables from 1990 to 2017 and displays the general tendencies observed in 
developing countries. Figure 2 shows the correlations between ICT penetration rates and all 
the other variables. Additionally, the figure in Appendix 2 gives the density of the variables 
and changes in their distribution. The lines represent the values for 1990, 2000 and 2017. The 
trends in the average values (Figure 1) reflect significant changes in the Internet penetration 
rate – an increase of 25 percentage points – and in secondary school enrolment – an increase 
of 30 percentage points. Meanwhile, significantly, average GDP per capita almost doubled. 
Bearing in mind our main hypothesis of an impact of new technologies on changes in 
women’s economic activity, we expect to find declines in female employment in agriculture, 
women contributing family members, women in vulnerable employment and/or self-
employed, and females aged 15-24 in employment. And in fact we do observe decreases in all 
these variables between 1990 and 2017, the sharpest falls coming  in agricultural and youth 
employment (in both cases, -15 percentage points). Women’s engagement in agricultural 
work plunged drastically in several countries: for instance, Burkina Faso (from 90.6% to 
19.8%), Papua New Guinea (from 68.8% to 15.4%) and Lesotho (from 51.2% to 4.5%). In a 
few others the decreases amounted to about 25%. The share of women engaged in the 
agricultural sector did rise in 12 countries but insignificantly. The trends in the share of 
women working as contributing family workers, self-employed, and in vulnerable 
employment are similar. Although developments vary among countries, in the vast majority 
these indicators trended downward. Another interesting observation is that for four variables 
characterising female economic activity, until 2000 the trends are somewhat positive – in 
particular, see the share of women family workers, but all four variables began to decline 
from 2000 onward, demonstrating relatively rapid change in women’s economic activity. 
Along with this, we find changes in women’s engagement in formal labour market activities. 
Although the change is slight, it is positive. Women’s share in the total labour force rose from 
an average of 41% to 42.4%. The most significant shifts are in Benin, Bangladesh, Ivory 
Coast, Mali, Nigeria, Nepal, Sudan and El Salvador, where the share of women in the total 
labour force grew by approximately 7 percentage points. However, in some economies the 
tendency was the opposite, with the proportion of women in the labour market stagnating or 
even falling. This was the case, for instance, in such economies as Burkina Faso, Kyrgyzstan, 
India and Myanmar, where the female labour force share decreased by around 2-3 points. 
Finally, the last very positive change in the developing countries examined is a rise in 

                                                 
2 See: https://www.ilo.org/global/statistics-and-databases/statistics-overview-and-topics/status-in-
employment/current-guidelines/lang--en/index.htm [accessed: Aug 2018].  
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women`s engagement in wage and salaried work, which rose on average from 25.5% to 
30.6%, with the most significant increases in Cambodia (from 3.8% to 42.3%), Myanmar 
(from 11.2% to 36.7%) and Vietnam (from 12.3% to 35.8%). These data suggest a very 
significant shift on the part of women from the informal to the formal sector, transitioning 
from self-employment or vulnerability to contracted and more stable jobs. However, there are 
also contrary cases, such as Morocco with a 17.3-point  drop and Georgia with one of 23.9 
points, plus eight other countries. This variable thus rose in 54 countries of the full sample of 
64. Next, for the same period (1990-2017) we compare changes in each of the female-related 
variables examined with ICT penetration rates. Figure 2 visualises the correlations between 
consecutive pairs of variables. A first look reveals relatively irregular patterns, low 
correlations between the variables. Graphically, there is a positive and relatively strong 
correlation between per capita GDP and Internet penetration rates. The correlation coefficient 
is about 0.6 and is statistically significant. This result may reflect indirect causality between 
growth in ICT deployment and economic growth, as many claim. Next, the relationship 
between growth in ICT use and female secondary school enrolment is similar in direction and 
strength, which again might support the supposition that ICT boosts educational 
opportunities, if only indirectly. On the whole, girls’ secondary school enrolment rose 
massively in the countries studied: in Bhutan from 20.7% to 87.8%, in Bangladesh from 
42.2% to 72.5%, and in Tunisia from 39% to 97.8%. This is a positive change, allowing girls 
to stay in school instead of entering the labour market as unskilled workers at permanent risk 
of vulnerability. Better education, narrowing the school gender gap, at least partially redresses 
the inequality in economic opportunity between men and women. If young women can attend 
high school, they automatically enter the labour market older and better qualified. This view 
is supported by the data on female youth employment ratios (ages 15-24), which declined on 
average by 4.5 percentage points, indicating a general trend of decreasing participation in 
economic activity by young women, hopefully paving the way to a broad improvement in the 
condition of women in developing countries. The largest declines in young women’s labour 
market participation are observed in Burundi, Burkina Faso, Djibouti, Laos, Myanmar and 
Vietnam. In the remaining cases, the relationships between ICT deployment and the variables 
proxying for women’s engagement in economic activity are negative and relatively weak. The 
correlation coefficients between Internet penetration rates and the shares of women working 
in agriculture, self-employed or vulnerable are -0.33, -0.37 and -0.36 respectively. These 
results show that during our sample period growing access to and use of ICT was 
accompanied by a declining share of women engaged in activities exposing them to high risk 
or characterised by low effective demand and low profits. Decreases in the share of women in 
vulnerable employment would seem to be of critical importance. The sharpest decreases are 
found in Cambodia (down 38 percentage points), Myanmar (26 points), and Vietnam (25 
points), followed by Bangladesh, Djibouti, Uganda, Haiti, Kyrgyzstan and Mongolia, all with 
declines of around 15 points. However, a few of our sample countries also showed a rising 
share of women in vulnerable employment, but happily these increases were generally slight, 
except for Georgia, where the share rose by 23 points. Looking more closely at the data on 
women’s self-employment, we see that it coincides quite well with vulnerable employment. In 
fact the correlation coefficient between these variables is 0.99: that is, being self-employed in 
an economically backward country ‘automatically’ makes women vulnerable in the labour 
market. Vulnerable workers are permanently exposed to a high risk of losing their job, they 
usually work in the informal economy with no contract and they ordinarily lack social and 
legal protection. Turning to the correlation between ICT deployment and the share of women 
working as contributing family workers, we observe that it is relatively weak, with a 
coefficient of -0.16. In the full sample, the average fall in the share of the female population 
working as contributing family workers decreased by only 2.8 percentage points, which is not 
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a significant change. On the one hand, in several countries there were massive declines, as in 
Mongolia (down 43 points), Vietnam (40 points), Rwanda (34 points) and Myanmar (37). In a 
number of other economies, however, the indicator rose significantly, such as Tunisia (50 
points) and Nepal (48 points), to cite two. 

 

 
Figure 1. Changes in the averages of IUy,t, Agricy,t , Empl15-24y,t , Selfy,t , Vulnery,t , 

Wagey,t , Familyy,t, Laboryy,t,  SchoolSecy,t and GDPy,t . 1990-2017 
Source: Author`s elaboration 

 

 
Figure 2. IUy,t, versus Agricy,t , Empl15-24y,t , Selfy,t , Vulnery,t , Wagey,t , Familyy,t, 

Laboryy,t,  SchoolSecy,t and GDPy,t. 1990-2017 
Source: Author`s elaboration. Note: Kernel-weighted local polynomial smoothing applied; X 

and Y axes: raw data 
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4.2. Panel regression results 

We now examine the relationships between women’s economic activity and Internet 
use by means of panel random models and panel vector-autoregression models. The data and 
time span are the same as above. Apart from the commonly used panel random models, we 
will also employ a PVAR model to capture dynamic cross-country interdependencies and 
heterogeneity between ICT diffusion and other selected variables. Bearing the nature of these 
variables and the interdependencies among national economies in mind, we hypothesise that 
lagged variables in country 𝑦1 may affect other domestic variables in country 𝑦2. Increased 
flows of information, knowledge and technology have greatly heightened interdependencies 
among economies (Koop & Korobilis, 2016). 

These interlinkages may be essential factors in bidirectional causal effects, 
demonstrating global dependencies and transmission channels. Table 1 shows the estimates of 
panel random regressions of the quantitative relationships between changes in per capita GDP 
and the other variables. Table 2 shows the relationships between women’s wage and salaried 
work and the other variables. We hypothesise that a positive effect of ICT and technological 
change in general on women’s economic activity may be reflected indirectly in growth in 
national output and a rising share of female wage and salaried workers. Tables 3 and 4 
summarise the results of panel vector-autoregression models, which are expected to reveal 
temporal and spatial causality between the variables. In Table 1’s regressions of per capita 
GDP on the other variables, in order to control for potential collinearity among the variables 
included in consecutive specifications, we estimate mean variation inflation factors. All eight 
models estimated have similar R-squares, ranging from 0.41 to 0.53, so we can argue that the 
independent variables only partially ‘explain’ the changes in gross per capita output. The 
results indicate that per capita GDP is positively associated with the share of Internet users 
(IUy,t). Although the correlation is relatively weak, it is nevertheless stable across successive 
specifications. As expected, there is also a positive and statistically significant relationship in 
the case of two other variables: Wagey,t and SchoolSecy,t. However, the correlation of GDP 
growth with the share of women in wage and salaried work is stronger than that with the share 
of girls in secondary school. These results should not be a surprise, however, given that the 
effects of education on a country’s overall welfare generally emerge only with significant 
time lags. The correlation between GDP and Wagey,t is direct and shows that as more women 
leave self-employment and other types of vulnerable employment, this translates into faster 
growth. At the same, GDPy,t is negatively correlated with all the remaining variables: Agricy,t, 
Familyy,t, Vulnery,t, Selfy,t, Empl15-24y,t  and Labory,t. This coincides with our expectations, in 
that women’s engagement in agriculture, family work, self-employment and vulnerable labour 
market positions is ordinarily associated with working in unproductive sectors characterised 
by very limited demand and generating low and unstable returns. The strongest and most 
stable relationships are those between GDPy,t and Agricy,t and between GDPy,t and Empl15-
24y,t. Obviously, high employment rates in the agricultural sector do not generally coincide 
with high gross per capita income, given the generally low levels of investment and 
technological intensity in farming in the developing countries. Next, at first sight the negative 
relationship between GDPy,t and Empl15-24y,t might seem unfavourable, but this correlation 
should be read as meaning that where young women tend to stay in school rather than enter 
the labour market (usually informal) as low-paid unskilled workers, GDP performs better.  
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Table 1. GDP versus selected determinants. Panel model estimates. Random effects. 1990-
2017 
 

GDPy,t         

 RE_GDP

(1) 

RE_GDP

(2) 

RE_GDP

(3) 

RE_GDP

(4) 

RE_GDP

(5) 

RE_GDP

(6) 

RE_GDP

(7) 

RE_GDP

(8) 

IUy,t 0.05 

[0.00] 

0.05 

[0.00] 

0.04 

[0.00] 

0.04 

[0.00] 

0.05 

[0.00] 

0.04 

[0.00] 

0.05 

[0.00] 

0.05 

[0.00] 

Agricy,t 

 -0.16 

[0.00] 

   -0.15 

[0.02] 

  

Familyy,t 

 -0.03 

[0.01] 

    -0.05 

[0.01] 

 

Vulnery,t 

 -0.28 

[0.06] 

-0.007 

[0.00] 

 -0.39 

[0.06] 

   

Selfy,t 

       -0.13 

[0.06] 

Wagey,t 

0.22 

[0.03] 

  0.01 

[0.00] 

 0.22 

[0.02] 

0.23 

[0.03] 

0.21 

[0.02] 

Empl15-
24y,t 

-0.28 

[0.04] 

    -0.14 

[0.03] 

 -0.20 

[0.03] 

Labory,t 

  -0.02 

[0.00] 

 -0.69 

[0.13] 

   

SchoolSe
cy,t 

0.08 

[0.02] 

 0.008 

[0.00] 

0.007 

[0.00] 

0.13 

[0.01] 

 0.09 

[0.02] 

 

R-sq. 
(overall) 

0.53 0.41 0.52 0.45 0.52 0.49 0.46 0.47 

Breuch-
Pagan 
test  

(prob>2

) 

4656 
[0.00] 

10007 
[0.00] 

4376 
[0.00] 

4779 
[0.00] 

4376 
[0.00] 

4971 
[0.00] 

4651 
[0.00] 

9932 
[0.00] 

rho 0.94 0.92 0.95 0.94 0.94 0.92 0.94 0.92 

Mean 
VIF 

1.8 1.3 1.4 1.6 1.4 1.6 1.7 2.4 

# of obs. 783 1288 783 783 783 1288 783 1288 
 

Source: Author`s estimates. Note: for random-effects estimations standard errors are 
reported; constants included but not reported; statistically significant coefficients at the 5% 
level in bold; all values are logs. 

 
Table 2 summarises the results of regressing Wagey,t on the other variables. As in the 

previous case, we hypothesise that a positive impact of new technologies on women’s 
economic activity may be demonstrated indirectly by rises in wage and salaried work. We 
expect that as countries advance technologically, more women become employees with 
payroll jobs rather than self-employed in low-productivity and vulnerable sectors. 
Conceptually, the results in Table 2 coincide with Table 1. The dependent variable Wagey,t is 
strongly and positively correlated with GDPy,t and SchoolSecy,t, which confirms our previous 
estimates. The correlation with IUy,t is weak, but positive in most specifications. However, for 
the RE_Wage(1) model the R-square is 0.07, indicating a null relationship between Wagey,t 
and IUy,t across all the countries studied. As for the other explanatory variables, the 
correlations with Wagey,t are generally negative, supporting our previous results. Here, the 
coefficients estimated reveal somewhat direct links between increases in the proportion of 
women becoming wage or salary workers and decreases in the proportion engaged in 
agriculture, self-employed or contributing family workers.  
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Table 2. Wage and salaried workers versus selected determinants. Panel model estimates. 
Random effects. 1990-2017 
 

Wagey,t         

 RE_Wag

e(1) 

RE_Wag

e(2) 

RE_Wag

e(3) 

RE_Wag

e(4) 

RE_Wag

e(5) 

RE_Wag

e(6) 

RE_Wag

e(7) 

RE_Wag

e(8) 

IUy,t -0.03 

[0.00] 

0.01 

[0.00] 

-0.001 

[0.00] 

0.001 

[0.00] 

0.01 

[0.00] 

0.01 

[0.00] 

0.01 

[0.00] 

0.01 

[0.00] 

GDPy,t  0.22 

[0.02] 

0.27 

[0.03] 

0.23 

[0.02] 

0.34 

[0.03] 

0.35 

[0.03] 

  

Agricy,t 

      -0.07 

[0.02] 

-0.03 

[0.00] 

Familyy,t 

     -0.01 

[0.01] 

  

Vulnery,t  -1.2 

[0.05] 

      

Selfy,t 

   -1.2 

[0.06] 

    

Empl15-
24y,t 

    -0.11 

[0.04] 

  -0.12 

[0.05] 

Labory,t 

       -0.53 

[0.15] 

SchoolS
ecy,t 

  0.12 

[0.02] 

   0.16 

[0.02] 

0.17 

[0.02] 

R-sq. 
(overall) 

0.07 0.69 0.47 0.72 0.39 0.36 0.41 0.44 

Breuch-
Pagan 
test  

(prob>2

) 

11791 
[0.00] 

10473 
[0.00] 

5065 
[0.00] 

10056 
[0.00] 

10588 
[0.00] 

9920 
[0.00] 

5146 
[0.00] 

4586 
[0.00] 

rho 0.87 0.92 0.96 0.92 0.94 0.95 0.96 0.96 

Mean 
VIF 

- 1.5 1.5 1.4 1.4 1.1 1.3 1.7 

# of obs. 1337 1288 783 1288 1288 1288 802 800 
 

Source: Author`s estimates. Note: for random-effects estimations standard errors are 
reported; constants included but not reported; the coefficients in bold are statistically 

significant at 5% level in bold; all values are logs. 
 
Finally, to trace causality between ICT use and female economic activity, we use 

panel vector-autoregressive models to capture possible dynamic cross-country 
interdependencies and heterogeneity with respect to the variables of interest. Tables 3 and 4 
summarise the results of our estimates of the PVAR models and of Granger causality Wald 
tests. Before estimating the models, we conduct an analysis of their lag order using the AIC, 
modified BIC and modified HQIC criteria. The results unequivocally counsel 2-year-lag panel 
vector autoregression models (see Appendix 3). Choosing the order-lag for each model we 
follow general rule in this methods, and select that lag-order that satisfies the minimal value 
regarding selection criteria. In the next step we estimate 8 different specifications, each 
including the 2-year lags of the endogenous variables. After, each  model estimation, we 
validate the results by estimating the impulse-response function (IRF) for each separate panel 
as well as forecast-error variance decompositions. All theses tests are provided in Appendix 4.  

The PVAR results may be interpreted as the average responses of endogenous 
variables to changes in any variable after controlling for time-invariant characteristics.  
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Table 3. Panel VAR estimates (I). 1990-2017 
 

 
𝒚,𝒕 = 𝑨𝒈𝒓𝒊𝒄 

equation 

𝒚,𝒕 = 𝑭𝒂𝒎𝒊𝒍𝒚 

equation 

𝒚,𝒕 = 𝑽𝒖𝒍𝒏𝒆𝒓 

equation 

𝒚,𝒕 = 𝑺𝒆𝒍𝒇 

equation 

Agric(t-1) 
0.82 

[0.16] 
 

  

Agric(t-2) 
0.14 

[0.14] 
 

  

Family(t-1)  
0.90 

[0.07] 

  

Family(t-2)  
-0.008 
[0.03] 

  

Vulner(t-1)   
1.06 

[0.11] 
 

Vulner(t-2)   
0.11 

[0.07] 
 

Self(t-1)   
 0.99 

[0.10] 

Self(t-2)   
 0.11 

[0.06] 

IU(t-1) 
-0.005 
[0.00] 

-0.003 
[0.02] 

0.004 
[0.00] 

0.001 
[0.00] 

IU(t-2) 
0.002 
[0.00] 

-0.003 
[0.02] 

-0.003 
[0.00] 

-0.00 
[0.00] 

#obs. 1128 1128 1128 1128 

 
𝒚.𝒕 = 𝑰𝑼 

equation 

𝒚.𝒕 = 𝑰𝑼 equation 𝒚.𝒕 = 𝑰𝑼 equation 𝒚.𝒕 = 𝑰𝑼 equation 

Agric(t-1) 
-1.11 

[0.43] 
 

  

Agric(t-2) 
0.06 

[0.33] 
 

  

Family(t-1)  
-0.82 

[0.19] 

  

Family(t-2)  
0.07 

[0.06] 
  

Vulner(t-1)   
-2.67 

[0.76] 

 

Vulner(t-2)   
-0.39 
[0.41] 

 

Self(t-1)   
 -2.64 

[0.68] 

Self(t-2)   
 -0.33 

[0.30] 

IU(t-1) 
0.93 

[0.04] 

0.88 

[0.06] 

0.91 

[0.05] 

0.92 

[0.05] 

IU(t-2) 
-0.07 

[0.03] 

-0.01 
[0.05] 

-0.04 
[0.03] 

-0.06 
[0.03] 

Granger causality Wald test - 2 [Prob>2] 
 Equation Equation Equation Equation 

 
Agric

y,t 
IUy,t 

Family

y,t 
IU Vulnery,t IU Selfy,y IU 

Agric/Family/
Vulner/Self 
equation 

1.69 
[0.42] 

 
4.32 

[0.11] 
 

1.36 
[0.51] 

 0.29 
[0.86] 

 

IU equation   
15.2 

[0.00] 
 

17.6 
[0.00] 

 13.1 
[0.00] 

 15.2 
[0.00] 

 

Source: Authors` calculations. Note: GMM estimator applied. Number of lags based 
on AIC, BIC and HQIC criteria. First or second lags of the explanatory variables used as 
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instruments. SEs below coefficients. Model validation parameters and checks are provided in 
the Appendix 4 (see there for eigenvalues stability condition checks presented as roots of the 
companion matrices graphs, forecast-error variance decomposition as well as impulse 
response functions (IRF) computed using 200 Monte Carlo simulations). The coefficients in 
bold are statistically significant at 5% level. GMM weight matrix robust. All values are 
logs. 

 
Table 4. Panel VAR estimates (II). 1990-2017 
 

 

𝒚,𝒕 = 𝑾𝒂𝒈𝒆 

equation 

𝒚,𝒕= 𝑬𝒎𝒑𝒍𝟏𝟓 − 𝟐𝟒 

equation 

𝒚,𝒕 = 𝑳𝒂𝒃𝒐𝒓 

equation 

𝒚,𝒕 = 𝑺𝒄𝒉𝒐𝒐𝒍𝑺𝒆𝒄 

equation 

Wage(t-1) 
1.18 

[0.49] 
 

  

Wage(t-2) 
0.07 

[0.05] 
 

  

Empl15-24(t-1)  
0.98 

[0.13] 

  

Empl15-24(t-2)  
0.04 

[0.08] 
  

Labor(t-1)   
0.96 

[0.12] 

 

SchoolSec(t-1)   
 0.81 

[0.05] 

IU(t-1) 
0.002 
[0.01] 

-0.002 
[0.00] 

0.00 
[0.00] 

0.02 

[0.00] 

IU(t-2) 
-0.009 
[0.01] 

0.001 
[0.00] 

- - 

#obs. 1128 1128 1194 602 

 𝒚,𝒕 = 𝑰𝑼 equation 
𝒚,𝒕 = 𝑰𝑼 equation 𝒚,𝒕 = 𝑰𝑼 

equation 

𝒚,𝒕 = 𝑰𝑼 equation 

Wage(t-1) 
6.56 
[5.3] 

 
  

Wage(t-2) 
0.08 

[0.53] 
 

  

Empl15-24(t-1)  
-3.1 

[0.95] 

  

Empl15-24(t-2)  
0.71 

[0.51] 
  

Labor(t-1)   
25.9 

[12.5] 

 

SchoolSec(t-1)   
 1.7 

[0.48] 

IU(t-1) 
0.81 

[0.15] 
0.97 

[0.04] 

0.76 

[0.06] 

0.68 

[0.06] 

IU(t-2) 
-0.12 
[0.12] 

-0.10 

[0.03] 

- - 

Granger causality Wald test - 2 [Prob>2] 

 Equation Equation Equation Equation 

 Wagey,t IUy,t 
Empl15-

24y,t 
IU Labory,t IU SchoolSecy,t IU 

Wage/Empl15-
24/Labor/SchoolSec 
equation  

0.56 
[0.75] 

 
0.89 

[0.64] 
 

0.07 
[0.78] 

 8.2 
[0.00] 

 

IU equation  
1.56 

[0.46] 
 

12.5 
[0.00] 

 4.3 
[0.03] 

 11.8 
[0.00] 
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Source: Authors` calculations. Note: GMM estimator applied. Number of lags selected 
based on AIC, BIC and HQIC criteria. First or second lags of the explanatory variables used 
as instruments. SEs below coefficients. Model validation parameters and checks are provided 
in the Appendix 4 (see there for eigenvalues stability condition checks, roots of the 
companion matrices graphs, forecast-error variance decomposition as well as impulse 
response functions (IRF) computed using 200 Monte Carlo simulations). The coefficients in 
bold are statistically significant at 5% level. GMM weight matrix robust. All values are 
logs.  

The results are quite mixed; the coefficients do not unequivocally support our 
hypothesis of a causal link between ICT deployment and women’s economic activity. Table 3 
reports the estimates of system equations on causality between ICT and Agricy,t, Familyy,t, 
Vulnery,t and Selfy,t. These results indicate that changes in IUy,t as a proxy for the share of the 
population with access to and using Internet do not serve to predict changes in any of the 
variables listed above. In other words, our estimates do not allow us to conclude that shifts in 
Internet use indicate future changes in the proportion of women working in agriculture, being 
family workers, or being self-employed. Nor do we find statistically significant estimates 
regarding vulnerable employment. The Granger causality tests support these findings, again 

indicating no such causality. However, our estimates of the successive 𝑦,𝑡 = 𝐼𝑈 equations 

(Table 3) do suggest a sort of reverse causality between ICT and Agricy,t, Familyy,t, Vulnery,t 
and Selfy,t. Looking at the coefficients, we can see that changes – decreases – in the values of 
Agricy,t, Familyy,t, Vulnery,t and Selfy,t could potentially predict growth in Internet penetration 
rates. The strongest correlations (both negative) are for vulnerable employment (-2.67) and 
self-employment (-2.64), with 1-year lags. Bearing in mind the foregoing results indicating 
relatively strong associations between ICT and girls’ secondary school enrolment, we may 
hypothesise that thanks to better education, which is enhanced by technological advances, 
women tend to move into wage and salaried employment, abandoning various kinds of 
vulnerable work. Evidently, these relationships are not straightforward. The Wald tests on the 

𝑦,𝑡 = 𝐼𝑈 equations indicate that in this case there is Granger causality. Therefore, changes in 

Agricy,t, Familyy,t, Vulnery,t and Selfy,t may be used to predict changes in Internet use in the 
developing countries studied. Similar conclusions can be derived from the PVAR estimates 
provided in Table 4. Here, we control for four other variables – Wagey,t, Empl15-24y,t, 
Labory,t and SchoolSecy,t – to trace possible causality between them and Internet penetration 
rates. The estimates returned are similar to those reported in Table 3 relating ICT to the 
different variables. The successive coefficients estimated do not support the hypothesis that 
changes in the share of women in wage and salaried work, the female youth employment rate, 
or the share of women in the labour force overall can be predicted by changes in ICT 
penetration rates. This view is also supported by the Wald tests. The only exception is female 
secondary school enrolment, whereas the coefficient for IU(t-1) suggests that past changes in 
Internet penetration rates do predict changes in girls’ school attendance. The Wald test also 
supports the hypothesis that IUy,t Granger-causes changes in SchoolSecy,t. Finally, the 

coefficients for the 𝑦,𝑡 = 𝐼𝑈 equations produce results analogous to those summarised in 

Table 3. We find a kind of reverse causality; that is, shifts and improvements in female 
economic participation and empowerment probably foster more and broader Internet use 
throughout the economy and the society. The Wald tests support this supposition, excepting 
only the Wagey,t variable. Highly mixed though they are, these results to some extent support 
the hypothesis that ICT deployment is also enhanced by increasing women’s economic 
activity, which in turn is significantly supported by widespread deployment of ICT. Hence, it 
can be argued on the one hand that ICT deployment permits and fosters female economic 
education and through that channel economic activity and on the other that changes in 
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women`s economic situation may drive further technological deployment. Thus there may be 
a kind of synergy. Undoubtedly, these relationships are bidirectional and there exists a reverse 
causal loop.  

Conclusions 

This study has examined, from a macro perspective, the association between ICT 
deployment in an economy, women`s engagement in labour markets, and economic growth in 
64 developing countries from 1990 to 2017. The study essentially had a twofold research aim. 
First, we intended to examine the main trends in seven variables selected to proxy for 
women`s engagement in economic activity, and also look at trends in ICT penetration rates, 
per capita GDP, and female secondary school enrolment. Second, using panel random 
regression models and panel vector autoregression models, we examined the statistical 
correlations between the variables. The study has shown that during the 28 years considered 
our sample countries underwent substantial changes in material economic welfare, as per 
capita GDP almost doubled, and in Internet penetration rates, which jumped from practically 
nil in 1990 to an average of some 25% in 2017. In addition, as can be clearly seen in Figure 1, 
many countries experienced drastic declines in women’s agricultural work, female youth 
employment, and the share of women serving as contributing family workers. At the same 
time, we observe upward trends in girls’ secondary school enrolment and women’s wage and 
salaried work. Using panel random effects regressions, we hypothesised that the positive 
effects of ICT deployment on women’s economic activity may be traced indirectly via 
economic growth and via an increasing share of women in wage and salaried positions. The 
results indicate positive associations between economic growth and female secondary school 
enrolment and wage and salaried work. At the same time we identified relatively strong 
negative correlations of economic growth with female employment in agriculture and female 
youth employment . As for Internet users, we have found the relationship to be positive and 
statistically significant but relatively weak. Regressing wage and salaried work on the 
remaining variables, we found mixed effects for Internet penetration rates, a relatively strong 
negative association with female youth employment and a strong positive relationship with 
secondary school enrolment. Finally, to verify the interdependencies among the variables we 
estimated panel vector autoregressions (PVAR). Unfortunately, no robust conclusions could 
be drawn from the estimates of the PVAR models, the coefficients appearing to be fairly 
random with no regularities emerging. Wald tests of Granger causality showed that changes in 
ICT deployment cannot predict changes in the proxies for women’s economic activity. The 
statistical linkages between ICT deployment and the variables representing women`s 
engagement in economic activity undeniably are bidirectional. It is not possible to encapsulate 
them in one single equation. We wish to emphasise that all these results require very careful 
interpretation. We are fully aware, first, that the statistical correlations reported may be 
spurious and, second, that the structural changes in women’s employment and economic 
activity are part of a complex process driven by factors that are hard to quantify or even 
capture. It was not our intention to say that the diffusion and deployment of ICTs is the sole 
factor driving social and economic changes in developing countries. Obviously such changes 
are slow and sometimes hard to identify or trace in the short run. Hopefully, this preliminary 
inquiry can pave the way for future research, which potentially could concentrate on unveiling 
country specific conditions and prerequisites which enable or hinder higher women access to 
labour markets and engagement in valued added creation. Surely, these country-wise 
conditions are broad field of interest for scholars and policy makers, especially if bearing in 
mind the fact that they vary extensively among regions. Needless to say that getting into more 
profound and detailed research on country-specific barriers on female weak engagement in 
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labour markets and different forms of formal economic activities would give a broader insight 
into our knowledge letting explore the issues more deeply. 
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Appendix 1. List of sample countries 

Afghanistan Ethiopia  Mauritania  Tajikistan  

Angola Gambia  Moldova  Tanzania  

Bangladesh  Georgia  Mongolia  Togo  

Benin Ghana  Morocco  Tunisia 

Bhutan  Guinea-Bissau  Mozambique   

Bolivia  Haiti Myanmar  Uganda 

Burkina Faso  Honduras  Nepal  Ukraine 

Burundi  India  Nicaragua  Vietnam 

Cambodia  Indonesia  Niger  Zambia 

Cameroon  Ivory Coast Nigeria  Zimbabwe 

Central African Republic  Kenya  Pakistan  

Chad  Kyrgyz Republic Papua New Guinea   

Comoros Laos Philippines   

Congo, Dem. Rep.  Lesotho Rwanda  

Congo, Rep.  Liberia Somalia   

Djibouti  Madagascar  Sri Lanka   

Egypt  Malawi  Sudan   

El Salvador  Mali  Swaziland  

Eritrea    

 
Appendix 2 

Density representations of IUy,t, Agricy,t , Empl15-24y,t , Selfy,t , Vulnery,t , Wagey,t , Familyy,t, 
Laboryy,t,  SchoolSecy,t and GDPy,t . 1990, 2000 and 2017 
 

 
Source: Author`s elaboration. Note: solid line – 1990 (or 1991); long-dash line – 2000; short-
dash line –2017. For IUy,t – density lines for 2005, 2010 and 2016; for density representations, 

Kernel epanechnikov applied; bandwidth: default 
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Appendix 3 

Order selection criteria for the panel VAR models 
 

Lag order CD 
Hansen’s J 

[J p-value] 
MBIC MAIC 

MQIC 

IU/Agric 

1 0.99 42.1 [0.00] 10.1 -67.1 -19.3 

2 0.99 13.1 [0.36] -10.9 -68.7 -33.1 

3 0.99 8.6 [0.37] -7.3 -45.8 -22.1 

4 0.99 2.7 [0.59] -5.2 -24.5 -12.6 

IU/Empl15-24 

1 0.99 34.9 [0.00] 2.9 -74.2 -26.5 

2 0.99 11.3 [0.49] -12.6 -70.4 -34.7 

3 0.99 8.4 [0.39] -7.6 -46.2 -22.3 

4 0.99 2.5 [0.63] -5.4 -24.7 -12.8 

IU/Family 

1 0.99 32.6 [0.00] 0.64 -76.5 -28.8 

2 0.99 15.6 [0.21] -8.3 -66.2 -30.4 

3 0.99 9.1 [0.33] -6.9 -45.4 -21.3 

4 0.99 0.68 [0.95] -7.3 -26.6 -14.7 

IU/Labor 

1 0.99 21.5 [0.15] -10.6 -87.5 -39.8 

2 0.99 9.2 [0.68] -14.8 -72.6 -36.8 

3 0.99 5.3 [0.71] -10.6 -49.2 -25.3 

4 0.99 0.63 [0.95] -7.3 -26.6 -14.7 

IU/SchoolSec 

1 0.99 14.7 [0.54] -17.3 -75.4 -40.6 

2 0.99 10.9 [0.53] -13.0 -56.5 -30.5 

3 0.99 7.2 [0.51] -8.7 -37.8 -20.4 

4 0.99 3.0 [0.55] -4.9 -19.5 -10.8 

IU/Self 

1 0.99 43.8 [0.00] -65.3 11.8 -17.6 

2 0.99 14.3 [0.28] -67.5 -9.7 -31.7 

3 0.99 8.1 [0.42] -46.5 -7.9 -22.6 

4 0.99 1.9 [0.74] -25.3 -6.1 -13.4 

IU/Vulner 

1 0.99 43.1 [0.00] -65.9 11.1 -18.3 

2 0.99 13.6 [0.2] -68.2 -10.3 -32.4 

3 0.99 7.8 [0.45] -46.7 -8.2 -22.9 

4 0.99 1.7 [0.78] -25.5 -6.2 -13.6 

IU/Wage 

1 0.99 31.2 [0.01] -77.8 -0.7 -30.2 

2 0.99 12.8 [0.38] -69.1 -11.2 -33.3 

3 0.99 10.7 [0.21] -43.8 -5.2 -19.9 

4 0.99 2.1 [0.71] -25.2 -5.8 -13.2 
 

Source: Author`s calculations.  
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Appendix 4 

PVAR stability condition check 
 

LnAgric/LnIU LnFamily / LnIU LnVulner / LnIU LnSelf / LnIU 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse variable 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse variable 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse variable 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse 
variable 

LnAgric   LnFamily   LnVulner   LnSelf   

0 0 0 0 0 0 0 0 0  0 0 

1 1 0 1 1 0 1 1 0  1 1 

2 .9995966 .0004035 2 .9999763 .0000237 2 .9992874 .0007126  2 .9999475 

3 .9992163 .0007837 3 .9998371 .0001629 3 .9988866 .0011134  3 .9998914 

4 .9987959 .0012041 4 .9995968 .0004032 4 .9985555 .0014445  4 .9998299 

5 .9983625 .0016375 5 .9992844 .0007156 5 .9982719 .0017281  5 .9997672 

6 .9979271 .0020728 6 .9989257 .0010743 6 .9980245 .0019756  6 .9997053 

7 .9974993 .0025006 7 .9985412 .0014588 7 .9978086 .0021914  7 .9996462 

8 .9970855 .0029146 8 .998147 .0018531 8 .9976212 .0023787  8 .9995909 

9 .9966896 .0033105 9 .9977546 .0022454 9 .9974597 .0025402  9 .9995397 

10 .996314 .003686 10 .9973728 .0026272 10 .9973215 .0026785  10 .9994931 

            

LnIU   LnIU   LnIU   LnIU   

0 0 0 0 0 0 0 0 0  0 0 

1 .0023437 .9976563 1 .0118672 .9881328 1 .0702663 .9297337  1 .0356582 

2 .0416698 .9583302 2 .1209796 .8790205 2 .1875072 .8124928  2 .1366937 

3 .0983043 .9016957 3 .2505582 .7494419 3 .346911 .653089  3 .2827999 

4 .1679451 .8320549 4 .3698155 .6301845 4 .5091182 .4908818  4 .4380289 

5 .2426232 .7573768 5 .4680854 .5319146 5 .6471082 .3528917  5 .5755666 

6 .3163158 .6836842 6 .545458 .454542 6 .7522113 .2477888  6 .6850374 

7 .3851582 .6148418 7 .6055264 .3944736 7 .827467 .172533  7 .7672658 

8 .4472353 .5527647 8 .6522062 .3477938 8 .8797393 .1202607  8 .8273899 

9 .5019898 .4980101 9 .6887679 .3112322 9 .9156215 .0843785  9 .8709725 

10 .5496662 .4503338 10 .7177117 .2822883 10 .9402134 .0597865  10 .9026119 
 

Source: Author`s estimates.  
 

LnWage / LnIU LnLaborForce / LnIU LnWage / LnIU LnSchool / LnIU 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Forecast-error variance 
decomposition 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse 
variable 

Response  
variable 

and  Forecast  
Impulse 
variable 
horizon 

Impulse variable 

Response  
variable 

and  
Forecast  
Impulse 
variable 
horizon 

Impulse 
variable 

Response  
variable 

and  Forecast  
Impulse 
variable 
horizon 

Impulse variable 

LnWage   LnLaborForce   LnWage   LnSchoolSec   

 0 0 0 0 0  0 0 0 0 0 

 1 1 1 1 0  1 1 1 1 0 

 2 .9998647 2 .9998247 .0001754  2 .9998647 2 .9705371 .0294629 

 3 .9996296 3 .9991733 .0008267  3 .9996296 3 .974332 .025668 

 4 .9986848 4 .9981198 .0018803  4 .9986848 4 .9516888 .0483112 

 5 .9974181 5 .996825 .0031749  5 .9974181 5 .9583763 .0416237 

 6 .9961199 6 .9954197 .0045803  6 .9961199 6 .9475716 .0524283 

 7 .9949335 7 .9939924 .0060076  7 .9949335 7 .9556003 .0443998 

 8 .9939135 8 .9926 .0073999  8 .9939135 8 .9514246 .0485755 

 9 .9930682 9 .9912763 .0087236  9 .9930682 9 .9590852 .0409148 

 10 .9923843 10 .9900398 .0099603  10 .9923843 10 .958047 .041953 
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LnIU   LnIU   LnIU   LnIU   

 0 0 0 0 0  0 0 0 0 0 

 1 .3755482 1 .0030629 .996937  1 .3755482 1 .593168 .406832 

 2 .6237512 2 .142072 .857928  2 .6237512 2 .6441941 .3558059 

 3 .7859138 3 .2634737 .7365263  3 .7859138 3 .6764247 .3235752 

 4 .8782812 4 .3539468 .6460532  4 .8782812 4 .7382383 .2617617 

 5 .9284052 5 .4244202 .5755798  5 .9284052 5 .76168 .23832 

 6 .9555703 6 .4809147 .5190853  6 .9555703 6 .8053491 .1946508 

 7 .9705165 7 .5268553 .4731446  7 .9705165 7 .8232939 .176706 

 8 .9788895 8 .5645515 .4354485  8 .9788895 8 .8535306 .1464693 

 9 .9836544 9 .5957156 .4042843  9 .9836544 9 .8674082 .1325918 

 10 .9863974 10 .6216651 .3783349  10 .9863974 10 .8887808 .1112191 
 

Source: Author`s estimates. 
 
Impulse response functions (IRF) – graphs for separate panels 
 

 
 

Source: Author`s elaboration.  
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Source: Author`s elaboration.  
 
Roots of the companion matrices graphs for separate panels / eigenvalues stability condition 
checks 

 
Source: Author`s elaboration. 
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Source: Author`s elaboration. 
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