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Abstract

Digital inclusion has now become not only a matter of technological adoption, but the ability
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to use technologies where individuals are to possess necessary skills to make effective use of
digital technologies. In this regard, digital literacy is seen as a crucial enabler for individuals
to take advantage of digital opportunities as well as to engage in digital activities. Building on
the importance of digital literacy, this study therefore attempts to assess the role of Internet
usage and digital literacy on human development, which is proxied by the Human
Development Index (HDI). Using a panel dataset covering 38 countries over a 4-year time
span from 2015 to 2018, results of regression analysis indicate that both Internet usage and
digital literacy emerge with significant and positive relationships with HDI. This evidence
suggests that the high number of Internet users and high level of digital literacy are important
means for promoting human development. Additional moderation analysis between Internet
usage and digital literacy also produces a positive and significant interaction effect, which
subsequently implies that digital literacy is an essential skill in enhancing effective usage of
the Internet towards achieving greater socioeconomic well-being.

Keywords: Human development, Technological impact, Digital literacy
JEL Classification: 131, O33
1. Introduction

The 1990s saw a change in the landscape of development theory when the concept of human
development was introduced as progress towards greater human well-being (United Nations
Development Programme (UNDP), 1990). Drawing substantially from Amartya Sen’s work
on his capability approach, human development highlights the importance of ends (decent
standard of living) over importance of means (income per capita) (Sen, 1985). In other words,
human development is concerned with advancing the richness of human life, rather than the
richness of the economy in which people live. Ultimately, this goes back to the key objective
of development, which is to create an enabling environment for people to enjoy long, healthy
and creative lives (Alkire & Deneulin, 2009). Building upon this idea, the Human
Development Index (HDI) is devised by the UNDP to measure the levels of social and
economic developments of different countries. The HDI provides a single index that captures
three key dimensions of human development: a long and healthy life, access to knowledge
and a decent standard of living (Roser, 2014).

Knowledge is rooted at the very core of development process. It is through knowledge that
human beings become aware of opportunities and challenges, formulate responses, make
decisions and initiate organised actions (Jacobs & Asokan, 2000). No matter how great the
opportunity or how dire the necessity is, without that knowledge, no adaptive response occurs.
In today’s increasingly complex and competitive world, information and communication
technology (ICT) is viewed as the key enabler to such knowledge creation and dissemination
(Suharyanto & Gunawan, 2015). Recent advancements in ICT not only has made it possible
to have prompt access to the wealth of information and knowledge available through the
Internet, it also can bring about improvements in healthcare provision and ultimately, better
quality of life. One of the evidences that support the positive impact ICT usage can have on
human well-being can be found in a study by Caglayan-Akay and Van (2017). Their study
used seven independent variables namely Internet users, rural population, gross domestic
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product (GDP), life expectancy at birth, health expenditure and share of expected years of
schooling, to be tested for their impacts towards human development, which was proxied by
the HDI. Findings of their study indicated that GDP, health expenditure, the share of expected
years of schooling and Internet users were the variables that have positive influence on HDI,
in both short and long run periods. It is worth noting here that their study included an ICT
variable (Internet users), whose positive relationship indicated importance of ICT in
promoting human development. In light of these important contributions, ICT entails a set of
human capabilities that can be harnessed and fostered to further human development.

Digital literacy has become one of the increasingly essential skills and capabilities needed to
participate fully, effectively and equally in this digital world. Not only does it serve as a
catalyst for effective lifelong learning (Alazie, Devi & Ebabye, 2019; Jose, 2016), digital
literacy is also crucial to closing the digital gap and promote inclusion for all. This is in line
with achieving a number of the United Nation’s Sustainable Development Goals (SDGs),
including SDG4 which seeks to “ensure inclusive and equitable quality education and to
promote lifelong learning opportunities for all” (United Nations (UN), 2015). Similar to the
traditional literacy and numeracy skills, digital literacy has become much more than just the
ability to handle computers; it also means knowing how to leverage digital tools to process
and retrieve ideas as well as engage in knowledge creation and sharing with diverse people
from around the world (Vega, 2011). According to Kaparti (2011), digital literacy is an
umbrella term for important digital skills clusters whose names are often used
interchangeably, yet they carry slightly different meanings from each other. These skill
clusters are: (i) ICT literacy, which refers to a set of user skills that enables active
participation on digital platforms; (ii) technological literacy (previously known as computer
literacy), which involves broader understanding of digital technology and includes both user
and technical computing skills; and (iii) information literacy, which entails the ability to
locate, identify, retrieve, process and use digital information optimally.

While the opportunities that accompany technological developments are immense, the
emerging technologies present a significant challenge too. The International
Telecommunication Union (ITU) (2019) predicted that in the coming years, a large skills gap
would emerge where there will be tens of millions of jobs for those with advanced digital
skills, and these job openings may go unfilled by 2020 due to shortage of qualified people
with sufficient job-relevant digital skills to fill the vacancies. In addition to this skills gap,
technological changes may also bring about mass unemployment and growing inequality
(World Economic Forum, 2016). To effectively respond to the technological changes, digital
literacy becomes even more essential and is considered a basic requirement for all to
participate fully in the digital economy and society. To date, a considerable body of research
has sought to determine the impact of ICT (Bahrini & Qaffas, 2019; Toader, Firtescu, Roman
& Anton, 2018; Das, Khan & Chowdhury, 2016) and impact of literacy (Njoku, 2011;
Coulombe & Tremblay, 2006) on economic growth and development. While this study
provides several important insights regarding factors affecting human development, it
particularly sheds light into the possible influence of digital literacy and whether or not it
moderates the relationship between Internet usage and human development. In addition,
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research on the role digital literacy plays in influencing human development is notably
lacking. This relationship is conceptually intriguing as the study aims to bridge several
important domains of macroeconomic research (technology, literacy and development) by
introducing the idea of a possible linkage between them. This study, therefore, seeks to fill
this gap by investigating the influence of Internet usage and digital literacy towards human
development. The present findings demonstrate that, while high levels of both Internet usage
and digital literacy improve human development, the relationship between Internet usage and
human development becomes stronger when digital literacy is present. Therefore, the
evidence from this study is also intended to make contribution to the body of literature
particularly in regard to digital literacy and human development.

2. Literature Review

The economy is traditionally measured either in terms of its growth or development. In
theorizing economic growth, the economy is generally viewed as a machine that produces
economic output as function of inputs such as labor, land and equipment (Smith, 1776;
Ricardo, 1817; Solow, 1956). To put it plainly, increase in economic output (due to greater
number of inputs or improved efficiency through use of technology or innovation) signals
economic growth. Economic development on the other hand, differs from economic growth
as it entails a fundamental transformation of an economy (Schumpeter, 1962). While
economic growth means putting more people to work within an existing economic framework,
economic development is aimed at altering that framework so that people work more
productively, and the economy subsequently shifts toward higher value-added activities in
achieving greater prosperity and higher quality of life (Feldman, Hadjimichael, Lanahan &
Kemeny, 2015).

Human development, meanwhile, is defined as an expansion of capacity that creates the
potential to improve human lives (Sen, 1999). According to Alkire and Deneulin (2009), both
economic and human developments are closely intertwined as the aspect of human
development touches on every element of economic development. The concept of human
development sought to diverge from the revenue-centered concept to a people- and
skill-oriented system based on capabilities. It is evident that in this human development
paradigm, human beings are regarded as the most significant and valuable assets of the
nations (Gokmen & Turen, 2013). Though achievement of high growth targets is of great
importance, empowering people to have more alternatives and to access knowledge, better
nutrition and health services are also equally crucial. This has led to the creation of HDI to
provide a more encompassing measure of development. The HDI combines proxies for three
essential components namely health, knowledge and standard of living (UNDP, 1990). Health
is represented by life expectancy, education by literacy and school enrolment, and standard of
living by gross domestic product (GDP) per capita.

In a more recent study, De La Hoz, Camacho-Ballesta, Tamayo-Torres and Buelvas-Ferreira
(2019) conducted an international analysis of how use and adoption of ICT by three different
parties — individuals, enterprises and governments — affects human development. Findings of
their study indicated that the individual use of ICT has a positive and significant impact on
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human development, regardless of a country’s level of development. Moreover, Ejemeyovwi,
Osabuohien, Johnson and Bowale (2019) who particularly investigated the influence of
Internet usage and innovation on human development, found that Internet usage, innovation
and their interaction have significant and positive relationship with human development.
Muchdie (2016) meanwhile, employed a path model analysis to examine both direct and
indirect impacts of technological progress on human development in Indonesia. Findings in
his study showed that technological progress had positive impact on human development,
through poverty reduction and economic growth. This relationship between technological
progress and human development — although indirect — suggests that higher technological
progress is associated with higher human development in Indonesia during the period under
review. As asserted by Hameed (2007), ICT for human development does not merely revolve
around the technology, but it is also about the people using the technology itself to meet some
of their basic needs. This consequently sheds light on the meaning and growing importance
of digital literacy.

The rapidly evolving technological environment and knowledge-driven economy demands a
good command of digital literacy. While much has been written about digital literacy,
consensus on a single definition of the term appears to be elusive. Initially, the term digital
literacy was built around the ideas of information literacy and computer literacy, that
originated largely to describe sets of specific skills and competencies required for obtaining
and handling information in computerized form (Bawden, 2008). Gilster (1997) moved away
from such limited “technical skills” view of digital literacy by defining it as the ability to
understand and use information in multiple formats from various digital sources, through four
core competencies: Internet searching, hypertext navigation, knowledge assembly, and
content evaluation. Similarly, Martin’s (2006) take on digital literacy also recognizes not only
the need for mastering electronic tools, but it is also about integrating other various literacies
and skill sets such as ICT literacy, information literacy, media literacy and visual literacy.
While it is well-established in the body of literature that literacy has significant positive
impact on economic growth (Njoku, 2011; Coulombe & Tremblay, 2006), not much research
however has been done on investigating the role digital literacy particularly plays in
influencing human development.

Therefore, this research gap provides the motivation for this study that aims to investigate
whether Internet usage and digital literacy have an impact on human development in selected
countries. Additionally, this study also seeks to extend its analysis in order to determine
whether digital literacy plays any moderating role on the relationship between Internet usage
and human development.

3. Data and Methodology
3.1 Data

In this study, a yearly panel dataset for 38 countries over a 4-year period from 2006 to 2018 is
used to assess the relationship between digital literacy and HDI. These data were extracted
from the World Bank database as well as from the United Nations Global Sustainable
Development database. Human development serves as the dependent variable in this study,
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which is proxied by the Human Development Index (HDI). As for the independent variables,
Internet usage and digital literacy are the two main independent variables to be tested for
their impacts towards the HDI, alongside several other control variables. While Internet usage
is proxied by the number of individuals using the Internet, the variable digital literacy is
measured by a combination of several ICT skills under each of the digital skills clusters
following Kaparti’s (2011) definition of digital literacy.

Based on the United Nation’s SDG Indicators database, these ICT skills include: (i) using
basic arithmetic formula in a spreadsheet; (ii) transferring files between a computer and other
devices; (iii) finding, downloading, installing and configuring software; (iv) copying or
moving a file or folder; (v) using copy and paste tools to duplicate or move information
within a document; (vi) sending e-mails with attached files; (vii) creating electronic
presentations with presentation software; (viii) connecting and installing new devices; and (ix)
writing a computer program using a specialized programming language.

3.2 Model Specification

Modifying the regression model adopted from Amato-Fortes, Guarnido-Rueda and
Molina-Morales (2017), the regression models in this study are specified as follows:

Model 1:
HDIi; = ajp + B1FDI + BT O + BaUNE; + B4INFi + BsINTR: + &54
Model 2:
HDI;; = @y + B1FDI; + B>TO0y + B3UNEy + By INFy + B<INTR; + BgDLITy + &5

Model 3:

HDI;y = ay + f1FDI; + B;TOy + B3UNE;: + BoINFie + BsINTRy + BeLITi + B7INTRDLIT;, + €

where HDI = Human Development Index (HDI) of country i year t

FDI = Foreign direct investment (% of GDP) of country i year t

TO = Trade openness (% of GDP) of country i year t

UNE = Unemployment rate (% of total labor fource) of country i year t
INF = Inflation (annual %) of country i year t

INTR = Individuals using the Internet (% of population) of country i year t
DLIT = Proportion of youth/adults with ICT skills (%) of country i year t

As observed above, Model 2 is an extension of Model 1 which introduces additional variable
that is digital literacy; whereas Model 3 is an extension of Model 2 with an introduction of
interaction term (INTR*DLIT) between Internet usage and digital literacy. The rationale of
employing these three model specifications is to observe the possible changes in parameter of
other existing independent variables when the digital literacy variable and its interaction term
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are introduced into the regression models. All of these three regression models are analysed
separately using the static panel data estimation approach.

Before proceeding to the primary regression analysis, preliminary testing using the Breusch
Pagan Lagrange Multiplier (BP LM) test and Hausman test is conducted to determine
whether data can be pooled as well as to decide whether to employ the random effect or fixed
effect estimator. This is followed by diagnostic checks that test for presence of
multicollinearity, heteroskedasticity and serial correlation in the regression models, using the
Variance Inflation Factor (VIF) test, Modified Wald test and Wooldridge test, respectively. If
it was found that the models suffer from any of the econometric problems, the resulting static
panel data estimation technique (either random effect or fixed effect) is to be performed with
corrected or robust standard errors.

4. Results and Discussion

The Table 1 below reports statistical findings obtained from estimating three different
regression models with the HDI as the dependent variable. As shown in Table 1, both
p-values of the BP LM test and Hausman test are significant for all three regression models;
where further preliminary testing of all three models favored the use of a fixed effect
estimator rather than a random effect estimator. Subsequently, this study undertook several
diagnostic checks to ensure robustness of all model estimations. First, the small values of
Variance Inflation Factor (VIF) indicated absence of any multicollinearity between the
explanatory variables in both Model 1 and Model 2. Meanwhile, the high VIF value in Model
3 can be safely ignored as it is caused by the inclusion of interaction term between two
independent variables (Allison, 2012). Next, the significant p-values produced by the
Modified Wald test and Wooldridge test in all three regression models also implied that the
models suffered from heteroskedasticity and autocorrelation problems. To correct these
problems, this study therefore analyzed the regression models by using the fixed effect
estimation technique with robust standard errors.
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Table 1. Results of panel data regression analysis

Model 1 (R-FE)

Model 2 (R-FE)

Model 3 (R-FE)

FDI -0.0001** (0.0000) | -0.0001** (0.0000) | -0.0001*** (0.0000)
TO -0.0004** (0.0002) | -0.0004** (0.0002) | -0.0004** (0.0002)
UNE -0.0013*** (0.0002) | -0.0012*** (0.0002) | -0.0014*** (0.0002)
INF 0.0002*** (0.0001) | 0.0002*** (0.0001) | 0.0001 (0.0001)
INTR 0.0009*** (0.0000) | 0.0010*** (0.0001) | 0.0013*** (0.0002)
DLIT 0.0002*** (0.0000) | 0.0008** (0.0004)
INTR*DLIT 0.0014** (0.0005)
Constant 0.8039%** (0.0119) | 0.8010*** (0.0100) | 0.7822*** (0.0132)
BP LM test 187.26%** [0.000] | 153.83*** [0.000] | 107.38*** [0.000]

Hausman test

45.87*** [0.000]

58.89*** [0.000]

78.59*** [0.000]

Observations

152

152

152

No. of countries 38 38 38
R-squared 0.6999 0.7236 0.7595
VIF (Multicollinearity) | 1.25 1.79 13.48
Modified Wald test 1772.91%** 1958.30*** 3862.66***
(Heteroskedasticity) [0.000] [0.000] [0.000]
Wooldridge test 18.774*** 12.552*** 11.780%**
(Serial correlation) [0.000] [0.0011] [0.0015]

Notes: Values in parentheses are robust standard errors, whereby ***, ** and * indicate significance at 1%, 5%
and 10% level, respectively. The corresponding p-values for results of preliminary testing (BP LM test and
Hausman test) as well as diagnostic checks (Modified Wald test and Wooldridge test) are presented in brackets.
Columns denoted by (R-FE) signify that all regression models 1, 2 and 3 are estimated using the robust fixed
effect estimator.

In Model 1, all independent variables are found to have significant impact on HDI as their
corresponding p-values are less than the recommended 5% significance level. Internet usage
— being the main independent variable tested for statistical significance in Model 1 — also
revealed to have a significant and positive association with HDI, thus indicating that high
levels of Internet usage are crucial in improving human development of the countries. This
evidence supports findings by De La Hoz et al. (2019), Ejemeyovwi et al. (2019) and
Caglayan-Akay and Van (2017) who all found similar significant and positive relationship
between Internet usage and human development. This study found that 1 percent increase in
the share of population using the Internet is associated with a 0.0009 increase in the HDI
value. The significance of Internet usage observed in this study further reinforces the need for
a substantial increase in Internet usage in order for human development to increase in value
as well.

In Model 2, similar set of independent variables in Model 1 are used for this estimation, but
with an additional variable representing digital literacy. Alongside other independent
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variables, estimation result of this Model 2 revealed that digital literacy entered with a
significant and positive coefficient, which implies at the importance of having essential ICT
skills or literacy to progress in this knowledge-driven society and economy. Coefficient
values produced by both Internet usage and digital literacy in regression analysis of Model 2
suggest that an increase of 1 percent in Internet users and adults with ICT skills would lead to
an increase of 0.001 and 0.0002 in the HDI value, respectively. This result underlines the fact
that the pervasive use of ICT makes knowledge of and ability to use ICT as essential
requirements for today’s critical thinking-workforce, regardless of the type of work being
done (Ezziane, 2007). Additionally, in Model 3, a moderation analysis is performed where an
interaction term between Internet usage and digital literacy is introduced as part of the
independent variables. Interestingly, the interaction effect between Internet users and digital
literacy yielded a positive coefficient that is also significant at 5% significance level. It is also
observed that the coefficient of Internet usage in Model 3 has increased to 0.013 as compared
to 0.010 in Model 2, which suggests that higher digital literacy skills could strengthen the
positive impact of Internet usage on human development. To stay relevant in an economy that
is rapidly becoming digital, individuals are not only expected to be able to use and understand
technology, but also to have adequate digital literacy to increasingly create and share digital
content, building knowledge and solving problems, all while measuring progress (Mizunoya,
Mishra, Amaro & Venturini, 2019).

Considering the control variables introduced in all model estimations, this study found that
that all four control variables mostly emerged significant in influencing human development.
FDI and trade openness, although significant, entered with unexpected negative coefficients.
These finding signals increased competitiveness in the countries, to which both FDI and trade
openness contribute, that may result in higher work stress and economic insecurity
(Gokmenoglu, Apinran & Taspinar, 2018). Moreover, unemployment rate produced the
expected significant and negative relationship with the HDI, suggesting that lower number of
unemployed workers in the total labour force is associated with higher levels of human
development. This finding supports that of Clark (2009) who showed that being unemployed
may lead to lower subjective well-being and this is established across multiple measures
including lower happiness and life satisfaction. Additionally, it is worth noting that inflation
is the only control variable that emerged insignificant in Model 3, despite initially entering
with significant and positive relationship with human development, both in Model 1 and 2.
The positive coefficient of inflation in Model 1 and 2 suggests that the rise in inflation rate
leads to greater human development. Although it is surprising to observe the positive and
significant coefficient of inflation, this result is however consistent with that of Yolanda
(2017), who also found similar positive relationship between inflation and HDI. The fact that
most countries sampled in this study are characterized as growing economies with growing
purchasing power, this implies the possible existence of a demand-pull inflation where
aggregate demand outpaces aggregate supply, and thus exerts upward pressure on price.

5. Conclusion and Recommendations

This study investigated the relationship between digital literacy and human development of
38 countries over the period 2015 to 2018. Based on the results of preliminary testing, a fixed
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effect estimator with robust standard error was employed to determine the impact of digital
literacy and its moderation effect with Internet usage towards human development. This study
found that not only Internet usage and digital literacy are individually significant in
influencing human development, but their interaction effect also yielded statistically
significant and positive relationship with human development. This indicates that improving
the levels of Internet usage and digital literacy would lead to greater human development.
Additionally, findings of this study imply that while high ICT access and usage are necessary,
they are not sufficient conditions for promoting effective usage of digital technology. Rising
importance and use of the Internet have made digital literacy a required skill for all. It is
imperative to factor in digital literacy when weighing the impact of ICT on human
development as adequate digital literacy helps people to exchange ideas, become critical
users of information and make informed actions — all in order to participate and thrive in the
digital world.

Several policy implication and recommendation can be derived from the findings of this
study. In light of the significance of digital literacy found in this study, one of the channels
that Internet usage could contribute to human development is through education. Enabling
effective and meaningful integration of technology into the usual teaching and learning
practice would not only allow students to successfully engage in digital environment, but they
may also pick up and develop important digital literacy skills while doing so. Prior to
obtaining access to such active online participation, it appears that having sufficient and
sound infrastructure play an equally important part as well, since provision of basic
infrastructures represent a key element to promote human development of the countries
(Amato-Fortes et al., 2017). Therefore, to accelerate usage of the Internet and subsequently
promote development of digital literacy among the society, it is therefore recommended that
ICT infrastructure be upgraded and expanded in order for the deployment of digital tools to
benefit both the society and critical sectors such as education.

Some limitations of this study, however, should be noted. This study particularly focused on
Internet usage as the proxy representing ICT development — on which digital literacy was
tested for its moderation effect on Internet usage towards human development, while other
various indicators measuring technological progress were omitted. The short-run nature of
this study may also pose a limitation on the choice of regression estimators used as this study
employed only one static panel regression estimator, which is robust fixed effect estimator.
Building upon these potential limitations as well as findings of this study, future research may
consider examining the influence of other ICT indicators such as fixed broadband
subscriptions and households with a computer and Internet access, towards human
development. Future research may also cover a relatively longer time period to investigate the
long-run impact of digital literacy on human development, which would subsequently allow
for a dynamic and more advanced panel data estimation approach such as Instrumental
Variables (IV) and Generalized Method of Moments (GMM).
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