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Abstract 

 
The study aims to assess the causal effects of ICT investment, financial development, and human capital 
development in Bangladesh for the period 1990-2019. To do so, we applied liner ARDL, Quantile ARDL, and 
directional causality investigated by performing a non-granger causality test. The result of Quantile ARDL 
confirms long-run effects running from ICT investment and financial development to human capital 
development. Considering the result short-run estimation, study findings established a positive association 
between financial development and human capital development but both positive and negative observed in 
ICT investment on human capital development.  Furthermore, the nonlinear relationship established with the 
standard Wald test. Second, the results of directional causality test following Toda and Yamamoto (1995) 
proposed framework. Study findings established bidirectional causality running between financial 
development and human capital development and unidirectional causality running from ICT investment to 
human capital development. Therefore, it assumed that human capital development in Bangladesh critically 
relies on financial sector growth and development in the ICT sector. Furthermore, it is also observed that the 
bidirectional causal relationship also confirmed that is the development of either independent variables can 
influence each other. 
 

Keywords: ICT investment; financial development; Human Capital Development; QARDL; Toda-Yamamoto; 
Bangladesh 

 
 
1. Introduction  

 
“Human resource development is a crucial requirement not only to build up technical knowledge and 
capabilities but also to create new values to help individuals and nations cope with rapidly changing 
social, environmental and development realities.” – World Commission on Environment and 
Development(Imperatives, 1987) 
 

Adam smith in 1977 postulated that “increasing division of labor may lead to economic prosperity”. 
With the line with Adam smith, a growing number of researchers including Schultz (1961), Alexander 
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(1997), Sen (1999a), Lazerson and Grubb (2004) come up with positive attitude by explaining the 
contribution of human capital in the process of economic growth, especially in the long-run. They 
postulated that human capital development intensifies the growth proposition through productivity 
enhancement and knowledge transfer. Human capital, according to Case and Fair (2007), is a set of 
interrelated macro factors including education, technical know-how, experience, and working habits 
that significantly influence the value of a marginal productivity working group.  

Given that human capital is a pivotal element in the growth theory. It is because the 
acceleration of human capital with the investment in health, education, technological transformation 
eventually augment the speed of economic growth and support to achieve sustainable economic 
development (Barro, 2001; Easterbrook, Kuppens, & Manstead, 2016; Kottaridi, Louloudi, & 
Karkalakos, 2019; Valencia Caicedo, 2019). It is implying that development in human capital creates 
ample avenue for inclusive economic growth with skilled manpower, resources optimization, and a 
balanced economy. However, Sen (1999b) postulated that the effects of ICT development contribute 
immensely in the process of transforming the population into human capital. The evolvement of ICT 
in the economy increases the possibility of getting benefits out of it including easy data processing, 
quick-time transactions, and diffusion of relevant information by overcoming the physical barriers. 
ICT adaption in the operational process assists the organization to increase productivity with timely 
decision making, effecting communication, and employee participation. Therefore, both the private 
and public sector prefers to implement technological development for enriching performance which 
eventually upgrades human skills in case of handling complex issues at large. 

From a macro perspective, inclusive growth and development in one of the major outputs from 
the adaptation and implementation of ICT. The empirical literature suggests ICT evolvement 
increases the breadth of essential services in the economy including easy access to financial services 
like mobile banking, health care services, and online education at an affordable cost. and affordable 
(Bertot, Jaeger, & Grimes, 2010; Naik, Joshi, & Basavaraj, 2012). On top of that, ICT brings the 
population those are living in remote areas, into the mainstream of growth. 

The motivation of the study to investigate the nexus between ICT investments, Human capital 
development through the interaction effect of financial development in Bangladesh during the period 
1990-2019. Unleashing fresh evidence we applied linear ARDL proposed by M. Hashem Pesaran, Shin, 
and Smith (2001)and Quintile ARDL proposed by Cho, Kim, and Shin (2015). Besides, directional 
causality also investigated by following the granger non-causality test offer by Toda Toda and 
Yamamoto (1995). We observed from empirical estimation that in the long –run, both investment in 
ICT and financial development positively associated with Human capital development. However, a 
negative effect also established between ICT investment and human capital development in the 
short-run. 

The remaining part of the study is structured as follows: Section 2 reviews the existing 
literature. The data and methodology are discussed in Section 3; Section 4 presents the empirical 
results and the implications; while Section 5 concludes the study 
 
2. Review of Literature 
 
In the empirical literature, we observed two lines of study findings focusing on human capital 
development. First, a growing number of researcher’s concentrated on explaining the role of human 
capital on economic growth see for example (Jahfer & FHA, 2016; Ranis, 2004; Ranis, Stewart, & 
Ramirez, 2000; Son, 2010). Second, another group of researchers performed an empirical study for 
identifying the key determinants of human capital development with county-specific and panel data 
see for an instance  (Abubakar, Kassim, & Yusoff, 2015); Christopoulos and Tsionas (2004); (Shuaibu, 
2016)(Neeliah & Seetanah, 2016);(Thierry, Jun, Eric, Yannick, & Landry, 2016); (DİNÇER & YUKSEL, 
2019); (KIRAN, YAVUZ, & GÜRİŞ, 2009), KIRAN et al. (2009)   Christopoulos and Tsionas (2004) 
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2.1 ICT and human capital development  
 
Human capital, according to (Barro, 2001; Jones, 2003), 2001) is relevant to achieve sustainable 
economic development. They postulated that human capital development not only augments the 
speed of growth but also ensure economic resources optimization, social security, and infrastructural 
development. Therefore, the role of macro determinants specifically ICT development emerged as the 
key concern for Human capital development (Jaiyeoba, 2015; S. Oluwatobi & Ogunrinola, 2011; 
Uzodigwe, Umeghalu, & Ozoh). 

In a study of S. O. Oluwatobi, Olurinola, and Taiwo (2016), they examine the key determinants 
of human capital development in Sub-Saharan Africa for the periods 2001-2012 by performing system 
generalized method of moments (SGMM) technique. They established that the role of ICT 
development is decisive toward human capital development especially in the long-run.  A group of 
researchers acclaimed that ICT evolvement is imperative for human capital development to see for an 
instance (Cheng, Mitomo, Otsuka, & Jeon, 2015; Ilmakunnas & Miyakoshi, 2013; Martin, Ciovica, & 
Cristescu, 2013; Olubamise, 2010). According to Ahmed (2006), ICT investment at a firm-level 
increases total factor productivity due to an increase in employee productivity. He also advocates that 
ICT investment allows firms to enjoy skilled manpower that is efficient enough to handle the complex 
production process.  

Furthermore, contradictory opinions also available in empirical literature. Ejemeyovwi, 
Osabuohien, and Osabohien (2018) performed an investigation of explaining the role of ICT 
investment in human capital development in ECOWAS for the 2004 to 2014 periods. Study findings 
suggest that investment in information and telecommunication development does not assist in 
human capital development in the long-run. , respectively. 

All these studies validate the fact that a relationship exists between human CapitaLand ICT. 
However, no such study yet to investigated focusing on the nexus between ICT investment and 
human capital development in Bangladesh. With this study, therefore, we try to mitigate this 
research gap and explore fresh insights about how ICT development contributes to human capital 
development. 
 
2.2 Nexus between financial development and human capital development 
 
Human capital development, according to the empirical literature, the process also accelerates with 
the development of the financial sector. A growing number of empirical studies advocated a positive 
association between financial development and human capital development. For example,  In a study, 
Hakeem and Oluitan (2012) investigated financial development and human capital development 
nexus with a time series approach in South Africa for the 1965-2005 periods. Study findings with 
granger-casualty test unveil feedback hypothesis by explaining bidirectional causal effects running 
between financial development and human capital development. Similar findings also available in De 
Gregorio (1992, 1996);Outreville (1999); Dwyfor Evans, Green, and Murinde (2002); Papagni (2006). 

Furthermore,  Kiliç and Ozcan (2018) performed an investigation for addressing the impact of 
financial development on human capital considering two sets of panel data for the 1990-2015 period 
in the emerging economy. Study findings revealed that in the long run financial development 
positively assists in human capital development. Furthermore, explaining directional causality 
between financial development and human capital development, Hatemi-J and Shamsuddin (2016) 
and Demirci and Özyakisir (2017) established unidirectional causality in their respective studies. 

In another study performed by Wan (2014) for establishing the role of financial development 
and human capital accumulation on the socio-economic growth of china for the 1990-2011 periods. 
Several econometric tools were used namely unit root test, Johansen cointegration test, and 
directional causality established with granger causality test under VAR. study findings explain the 
long-run association between financial development, human capital development, and economic 
growth. Furthermore, the feedback hypothesis holds for explaining the effect of running from human 
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capital development and economic growth. 
In the study of Zaman, Izhar, Khan, and Ahmad (2012), they investigated nexus between 

financial development and human capital in Pakistan for the period 1975-2010. Study findings 
established the human capital development process significantly guided by financial development in 
the long-run, however, the indicator of market capitalization play an insignificant role in regards. 
Referring, variance decomposition results, it appears that the Money supply explains significant 
variance error in the short-run. Further evidence available in the study of  Nik, Nasab, Salmani, and 
Shahriari (2013). 

In a study by Hakeem and Oluitan (2012). They performed a causal investigation between 
financial development and human capital development in South Africa for the periods 1965-2005. 
Study findings unveiled unidirectional causality running from financial development to human 
capital development. Similar directional causality test performed by Sehrawat and Giri (2014b) in 
India for the periods 1980-2012. ARDL bound test confirmed the long-run association between 
financial development and human capital development. And the results of the granger causality test 
established unidirectional causality running from financial development to human capital 
development.  

Further evidence observed in the study of Dwyfor Evans et al. (2002). They advocated that in 
the long-run, unidirectional causality running from financial development to human capital 
development. They conclude that a developed financial system is an essential complement to human 
capital development. Furthermore, financial development, according to Ukenna, Ijeoma, Anionwu, 
and Olise (2010), assists in skills development through augmentation of industrialization in the 
economy.  

Another line of research findings also offered empirical litterateur. A group of researchers 
expressed their neutral attitudes in explaining the relationship between financial development and 
human capital development in different studies see, for an instance, Dwyfor Evans et al. (2002); Wan 
(2014). 
 
3. Data and Methodology 
 
3.1 Variable definition  
 
The prime motivation of the study to investigate the nexus between ICT investment, financial 
development, and Human capital development in Bangladesh for the 1990-2019 period. All the 
variables are extracted from annual economic indicators reports published by the central bank of 
Bangladesh. All the variables are transformed into a natural log to overcome seasonal variation. 
Human capital development: following existing literature such as Ejemeyovwi et al. (2018); 
Shuaibu (2016), in this study, human capital development is measured by widely accepted prosy 
namely Human capital development index (HCDI). Financial development refers to the process of 
efficient financial intermediation, acceleration of economic resources mobilization, and access to 
financial service by large groups. In the empirical study, a number of proxy used by researchers for 
assessing financial development effects in the equation. However, a growing number of researches 
use “ domestic credit to private section” as a proxy of financial development in their respective study 
see for an instance, Hatemi-J and Shamsuddin (2016); Sehrawat and Giri (2014a); Hakeem and 
Oluitan (2012). Investment in ICT measure by the proxy of investment in telecommunication by 
following Bankole, Osei-Bryson, and Brown (2013); Ejemeyovwi et al. (2018). Improvement in ICT 
assists in business development since the core elements like information accumulation, 
transformation, and reproduction for business purpose, intensify with the evolvement of ICT. Table 1 
exhibits the data definition and descriptive statistics. 
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Table 1: Varibale definition and Descriptive statistics  
 

Data Identifier Sources Mean Std. Jarque-Bera 
Human development index HC WDI 0.499 0.068 1.589 
Investment in telecommunications ICT WDI 5.450 1.509 9.147 
Domestic credit to the private sector FD WDI 3.322 0.393 2.303 

 
Source: Author compilation  
 
3.2 Autoregressive Distributed Lagged and Quantile ARDL 
 
To assess the nexus between investment in ICT, financial development, and human capital 
development, we perform two major econometric models namely linear autoregressive distributed 
lagged, hereafter ARDL propose by M. Hashem Pesaran et al. (2001). 

The generalized ADRL model for assessing investment in ICT, financial development and 
human capital development in Bangladesh is as follows; 𝐻𝐶 = 𝛼 + ∑ 𝜇 𝐻𝐶 + ∑ 𝜇 𝐼𝐶𝑇 + ∑ 𝜇 𝐹𝐷 + +𝜔             (1)  

Where the coefficient of 𝜔  specify error correction term 𝜔 = 𝐻𝐶 − 𝐸[ ], with 𝐹  is the 

smallest σ- field generated by……….. and p, q, y lag order selected by Schwarz information criterion, 
respectively. In equation (1), HC, ICT, and FD represent Human capital development, Investment in 
Telecommunication, and Financial development, respectively.  

We also consider dynamic Quantile Autoregressive Distributed Lag (QARDL) proposed by Cho 
et al. (2015) hereafter QARDL. Since QARDL is the combination of Autoregressive Distributed lagged 
(ARDL) of M. Hashem Pesaran et al. (2001), which enable to address both short-run and long-run 
relationship between dependent and independent variables and the Quantile regression method 
proposed by Koenker and Bassett Jr (1978) which captures the different state of the economy.  

Extension of Eq. (1) to a Quantile context leads to the following form of the QARDL model: 𝑄𝐻𝐶 = 𝛼 (τ) + ∑ 𝜇 (τ)𝐻𝐶 + ∑ 𝜇 (τ)𝐼𝐶𝑇 + ∑ 𝜇 (τ)𝐹𝐷 + (τ)𝜔             (2)  
 
Where according to Kim and White (2003), (τ)𝜔 = 𝐻𝐶 − 𝑄 (τ/Ω ) , and 0< τ < 1 is the 

Quantile.  
To analysis QARDL, we reconstruct the equation (2) in the following manner: 𝑄 = 𝛼 (τ) + ∑ 𝜇 (τ)∆𝐻𝐶 + 𝛽 (τ)𝐻𝐶 +  ∑ 𝜇 (τ)∆𝐼𝐶𝑇 + 𝛽 (τ)𝐼𝐶𝑇 + ∑ 𝜇 (τ)∆𝐹𝐷 +𝛽 (τ)𝐹𝐷 + (τ)𝜔             (3)  
Where, 𝛽 (τ) = ∑ 𝜔(τ) , , 𝜇 , (τ) = − ∑ 𝜔(τ) , 𝛽 (τ) = ∑ 𝜋(τ) , , 𝜇 , (τ) =− ∑ 𝜋(τ), 𝛽 (τ) = ∑ ϒ(τ), and, 𝜇 , (τ) = − ∑ ϒ(τ), 
The parameter in equation (3) only can capture short-run dynamics. To assess long-run effects 

running from financial development, ICT investment to human capital development, we reformulate 
equation (3) into the following equation (4): 𝑄 = 𝛼(τ) + 𝑋, 𝛽(τ) + 𝑀 (τ)      (4)          

Where, X= [FD, ICT, HC] and where, 𝛽 (τ) = 𝛾 (𝜏) 1 − ∑ 〖𝜇 (τ)]〗  and 𝑀 (τ) =∑ 𝜌 , (τ)∆𝐻𝐶 + ∑ 𝜃 , (τ)∆𝜀  , with 𝛼(τ) = 𝛾(𝜏)[1 − ∑ 𝜇(τ)]  and 𝛼 (τ) = ∑ 𝜋 𝜏 , 𝛽 (τ) 𝑎𝑛𝑑  𝛽 (τ)  will be computed similar way. 
QARDL investigation subject of serial correlation, therefore to avoid serial correlation problem 

we reconstruct the equation into the following way: 𝑄∆ = 𝛼 + 𝛽 𝐻𝐶 + 𝛽 𝐼𝐶𝑇 + 𝛽 𝐹𝐷 + ∑ 𝜇 ∆𝐻𝐶 +  ∑ 𝜇 ∆𝐼𝐶𝑇 + ∑ 𝜇 ∆𝐹𝐷 +(τ)𝜔             (5)  
Following Cho et al. (2015), the above equation (5) can be reparameterization into QARDL with 

an error correction term 
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𝑄∆ = 𝛼(𝜏) + 𝜌(𝐻𝐶 − 𝛽 (𝜏)𝐼𝐶𝑇 − 𝛽 (𝜏)𝐹𝐷 ) + ∑ 𝜇 (𝜏)∆𝐻𝐶 +  ∑ 𝛽 (𝜏)∆𝐼𝐶𝑇 +∑ ϒ (𝜏)∆𝐹𝐷 + (τ)𝜔             (5)  
The cumulative short-term impact of the previous human capital developed on current human 

capital development is measured by 𝜇∗ = ∑ 𝜇   while the cumulative short-term impact of current 
and past levels of ICT investment, and financial development on current human capital development 
 are measured by 𝛽∗ = ∑ 𝛽  and ϒ∗ = ∑ ϒ , respectively. The long-term cointegrating 

parameters for financial development and ICT investment  are calculated as 𝛽 = −  and 𝛽 = − , respectively. 

The cumulative short-term parameters and the long term cointegrating parameters are 
calculated using the delta method. It is worth noting that the ECM parameter ρ should be 
significantly negative. 
 
3.3 Toda-Yamamoto causality test  
 
To assess directional causality between ICT investment, financial development, and Human capital 
Development. to do so, we follow the framework proposed by Toda and Yamamoto (1995), widely 
known as the Non-causality test. The assumption of exiting the granger causality test i.e., some 
parameters are jointly zero is not valid with integrated variables. Therefore,  overcoming, the existing 
limitations in the traditional causality test, Toda and Yamamoto (1995) proposed a causality test 
utilizing the Modified WALD test for restriction on the parameters of a VAR(k). The Toda and 
Yamamoto (1995) causality test based on the idea of Vector autoregressive at level (P=K+Dmax) with 
correct VAR order K and d extra lag, where d represents the maximum order of integration of time 
series.  

Toda and Yamamoto's non-causality test, according to Zapata and Rambaldi (1997), possess 
certain advantages over the traditional Granger causality test. First, assessing causality with a non-
causality test does not require cointegration properties in the system equation. Second, in case of 
mixed order of variables integration that is either I (0) and/or I (1) the MWALD test is capable to 
investigate existing causality between variables.  

To apply the nexus between ICT investment, financial development, and Human capital 
development, we summarized the empirical model into the VAR system in the following equations, 
where each variable is treated as the dependent variable in respective equations.    𝐻𝐶𝐷 = 𝛼 + ∑ 𝛽 𝐻𝐶𝐷 + ∑ 𝛽 𝐻𝐶𝐷 + ∑ 𝛾 𝐼𝐶𝑇 + ∑ 𝛾 𝐼𝐶𝑇 +∑ 𝛿 𝐹𝐷 + ∑ 𝛿 𝐹𝐷 + 𝜀                   (7)  𝐹𝐷 =𝛼 + ∑ 𝛽 𝐹𝐷 + ∑ 𝛽 𝐹𝐷 + ∑ 𝛾 𝐼𝐶𝑇 + ∑ 𝛾 𝐼𝐶𝑇 + ∑ 𝛿 𝐻𝐶𝐷 +∑ 𝛿 𝐻𝐶𝐷 + 𝜀                   (8)  𝐼𝐶𝑇 = 𝛼 + ∑ 𝛽 𝐼𝐶𝑇 + ∑ 𝛽 𝐼𝐶𝑇 + ∑ 𝛾 𝐻𝐶𝐷 + ∑ 𝛾 𝐻𝐶𝐷 +∑ 𝛿 𝐹𝐷 + ∑ 𝛿 𝐹𝐷 + 𝜀                   (9)  
 
4. Empirical Model and Interpretation   
 
Variables order of integration in the empirical test becomes significant due to econometric 
techniques selection guided by variables nature of integration. Therefore, establishing variable order 
of integration, in the study we performed unit root test by following Dickey and Fuller (1979) 
hereafter ADF test and  Phillips and Perron (1988) hereafter P-P test with the null hypothesis of data 
is not stationary. Also, the unit root test proposes by Kwiatkowski, Phillips, Schmidt, and Shin (1992) 
hereafter KPSS test with the null hypothesis of data is stationary. The results of the unit root test 
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exhibited in Table 2. According to test statistics with ADF and P-P test, we observed that variables 
exhibit non-stationary property at level but become stationary after the first difference. Similarly, the 
test statistics with the KPSS test, the null hypothesis of data is stationary is not rejected due to the 
insignificant estimation. In a nutshell, the variables are integrated after the first difference but there 
are no such variables in the study that are integrated after the second difference. 
 
Table 2: Results of unit root tests 
 

 
With

Constant 
With Constant

& Trend 
With

Constant 
With Constant

& Trend 
With

Constant 
With Constant 

& Trend 
t-Stat Prob. t-Stat Prob. t-Stat Prob. t-Stat Prob. t-Statistic t-Statistic 

FD -0.345 0.905 -3.097 0.126 -0.504 0.876 -2.971 0.157 0.6769 0.175 
ICT -0.316 0.910 -1.328 0.859 -0.438 0.88 -1.328 0.859 0.4027 0.1599 
HCD 0.847 0.993 -2.236 0.452 0.166 0.965 -4.663 0.006 0.6958 0.0894 
d(FD) -6.049 0 -6.203 0.000 -5.955 0 -5.833 0.000
d(ICT) -5.666 0.000 -7.184 0 -5.578 0.000 -4.985 0.002
d(HCD) -5.25 0.000 -5.042 0.002 -2.677 0.094 -4.383 0.010

 
Sources: author calculation 
 
Now we move to investigate their pairwise association by applying causality test as a preliminary 
assessment. The pairwise granger causality test result exhibited in Table 3. We observed that 
bidirectional causality between ICT investment and financial development [ICTFD]. Study 
findings explaining that further financial development in the future will augment the nature of 
investment in the ICT sector by the government of Bangladesh, likewise, the growth in ICT 
investment will also make changes in the financial development process. Therefore, equitable 
development demands positive progress in both areas. Furthermore, unidirectional causality running 
from human capital development to ICT investment [HCDICT] and human capital development to 
finical development [HCDFD]. 
 
Table 3: Results of linear Granger causality test 
 

Null Hypothesis: Obs F-Statistic Prob. Causality  direction 
FD ≠ICT 30 10.1139 0.0202 FDICT ICT≠ FD 5.52195 0.00798
HCD ≠ICT 30 13.5819 0.0117 HCDICT ICT ≠HCD 0.47364 0.8290
HCD ≠FD 30 12.03476 0.05241 HCDFD FD ≠HCD 0.46936 0.8316

 
Sources: author calculation  
 
In the following section, we performed a test of cointegration following the procedure initiated by S.  
Johansen (1991); S Johansen (1995); S.  Johansen (1998) for assessing whether the long-run association 
is available in the empirical model. The results of the cointegration test exhibited in Table 4. Study 
findings established a long-run association in the empirical equation by rejecting the null hypothesis 
of at most 1 cointegration at a 5% level of significance. It is implying that in the long-run investment 
in ICT, financial development, and human capital development move together. 
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Table 4: Johansen Cointegration Tests of the Bivariate Models 
 

Hypothesized No. of CE(s) Eigenvalue Trace
Statistic 

0.05
Critical Value Prob.** 

None * 0.920098 90.30720 29.79707 0.0000 
At most 1 * 0.744864 32.18721 15.49471 0.0001 
At most 2 0.032932 0.770195 3.841466 0.3802 
Trace test indicates 2 cointegrating equations(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level 
**MacKinnon-Haug-Michelis (1999) p-values  

 
Source: Author’s calculation  
 
4.1 Autoregressive Distributed Lagged and Quantile ARDL estimation  
 
The next section dealing with empirical model estimation by applying autoregressive distributed 
lagged hereafter ARDL propose by M Hashem Pesaran and Smith (1995) and further development 
initiated by M. Hashem Pesaran et al. (2001). The result of linear ARDL exhibited in Table 5 (Panel-
A). besides linear ARDL, in the study, we also perfumed Quintile ARDL by following the framework 
proposed by Cho et al. (2015) and the results of Quintile ARDL exhibited in Panel-B. 

Considering linear ARDL results. It is obvious, in the long-run, a positive association established 
between investment in ICT (a coefficient of 0.051) and financial development (0.103) with human 
capital development in Bangladesh and all the coefficients are statistically significant at a 1% level of 
significance. More specifically, a 10% increase in ICT investment results for a 5.1% development in 
human capital. It is implying that further development in information and telecommunication will 
boost the process of human capital accumulation in the economy. Furthermore, a 10% improvement 
in financial development results in a 10.3% enhancement in human capital development. In a 
nutshell, in the long-run, both variables namely IC T investment and financial development positively 
support the process of human capital accumulation. 

For short-run, the coefficient of error correction (a coefficient of -0.405) is negative and 
statistically significant. Finding suggesting that there is long-run convergence with a speed of 40.5%, 
having short-run shock in the model. Considering the magnitude of ICT (a coefficient of -0.002) is 
negative and financial development (a coefficient of 0.0902) is positively linked with the human 
capital accumulation process but only the coefficient of financial development is statistically 
significant at a 5% level of significance.  

Referring to the results of Quantile ARDL model estimation, we perform 0.10 Quantile to 0.80 
Quantile of addressing magnetite of investment in ICT and financial development on human capital 
development in Bangladesh both in the long-run and short –run. The ECM parameter ��(��) 
measures the speed of adjustment towards the long-run equilibrium at quantile ��. Considering the 
coefficients of the error correction term is statistically significant at a 1% or 5% level of significance 
with the expected sign i.e., negative. These findings indicating that three is the reversion relationship 
between ICT investment, financial development, and Human capital development in Bangladesh.   

In the long run, it is obvious that there is a positive association between investment in ICT and 
human capital development with the given Quantile, the coefficients range from 0.094 to 0.253. It is 
evident from the results that with the higher quantile the coefficient 𝛽  is significant. It is 
noteworthy to address that over the period investment in the ICT sector emerges as a catalyst in the 
process of human capital. Therefore, future endeavors in accelerating the ICT sector development 
through both public and private investment can contribute more. Moreover, the development of the 
ICT sector in the economy could boost economic integration by allowing easy access to information. 

The empirical finding also suggests that the coefficient of 𝛽  is higher and statistically significant 
at the higher quantile. However, the negative effects also manifested at lower quantile that is q=335. 
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Table 5: Results of linear ARDL and Quintile ARDL  
 𝛽 𝛽 𝜇 β ϒ 𝜌 

ARDL 0.05171 0.103 0.081008 -0.0024 0.09024 -0.404 

0.10 0.0247
(0.0505) 

0.0515
(0.0002) 

0.0690
(0.000) 

-0.0014
(0.0002) 

0.0127
(0.000) 

-0.053 
(0.000) 

0.20 0.098
(0.009) 

0.0224
(0.000) 

0.09759
(0.000) 

-0.0352
(0.0001) 

0.08492
(0.000) 

-0.007 
(0.000) 

0.30 0.0947
(0.0505) 

0.02515
(0.0002) 

0.09690
(0.000) 

-0.0034
(0.0002) 

0.09127
(0.000) 

-0.053 
(0.000) 

0.30 0.0947 
(0.0505) 

0.02515 
(0.0002) 

0.09690 
(0.000) 

-0.0034 
(0.0002) 

0.09127 
(0.000) 

-0.153 
(0.000) 

0.4 0.1247 
(0.0091) 

0.03168 
(0.000) 

0.09699 
(0.000) 

-0.0371 
(0.000) 

0.09299 
(0.000) 

-0.163 
(0.000) 

0.5 0.1498 
(0.009) 

0.03224 
(0.000) 

0.09759 
(0.000) 

-0.0352 
(0.0001) 

0.08492 
(0.000) 

-0.107 
(0.000) 

0.6 0.209 
(0.0292) 

0.0381 
(0.0001) 

0.09739 
(0.000) 

-0.0344 
(0.000) 

0.0906 
(0.000) 

-0.612 
(0.000) 

0.7 0.253 
(0.087) 

0.0399 
(0.000) 

0.0990 
(0.000) 

-0.0317 
(0.0001) 

0.0776 
(0.0021) 

-0.050 
(0.000) 

0.8 0.231 
(0.0109) 

0.0525 
(0.0002) 

0.09998 
(0.000) 

-0.0028 
(0.0001) 

0.0869 
(0.000) 

-0.090 
(0.000) 

Note: the value in the () indicates associate p-value. 
 
Source: Author calculation  
 
The asymmetric effects of ICT investment and financial development on human capital development 
confirmed by the results of the Wald test, which is exhibited in Table 6. In particular, the results of 
the Wald test reject the null of parameter consistency for the speed of adjustment parameter and the 
long-run parameter. Thus confirmed the existence of a nonlinear relationship between ICT 
investment, financial development, and Human capital development. Furthermore, considering the 
short-run effects, Wald test results confirmed the presence of asymmetric effects running from ICT 
investment and financial development.       
 
Table 6: Wald test results 
 𝛽 𝛽 𝜇 β ϒ 𝜌 

Wald-stat 14.478*** 11.425*** 9.751** 8.224** 4.778*** 17.241** 
 
4.2 Granger causality test following Toda-Yamamoto 
 
This section dealing with the investigation of the directional causality test by empirical equation (6-
8) by following the non-causality test propose by Toda-Yamamoto. The results of the non-granger 
causality test exhibited in Table 6. The optimal lag length (k) for each of the variables by using Akaike 
information criteria is 2. Besides, the Toda and Yamamoto test are estimated using VAR at the level of 
order p = k + dmax. 

Considering the result of the causality test, we observe that the “feedback hypothesis” holds in 
explaining the causal relationship between financial development and human capital development 
[HCDFD] and investment in ICT and financial development [ICTFD]. Study findings 
suggesting that any future development in either variable, the expected consequence to be observed 
in other variables. Policy formulation, therefore, the process needs to be more attentive and careful 
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so that aggregate effects can be maximized shortly. Furthermore, unidirectional causality disclosed 
between investments in ICT to human capital development [ICTHCD].  
 
Table 7: Toda and Yamamoto Approach of Granger Causality Test Results 
 

Dependent variable 
Independent variables

HCD ICT FD 
HCD - 14.923*** 24.562*** 
ICT 7.728 - 16.344** 
FD 13.656*** 13.603*** -

Note: *** indicates statistically significant at a 1% level. 
 
5. Findings and Discussion  
 
Digitalization is one of the prime motivations by the ruling government since 1990. Increment of 
aggregate production, human capital development, reduction of transaction costs is the price 
outcome with ICT development in Bangladesh, which is observed over periods. In line with the ICT 
investment trend, the motivation of the study is to explore fresh evidence regarding the role of ICT 
investment in human capital development through the interaction of financial development for the 
periods 1990-2017. Investigating the nexus between ICT investment, financial development, and 
human capital development, we applied liner ARDL proposed by M. Hashem Pesaran et al. (2001)and 
quantile ARDL proposed by Cho et al. (2015). Furthermore, the directional relationship was 
investigated by following the non-granger causality test propose by Toad Toda and Yamamoto (1995). 
The key summary findings are exhibited below: 

First, the empirical model estimation with quantile ARDL established a positive association 
between ICT investment, financial development, and human capital development, especially in the 
long-run. Referring to the short-run model estimation, we observed a mixed effect running from ICT 
investment to human capital development that is positive and negative. However, the effects of 
financial development on human capital are aligned with the long-run effect, which implies a positive 
association. Our study findings are supported by empirical studies see, for an instance Khan, Hussain, 
Shahbaz, Yang, and Jiao (2020)   Oyinlola and Adedeji (2019) Wan (2014) Gillman and Kejak (2007).  
Furthermore, the results of the standard Wald test confirmed the nonlinear relationship between ICT 
investment, financial development, and human capital development in Bangladesh.  

Second, the results of directional causality test following Toda and Yamamoto (1995) proposed 
framework. Study findings established bidirectional causality running between financial development 
and human capital development and unidirectional causality running from ICT investment to human 
capital development. Therefore, it assumed that human capital development in Bangladesh critically 
relies on financial sector growth and development in the ICT sector. Furthermore, it is also observed 
that the bidirectional causal relationship also confirmed that is the development of either 
independent variables can influence each other. 
 
6. Conclusion and Policy Implication  
 
It is obvious from the study findings that both investments in ICT and financial development are 
critically important for human capital development in Bangladesh. Furthermore, the joint effects of 
ICT and financial development also positively associated with the process of human capital 
development, especially in the long-run.  

The results of this study will prove to be useful for ICT and human capital policy formulation. In 
this context, a comparison of the contributions of ICT and human capital to productivity growth in 
the Bangladeshi economy provides a guideline for the policymakers to formulate appropriate national 
and international ICT and human capital policies. 
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Furthermore, study findings appropriately direct in policy formulation pertinent to mitigating 
the skills manpower scarcity through human capital development in the economy for sustainable 
economic growth in Bangladesh. Therefore, effective ICT program implementation and inclusive 
access to financial services are the key determinants for human capital development, especially in the 
long-run. Financial inclusion not only boosts the economic process but also play a catalyst role in 
accelerating the speed of human capital development by offering growth propensity. ICT adaption 
and availability with access to financial services allow the transformation of the population to 
manpower since ICT literature and access to credit.   

Based on empirical finds some policy implications. First, the governments of Bangladesh should 
consider the financial development level and investment in the ICT sector while making projections 
for the future national human capital demand. Otherwise, further developments in human capital in 
a way that has not been accounted for, resulting in more difficulties for achieving their planned 
human development targets. Second, the policies of economic development, finance, and ICT 
education should be simultaneously considered as there are strong bilateral relations among the 
corners of the development-finance and human capital triangle. Financial policies targeting more 
investment in ICT education (e.g. lowering interest rates for educational loans) will likely create more 
ICT adopted people with high financial literacy rates. Educated people will likely support the 
development of the financial sector as they have sufficient acquaintance with financial instruments 

As a final note, future studies can expand the scope in several ways. First, a financial index can 
be constructed based on different proxies for financial development, such as capital market-based 
indicators. Likewise, different proxies for human capital or human development, such as HDI, could 
be used. Moreover, the existing literature is still in its infancy and needs further studies to analyze the 
issue for different countries. 
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