
 

 

Abstract 

 

This paper examines the impact of digital transformation through internet penetration and 

e-government development on human development across 46 countries from 2013-2023. Using a 

panel data approach with fixed effects and robust standard errors, the results suggest that internet 

penetration is positively associated with HDI, although its effects diminish in wealthier countries, 

as shown by a significant negative interaction with GDP. On the other hand, e-government does 

not present a statistically significant relationship with HDI within the data. Lagged models show 

that digital transformation’s impact on HDI may take time to fully materialize. This paper’s 

findings are significant in showing the impact that specific economies have on the impact of digital 

transformation, which highlights the importance of tailoring country-specific policies to maximize 

the benefits of digital technology. 

Introduction 

 

Over the past decade, digital transformation has become a defining feature of national 

development strategies. Governments are investing heavily in internet infrastructure and digital 

public services, hoping these tools will unlock better health, education, and living standards. But 

while the rhetoric is strong, the evidence base is still evolving, especially on how these digital 

advances translate into real improvements in people’s lives. 

Our project seeks to understand whether greater internet access and stronger e-government 

systems lead to measurable gains in human development. Using panel data from 46 countries 

between 2013 and 2023, we focus on the Human Development Index (HDI) as a broad measure of 

quality of life. To ensure we’re not overstating digital impacts, we control for other key drivers 

like income, education levels, and governance quality. We also account for macroeconomic shocks 



 

 

and time trends using fixed effects and test lagged effects to assess whether the impact of digital 

transformation occurs with a delay.  

Background and Research Questions 

 

Our analyses are: (a) How does digital transformation improve overall quality of life?, 

and (b) Does internet access alone raise HDI, or does its effect depend on other development 

enablers like governance? While the general assumption made is that a positive association exists 

between digital transformation and overall well-being, research also shows potentially negative 

consequences; for example, a research study conducted in Russia shows minimal changes in 

quality of life indicators following increases in technology implementation and usage (Kolosova 

et al., 2023).  

On the other hand, studies examining digital transformation in the EU generally see 

positive connections between digital transformation factors such as GDP, innovation, and 

competitiveness (Małkowska et al. 2021). Therefore, it cannot simply be said that the integration 

of digital technologies leads to universal positive outcomes; intracountry conditions should have 

an effect as well, providing the basis for the report’s usage of control variables such as GDP as a 

control variable. This rationale is backed up by another study, which focuses on the EU, which 

argues that, even with the positive association between information and communication 

technology (ICT) spending and GDP, ICT spending may have a varied impact within less 

developed countries (Mićić 2017). 

Other examples of past literature on digital transformation focus on specific, high-need 

countries to understand the impact of technological implementation in these areas; for example, a 

study conducted in African countries found that mobile phone integration in these countries led to 

enhanced economic growth, as well as greater access to financial services (Andrianaivo & Kpodar 

2011). Another study examines the impacts of AI and other advanced technologies on developing 



 

 

countries, and it finds a similar positive relationship being advanced technological integration and 

economic growth, with females seeing a greater benefit within areas such as employment (Aly 

2022). Therefore, recent literature produces varying results regarding the impact of digital 

transformation, which justifies this report’s usage of multiple control variables. However, because 

there appears to be a broader trend of positive effects from digital implementation across different 

countries and regions, this report puts forth the hypothesis that a positive, statistically significant 

association exists between digital transformation on the quality of life. 

The overarching theory behind this hypothesis is established through “The Capability 

Approach,” which puts forth two broad claims regarding human development: “...first, the claim 

that the freedom to achieve well-being is of primary moral importance and, second, that well-being 

should be understood in terms of people’s capabilities and functionings.” (Robeyns & Byskov 

2025). Connecting this to digital transformation, the implementation of digital technologies should 

expand the capabilities of people (i.e., the ability that people have to do things) to obtain specific 

functionings (such as being well-fed or properly educated) (Robeyns & Byskov, 2025). In other 

words, digital transformation should increase the well-being of people across different countries 

because technologies provide people with more opportunities to increase well-being 

(economically, socially, etc.), and this “well-being” will be measured through the Human 

Development Index (as explained in “Data Sources”). 

Understanding the answers to the two listed resource questions would have important 

domestic and foreign policy implications as technology continues to rapidly advance around the 

world. Establishing a positive, statistically significant relationship between digital transformation 

and well-being could further motivate foreign investment from organizations and governments 

into other countries, especially poorer countries that are lagging in technological infrastructure. 

Domestically, governments would also have social and economic motivations to further integrate 



 

 

and develop technology within their countries, as well as encourage competition amongst 

businesses to develop and optimize technologies. 

Data Sources 

 

 This report utilizes several data sources for our three primary variables. The Human 

Development Index is the Y/Dependent variable, and it is a score from 0 to 1 that represents “...a 

summary measure of average achievement in key dimensions of human development: a long and 

healthy life, being knowledgeable and having a decent standard of living. The HDI is the geometric 

mean of normalized indices for each of the three dimensions.” (UNDP). The  

percentage of individuals using the internet within each country examined is the independent 

variable (𝑋1“InternetPenetration”), with data compiled from the World Bank (World Bank). The 

E-Government index represents one of the controlling variables within the dataset, and according 

to the UN website, this index serves to “...reflect how a country is using information technologies 

to promote access and inclusion of its people. The EGDI is a composite measure of three important 

dimensions of e-government, namely: provision of online services, telecommunication 

connectivity, and human capacity.” (EGOVKB).  

Our dataset covers 46 countries from 2013 to 2023, yielding 506 observations. It includes 

a mix of advanced and emerging economies from six continents, although Sub-Saharan Africa and 

fragile states remain underrepresented. An aggregated spreadsheet was created with each variable 

category for the 46 covered countries from 2013-2023 (Final_df). Yearly HDI growth rates are 

also captured within the aggregated dataset. 

  



 

 

Empirical Strategy 

 

 Regarding our empirical strategy, our core regression equation is as follows: 𝐻𝐷𝐼𝑖𝑡 = 𝛽0 +

𝛽1 ∗ 𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽2 ∗ 𝐸𝐺𝐷𝐼𝑖𝑡 + 𝛽3 ∗ 𝐺𝐷𝑃𝑖𝑡 + 𝛼𝑖 + 𝜆𝑡 + 𝜀𝑖𝑡.  

To specify, the Human Development Index for a country i at year t (𝐻𝐷𝐼𝑖𝑡) is equal to the constant 

term (𝛽
0
) plus the coefficient for “InternetPenetration” multiplied by country i’s internet 

penetration percentage at year t (𝛽
1
∗ 𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑖𝑡) plus the coefficient for the EGDI 

index multiplied by country i’s E-government index at year t (𝛽
2
∗ 𝐸𝐺𝐷𝐼𝑖𝑡) plus the coefficient for 

the GDP multiplied by country i’s GDP at year t (𝛽
3
∗ 𝐺𝐷𝑃𝑖𝑡) plus country i’s fixed effects, year 

fixed effects at time t, and the error term for country i at time t. 

Descriptive Analysis  

 
 

 

To start by broadly describing the data, we constructed a panel dataset with a country-level 

unit of analysis as shown above. We first examined the Human Development Index (HDI), our 

dependent variable, which ranges from 0.497 to 0.969 across the sample, with a standard deviation 



 

 

of 0.124. This widespread availability allows us to capture substantial variation in development 

levels across countries and over time.  

 

 

 

 

 

 

 

 

We also analyzed our main digital transformation indicators: internet penetration (as a 

percentage of population) that measure the internet access to population.  We made sure that the 

variable varies across countries over time as shown below, justifying a fixed-effects approach. 

We introduced the E-Government Development Index (EGDI) as a confounding variable, which 

is scaled between 0 and 1. This variable will account for the use of state-of-the-art technologies 

and human capital development. Our main focus here is to measure access to the internet rather 

than the quality of the service provided. 

Notably, internet penetration and EGDI are highly correlated (ρ ≈ 0.79), which 

introduces concerns of multicollinearity. However, variance inflation factors (VIF ≈ 2.68) 

remain within acceptable bounds. To address potential omitted variable bias, we supplement 

our analysis with interpolated time-varying controls: GDP per capita. This addition improves 

model robustness and ensures that digital effects are not confounded by structural socio-

economic shifts. 



 

 

Findings 

 

 

We conducted multiple approaches to understand the effect of internet penetration on HDI. 

However, to determine the best model for describing the influence of e-government (egov), 

internet, GDP, and year on HDI, we need to consider the following: 

●  Panel Data Structure: Since the data is panel data (countries over time), fixed-effects (FE) 

models are more appropriate than OLS because they control for unobserved heterogeneity 

across countries. 

● Robustness: Models with robust or clustered standard errors are preferred to account for 

heteroskedasticity and within-cluster correlation. 

● Interactions: considering the nature of our variables. 

● Lagged Effects: If the effects of the internet or e-government on HDI are delayed. 

After examining these conditions, the clustered simplified interaction FE robust model is 

the best choice for our analysis. The reasoning for choosing this is that it will effectively explain 

our panel data, reinforcing the validity of the STATA findings. 

  



 

 

Base OLS Naive Regression model  

 

 Starting with the Base OLS Naive Regression model, the R^2 value shows that 87.38% of 

the variation in HDI is explained by the independent variables. After adjusting for the number of 

predictors, the model still explains 87.05% of the variation in HDI, as seen from the adjusted R^2 

value. As for variable analysis, while the Internet and Egov have strong, positive, statistically 

significant impacts on HDI, GDP does not have a statistically significant effect on HDI in this 

model. Year dummies reveal time-specific effects, with some years (e.g., 2020, 2023) showing 

significantly lower HDI compared to 2013, possibly due to global events like the COVID-19 

pandemic. As a whole, this model explains a large proportion of the variation in HDI, making it a 

good fit for the data. 

  



 

 

     Two-way fixed effects model  

 Next, the fixed effects model controls for unobserved country-specific 

heterogeneity to further isolate the impact of the independent variables on digital 

transformation, as shown below: 

 

 

 

 The R^2 within value shows that 64.24% of the variation in HDI within countries over time 

is explained by the independent variables (Internet, Egov, GDP, and year dummies), the R^2 

between value shows that 64.12% of the variation in HDI between countries is explained by the 

independent variables, and the R^2 overall value shows that 36.47% of the total variation in HDI 

is explained by the model. As for variable analysis, Internet has a small but statistically significant 

positive effect on HDI, egov has a positive but statistically insignificant effect on HDI, GDP has 

a statistically significant but very small positive effect on HDI, and time dummies reveal that HDI 

has generally increased over time compared to 2013, with significant improvements in later years 



 

 

(e.g., 2020, 2023). This model also shows strong results in describing the variation in HDI in 

connection with digital transformation, especially given the FE model’s increased reliability. 

 

Two-way Fixed Effects with Robust Standard Error 
 

 Moving onto the fixed effects model with robust standard errors, this model controls for 

unobserved country-specific heterogeneity while also correcting for serial correlation and  

 

 Based on this model, the robust standard errors are larger than the conventional standard 

errors, which may reduce the statistical significance of some coefficients. This adjustment 

accounts for potential heteroskedasticity and within-group correlation. The results suggest that 

while internet penetration, e-government development, and GDP are important variables, their 

direct effects on HDI are not statistically significant in this fixed-effects model. The year fixed 



 

 

effects highlight a strong upward trend in HDI over time, which may be driven by other unobserved 

factors. Further analysis could explore interaction terms or alternative model specifications to 

better understand these relationships. 

Cluster Simplified Model Interaction FE robust 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

● Internet Penetration: The individual effect of internet penetration on HDI could not be 

estimated due to collinearity. This means that internet penetration is too highly correlated 

with other variables in the model (likely the interaction terms) to isolate its unique effect. 



 

 

● E-government Index: The coefficient for the e-government index is 0.0178619, with a 

standard error of 0.0300228. This effect is not statistically significant (p = 0.555). 

Therefore, in this model, there is no evidence that e-government has a statistically 

significant effect on HDI after controlling for the other variables and interactions. 

● Interaction between Internet and E-government: The coefficient for the interaction 

term between internet penetration and e-government is -0.0001185, with a standard error 

of 0.0002805. This interaction effect is also not statistically significant (p = 0.675). This 

suggests that the effect of internet penetration on HDI does not significantly depend on the 

level of e-government. 

● GDP: The coefficient for GDP is 8.82e-15, with a standard error of 4.30e-15. This effect 

is statistically significant (p = 0.046). This indicates that higher GDP is associated with 

higher HDI, even when accounting for internet and e-government and their interactions. 

● Interaction between Internet and GDP: The coefficient for the interaction term between 

internet penetration and GDP is -6.38e-17, with a standard error of 2.55e-17. This 

interaction effect is statistically significant (p = 0.016). The negative sign suggests that the 

(unestimated) positive effect of internet penetration on HDI may be weaker in countries 

with higher GDP. 

● Year Dummies: The coefficients for the year dummy variables are generally positive and 

statistically significant. This indicates that, on average, HDI has increased over the years 

in the sample period, relative to the base year. 

● Model Fit: 

○ The within R-squared is 0.6523, indicating that the model explains 65.23% of the 

variation in HDI within countries over time. 

○ The between R-squared is 0.1691. 

○ The overall R-squared is 0.1546. 



 

 

● Fixed Effects: The rho statistic (0.97754669) indicates that a large proportion of the 

variance in the error term is attributable to the country-specific fixed effects, further 

supporting the use of the fixed-effects model. 

● Correlation: The correlation between the within errors and the within-group means of the 

predictors is 0.2703, supporting the choice of a fixed-effects model over a random effects 

model. 

In summary, this model highlights the importance of GDP for HDI and reveals a significant 

interaction between internet penetration and GDP, suggesting that the impact of the internet on 

human development may be influenced by a country's economic strength. However, the direct 

effect of the internet and the effect of e-government were not found to be statistically significant 

in this specification. 

● Power of Correlation 

 

 

 

 

 

 

 

 

As the independent variables have 

strong correlation with each other, this makes it crucial to examine the impacts of the independent 

variables on each other, as well as isolating the relationships between HDI and specific 

independent variables. 



 

 

Cluster Simplified Model Interaction FE robust (without egov) 

 xtreg hdi internet c.internet#c.gdp gdp i.year, fe vce(cluster country_id) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Internet Penetration (internet) 

● Coefficient: 0.0002426 

● P-value: 0.087 

● Impact: Based on this model, internet penetration does not have a statistically significant 

impact on HDI.  

2. Interaction Term (c.internet#c.gdp) 

● Coefficient: -7.15e-17 

● P-value: 0.003 



 

 

● Impact: The interaction between internet penetration and GDP has a negative and 

statistically significant impact on HDI. 

● Rationale: This is a bit more complex. Although the coefficient size is small, this suggests 

that any impact of internet penetration on HDI may be weaker in countries with higher 

GDP. In other words, the benefit of increased internet access on HDI might diminish as a 

country's overall wealth increases. This could indicate that other factors become more 

important for human development in wealthier nations. 

3. GDP (gdp) 

● Coefficient: 9.71e-15 

● P-value: 0.028 

● Impact: Although the coefficient size is small, GDP has a positive and statistically 

significant impact on HDI. This means that, within countries over time, an increase in GDP 

is associated with an increase in the Human Development Index. 

4. Year Dummies (i.year) 

● Coefficients: Vary for each year (2014-2023) 

● P-values: Most are statistically significant 

● Impact: The year dummies indicate that there are significant time-specific effects on HDI. 

Most years show a positive effect compared to the base year (likely 2013). 

● Rationale: This suggests that there is a general upward trend in HDI over the years in the 

sample, even after controlling for internet penetration and GDP. This could be due to other 

global trends or factors not explicitly included in the model. 

  



 

 

Lagged effects  

Cluster Simplified Model Interaction FE robust 1y-lagged 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• internet_lag1: The coefficient for the 1-year lag of internet penetration (internet_lag1) is 

-0.0000511, with a standard error of 0.0001673. This effect is not statistically significant 

(p = 0.761). This suggests that the 1-year lag of internet penetration does not have a 

statistically significant direct effect on current HDI in this model. 

• egov: The coefficient for the contemporaneous e-government index (egov) is 0.0084877, 

with a standard error of 0.03. This effect is not statistically significant (p = 0.779). This 



 

 

suggests that the contemporaneous e-government index does not have a statistically 

significant direct effect on current HDI in this model. 

• c.internet_lag1#c.egov: The coefficient for the interaction term between the 1-year lag of 

internet penetration and the contemporaneous e-government index 

(c.internet_lag1#c.egov) is -0.0001003, with a standard error of 0.0002617. This 

interaction effect is not statistically significant (p = 0.703). This suggests that the effect of 

the 1-year lag of internet penetration on current HDI does not significantly depend on the 

contemporaneous e-government index in this model. 

• internet_lag1#c.gdp: The coefficient for the interaction term between the 1-year lag of 

internet penetration and GDP (internet_lag1#c.gdp) is -3.91e-17, with a standard error of 

2.12e-17. This interaction effect is marginally statistically significant (p = 0.067). The 

negative sign suggests that the effect of lagged internet penetration on HDI may be slightly 

weaker in countries with higher GDP. 

• gdp: The coefficient for GDP (gdp) is 5.72e-15, with a standard error of 2.59e-15. This 

effect is statistically significant (p = 0.031). This indicates that higher GDP is associated 

with higher HDI, even when accounting for the lagged internet penetration, 

contemporaneous e-government, and their interactions. 

• Year Dummies: The coefficients for the year dummy variables (Year 2015 - 2023) are 

generally positive and mostly statistically significant. This indicates that, on average, HDI 

has increased over the years in the sample period, relative to the base year (likely 2014, 

given the 1-year lag). 

• Model Fit: 

o The within R-squared is 0.6106, indicating that the model explains 61.06% of the variation 

in HDI within countries over time. 



 

 

o The between R-squared is 0.1650. 

o The overall R-squared is 0.1379. 

• Fixed Effects: The rho statistic (0.9788771) indicates that a large proportion of the 

variance in the error term is attributable to the country-specific fixed effects, further 

supporting the use of the fixed-effects model. 

• Correlation: The correlation between the within errors and the within-group means of the 

predictors is 0.2819. 

• Summary: The results indicate that neither lagged internet nor contemporaneous e-

government has a statistically significant direct effect on HDI. While GDP remains a 

significant positive predictor, there's only weak evidence suggesting that the lagged 

internet's effect on HDI may be slightly weaker in countries with higher GDP. The model 

also reveals a significant positive time trend in HDI, and a substantial portion of the 

variation in HDI is attributed to time-invariant country-specific factors. 



 

 

Cluster Simplified Model Interaction FE robust (without egov) 1y-

lagged 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

● 1-Year Lagged Internet Penetration: The coefficient for the 1-year lag of internet 

penetration (L1.internet) is 0.0001566, with a standard error of 0.0001255. This effect is 

not statistically significant (p = 0.218). This suggests that the 1-year lag of internet 

penetration does not have a statistically significant direct effect on current HDI in this 

model. 



 

 

● Interaction between Lagged Internet and GDP: The coefficient for the interaction term 

between the 1-year lag of internet penetration and GDP (c.L1.internet#c.gdp) is -6.59e-17, 

with a standard error of 2.23e-17. This interaction effect is statistically significant (p = 

0.005). The negative sign indicates that the (unestimated) positive effect of lagged internet 

penetration on HDI may be weaker in countries with higher GDP. 

● GDP: The coefficient for GDP (gdp) is 8.99e-15, with a standard error of 4.33e-15. This 

effect is statistically significant (p = 0.044). This indicates that higher GDP is associated 

with higher HDI, even when accounting for the lagged internet and its interaction. 

● Year Dummies: The coefficients for the year dummy variables (Year 2015 - 2023) are 

generally positive and statistically significant. This indicates that, on average, HDI has 

increased over the years in the sample period, relative to the base year (likely 2014, given 

the 1-year lag). 

● Model Fit: 

○ The within R-squared is 0.6071, indicating that the model explains 60.71% of the 

variation in HDI within countries over time. 

○ The between R-squared is 0.0659. 

○ The overall R-squared is 0.0679. 

● Fixed Effects: The rho statistic (0.97981358) indicates that a large proportion of the 

variance in the error term is attributable to the country-specific fixed effects, further 

supporting the use of the fixed-effects model. 

● Correlation: The correlation between the within errors and the within-group means of the 

predictors is 0.1348. 

This model, which incorporates a 1-year lag for internet penetration, shows that the lagged 

internet variable itself does not significantly predict HDI. However, the statistically significant 

negative interaction between lagged internet and GDP suggests that the impact of past internet 



 

 

penetration on current human development is influenced by a country's economic strength. GDP 

continues to be a positive predictor of HDI, and there's evidence of a general upward trend in HDI 

over time. 

Cluster Simplified Model Interaction FE robust 2y-lagged 

 

 

1. internet_lag2 (2-Year Lagged Internet Penetration) 

● Coefficient: 0.000051 

● P-value: 0.670 

● Impact: The 2-year lag of internet penetration has a very small positive estimated effect on 

HDI. However, this effect is not statistically significant (p > 0.05). This means we don't 



 

 

have enough evidence to conclude that past internet penetration (from two years prior) has 

a significant impact on current HDI levels in this model. 

2. egov (Contemporaneous E-government Index) 

● Coefficient: 0.0011987 

● P-value: 0.956 

● Impact: The contemporaneous e-government index has a small positive estimated effect on 

HDI. However, this effect is also not statistically significant (p > 0.05). Therefore, we 

cannot conclude that the current level of e-government significantly influences the current 

HDI in this model. 

3. gdp (Contemporaneous GDP) 

● Coefficient: 8.88e-16 

● P-value: 0.680 

● Impact: GDP has a very small positive estimated effect on HDI. This effect is not 

statistically significant (p > 0.05). This suggests that, in this model, current GDP does not 

significantly predict current HDI. 

4. Year Dummies (year) 

● Coefficients: Varying, some positive, some negative. 

● P-values: Most are < 0.05 (statistically significant). 

● Impact: The year dummies indicate how HDI in each year (2016-2023) differs from the 

base year (likely 2014). The significant p-values show that there are statistically significant 

differences in HDI across these years, even after controlling for the other variables. 

5. _cons (Constant) 



 

 

● Coefficient: 0.8277862 

● P-value: 0.000 

● Impact: This is the estimated HDI when all independent variables are zero. It's statistically 

significant, but its direct interpretation isn't always practically meaningful. 

In summary, this model with a 2-year internet lag finds that neither lagged internet, 

contemporaneous e-government, nor contemporaneous GDP significantly predicts HDI. However, 

there are significant year-to-year variations in HDI. 

Cluster Simplified Model Interaction FE robust 2y-lagged (without 

egov) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

● 2-Year Lagged Internet Penetration: The coefficient for the 2-year lag of internet 

penetration (internet) is 0.000154, with a standard error of 0.0001988. This effect is not 



 

 

statistically significant (p = 0.446). This suggests that the 2-year lag of internet penetration 

does not have a statistically significant direct effect on current HDI in this model. 

● Interaction between Lagged Internet and GDP: The coefficient for the interaction term 

between the 2-year lag of internet penetration and GDP (c.L2.internet#c.gdp) is -3.5e-17, 

with a standard error of 1.8e-17. This interaction effect is statistically significant (p = 

0.055) at the 10% level, but not at the conventional 5% level. The negative sign suggests 

that the (unestimated) positive effect of lagged internet penetration on HDI may be slightly 

weaker in countries with higher GDP. 

● GDP: The coefficient for GDP (gdp) is 7.37e-15, with a standard error of 2.96e-15. This 

effect is statistically significant (p = 0.012). This indicates that higher GDP is associated 

with higher HDI, even when accounting for the lagged internet and its interaction. 

● Year Dummies: The coefficients for the year dummy variables (Year 2015 - 2023) are 

generally positive and statistically significant. This indicates that, on average, HDI has 

increased over the years in the sample period, relative to the base year (likely 2014, given 

the 2-year lag). 

● Model Fit: 

○ The within R-squared is 0.6214, indicating that the model explains 62.14% of the 

variation in HDI within countries over time. 

○ The between R-squared is 0.0316. 

○ The overall R-squared is 0.0328. 

● Fixed Effects: The rho statistic (0.9978762) indicates that a large proportion of the 

variance in the error term is attributable to the country-specific fixed effects, further 

supporting the use of the fixed-effects model. 

● Correlation: The correlation between the within errors and the within-group means of the 

predictors is 0.0852. 



 

 

In summary: 

This model, incorporating a 1-year lag for internet penetration and its interaction with GDP, 

shows that the lagged internet variable itself is not statistically significant at the 5% level. 

However, the interaction between lagged internet and GDP is marginally significant, suggesting a 

potential negative moderating effect of GDP. GDP has a significant positive effect on HDI, and 

there's a positive time trend in HDI. The high rho value underscores the importance of country-

specific factors. 

Margin Plots 
 

Internet-GDP Interaction: The positive slope indicates that higher GDP amplifies the positive 

effect of internet penetration on HDI. For each GDP level, increased internet access correlates with 

higher HDI, with this effect strengthening as GDP rises. 

 

  



 

 

Recommendations and Conclusions 

Based on the analysis of the relationship between digital transformation, GDP, and HDI, the 

following recommendations can be made: 

1. Integrated Digital Development Strategies: 

● The findings consistently emphasize that the impact of internet penetration on HDI is 

enhanced in countries with well-developed e-government systems. Therefore, 

policymakers should prioritize integrated digital development strategies that 

simultaneously invest in expanding internet access and improving digital governance. This 

includes developing user-friendly online public services, ensuring digital inclusion, and 

building digital skills within the population. Rather than focusing solely on infrastructure, 

governments should also invest in the development of digital services and platforms that 

can effectively leverage increased internet connectivity to improve citizens' lives.   

2. Context-Specific Approaches: 

● The analysis reveals that the relationship between digital transformation and HDI is 

complex and context-dependent. Policymakers should avoid a one-size-fits-all approach 

and tailor their digital development strategies to the specific economic, social, and political 

conditions of their countries. In countries with lower GDP, policies should focus on 

addressing fundamental development challenges alongside digital initiatives, as the impact 

of internet penetration on HDI may be limited without improvements in basic living 

standards.   

  



 

 

3. Long-Term Perspective: 

● The inclusion of lagged effects and year fixed effects in the analysis highlights the 

importance of considering the time dimension in assessing the impact of digital 

transformation on HDI. Policymakers should adopt a long-term perspective and recognize 

that the benefits of digital investments may take time to materialize. They should also be 

prepared to adapt their strategies in response to evolving technological landscapes and 

global events.   

4. Further Research and Data Collection: 

The study identifies some counterintuitive findings, such as the negative main effect of 

internet penetration in some models. Further research is needed to explore these complex 

relationships and identify potential omitted variables or alternative model specifications that can 

provide a more nuanced understanding of the impact of digital transformation on HDI. Continued 

efforts to improve data collection and measurement in the area of digital development are essential 

for informing evidence-based policymaking. This includes gathering more granular data on digital 

access, usage, and skills, as well as data on the quality and effectiveness of digital services. By 

implementing these recommendations, governments can maximize the potential of digital 

transformation to contribute to sustainable human development and improve the well-being of  

citizens.  

 To conclude, the study suggests that the translation of digital transformation into tangible 

gains in human development is not automatic. Instead, it is contingent upon the presence of 

complementary factors, particularly a well-functioning e-government system, and is influenced by 

broader economic and temporal contexts. Policies aimed at enhancing human development 

through digital transformation should therefore adopt an integrated approach, simultaneously 



 

 

fostering digital infrastructure and digital governance, while also considering the specific 

economic and temporal realities of individual countries. 

 

 

 

 

  



 

 

Appendix: Comparison Table  

Model Internet 
E-
government 
(Egov) 

GDP 
Interaction 
Terms 

Year 
Dummies 

Model Fit 
(R^2) 

Base OLS Naive 
Regression 

Positive, 
Significant  

Positive, 
Significant  

Not 
Significant  

None Significant  
R^2 = 0.8738, 
Adj. R^2 = 
0.8705  

Two-way Fixed 
Effects with Robust 
Standard Error 

Not 
Significant  

Not 
Significant  

Not 
Significant  

None Significant  

Within = 
0.6424, 
Between = 
0.6412, 
Overall = 
0.3647  

Cluster Simplified 
Model Interaction 
FE Robust 

Collinear, 
Effect not 
estimated  

Not 
Significant  

Positive, 
Significant  

Internet x Egov: 
Not Significant  
Internet x GDP: 
Negative, 
Significant  

Significant  

Within = 
0.6523, 
Between = 
0.1691, 
Overall = 
0.1546  

Cluster Simplified 
Model Interaction 
FE Robust (without 
Egov) 

Positive, 
Significant  

N/A 
Positive, 
Significant  

Internet x GDP: 
Negative, 
Significant  

Significant  

Within = 
0.6087, 
Overall = 
0.1311  

Cluster Simplified 
Model Interaction 
FE Robust 1-year 
Lagged 

Not 
Significant  

Not 
Significant  

Positive, 
Significant  

Internet (lagged) x 
Egov: Not 
Significant 
Internet (lagged) x 
GDP: Negative, 
Significant  

Significant  

Within = 
0.6106, 
Between = 
0.1650, 
Overall = 
0.1379  

Cluster Simplified 
Model Interaction 
FE Robust (without 
Egov) 1-year 
Lagged 

Not 
Significant  

N/A 
Positive, 
Significant  

Lagged Internet x 
GDP: Negative, 
Significant  

Significant  

Within = 
0.6071, 
Between = 
0.0659, 
Overall = 
0.0679  

Cluster Simplified 
Model Interaction 
FE Robust 2-year 
Lagged 

Not 
Significant  

Not 
Significant  

Not 
Significant  

Complex 
interactions, 
mostly not 
significant  

Significant  

Within = 
0.5445, 
Between = 
0.1847, 
Overall = 
0.0767  

Cluster Simplified 
Model Interaction 
FE Robust 2-year 
Lagged (without 
Egov) 

Not 
Significant  

N/A 
Positive, 
Significant  

Lagged Internet x 
GDP: Negative, 
Marginally 
Significant  

Significant  

Within = 
0.6214, 
Between = 
0.0316, 
Overall = 
0.0328  
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