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Abstract
The debate over whether digital transformation benefits or harms inclusive growth continues. Existing evidence in the literature, on the other hand, is frequently based on short study periods, subjective measurement issues, and endogeneity issues, resulting in less credible findings in previous studies. To address this gap, this study draws on four decades of Indonesian experience spanning 1980 to 2021, with a focus on two primary objectives. First, this study utilises Principal Component Analysis (PCA) to assess the key factors forming the progress of digital transformation and inclusive growth. Second, the Two-Stage Least Square (2SLS) estimation method is applied in this study to investigate the endogenous impact of digital transformation on inclusive growth. The PCA results show that medium and high-tech manufacturing play a dominant role in representing digital transformation, while GDP per capita growth and poverty alleviation are the primary contributors to measuring inclusive growth. The 2SLS estimation shows that digital transformation significantly promotes inclusive growth in Indonesia, with its impact closely related to the previous year's digital transformation status. When these findings are considered jointly, it is clear that the beneficial effects of digital transformation are mainly explained by how medium and high-tech manufacturing sectors can stimulate inclusive growth in the context of increasing GDP per capita and reducing poverty in Indonesia. 
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Introduction
Rapid advances in digital technology have led to transformative changes across various sectors and dimensions of society over the last few decades (World Bank, 2016). This phenomenon, colloquially known as "digital transformation" (Corejova & Chinoracky, 2021; Nambisan et al., 2019; Olczyk & Kuc-Czarnecka, 2022),  has created new opportunities, challenges, and new debates about the global economy and societies. At the heart of these debates is the fundamental question of whether digital transformation truly promotes inclusive growth, driving economic progress while ensuring equitable benefit distribution.	Comment by ASUS: Rapid advances in digital technology have led to transformative changes: The word "resulted" has been replaced with "led to" to provide clarity that the development of digital technology is the direct cause of these changes.
The integration of digital technologies into various aspects of life is driving a comprehensive shift in how societies work. Changes in communication, production processes, services, governance, and other areas often result in increased efficiency, improved connectivity, and novel forms of economic interaction (Pyke, 2018). Digital transformation proponents argue that it has the potential to stimulate inclusive growth by opening up access to information, services, and markets, allowing marginalised groups to participate in economic activities (Burganov et al., 2022; Kamel, 2021; Leong et al., 2022). However, there is a counter-argument that highlights potential negative consequences such as job displacement (Acemoglu & Restrepo, 2019), increased inequality (Njangang et al., 2022), and exacerbation of existing digital disparities (Puspitasari & Ishii, 2016).	Comment by ASUS: The integration of digital technologies into various aspects of life is bringing about a comprehensive shift in how societies operate: To enhance clarity, the phrase "how societies work" has been replaced with "how societies operate" to more accurately depict the changes occurring.
While some studies argue that digital transformation can be a catalyst for inclusive growth by creating up new economic opportunities and increasing productivity, others warn that its benefits may be unevenly distributed, potentially leaving certain segments of the population behind. Concerns have been raised about less privileged groups' limited access to technology and a lack of digital skills, which may limit their participation in the digital economy (Jamil, 2022). Furthermore, changes in job qualification requirements as a result of digital transformation may widen skill gaps if not balanced with appropriate educational and training efforts (Acemoglu & Restrepo, 2020; Colombari & Neirotti, 2022; Goulart et al., 2022; Kuper, 2020). In this context, it is critical to implement strategies that ensure the benefits of digital transformation are felt uniformly across every social class, thereby reducing the risk of exclusion and inequality.	Comment by ASUS: Concerns have been raised about less privileged groups' limited access to technology and a lack of digital skills: The sentence structure is good, but consider refining it by avoiding the use of possessive ('s) on less privileged groups. It could be rephrased as "Concerns have been raised about limited access to technology and a lack of digital skills among less privileged groups."
The purpose of this study is to contribute to the ongoing debate by providing a comprehensive analysis of how digital transformation has influenced patterns of inclusive growth in Indonesia. Indonesia is an interesting case study because digital transformation is a major force shaping the country's economic and social landscape (World Bank, 2021). Indonesia, with a population of over 270 million people and a diverse range of economic activities, provides a unique context for investigating the intricate relationship between digital transformation and inclusive growth. Over the last four decades, the country has seen rapid economic growth, political transitions, and technological advances, all of which have shaped the impact of digital transformation on inclusivity (World Bank, 2021). As a result of this research, a better understanding of how digital transformation affects inclusive growth patterns in Indonesia's diverse and dynamic context can be gained.
There are some significant gaps in the existing body of research on digital transformation and inclusive growth in Indonesia. Earlier studies' focus on relatively short timeframes has been a recurring limitation. For example, Jamil's study (2022) limited its analysis to the years 2008 to 2020, Noh & Yoo's (2008) study focused solely on the years 1995 to 2002, Asongu et al. (2021) considered only the years 2012 to 2016, and Alekhina & Ganelli's (2023) study considered only the years 1992 to 2017. Those limitations may result in a lack of understanding of long-term changes and trends that may only be revealed through observations conducted over a longer timeframe. 
In addition, an issue with the existing literature is the application of indices with subjective weighting. Such techniques have been used in studies such as Kartiasih et al. (2022) to measure digitalization and Rini & Tambunan (2021) to measure inclusive growth. These techniques have the potential to produce biased or inaccurate results when representing the intricate relationship between digital transformation and inclusive growth. In this context, it is also worth noting that prior research has tended to focus on a narrow set of indicators when measuring digital transformation. For instance, internet penetration rates (Jamil, 2022; Sujarwoto & Tampubolon, 2016), mobile phone technology usage rates (Ariansyah et al., 2023; Esquivias et al., 2020; Puspitasari & Ishii, 2016), fixed broadband subscriptions (Edquist, 2022), and ICT exports (Rath & Hermawan, 2019) are partially used to assess digital transformation. As a result, understanding of the complexity of the digital transformation and inclusive growth phenomena may be limited, ignoring critical aspects that may not be included in the analysis.
Hence, the aim of this research is to fill these gaps in a holistic and comprehensive manner. This study will span four decades (1980-2021) to provide an expanded view of the evolution of digital transformation and inclusive growth in Indonesia. Also, the Principal Component Analysis (PCA) method will be used to address subjective weighting and broaden the scope of measurement indicators. This method allows for more precise identification of key dimensions of digital transformation and inclusive growth. The methodology used in this study aligns with that used in the studies by Kouladoum (2023) and Dörffel & Schuhmann (2022).
Beyond addressing measurement constraints, this research will make a significant contribution to developing solutions for endogeneity issues that may impact the analysis of the effects of digital transformation on inclusive growth. To address this, the study will use the Two-Stage Least Squares (2SLS) method, which allows for the consideration of endogenous factors that affect both phenomena concurrently. This research, using the 2SLS approach, is expected to provide a better understanding of the cause-and-effect relationship between Indonesia's ongoing digital transformation and inclusive growth. Thus, this research will make a significant contribution to elucidating the factors influencing the intricate interaction between digital transformation and inclusive growth, while also providing policymakers, stakeholders, and academics with a more precise understanding of how to foster inclusive growth in Indonesia by leveraging the potential of digital transformation.
The following is the rest of this paper. The Method section of this paper will go over how to use PCA methodology to measure digital transformation and inclusive growth, as well as how to use the 2SLS method to estimate the impact of digital transformation on inclusive growth. The Results and Discussion section will delve into the most influential factors in determining the aggregate index of digital transformation and inclusive growth, as well as the statistical implications of digital transformation. This section will also look at the empirical justifications why digital transformation drives inclusive growth, as well as why this effect is heavily contingent on digital transformation in previous years. The research findings, as well as the implications and future research agenda for a digital transformation model capable of fostering inclusive growth, will be outlined in the Conclusions section.	Comment by ASUS: The following is the rest of this paper: No changes, but note that this is a rather formal statement. If you want it to be more friendly, you could replace it with "The rest of the paper is as follows."
Research Method
Data Collection and Variable Measurement
The World Development Indicator, published by the World Bank (2022), and the V-Dem Dataset, published by the V-Dem Institute (2023), provided the data for this study. Three variables associated with institutional quality, namely the accountability index, civil liberties index, and rule of law, were sourced from the V-Dem dataset. The World Development Indicator was used to obtain all other variables. It is worth noting that gaps in data existed in Indonesia for several years due to limitations in the government's data collection capacity, and these gaps were only filled in the early 1980s. Given the available datasets, this study employs time series data from Indonesia spanning the years 1980 to 2021.	Comment by ASUS: The phrase "provided the data for this study" can be slightly refined to "served as the data sources for this study."
Measuring digital transformation and inclusive growth is a critical component of this research. In this study, the examination of digital transformation and inclusive growth is carried out using Principal Component Analysis (PCA). This method has three major advantages (see Dörffel & Schuhmann, 2022; Kouladoum, 2023). Firstly, PCA allows for the objective identification of each indicator's relative contribution to the aggregate index, ensuring that the weighting is not susceptible to subjective biases. The aforementioned approach enables a focus on the most important factors in measuring digital transformation and inclusive growth. Second, PCA enables the efficient reduction of dimensionality of diverse indicators reflecting various aspects of digital transformation and inclusive growth into interpretable principal components, simplifying and streamlining the analysis. Finally, PCA helps to reduce multicollinearity among the indicators used, resulting in more stable and accurate analysis results. As a result, PCA is an effective tool for measuring complex concepts like digital transformation and inclusive growth in a more efficient and meaningful way.	Comment by ASUS: The sentence "This method has three major advantages" can be rephrased for better flow, such as "There are three major advantages to using PCA in this study."
There are eight comprehensive indicators that reflect digitalisation from both the demand and supply sides that can be used to measure digital transformation. On the demand side, mobile cellular subscriptions , fixed telephone subscriptions , fixed broadband subscriptions , and internet users  are included to measure the extent of technology adoption and connectivity among the population. Meanwhile, on the supply side, the indicators ICT goods exports , ICT service exports , medium and high-tech manufacturing value added , and investment in telecoms with private participation  are used to assess the production, export, and investment aspects of the digital economy, providing a comprehensive view of a country's digital transformation progress. The first eigenvector (loading matrix) from PCA is used as the necessary weights to derive the aggregate digital transformation index (DT), resulting in the following linear combination:
               (1)
On the other hand, four key indicators have been used, including GDP per capita growth , the poverty rate index , the Gini index , and the unemployment rate , as updates to the calculations previously performed by Kristyanto & Kaluge (2018) and Jamil (2017). Although per capita GDP growth  reflects economic progress, the poverty rate index , Gini index , and unemployment rate  provide insights into people's participation in economic activities as well as the distribution of economic benefits. Notably, the latter three indicators have an implicit inverse relationship with inclusive growth, implying that greater poverty, inequality, and unemployment are associated with lower inclusive growth performance. To make these last three indicators more understandable, a formula, , is used to convert them. Following the conversion process, these three indicators can now be interpreted as efforts to reduce poverty, inequality, and unemployment rates. The aggregate index of inclusive growth (IG) generated by the first eigenvector (loading matrix) is expressed as follows:
                          (2)
In equations (1) and (2), the values  correspond to the eigenvalue vector derived from the unrotated matrix in PCA. The unrotated matrix was chosen because it provides a more direct representation of the variance explained by each principal component, whereas the rotated matrix may introduce additional complexity and a less straightforward interpretation of the eigenvalues (Aït-Sahalia & Xiu, 2019). 
In this study, the selection of control variables is rooted in a coherent rationale driven by existing literature in both the contexts of digital transformation and inclusive growth. Accountability, civil liberty, and the rule of law are identified as pivotal factors in digital transformation due to their established importance in shaping the digital landscape. By holding stakeholders accountable for their digital actions, accountability promotes transparency and trust (Crabtree et al., 2018). Individual rights in the digital space are protected by civil liberty, allowing for free engagement with technology (McDiarmid & Shears, 2016). The rule of law provides the necessary legal framework for digital activities, ensuring that established norms are followed (Kamau & Willems, 2019). 
Similarly, in the context of inclusive growth, factors such as inflation, gross domestic saving, foreign direct investment (FDI), and oil rent are selected for examination based on a consistent logic. Because of the impact of inflation on people's purchasing power, it is relevant to inclusive growth (Easterly & Fischer, 2001), whereas gross domestic saving is required to fund inclusive initiatives (Corrado & Corrado, 2017). The potential contribution of FDI to economic growth and job creation is consistent with inclusive growth objectives (Fazaalloh, 2019), and effective oil rent management can support inclusive programmes in oil-dependent economies (Havranek et al., 2016).  
Appendix 1 contains a detailed list of the indicators used to calculate the overall digital transformation and inclusive growth index. Appendix 2, on the other hand, contains the definitions of control variables used in both the initial and subsequent regression stages. These appendices serve to provide essential research reference materials.
Estimation Strategy
The Two-Stage Least Squares (2SLS) method was used in this study to address potential endogeneity issues in research on the impact of digital transformation on inclusive growth. Endogeneity occurs when there is reverse causality between variables within an analytical model, which may affect research outcomes (Mogstad et al., 2021; Pacini & Windmeijer, 2016). In this context, there is concern that researched variables such as digital transformation and inclusive growth may interact with one another, potentially introducing bias in regression analysis. It is critical to note that digital transformation is endogenous rather than exogenous (see, e.g., Doyar et al., 2023; Rath et al., 2023; Scheerder et al., 2017). To address this endogeneity, a careful analytical approach, such as the 2SLS method, is required to isolate and understand the true impact of digital transformation on inclusive growth.
The 2SLS method is a statistical method for dealing with endogeneity issues. A two-stage analysis is used in this method. In the first stage, the endogenous variable, digital transformation , is regressed against external instrumental variables like accountability , civil liberties , and the rule of law . The first-stage regression takes the following basic form:
                            (3)
All external instruments with a one-year lag are used in equation (3) to help meet the exogeneity assumption (Bellemare et al., 2017). This assumption states that instruments should not be correlated with the model's error term. It is usually easier to assume that disturbances in previous periods are uncorrelated with the current instrumental variables when using data from previous periods. Because the data used are time series, lag dependent variables ) are also used as internal instruments because they exhibit better statistical properties, such as stationarity, than unprocessed data.
The predicted outcomes from the first stage  are then used as independent variables in the regression examining the relationship between the endogenous variable, digital transformation, and the outcome variable, inclusive growth, in the second stage. The following is the equation form for the second stage:
                    (4)
where, inclusive growth  is influenced not only by the endogenous variable, digital transformation , but also by control variables such as inflation , gross domestic savings , foreign direct investment , and oil rents . Similar to equation (3), inclusive growth is also affected by lags of its dependent variable , with the expectation that the stationarity properties of the time series data used can be obtained.
A weak instrument test was performed in accordance with the 2SLS procedure by comparing the Kleibergen-Paap F-statistic with a Stock-Yogo critical value of 16.38 in the first-stage regression (see Kleibergen & Paap, 2006 and Stock & Yogo, 2005, respectively). This step is critical to ensuring that the instruments used in the analysis are robust enough to deal with endogeneity issues. If the Kleibergen-Paap F-statistic exceeds the critical Stock-Yogo value, the instruments used are strong enough to support the analysis and reduce potential bias in regression results.
Furthermore, because this study uses time series data, regression diagnostics are required. The Durbin Test can be used to detect autocorrelation in regression residuals, indicating dependence among time series observations (Akter, 2014). Significant Durbin Test results indicate the presence of autocorrelation, which requires further investigation. The Breusch-Pagan/Cook-Weisberg test can also be used to test for heteroskedasticity in the data (Račkauskas & Zuokas, 2007). Significant results from this test indicate imbalances in the variation of residuals over time, necessitating further consideration in the analysis of regression results. By performing these regression diagnostics, we can ensure that the fundamental assumptions of regression are met, thereby increasing the reliability of the regression analysis results.
Results and Discussion
Results
This section will first explain the indicators that are dominant in forming the aggregate index of digital transformation and inclusive growth before discussing the estimation results of the endogenous impact of digital transformation on inclusive growth. To enhance understanding within the context of this analysis, detailed explanations of each indicator's contributions will be provided. The goal is to identify key components that are critical to Indonesia's PCA of digital transformation and inclusive growth.	Comment by ASUS: The sentence "This section will first explain the indicators that are dominant in forming the aggregate index of digital transformation and inclusive growth before discussing the estimation results of the endogenous impact of digital transformation on inclusive growth."
 can be rephrased for better flow, such as 
"This section will first elucidate the indicators that predominantly shape the aggregate index of digital transformation and inclusive growth. Subsequently, it will discuss the estimated results of the endogenous impact of digital transformation on inclusive growth."
The PCA results suggest the possibility of two main components, as indicated by eigenvalues greater than one in the second component (see Figure 1a). However, only the first component has been chosen for further investigation for the purposes of this study. This choice is supported by an associated Rho value of 58.07%, indicating that the majority (almost two-thirds) of the indicators used in constructing the aggregate digital transformation index are encapsulated within the first component. Notably, the indicator measuring medium and high-tech manufacturing value added ( contributes significantly to the formation of the first component (see Figure 1b). This suggests that the variance in the digital transformation indices used in this study is primarily accounted for by value added in medium and high-tech manufacturing.

 
Note:  in First Component
Source: Author’s Calculation (2023)
Figure 1: Eigenvalues and First Component Eigenvectors in Digital Transformation Aggregate Indices

Furthermore, the PCA results show that only one significant main component is formed, with the first component having an eigenvalue greater than one (see Figure 2a). The indicators of per capita GDP growth  and poverty alleviation  have significant eigenvectors in the context of the first component (component 1), indicating that they contribute the most to the formation of this component. In contrast, the indicators of inequality  and unemployment  improvement contribute less to inclusive growth (see Figure 2b). In other words, in this context, inclusive growth is more dominantly defined as growth accompanied by poverty alleviation, whereas improvements in inequality and unemployment contribute less and play a smaller role in representing inclusive growth in Indonesia.	Comment by ASUS: The sentence "Furthermore, the PCA results show that only one significant main component is formed, with the first component having an eigenvalue greater than one (see Figure 2a)."
 can be rephrased for for clarity and to avoid repetition of "significant main component."
"Moreover, the PCA results reveal the formation of only one significant main component, with the first component having an eigenvalue greater than one (refer to Figure 2a)."


Note:  in First Component
Source: Author’s Calculation (2023)
Figure 2: Eigenvalues and First Component Eigenvectors in Inclusive Growth Aggregate Indices

To test for causality, the results of calculating the aggregate indices of digital transformation and inclusive growth are estimated using the 2SLS method. Before conducting the estimation, studies must examine classical assumptions, such as autocorrelation and heteroskedasticity, using the Durbin test and the Breusch-Pagan/Cook-Weisberg test on time series data. According to Table 1 and 2, there is no potential autocorrelation or heteroskedasticity in the first and second stage regressions. The results of the Durbin and Breusch-Pagan/Cook-Weisberg tests, which do not reject the null hypothesis, demonstrate this. As a result, this data shows no correlation of residuals across observation years and has constant variance. This enables accurate time series estimation.
Furthermore, the endogeneity test in the instrumental variable test is indicated by the Kleibergen-Paap F-statistic significantly exceeding the Stock-Yogo critical value. This shows that the instruments used are thought to be reliable for dealing with endogeneity issues. As a result, estimation using the 2SLS method can be performed with sufficient confidence and yield more accurate results when testing the cause-and-effect relationship between digital transformation and inclusive growth. This lays a solid foundation for further investigations into the impact of digital transformation on inclusive growth in Indonesia.
Table 1 displays the results of the first-stage regression, illustrating the estimation of digital transformation determinants in Indonesia. With a significance level of 1%, the estimation results show that the previous year's digital transformation has a significant and positive influence on the current digital transformation , both in the absence of control variables (as seen in column 1) and when control variables (as seen in column 2) are included. These coefficient values indicate that a one-standard-deviation increase in digital transformation from the previous year will result in a 0.97 to 1.00 standard deviation increase in digital transformation this year. According to these findings, a high level of digital transformation the previous year is followed by a significant increase in digital transformation the following year. However, as indicated by coefficient values that are not significantly different from zero, the factor one-year lag of accountability , civil liberties , and rule of law has no significant influence on this year's digital transformation . In other words, the three external instruments used do not provide enough evidence to adequately explain current digital transformation.

Table 1: Digital Transformation Determinants in Indonesia
	First Stage Regression
	(1)
	(2)

	
	Digital Transformation, 
	Digital Transformation,

	One-year lag of Digital Transformation, 
	1.0045***
	0.9735***

	
	(0.0251)
	(0.0629)

	One-year lag of Accountability Index, 
	-
	0.4982

	
	
	(2.1770)

	One-year lag of Civil Liberty Index, 
	-
	-0.6440

	
	
	(3.8511)

	One-year lag of Rule of Law Index, 
	-
	0.3761

	
	
	(3.5102)

	N
	41
	41

	R-squared
	0.9763
	0.9765

	Regression Diagnostics for Time Series:
	 
	 

	Durbin's alternative test for autocorrelation
	0.2318
	0.2268

	Breusch-Pagan/Cook-Weisberg test for heteroskedasticity 
	0.6333
	0.5817

	Weak Instrument Test:
	
	

	Kleibergen-Paap F-statistic
	1603.66
	374.06

	Stock-Yogo critical value
	16.38
	16.38


The coefficient employs standardised beta, standard errors in parentheses, and *** p<0.01, ** p<0.05, * p<0.1; 
Source: Author’s Calculation (2023).
The impact of endogenously-driven digital transformation and other factors on inclusive growth in Indonesia is estimated in Table 2. The estimation results show that endogenously-driven digital transformation  has a significant and positive impact on inclusive growth , both when only the one-year lag of inclusive growth is considered (as shown in column 1) and when various control variables are included (as shown in column 2), with a significance level of 10%. The coefficient values indicate that each one-standard-deviation increase in digital transformation leads to an increase in inclusive growth of approximately 0.12 to 0.13 standard deviations. Furthermore, the lagged dependent variable has significant and positive effects on inclusive growth , whether considered independently (column 1) or with the inclusion of control variables (column 2). This suggests that inclusive growth has persistent effects. In comparison, with a significance level of 1%, inflation has a significant and negative impact on inclusive growth . According to the coefficient values, each one-standard-deviation increase in inflation reduces inclusive growth by approximately 0.02 standard deviations. Control variables such as gross domestic saving , net inflow of foreign direct investment , and oil rents  have no significant effects on inclusive growth. In other words, the effect of these three control variables is statistically indistinguishable from zero.

Table 2: Estimated Impact of Digital Transformation and Others on Indonesian Inclusive Growth 
	Second Stage Regression
	(1)
	(2)

	
	Inclusive Growth, 
	Inclusive Growth, 

	Digital Transformation, 
	0.1193*
	0.1275*

	
	



	(0.0568)
	(0.0641)

	One-year lag of Inclusive Growth, 
	0.8100***
	0.6950***

	
	(0.0936)
	(0.1151)

	Inflation, 
	-
	-0.0203***

	
	
	(0.0054)

	Gross Domestic Saving,  
	-
	0.9589

	
	
	(1.4840)

	FDI Net Inflow, 
	-
	5.0501

	
	
	(4.5706)

	Oil Rents, 
	-
	-1.5745

	
	
	(2.1489)

	N
	41
	41

	R-squared
	0.9600
	0.9756

	Regression Diagnostics for Time Series:
	 
	 

	Durbin's alternative test for autocorrelation
	0.1035
	0.2303

	Breusch-Pagan/Cook-Weisberg test for heteroskedasticity 
	0.8000
	0.8470


The coefficient employs standardised beta, standard errors in parentheses, and *** p<0.01, ** p<0.05, * p<0.1
Source: Author’s Calculation (2023).

Discussion
Key Contributor to the Progress of Digital Transformation and Inclusive Growth 
Figure 3(a) depicts the evolution of the Digital Transformation Index calculated using Principal Component Analysis (PCA) for the period 1980-2021, reflecting a journey that began with low negative values at the start of the period, indicating early challenges in digital technology adoption. Following that, a positive transition occurred at the turn of the twenty-first century, indicating an improvement in digital technology adoption, and significant positive progress was made during the 2010s, reflecting an acceleration in digital transformation. The index peaked in 2020-2021, when it experienced a dramatic increase due to the COVID-19 pandemic and a significant increase in the use of digital technology. This exemplifies how global changes and technological trends can impact the rate and direction of digital transformation.	Comment by ASUS: The sentence "Figure 3(a) depicts the evolution of the Digital Transformation Index calculated using Principal Component Analysis (PCA) for the period 1980-2021, reflecting a journey that began with low negative values at the start of the period, indicating early challenges in digital technology adoption."
 can be rephrased for better flow and clarity, such as 
"Figure 3(a) illustrates the evolution of the Digital Transformation Index, calculated using Principal Component Analysis (PCA) for the period 1980-2021. It depicts a journey that commenced with low negative values at the beginning of the period, signifying early challenges in digital technology adoption."
Medium and high-tech manufacturing is critical to Indonesia's digital transformation because it not only contributes to the production of high-tech technology, which serves as the foundation of digital infrastructure, but it also promotes the development of local capabilities, innovation, and economic value addition (Rahardja et al., 2012). While indicators such as the proportion of mobile subscribers, fixed-line subscriptions, and internet users reflect population technology adoption, the manufacturing sector's contribution in producing the necessary hardware and equipment is critical to digital transformation (Delera et al., 2022). Exports of ICT goods and services, as well as private sector participation in telecommunications, on the other hand, are critical, but they are more closely related to business and trade than to the fundamental development of digital infrastructure. Exports of ICT goods and services, as well as private sector participation in telecommunications, on the other hand, are critical, but they are more closely related to business and trade than to the fundamental development of digital infrastructure. As a result, medium and high-tech manufacturing becomes a key driver of Indonesia's broader digital economic growth.
Figure 3(b) depicts the Inclusive Growth Index calculated using Principal Component Analysis (PCA) for the period 1980-2021, reflecting Indonesia's evolutionary journey towards more inclusive economic growth. Negative values at the start of the period indicated uneven growth, but gradual improvement over time, particularly in the early twenty-first century, reflects efforts to improve the distribution of economic benefits. Significant progress was made in the 2010s, indicating success in achieving more equitable economic growth, possibly through more inclusive social and economic initiatives. Although stability was observed in 2020-2021, sustained efforts are required to ensure that economic growth is evenly distributed across all segments of the Indonesian population, allowing all citizens to reap the benefits.
When compared to the reduction of inequality and unemployment, economic growth and poverty alleviation emerge as the primary contributors to inclusive growth in Indonesia. This is due to the fact that the Inclusive Growth Index favours overall population income and welfare improvement over income distribution or lower unemployment rates. Because of the structural changes required in the economy and the implementation of effective redistributive policies, reducing inequality often takes a longer time frame to manifest in the Inclusive Growth Index (Heshmati et al., 2019; Sen, 2014). Furthermore, while reducing unemployment has a more direct impact on the Inclusive Growth Index, when economic growth and poverty alleviation are pursued effectively, they naturally create new jobs and opportunities, which reduce unemployment. As a result, an initial focus on economic growth and poverty alleviation is frequently regarded as a critical first step in laying a solid foundation for inclusive digital transformation in Indonesia.
 
Source: Author’s Calculation (2023)
Figure 3: The Evolution of Digital Transformation and Inclusive Growth in Indonesia

The key contributor to the evolution of digital transformation and inclusive growth is crucial in explaining the causal mechanism that enables digital transformation to have an impact on inclusive growth in Indonesia. In the subsequent section, we will take on the complex relationship between these two critical elements and explain how digital transformation can effectively drive inclusive growth in the Indonesian context.




The Determinant of Digital Transformation and Its Impact on Inclusive Growth 
The findings of this study point out the critical roles of both internal and external factors in shaping digital transformation, particularly in the Medium and High-Tech Manufacturing sector. This discussion will go into detail about why internal factors, particularly the representation of digital transformation from the previous year, have a greater impact on this year's digital transformation. External factors such as accountability, civil liberties, and the rule of law, on the other hand, appear to have less influence than internal factors in the context of digital transformation.
Previous studies by Arrow (1962) and Bouché (2017) supports these findings, emphasising the importance of learning from the previous year's transformation in order to drive change the following year. Organisations that are capable of evaluating the implementation of new technologies and restructuring past processes are more likely to identify innovation opportunities and efficiencies in the ongoing transformation. Internal factors, particularly through a continuous learning approach, lay the groundwork for better results in the coming year.
The findings of this study are supported by previous studies conducted by Van Looy (2020), which confirm that internal factors have a more immediate impact on the current year's digital transformation. Organisations that are adept at optimising internal processes, increasing productivity, and successfully implementing new technologies are better positioned to navigate market changes and innovation demands. The internal capacity of a firm to maximise its potential is frequently what drives success in digital transformation.
Nonetheless, prior research highlights the importance of external factors in driving digital transformation (as evidenced by Pearson & Wainwright, 2013, investigating accountability; Rao, 2013,  investigating civil liberties; dan Myovella et al., 2021, investigating rule of law and regulations). While this study suggests that external factors such as accountability, civil liberties, and the rule of law may not have immediate effects on the ongoing year's digital transformation, previous studies take a different approach. These external factors may have a greater impact on the macroeconomic context and overall business environment, both of which drive digital transformation.
Previous research on the role of external factors has also suggested that accountability and civil liberties can shape a stable and transparent business environment (Alfonso-Gil et al., 2014; Barry & DiGiuseppe, 2019). Policy measures that promote the rule of law can help to create the safeguards needed for intellectual property rights and innovation (Mingaleva & Mirskikh, 2013). Although their effects may not be immediately visible and may take time to manifest, these factors contribute to an environment conducive to digital transformation.
By bringing together the findings of this study with those of previous studies, a more comprehensive and intricate picture of digital transformation emerges. At last, digital transformation in the Medium and High-Tech Manufacturing sector this year is influenced by the pivotal roles of internal factors, particularly learning and changes from the previous year. While the impact of external factors such as accountability, civil liberties, and the rule of law may not be readily apparent in this year's transformation, their role in shaping a business environment supportive of digital transformation remains important in the long run.
Furthermore, this study found that digital transformation plays a significant role in driving inclusive growth in Indonesia. In the context of digital transformation, the Medium and High-Tech Manufacturing sector has been the primary focus in understanding how the adoption of digital technology can bring positive changes to the Indonesian economy. Inclusive growth, which includes more equitable distribution of economic benefits and poverty reduction, has emerged as a central goal in Indonesia's efforts to implement digital transformation across various sectors. Two mechanisms are proposed in this study to explain the realisation of inclusive growth through digital transformation.
The first mechanism that explains how digital transformation in the Medium and High-Tech Manufacturing sector can accelerate inclusive growth in Indonesia is economic growth acceleration. This finding is consistent with previous research that found a positive relationship between digital technology adoption and economic growth. According to Ochoa-Jimenez et al. (2022), countries that effectively adopt digital technology have higher economic growth rates. As a result, digital transformation in the medium and high-tech manufacturing sectors has the potential to positively contribute to Indonesia's inclusive growth by increasing production efficiency and productivity.
The second mechanism elucidating the role of digital transformation in poverty alleviation fits in with previous research findings. Burganov et al. (2022), Kaplinsky (2011), and Lee & Rodríguez-Pose (2016) found that access to and use of digital technology may reduce inequality and poverty. Wage increases in the Medium and High-Tech Manufacturing sector may be stimulated by the digital transformation represented by the sector's growth. With increased labour market competition, firms may compete to attract and retain skilled workers by offering higher wages and better working conditions. This can have a direct impact on low-income workers' living standards. The technical skills gained in this sector can also be transferred to the larger community, creating new opportunities for technology training and learning among disadvantaged households.
Comparisons with previous research, on the other hand, highlight some potential disagreements. According to the research of Acemoglu & Restrepo (2019) the adoption of digital technology may replace human labour, particularly in routine and repetitive tasks. This could lead to job insecurity for lower-skilled workers and contribute to structural unemployment (Acemoglu & Restrepo, 2020). To avoid societal disparities in this digital era, it is critical that the implementation of digital transformation be balanced with relevant skill training and development programmes.
Ultimately, the mechanisms of accelerating economic growth and poverty alleviation generated by digital transformation in the Medium and High-Tech Manufacturing sector are consistent with previous research findings that show the positive effects of digital technology on economic growth and poverty alleviation. However, the displacement of human labour by technology has the potential to cause conflict. As a result, the implementation of digital transformation should be guided by balance, taking into account skill training aspects and worker protection to ensure that its benefits are felt by all segments of society.
Other Factors Influencing Inclusive Growth Besides Digital Transformation
Apart from digital transformation, there are several other factors that have the potential to influence inclusive growth. The results of this study show that inflation has a negative impact on inclusive growth. When inflation rates reach a certain level, there is a risk of eroding individual purchasing power, particularly among those with lower incomes (Easterly & Fischer, 2001). Consumers are forced to spend a significant portion of their income just to maintain their current consumption patterns, resulting in lower quality of life and limited access to essential goods and services (Du & Kamakura, 2008). Other variables, such as Gross Domestic Savings (GDS), Foreign Direct Investment (FDI), and Oil Rents, on the other hand, have proven to make only minor contributions to enhancing inclusive growth.
When Gross Domestic Savings (GDS) are examined, it becomes clear that higher savings rates do not inherently translate into parallel improvements in inclusive growth. In other words, while higher savings indicate more frugal economic behaviour, this correlation does not always result in significant inclusive growth outcomes. In this context, the effective use of accumulated savings or strategic investments in productive endeavours emerges as a critical factor in achieving tangible benefits for society as a whole. 	Comment by ASUS: The sentence "When Gross Domestic Savings (GDS) are examined, it becomes clear that higher savings rates do not inherently translate into parallel improvements in inclusive growth."
 can be rephrased to improve clarity and precision, such as 
"Upon examining Gross Domestic Savings (GDS), it becomes evident that higher savings rates do not necessarily translate into parallel improvements in inclusive growth"
The same holds true for FDI inflows. Despite being widely regarded as a critical catalyst for economic growth, the relationship between FDI and inclusive growth is far from universal. The impact of FDI on inclusivity can vary significantly depending on how carefully critical factors like equitable income distribution and the provision of respectable employment opportunities are taken into account. As a result, it is critical to take a nuanced approach that considers these critical factors when assessing the impact of FDI on inclusive growth.
Similarly, the complexities of the relationship between oil rents and inclusive growth emerge. While revenues from oil exports (commonly referred to as oil rents) may appear advantageous at first, their translation into consistent and significant advances in inclusive growth is not guaranteed. The reliance on oil revenues can cause adverse economic fluctuations within communities and may even stymie sincere efforts to alleviate poverty. To effectively harness the potential benefits of oil revenues while ensuring sustainable and inclusive growth, a thorough understanding of the context and prudent resource management are required.
In the end, this study not only emphasises the adverse impacts of inflation on inclusive growth, but it also confirms the limited effects of factors such as Gross Domestic Savings (GDS), Foreign Direct Investment (FDI) inflows, and Oil Rents on increasing inclusivity. These findings highlight the importance of a comprehensive policy framework that takes into account a wide range of factors in order to foster sustainable and equitable economic growth that benefits all segments of society.
Conclusions
The research findings conclude that medium and high-tech manufacturing play a critical role in realising digital transformation, while GDP per capita growth and poverty alleviation emerge as primary contributors to measuring inclusive growth in Indonesia. Most importantly, this study concludes that the beneficial impact of digital transformation is primarily elucidated by how the medium and high-tech manufacturing sectors can stimulate inclusive growth, particularly in terms of increasing GDP per capita and reducing poverty. Its impact is closely related to the previous year's digital transformation status.	Comment by ASUS: ...while GDP per capita growth and poverty alleviation emerge as primary contributors to measuring inclusive growth in Indonesia.
Consider rephrasing for clarity: "...while GDP per capita growth and poverty alleviation are identified as primary indicators of inclusive growth in Indonesia."	Comment by ASUS: "Most importantly, this study concludes that the beneficial impact of digital transformation is primarily elucidated by how the medium and high-tech manufacturing sectors can stimulate inclusive growth, particularly in terms of increasing GDP per capita and reducing poverty."
Consider breaking down the sentence for readability: "Most importantly, the study concludes that the beneficial impact of digital transformation is primarily elucidated by the ability of the medium and high-tech manufacturing sectors to stimulate inclusive growth. This is especially evident in the increase of GDP per capita and the reduction of poverty."
Based on these findings, this study proposes two major points. Firstly, because digital transformation is inextricably linked to prior digitalization learning processes, it is imperative to foster the ability to understand and apply lessons learned from previous experiences as a solid foundation for a more effective digital transformation journey. Learning from previous endeavours provides valuable guidance on what works, what needs to be modified, and how to deal with challenges that may arise when embracing new technologies. Internal capacity development and organisational adaptation to technological advances become critical components in maximising the benefits of digital transformation. Leveraging past insights allows organisations to avoid making the same mistakes, implement smarter approaches, and become better prepared to address ongoing changes in the constantly evolving digital era. Given that this process involves trial and error and may burden businesses, a policy recommendation is to increase support for R&D, particularly in key sectors that heavily rely on digitization.	Comment by ASUS: "Given that this process involves trial and error and may burden businesses, a policy recommendation is to increase support for R&D, particularly in key sectors that heavily rely on digitization."
For improved flow, consider rephrasing: "Acknowledging that this process involves trial and error and may pose challenges for businesses, a policy recommendation is to increase support for R&D, especially in key sectors heavily relying on digitization."
Secondly, once the medium and high-tech manufacturing sectors have a solid foundation in digital transformation, it is of the utmost importance to increase the inclusiveness of economic growth in these sectors, particularly for impoverished poor households. The recommended policy measures to improve economic inclusivity in the medium and high-tech manufacturing sectors for disadvantaged populations include establishing affordable community-based training centres, offering training programmes that align with labour market needs, promoting partnerships between training centres and industries, and providing education subsidies focused on lifelong learning.	Comment by ASUS: "The recommended policy measures to improve economic inclusivity in the medium and high-tech manufacturing sectors for disadvantaged populations include establishing affordable community-based training centres..."
To enhance clarity, consider rephrasing: "Recommended policy measures to enhance economic inclusivity in the medium and high-tech manufacturing sectors for disadvantaged populations include establishing affordable community-based training centres..."
However, the limitations of this study must be acknowledged. The scope of this research is primarily focused on the Indonesian context, and it may not fully encompass the nuances of digital transformation and inclusive growth across various regions or countries. Furthermore, while the study emphasises the importance of internal factors and prior learning experiences, future research can delve deeper into specific strategies and mechanisms that organisations can implement to stimulate hands-on learning practises and facilitate digital transformation.	Comment by ASUS: "Furthermore, while the study emphasizes the importance of internal factors and prior learning experiences, future research can delve deeper into specific strategies and mechanisms that organizations can implement to stimulate hands-on learning practices and facilitate digital transformation."
Consider rephrasing for clarity and conciseness: "While the study emphasizes the importance of internal factors and prior learning experiences, future research can delve into specific strategies and mechanisms for organizations to stimulate hands-on learning practices and facilitate digital transformation."
Future research should aim to broaden the scope of study by incorporating comparative analyses of digital transformation and its impact on inclusive growth across various countries and sectors. Furthermore, investigating the roles of government policies, regulatory frameworks, and collaborations between the public and private sectors in promoting inclusive digital transformation can provide policymakers and practitioners with valuable insights. Following that, investigating the potential challenges and opportunities arising from the integration of emerging technologies such as artificial intelligence and blockchain within the context of inclusive growth will provide a more comprehensive understanding of the subject. Future research can pave the way for more effective strategies to harness the power of digital transformation for inclusive and sustainable economic development by addressing these issues.
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Appendix 1: Digital Transformation and Inclusion Growth Index Indicators
	Variables/Indicators
	Unit
	Definition

	Digital Transformation 
	
	

	Mobile cellular subscriptions ( 
	per 1000 people
	Subscriptions to a public mobile telephone service that provide access to the PSTN using cellular technology. The indicator includes (and is split into) the number of postpaid subscriptions, and the number of active prepaid accounts (i.e. that have been used during the last three months)

	Fixed telephone subscriptions 
	per 1000 people
	The sum of active number of analogue fixed telephone lines, voice-over-IP (VoIP) subscriptions, fixed wireless local loop (WLL) subscriptions, ISDN voice-channel equivalents and fixed public payphones.

	Fixed broadband subscriptions  
	per 1000 people
	Fixed subscriptions to high-speed access to the public Internet (a TCP/IP connection), at downstream speeds equal to, or greater than, 256 kbit/s

	Individuals using the Internet 
	per 1000 people
	individuals who have used the Internet (from any location) in the last 3 months. The Internet can be used via a computer, mobile phone, personal digital assistant, games machine, digital TV etc.

	ICT goods exports 
	% of total goods exports
	Information and communication technology goods exports include computers and peripheral equipment, communication equipment, consumer electronic equipment, electronic components, and other information and technology goods (miscellaneous).

	ICT service exports 
	% of service exports, BoP
	Information and communication technology service exports include computer and communications services (telecommunications and postal and courier services) and information services (computer data and news-related service transactions).

	Medium and high-tech manufacturing value added 
	% manufacturing value added
	The proportion of medium and high-tech industry value added in total value added of manufacturing

	Investment in telecoms with private participation 
	current US$
	Commitments to infrastructure projects in telecommunications that have reached financial closure and directly or indirectly serve the public.

	Inclusive Growth 
	
	

	GDP per capita growth 
	annual %
	Annual percentage growth rate of GDP per capita based on constant local currency

	Headcount Poverty Index 
	
	The percentage of the population living below the national poverty line(s)

	Gini Index 
	Index
	The distribution of consumption expenditure among individuals or households within an economy deviates from a perfectly equal distribution

	Unemployment Rate 
	%
	The share of the labor force that is without work but available for and seeking employment


Source: Author’s Compilation (2023).





Appendix 2: Control Variables and Their Definitions
	Control Variables
	Unit
	Definition

	Control on First Stage
	
	

	Accountability Index  
	Index
	Government accountability is understood as constraints on the government’s use of political power through requirements for justification for its actions and potential sanctions.

	Civil Liberty Index 
	Index
	The absence of physical violence committed by
government agents and the absence of constraints of private liberties and political liberties by the government.

	Rule of Law Index 
	Index
	The degree to which laws are executed transparently, independently, predictably, impartially, and uniformly, as well as the extent to which government officials' conduct aligns with legal standards.

	Control on Second Stage
	
	

	Inflation 
	% annual
	Inflation as measured by the consumer price index reflects the annual percentage change in the cost to the average consumer of acquiring a basket of goods and services that may be fixed or changed at specified intervals, such as yearly. 

	Gross Domestic Saving 
	% of GDP
	Gross domestic savings are calculated as GDP less final consumption expenditure (total consumption).

	Foreign Direct Investment, net inflow 
	% of GDP
	The net inflows of investment to acquire a lasting management interest (10 percent or more of voting stock) in an enterprise operating in an economy other than that of the investor.

	Oil Rents 
	% of GDP
	Oil rents are the difference between the value of crude oil production at regional prices and total costs of production.


Source: Author’s Compilation (2023).
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