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1 much higher than the average of the Arab countries 1 except for the indicator "Active mobilebroadband subscriptions." Moreover, ICT is a priority sector in the case of Tunisia for two reasons. First, ICT is considered as a development vector for other economic sectors. Indeed, the ICT sector is a dynamic sector of innovation directed toward export, foreign investment, partnership, and subcontracting, especially African countries. According to a report related to Tunisia by the Trade Commissioner Service of Canada, 2 the sector contributed 7.5% of GDP and employed around 86,000 people in 2018. It is made up of 2,120 private companies, 219 shared service centers, and 8 development centers serving multinationals. Therefore, it is promising to investigate the case of Tunisian ICT diffusion, which provides implications for Tunisian policymakers as well as those of neighboring countries. Regarding the developing countries, previous studies [START_REF] Dewan | Information technology and productivity: evidence from countrylevel data[END_REF][START_REF] Papaioannou | Information technology as a factor of economic development: evidence from developed and developing countries[END_REF][START_REF] Stanley | Does ICT generate economic growth? A metaregression analysis[END_REF][START_REF] Niebel | The contribution of intangible assets to sectoral productivity growth in the EU[END_REF][START_REF] Niebel | ICT and economic growth-comparing developing, emerging and developed countries[END_REF][START_REF] Cheng | ICT diffusion, financial development, and economic growth: an international cross-country analysis[END_REF] are rather mixed about ICT effects on economic growth. Moreover, studies focusing on developing countries are still scarce. This lack of consistency in findings may be explained by two factors. First, the relationship between ICT and economic growth is based on aggregated data. However, for developing economies, disaggregated data are unable to represent either realistic ICT integration in the economy or the heterogeneity of ICT development across different economic sectors. Second, most developing economies suffer from poor ICT infrastructure, which leads to substantial investment in ICT projects, which might affect profitability, at least in the short run. Therefore, we suggest distinguishing short-term from long-term effects. Finally, the relationship between ICT and economic growth depends on the capacity of countries to absorb technology through their potential to develop a highly skilled workforce. As a result, it is of interest to fill this literature gap by investigating the case of a developing country based on sectorial analysis.

This study extends previous studies on developing countries with the potential to develop a highly skilled workforce. Contrary to previous studies, our study assesses the impact of ICT diffusion on economic growth from a sectorial perspective and distinguishes between short-and long-term impacts. We propose an ICT diffusion index that measures the share of ICT in the input of economic sectors by using the Input-Output Table (IOT) of the Tunisian economy. The development of an ICT index aims to overcome the inability of the disaggregated data to reproduce realistic ICT integration in the economy. Such data is also particularly unable to reproduce the heterogeneity of ICT development across different economic sectors. The choice of Tunisia is not arbitrary but is based on several reasons. First, Tunisia has recently experienced important economic, social, and political transformations.

Second, it has significant potential to develop a highly skilled workforce in the Middle East and North Africa (MENA) region, as highlighted above in Table 1. 3Based on data collected from the National Institute of Statistics of Tunisia over the period from 1997 to 2015, our study has two main findings. First, we show that ICT has a positive long-term effect on Tunisian economic growth and contributes to sustainable development. Second, this effect is negative in the short run due to substantial ICT investment, as Tunisian ICT infrastructure is not well developed. These findings have important policy implications for both investors and policymakers. Indeed, our sectorial index helps investors identify the sectors with the highest potential growth after ICT improvement.

More importantly, our analysis can serve as a framework for policymakers to boost ICT across different sectors.

Our study contributes to the literature as follows. We propose a novel sectorial approach. Specifically, our sectorial ICT diffusion index reflects the factual ICT level in the economy. Furthermore, it provides information segregated by sector, product, activity, and year. Hence, it is possible to compare the various sectors of the economy. Moreover, this technique helps follow ICT evolution over time, creating a dashboard for policymakers. Then we control for the substantial investment bias by analyzing the relationship between ICT diffusion and economic growth by distinguishing between short-and long-term effects.

The remainder of the paper is organized as follows. Section 2 reviews the literature on the effect of ICT diffusion on economic growth. Section 3 presents the methodology used to construct the ICT diffusion index, and Section 4 details the econometric modeling. Section 5 discusses the results and Section 6 gives our conclusions and recommendations for further research.

Literature review

The relationship between ICT and economic growth has been widely discussed since the 1980s, based on the theories that consider technological progress as fundamentally stimulating economic growth [START_REF] Romer | Increasing returns and long-run growth[END_REF][START_REF] Romer | Endogenous technological change[END_REF][START_REF] Lucas | On the mechanics of economic development[END_REF][START_REF] Grossman | Innovation and growth in the global economy[END_REF][START_REF] Aghion | A model of growth through creative destruction[END_REF]. The first stream of empirical studies focused on ICT's impact on economic growth, especially for developed economies. This strand of literature expanded in the 1990s as researchers sought to understand the productivity boom observed in 1990 by determining whether ICT might be the driver of the boom in the United States. For instance, [START_REF] Oliner | The resurgence of growth in the late 1990s: is information technology the story?[END_REF] focus on the US economy between 1995 and 1999,

showing that ICT represented 1.5 percentage points of the 2.6% annual growth rate in the labor productivity of the US business sector between 1996 and 1999. [START_REF] Röller | Telecommunications infrastructure and economic development: a simultaneous approach[END_REF] investigated how telecommunications infrastructure affects economic growth. Based on a sample of 21 OECD countries during the 1971-1990 period, they estimate a microeconomic model for telecommunication investment with a macroeconomic production function. They conclude that around one-third of total output could be attributed to ICT, and the authors particularly highlighted that the extent of telecommunications infrastructure is associated with economic growth. Further, [START_REF] Oulton | ICT and productivity growth in the United Kingdom[END_REF] developed new estimates of investment in and output of ICT based on a growth-accounting approach, aiming to measure the contribution of ICT to the growth of both aggregate output and aggregate input. The author showed that ICT's contribution to GDP growth in the United Kingdom increased from 13.5% in 1979-1989to 20.7% in 1989[START_REF] Pesaran | An autoregressive distributed lag modelling approach to cointegration analysis[END_REF]. ICT contributed 55% of capital deepening during 1989[START_REF] Pesaran | An autoregressive distributed lag modelling approach to cointegration analysis[END_REF]and 90% from 1994[START_REF] Pesaran | An autoregressive distributed lag modelling approach to cointegration analysis[END_REF]. Stiroh (2002a) examined the link between information technology (IT) and the US productivity revival in the late 1990s. Industry-level data showed a broad productivity resurgence that reflects both the production and the use of IT. We suggest a strong correlation between IT capital accumulation and labor productivity, and calculate the acceleration for IT-intensive industries is approximately 2% more than other industries. [START_REF] Stiroh | Information technology and the US productivity revival: what do the industry data say?[END_REF] shows that diffused ICT has intensively enhanced productivity growth during [START_REF] Basu | Are apparent productive spillovers a figment of specification error?[END_REF]-2000compared to 1987[START_REF] Basu | Are apparent productive spillovers a figment of specification error?[END_REF]for US industries. Stiroh (2002b) R&D has a stronger effect on economic growth than public R&D.

The second stream of literature has investigated ICT diffusion and its impact on economic growth based on international comparisons, mainly between developing and developed economies. [START_REF] Dewan | Information technology and productivity: evidence from countrylevel data[END_REF] estimated an intercountry production function relating IT and non-IT inputs to GDP output. They based their function on panel data from 36 countries (22 developed countries and 14 developing countries) over the 1985-1993 period. They found significant differences between developed and developing countries concerning their structure of returns from capital investment. They stipulated that ICT has an insignificant effect on developing countries and a significant one in developed countries. This finding can be explained by the presence of human capital and technological infrastructure, allowing the former countries to benefit from ICT opportunities. Similarly, [START_REF] Papaioannou | Information technology as a factor of economic development: evidence from developed and developing countries[END_REF] used [START_REF] Arellano | Some tests of specification for panel data: Monte Carlo evidence and an application to employment equations[END_REF] Although studies dealing with developed economies generally agree on the positive effect of ICT diffusion, the second literature stream that provides comparisons between developed and developing economies does not exhibit general agreement. We suggest that a panel approach between different countries might be a source of bias resulting from a high level of heterogeneity, particularly for structural reasons. Hence, a third stream of literature has investigated the issue of ICT diffusion only in developing economies. [START_REF] Sassi | Financial development, ICT diffusion, and economic growth: lessons from MENA region[END_REF] distributed lag (ARDL) approach, an insignificant impact of ICT on CO2 emissions as a measure of pollution, and no impact of ICT on sustainable development. [START_REF] Asongu | Inequality, information technology and inclusive education in sub-Saharan Africa[END_REF] examined linkages between inequality, ICT, and inclusive education for 42 sub-Saharan Africa countries during the period ranged between 2004-2014. The authors affirmed that ICT promotes inclusive education, but only after reaching a certain threshold.

The impact of ICT on economic growth is still ambiguous for developing countries

(Table A in appendix).
Our study is related to this third strand of literature, and we contribute to it through performing a new sectorial analysis for a selected MENA country. The sectorial analysis will be useful for policymakers to overcome the gaps in ICT diffusion across all economic sectors. Our proposed sectorial analysis aims to overcome the limits of disaggregated data in the case of developing economies. Disaggregated data is unable to depict realistic ICT integration and to reproduce the heterogeneity of ICT development across different economic sectors. Second, as highlighted in the introduction we will deal with the promising case study of Tunisia in terms of ICT diffusion. Indeed, we suggest that studies dealing with both developed and developing economies (Table A in the Appendix) might be a source of bias resulting from a high level of heterogeneity, particularly structural ones. Hence, dealing with a case study of a developing economy investigated across sectors will contribute substantially to the literature. Our sectorial analysis will be useful for policymakers, as it might serve as a dashboard to implement appropriate policies that improve ICT diffusion across different sectors, and thus impact economic growth.

Methodology and data

Methodology

We develop a sectorial ICT diffusion index to measure the percentage of ICT diffusion in each sector, which will then be used to assess the ICT contribution to added value across Tunisian economic sectors.

Sectorial ICT diffusion index construction

The construction of the ICT diffusion index is developed based on the following steps.

We first segregated Tunisian economic output into 18 sectors. We have used the Tunisian IOT (see Table 2) for the contribution of each sector to the input for other sectors. This describes a complete picture of the flows of goods and services in an economy for a given year (Leontief, 1986). This approach allows for detailing the relationship between producers and consumers as well as the interdependencies between sectors. For the Tunisian economy, the construction of the ICT diffusion index is motivated by several reasons. It provides the country's economic decision-makers a relevant indicator to adapt their policies and strategies to promote ICT and, consequently, boost economic growth. Moreover, it will be useful for ICT investors to learn more about a sector that might be a source of interesting growth. In other words, this index might be a driver for economic growth in the case of Tunisia. Data are from the Tunisian IOT, it is the share of ICT in the total input, expressed as a percentage. 4 We made some adjustments to get a table consistent with OECD nomenclature, which allows us to make a proper estimate during analysis. 5 The ICT sector has been defined as the following group of ISIC Rev. 3 industries: Manufacturing: 3000 -Office, accounting and computing machinery; 3130 -Insulated wire and cable; 3210 -Electronic valves and tubes and other electronic components; 3220 -Television and radio transmitters and apparatus for line telephony and line telegraphy; 3230 -Television and radio receivers, sound or video recording or reproducing apparatus and associated goods; 3312 -Instruments and appliances for measuring, checking, testing, navigating and other purposes, except industrial process equipment; 3313 -Industrial process equipment.

Services: 5150 -Wholesaling of machinery, equipment and supplies (if possible, only the wholesaling of ICT goods should be included); 7123 -Renting of office machinery and equipment (including computers); 6420 -Telecommunications; 72 -Computer and related activities.

Does ICT contribute to economic growth?

After determining ICT diffusion, we investigate whether ICT capital contributes to added value across other Tunisian economic sectors. The method used to measure the direct effects of ICT diffusion is based on the neoclassical production function model [START_REF] Griliches | Issues in assessing the contribution of research and development to productivity growth[END_REF], Stiroh, 2002a). The production function framework relates output to labor, capital, ICT diffusion, and TFP. In this study, the added value is considered as an output of the production function where these factors are independent variables. There are both advantages and disadvantages in using added value instead of gross output [START_REF] Jorgenson | Productivity-information technology and the American growth resurgence[END_REF]. One advantage is the use of the added value as a nominal added value sum rather than the GDP.

The disadvantage is related to the fact that added value requires stricter assumptions of perfect competition [START_REF] Basu | Are apparent productive spillovers a figment of specification error?[END_REF].

The production function framework involves total factor productivity TFP , output to labor L , ICT diffusion (ICTD), and stocks of capital (K). Assuming an augmented Cobb-Douglas production function, we express the following equation:

VA = TFP ICTD K L ,
where VA is the real value-added at time t for sector i, TFP is the Hicks natural total factor productivity, ICTD is an ICT diffusion index, K is stocks of capital, L is labor input, and ε is the disturbance term for the sector at time .

Growth accounting assesses the contribution of GDP inputs, assuming constant returns to scale and that each factor receives compensation equal to its marginal product [START_REF] Jorgenson | A retrospective look at the U.S. productivity growth resurgence[END_REF][START_REF] Inklaar | ICT and Europe's productivity performance: industrylevel growth account comparisons with the United States[END_REF]. We log-linearize the model presented in (Eq. 1):
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where the logarithmic functions of the studied variables are considered.

Eq. 2 models the relationship between economic growth, proxied through the added value for all economic sectors, and ICT diffusion.

Method of estimation

As ICT implementation required an important investment, which impacted the profitability of all projects in the short term, it is useful to investigate the relationship between ICT diffusion and added value by distinguishing between the short and long terms. This allows us to control for investment bias. To do so, we employ the pooled mean group (PMG)

form of the ARDL proposed by [START_REF] Pesaran | An autoregressive distributed lag modelling approach to cointegration analysis[END_REF] and [START_REF] Pesaran | Bounds testing approaches to the analysis of level relationships[END_REF] to estimate Eq. 2.

This PMG framework of the panel ARDL model helps to resolve some of the inappropriateness of statistical features in the traditional panel model, such as a small sample.

As a result, it is more appropriate to use a panel PMG estimation, since data availability is limited. A panel PMG estimation uses both time and cross-sectional dimensions, thus increasing the total number of observations and their variation. Additionally, it decreases the noise from individual time-series estimations.

According to [START_REF] Pesaran | Dynamic linear models for heterogeneous panels[END_REF][START_REF] Pesaran | Bounds testing approaches to the analysis of level relationships[END_REF], the symmetric version of the panel ARDL is expressed as follows: + ε ?@ , 3
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where the level terms reflect long-run dynamics, while the first-difference terms reflect shortrun effects. The error term is signified by εit and Δ signifies the first-difference operator. For each cross-section, the long-run slope (elasticity) coefficients on TFP, ICTD, K, and L are respectively computed as

4B CD B ED
for l=2, 3, 4, 5. The choice of the lagged variable F, G is determined according to the Akaike information criterion or Schwarz-Bayesian information criterion. Using the Wald test, the presence of cointegration relationship is tested by the following hypothesis:6 

H # : " % = " ) = " -= " / = " 5 = 0 absence of a long -run relationship , H % : " % ≠ " ) ≠ " -≠ " / ≠ " 5 ≠ 0 presence of a long -run relationship .

Furthermore, Eq. 3 can be specified as an error correction model, yielding the following: where ^b 9 are the short-run coefficients for l=1, 2, 3, 5. The value of _ is supposed to be negative, significant, and between 0 and 1 in absolute value, and is the error-correcting speed of the adjustment term of the model in equilibrium.
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Data and preliminary analysis

All the data presented above, except for the ICT diffusion index, are collected from the Tunisian National Institute of Statistics for the period 1997-2015. For the ICT diffusion index, we have developed a sectorial measure based on the methodology presented below.

Table 2 presents the diffusion of ICT in Tunisian economic sectors over the period 1997-2015. We argue that the share of ICT in total input is relatively different across sectors, depending on its use. We note that the integration of ICT was steady during 1997-2015 for most sectors, whereas it increased progressively for public administration. This finding confirms the tendency for electronic government in Tunisia. The ICT level is very low in Tunisia (below 2% for most sectors), but it is relatively high in the sectors Post and telecommunication and Financial services (above 30%). Therefore, we conclude that despite awareness of the importance of ICT diffusion, ICT in Tunisia is insignificant due to the lack of financial, technical, and human resources. that not all variables are normally distributed, which is confirmed by the Jarque-Bera statistic.

When we examine the relationships between all variables based on the correlation matrix, the results show no excessive correlation between variables, thus excluding multicollinearity.

Particularly, the results show a potential connection between VA and ICTD. 

Results and discussion

The macro and micro-level empirical studies on the relationship between ICT and economic growth have generated recommendations on how the development of ICT might affect economic growth. In this section, we empirically examine to what extent the development of telecommunications has contributed to the growth of sectors of the Tunisian economy in the short and long run.

Table 5 reports the results for the long-term elasticity of ICT diffusion in terms of economic growth, total factor productivity (TFP), labor (L), and stocks of capital (K). The coefficient on the error correction term is significant and negative (-0.5228). This implies that the model converges to equilibrium over the long term.

The impact of ICT diffusion on economic growth is significantly positive (2.93%) in the long term (Table 5, Panel A), whereas it is significantly negative (-2.37%) in the short term (Table 5, Panel B). This trend is explained by the significant fixed cost of the initial ICT investment and the large-scale economic growth in the long term. In other words, the more important ICT capital investment is, the lower its cost is. Therefore, the contribution of ICT diffusion to economic growth is not instant. One reason could be that the effects from investing in ICT diffusion materialize with a lag. This phenomenon is called the time lag effect. The negative short-run impact of ICT on economic growth is explained by the fact that, in Tunisia, the infrastructure is not developed enough to quickly benefit from ICT opportunities. Further, the positive long-run effect is explained by the fact that ICT enhances the activity of the various economic sectors through various channels. A high level of ICT diffusion allows for the integration of ICT capital stock in the economy through the use of computer hardware, software, and communication equipment. Therefore, sectors will use various types of ICT, such as computer technology, Internet access, mobile Internet, landlines, cell phones, processing power, artificial intelligence, 3D printing, big data, the Internet of Things, or cloud technologies. For example, in the financial sector, ICT integration will lead to technologies with better telecommunications infrastructure. Consequently, ICT diffusion leads to transforming the structure of sectors, which are subsequently characterized by economic performance, productivity improvement, cost reduction, and labor efficiency.

However, economic growth due to ICT is based on knowledge. Specifically, human capital is a necessary factor for effective ICT diffusion. For this reason, the government should allocate more resources to improve human capital, especially through the school completion rate. Moreover, a favorable environment and incentives for the diffusion of ICT should be created by changing regulations and the economic sectorial composition, reinforcing sectorial know-how, and improving the telecommunication infrastructure.

Similarly, this trend also holds for stocks of capital, with a rate of return of 8.29% in the long term. This validates the role of capital stock as a pillar for economic growth in the long term.

However, the negative and significant coefficient of the stocks of capital in the short run (-6.98%) possibly indicates that the benefit of this variable to improve economic growth is not instantaneous; rather, it takes time before stocks of capital can contribute positively to the economic growth of the Tunisian economy.

These findings are in line with previous empirical studies, such as [START_REF] Erumban | Information and communication technology and economic growth in India[END_REF], [START_REF] Ishida | The effect of ICT development on economic growth and energy consumption in Japan[END_REF], [START_REF] Pradhan | Economic growth and the development of telecommunications infrastructure in the G-20 countries: a panel-VAR approach[END_REF] [START_REF] Shahiduzzaman | The long-run impact of information and communication technology on economic output: the case of Australia[END_REF], [START_REF] Vu | ICT as a source of economic growth in the information age: empirical evidence from the 1996-2005 period[END_REF], [START_REF] Latif | The dynamics of ICT, foreign direct investment, globalization, and economic growth: panel estimation robust to heterogeneity and cross-sectional dependence[END_REF][START_REF] Cheng | ICT diffusion, financial development, and economic growth: an international cross-country analysis[END_REF]. Furthermore, the effect of stocks of capital on economic growth is more important than ICT's effect. This is explained by the fact that the non-ICT capital share (traditional capital) remains the most important, with an average share above 90%. To benefit from economies of scale, Tunisia should invest in ICT capital and integrate it into the various sectors to ensure its contribution to economic growth.

Another result confirmed by this study is that labor contributes positively and significantly to economic growth. This positive effect is observed in short and long terms, as in the long term the sensitivity of economic growth to labor is around 29% and for the short run is around 27%. The finding supports the notion that labor productivity is promoted by ICT diffusion in the short and long runs.

This can be explained by ICT's positive effects on labor quality and learning by doing.

Therefore, according to the empirical results, ICT capital has a positive impact on labor, which is explained by the fact that it updates the skills of personnel and develops human capital. Moreover, as labor productivity is enhanced by knowledge growth, workers can learn and update their skills through the use of ICT.

However, the positive interaction between ICT and labor depends on several conditions, such as the level of computerization of society and the general level of ICT knowledge. This relationship depends on training efforts and changes in work tasks, as well as on teaching and learning techniques. Hence, we consider the presence of the knockoff labor factor on productivity. In addition, the adoption of ICT makes businesses more competitive and adaptable in the context of the digital economy.

However, the positive interaction between ICT and labor depends on several conditions, such as the level of informatization of society and that of ICT knowledge. This relationship depends on the training efforts and the changes in work tasks, as well as education, training, skill acquisition, among others. Therefore, a labor spillover generates productivity improvements due to training. Moreover, ICT adoption makes enterprises more competitive and adaptable in the context of the digital economy.

We observe that TFP contributes positively and significantly to economic growth in both the short and long term, at 6.10 % and 8.6%, respectively (Table 5). This result is confirmed by previous theoretical and empirical literature, which considered that TFP is key to economic growth, such as [START_REF] Cronin | Telecommunications infrastructure and economic growth: an analysis of causality[END_REF], [START_REF] Dutta | Telecommunications and economic activity: an analysis of Granger causality[END_REF], [START_REF] Beil | On the relationship between telecommunications investment and economic growth in the United States[END_REF], Mehmood and Siddiqui (2013), [START_REF] Kumar | The effects of ICT on output per worker: a study of the Chinese economy[END_REF][START_REF] Pradhan | Economic growth, development of telecommunications infrastructure, and financial development in Asia, 1991-2012[END_REF]. Moreover, TFP's contribution is higher in the long term than in the short term. This progress can be explained by the positive contribution of ICT diffusion, the consolidation of existing technologies, innovation, and learning by doing. This result confirms Van Ark et al.'s (2003) findings.

Conclusions and policy implications

This study evaluates the relationship between ICT diffusion and economic growth in the Tunisian economy. The study was motivated by the view that empirical research on the relationship between ICT diffusion and economic growth has mostly focused on developed economies with few studies focused on developing countries. This paper contributes to the empirical analysis of the impact of ICT diffusion on economic growth. We have proposed a new approach to evaluating the impact of ICT diffusion across different sectors of the Tunisian economy. Our contribution consists of the construction of an index using the IOT.

Then we posed the question of whether Tunisia gains better access to ICT. In comparison to existing empirical studies, to estimate this effect, we have used the panel ARDL PMG technique to analyze the period from 1997 to 2015. We found that ICT has a positive effect on long-term economic growth and contributes to the sustainability of the country's development, but these conclusions are not valid in the short term.

Despite the Tunisian government's effort to promote the usage and diffusion of ICT, it is still in its infancy. The low usage is explained by limited knowledge and skills, high cost of ICT acquisition, lack of financial resources, and poor infrastructure. However, the lower level of ICT diffusion in developing countries has a negative impact on economic development.

This impact is mainly explained by low productivity, low investment, insufficient trade of ICT goods and services, and a marginal contribution to job creation. Developing countries are still lagging behind developed ones in terms of ICT usage and diffusion. Therefore, the results regarding a country's level of economic development follow those already described in the literature.

As such, to boost economic growth, ICT investments must be increased and consolidated, since ICT can generate positive externalities in other sectors of the economy.

Capital remains an important factor, contributing significantly to economic growth. Therefore, the Tunisian government should first stabilize the economic and social environment to facilitate strong economic growth. Then it should incentivize the industry toward the adoption and diffusion of ICT and the digitalization of all the economic sectors. Additionally, the government should give priority to the allocation of ICT-related resources and ensure the adoption of these technologies and provision of the necessary labor. This will lead to an improvement in human capital that will benefit economic growth.

In future research, it will be useful to investigate foreign direct investment across sectors in terms of ICT and to investigate the determinants of investment from a regional perspective. This future avenue might complete our study from a macroeconomic perspective, allowing a country to realize a comparative advantage regarding its competitors in the ICT field.

Appendix: Summary of literature review -1971-1990 Micromodel for telecommunication investment with a macro production function -Around one-third of output could be attributed to ICT -The extent of telecommunications infrastructure is associated with economic growth. -1984-1999 ICT capital including the total value of hardware, software, and telecommunications equipment.

-The industries with the highest investments in ICT registered the highest increases in labor productivity Finds some positive effects of ICT on average labor productivity but not TFP.

-ICT capital has a negative association with productivity.

-No strong evidence of spillover-type effects of ICT on productivity. 

  Source: International Telecommunication, World Telecommunications Indicators Database, July 2020.

  investigated the effects of financial development and ICT diffusion on economic growth for 17 MENA countries from 1960 to 2009. Based on a dynamic panel model with system GMM estimators, the authors showed that ICT (with different proxies) affected economic growth positively. Interestingly, the authors showed that the impact of financial development on growth is strengthened by a better-developed ICT infrastructure, such countries benefiting from financial development only once an ICT development threshold is reached. Asongu et al. (2017) analyzed whether ICT might lessen the potentially negative effect of environmental pollution on human development for 49 countries in sub-Saharan Africa during the period 2000-2012. Based on instrumental variable Tobit regressions, they concluded the ICT boosts inclusive human development. Tchamyou et al. (2019) investigated the role of ICT on income inequality through financial development from banking and financial system perspectives in 48 African countries during the period 1996-2014. Based on the GMM, they verify a strong correlation between the level of penetration of mobile telephony and financial inclusion in these countries. Amri et al. (2019) examined the linkage between carbon dioxide (CO2) emissions, total factor productivity (TFP) as a measure of income, and ICT in Tunisia from 1975 to 2014. They show, based on an autoregressive

  published by the Tunisian National Institute ofStatistics over 1997-2015. 4 Then, based on the OECD definition, 5 we determined that the Post and telecommunication sector is the main ICT sector in Tunisia. The sector includes IT equipment, communications equipment, and software. These components are integrated into economic sectors as input (or intermediate consumption). In other words, economic sectors use the components of Post and telecommunication to obtain their final outputs. Therefore, our methodology for constructing a Tunisian ICT Diffusion Index aims to determine the share of the ICT sector in the added value of other sectors based on the IOT. This share is defined as the contribution of ICT to the added value of the sector, representing the diffusion of ICT. From an analytical point of view,

Table 1 :

 1 ICT diffusion indicators, per 100 inhabitants, 2005ICT diffusion indicators, per 100 inhabitants, -2019 

	Arab	Tunisia
	countries	
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Table 2 .

 2 ICT diffusion to different economic sectors

		1997-2000	2001-2005	2006-2010	2011-2015	1997-2015
	Agriculture and fishing	0.42%	0.51%	0.35%	0.25%	0.38%
	Mining	1.01%	1.15%	1.39%	1.18%	1.18%
	Agrifoods industries	1.16%	1.89%	2.00%	2.09%	1.79%
	Textile, clothing, and leather	1.81%	2.77%	3.39%	3.70%	2.92%
	Oil	5.38%	6.98%	7.76%	5.07%	6.30%
	Chemical industries	0.54%	0.58%	0.46%	0.33%	0.48%
	Building materials, ceramic, and glass	1.61%	6.01%	1.64%	1.62%	2.72%
	Mechanical and electrical industries	6.60%	4.64%	1.89%	3.45%	4.15%

Table 3

 3 

presents the descriptive statics and correlation matrix for the variables. The average ICT diffusion is around 4.8%, which indicates a poor level of ICT across the different sectors. Interestingly, the ICT's standard deviation is relatively high, confirming the heterogeneity of the ICT distribution across economic sectors. Kurtosis and skewness show

Table 3 .

 3 Descriptive statistics and correlation matrix

		cd	efgh	gij	k	l
			Descriptive statistics		
	Mean	0.0367	4.8004	0.0168	0.0555	0.0278
	Median	0.0360	5.2473	0.0178	0.0260	0.0233
	Max	0.2925	11.1476	0.2414	0.2195	0.5521
	Min	-0.5290	-0.2652	-0.4791	0.0057	-0.2415
	STD	0.0769	2.1301	0.0817	0.0592	0.0775
	Skew	-1.4871	-0.1174	-1.1507	1.3917	1.3492
	Kurt	14.7611	2.0319	8.8784	3.6237	10.9172
	JB test	2,097.183	14.1393	567.900	115.95	997.009
	Prob	0.0000	0.0008	0.0000	0.0000	0.0000
			Correlation matrix		
	VA	1.0000				
	ICTD	0.2080	1.0000	1.0000	1.0000	1.0000

Table 4 .

 4 Table4presents results of the unit tests. We used a variety of panel unit root tests, such as the[START_REF] Levin | Unit root test in panel data: asymptotic and finite sample properties[END_REF], hereafter LLC;[START_REF] Im | Testing for unit roots in heterogeneous panels[END_REF], hereafter IPS; augmented[START_REF] Dickey | Likelihood ratio statistics for autoregressive time series with a unit root[END_REF], hereafter ADF; and[START_REF] Phillips | Testing for a unit root in time series regression[END_REF], hereafter PP. The assumption is of a homogeneous self-regressive unit root under the alternative hypothesis. The LLC hypothesis is rectified by the IPS, specifically the homogeneous nature of the unit root under the alternative hypothesis. The ADF test suggested by[START_REF] Levin | Unit root test in panel data: asymptotic and finite sample properties[END_REF], assumes the homogeneity of autoregressive coefficient dynamics for all panel units. The PP test is a nonparametric adaptation of the Dickey-Fuller test. For all tests, the null hypothesis is the presence of a unit root. Panel unit roots test results

	Unit root test			VA	ICTD	L	TFP	K
	LLC	Level First	Intercept Trend Intercept	-1.269 (0.09) -0.072 (0.473) -7.076 (0.0000)	-11.1059 (0.9931) -8.322 (0.3512) -13.1134 (0.0000)	-8.208 (0.0000) -7.11 (0.0000) -14.171 (0.0000)	-7.177 (0.0000) -5.468 (0.0000) -11.073 (0.0000)	1.09358 (0.8629) 5.7473 (0.9878) -17.0793 (0.0000)
		difference	Trend	-5.73 (0.0000)	-9.157 (0.0000)	-10.572 (0.0000)	-7.875 (0.0000)	-10.346 (0.0000)
	IPS	Level First	Intercept Trend Intercept	0.603 (0.723) 0.981 (0.837) -7.419 (0.0000)	-11.0748 (0.4587) -7.782 (0.6843) -14.665 (0.0000)	-7.815 (0.0000) -6.021 (0.0000) -16.355 (0.0000)	-7.717 (0.0000) -5.598 (0.0000) -14.05 (0.0000)	-4.86051 (0.3658) -0.666 (0.2526) -9866 (0.0000)
		difference	Trend	-5.183 (0.0000)	-11.1705 (0.0000)	-13.278 (0.0000)	-10.855 (0.0000)	-7.937 (0.0000)
	ADF	Level	Intercept Trend	31.517 (0.6817) 32.447 (0.638)	180.596 (0.8762) 124.313 (0.2346)	128.589 (0.0000) 97.984 (0.0000)	126.614 (0.0000) 94.367 (0.0000)	96.056 (0.3581) 61.467 (0.4368)
		First difference	Intercept	121.431 (0.0000)	235.702 (0.0000)	262.565 (0.0000)	226.314 (0.0000)	167.187 (0.0000)

As we have examined the stationarity of the variable through several panel unit roots tests, we can conclude that VA, ICTD, and K are integrated into the first order. However, TFP and L are level stationary. These findings justify the adoption of the ARDL model.

Table 5 :

 5 Results of estimation for the impact of ICT on added value

	Coefficient	t-Statistic	Prob

Note: ECT(-1) denotes the coefficient of the error correction term. ∆ is the first-difference operator. ***, **, and * indicate significance at the 1%, 5%, & 10% levels, respectively.

Comparison between developing and developed economies

  The European ICT sector played an important role in the flow of information across the economic network, which positively impacted economic growth.-ICT helps technologies spread and businesses innovate because it facilitates business transactions and does not depend on other sectors to be successful.-ICT can improve the economy in Korea and regulations regarding ICT investment are needed to continue sustainable growth. Significant differences between developed and developing countries for their structure of returns from capital investment.-ICT has an insignificant effect on developing countries and a significant one in developed countries. ICT diffusion can improve economic growth in high-income countries, but the effect is ambiguous for middle-and low-income countries.-In middle & low-income countries, only the growth of the mobile sector can positively impact economic growth, whereas increasing the Internet or secure Internet servers cannot. ICT development contributes positively to economic growth.-Financial sector development hurts growth and that ICT development reinforces the role of financial sector development on economic growth in these countries. ICT boosts inclusive human development.-The effect varies across the fundamentals of human development and ICT specificities -Evidence of synergy from mobile phones is driven by non-oil exporting countries. The established inequality thresholds should not be exceeded for ICT to promote inclusive education in sampled countries.

	Gruber and Koutroumpis (2011) García-Muñiz and Vicente (2014) Dewan and Kraemer (2000) -Papaioannou and -192 countries -1990-2007 Panel regressions -The contribution of mobile telecommunication is significantly smaller for low penetration countries than for high penetration countries. -This suggests that nonconstant returns to scale exist, at least for ICT. -European ICT sectors (59 products) -2000, 2005, and 2007. Input-output tables -36 countries (22 developed countries and 14 developing countries) -1985-1993 Panel regressions Dimelis (2007) -22 developed and 20 developing countries -1993-2001 Panel regressions -ICT capital stock affects labor productivity growth more strongly in developed countries than in developing ones. Asongu et al. (2017) -49 countries in sub-Saharan Africa. -2000-2012. Tobit model regression -Amri. F et al. (2019) -Tunisia Economy -1975 to 2014 ARDL approach -Insignificant impact of ICT on CO2 emissions as a measure of pollution. -There is no impact of ICT on sustainable development. -Hwang and Shin (2017) -2000-2012 past and 2013-2030 future -ICT's contribution to future economic growth is examined via policy simulations (2013-2030) Hong J.P (2017) -Korean economy -1988-2013 Granger Causality -Private R&D has a stronger effect on economic growth in comparison with public R&D. Cheng et al. (2020) -72 countries -2000-2015 Dynamic panel model with system GMM estimators -Developing economies (2000-2012) -Korean economy -measured the contribution of ICT to past economic growth is revealed by growth accounting methodology Niebel (2018) -59 countries -1995-2010 Panel regressions -Developing countries do not benefit more from ICT investments -2004 to 2014 compared to developed countries. Asongu (2019) -42 countries in sub-Saharan Africa Panel GMM -
	Sassi and Goaied	-17 MENA countries	Dynamic panel model with system GMM	
	(2013)	-1960-2009	estimators.	
	Lee et al. (2016) Tchamyou et al. (2019),	-40 countries -1999-2013 -48 African countries -1996-2014	Panel regressions Panel GMM	-That the development of network infrastructures, education, interaction with international trade, and socioeconomic factors affect ICT development. -A strong correlation between the level of penetration of mobile telephony and financial inclusion in these countries.
				-Technology Upgrading of middle-income (MI) economies is
	Radosevic. S & Yoruk. E (2018)	-42 countries -2012	OLS regression	different from that of high-income economies. -That MI countries' activities are not reflected in income levels
				implying a middle-income trap.

-

The labor code paradoxically contributes to the exploitation of workers and job insecurity (p. 173): "The levels of secondary education of the Tunisian workforce are among the highest in the region and

percent of the workforce surveyed has a minimum of 10 years education." http://pubdocs.worldbank.org/en/878411500382424335/the-unfinished-revolution-eng-chap5.pdf

[START_REF] Pesaran | Bounds testing approaches to the analysis of level relationships[END_REF] developed two critical values. The first is defined under the assumption that all variables are assumed to be I(0), while the second is computed under the assumption that they are I(1). H0 is rejected when the value of the Fisher statistic exceeds the two critical values. Otherwise, the hypothesis is supported. When the Fisher statistic is between the two limits, no conclusions can be drawn.

://www.tradecommissioner.gc.ca/tunisia-tunisie/market-reports