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NAFTA: Effects on Information Technology in Mexico



1. INTRODUCTION

The North American Free Trade Agreement (NAFTA), first implemented on January 1, 1994, is a comprehensive trade agreement that will ultimately result in the elimination of nearly all trade tariffs among the United States (U.S.), Canada and Mexico by the year 2008.  NAFTA supporters, responding to an ever-increasing number of free trading blocs, argued that the U.S. needed to create an agreement with Mexico in order to stay on top of international trade competition (Dedrick and Kraemer, 2001).
NAFTA was controversial at the time it was approved by Congress in 1993.  Many questioned if Mexico would be affected by its unique geopolitical position as the less developed neighbor to the world’s most technologically advanced economy, and particularly how this would affect Mexico’s Information Technology (IT) use
 (Juan, 2002).  There were many events that worked to influence IT use that coincided with NAFTA’s implementation.  I will discuss these events and how they, separate from NAFTA, also affected IT use in Mexico.   
This paper will address NAFTA’s effects on IT use in Mexico. Mexico is a relevant case for examining these changes because it can give further insight into trade liberalization influences on IT adoption and growth.  As the world continues to become more interconnected, and IT plays a larger role in both developed and developing countries, the way liberalization affects IT and interacts with other movements within an economic system will become exceedingly important to understand.  IT helps increase production efficiencies, can decrease unit cost, and facilitates international trade.  
This paper will be presented as follows: Section II will explore Mexico’s economic structure.  This section will focus on global changes in technology and its relation to Mexico’s economic, industrial and regional organization.  Section III will examine NAFTA’s impact on IT use by households and by firms.  It will also examine how NAFTA affected IT use by foreign and domestic firms.  Section IV will then look at how the Mexican government has responded to the economic environment that NAFTA helped create and in what ways it has, made or failed to make efforts, in promoting IT use.  Section V is an empirical analysis investigating NAFTA’s effects on a variety of IT indicators, using a multiple regression analysis.  I will attempt to control for the other exogenous factors that may have also affected IT use during this time.  Section VI will present the conclusion.

The descriptive and empirical evidence presented in this paper, indicates that IT use in Mexico has changed since NAFTA.  Specifically, it appears that the indirect effects of NAFTA have increased investment and foreign firm activity in Mexico, which has ultimately increased IT use.  NAFTA overall worked to augment previous liberalization movements in Mexico, and has aided in creating a more friendly IT environment for both consumers and producers.  However, Mexico still struggles from regional, and foreign versus domestic firm biases.  NAFTA, though helpful, could have been more effective in stimulating IT adoption if it were aided by further government provisions and if more focus was directed at building up a more conducive IT infrastructure. 
2.  HISTORY OF MEXICO’S ECONOMIC STRUCTURE

The introduction of railroads in 1837 drastically changed Mexico’s economic future.  This technology enabled Mexico to overcome geographical barriers that had previously impeded economic development and integration (Morrison, 2003).  

The next large economic boom, generated through novel technology adoption, was the petroleum revolution, which began in the mid-1970s.  This helped introduce new technologies, and economic growth.  The oil industry would remain a significant part of Mexico’s main economic structure throughout the Twentieth century.  However, economic activity would fluctuate widely towards the end of the century, marked with times of rapid growth and sharp depression (Federal Research Division, 1996).  

The discovery of large oil reserves in 1976 gave hope to a slowing economic growth, increasing GDP growth to over 8% per year (González, 2002).  The government took advantage of this opportunity, borrowing heavily from other countries in order to expand its oil production and infrastructure.  When global oil prices fell during the 1980s however, Mexico went through a series of economic shocks.  


By 1981, world interest rates sharply increased, causing the cost of the Mexican foreign debt to soar.  Capital immediately began flowing out of the country, forcing the government to take drastic steps in order to protect its dwindling foreign reserves (Thayer, 2006).  A shift in development strategy that emphasized generating capital inflow through trade liberalization was developed.  This new strategy included the integration of IT into the country’s economic systems, liberalizing the national banking system, and devaluing the peso.  By 1984, Mexico also began opening up its economy by reducing tariff levels, as well as the number of tariff categories. By 1988, only 20% of the economy was protected by tariffs or import licenses, compared to 75% in 1985 (González, 2002)

In 1986, Mexico joined the General Agreement on Tariffs and Trade (GATT), agreeing to further liberalize, and deregulate trade
.  This was followed by further tax reforms and large decreases in public spending to reduce the fiscal deficit Mexico had incurred during the oil bust.  Teléfonos de México (Telmex), the country’s two airlines, mining companies, and sugar refineries were all privatized under this process.  Restrictions on foreign ownership were removed on telecommunications, transportation and mining sectors, and restrictions to foreign investment were largely lifted under a New Foreign Investment Law implemented in 1993 (Economic Structure: Mexico, 2004). 


The pivotal marker in trade liberalization came in January 1994, with the implementation of NAFTA. The economy immediately took a downturn, but not because of NAFTA.  After several domestic rebellions, political assassinations, and other various economic tribulations, capital began to drain rapidly out of the country.  The Mexican government responded by allowing the peso to float freely, resulting in an immediate loss in 40% of its value.  This pushed the economy into a severe recession in 1995; GDP falling by 6.2% (James, 2003).  Thankfully, the crisis was short-lived; Mexico was back on the road to recovery, aided in part by the previous liberalization and privatization processes, most important of which was NAFTA. 
2.1 Industrial Structure

Since the implementation of NAFTA, the Mexican economy has experienced significant economic growth, currently holding its per capita income at about one fourth of that of the U.S. (World Fact Book: CIA, 2005).  The face of Mexico’s economy has also changed, becoming primarily based on the service sector.   In 2003, the service sector was the main contributor to Mexico’s national output, making up 66.6% of its GDP, compared to 1994 when the service sector accounted for only 22% of Mexico’s total GDP (Dedrick and Kraemer, 2001) 

The manufacturing sector follows the service sector; in 2001, the manufacturing sector produced 20% of Mexico’s GDP, 10% of which focused on transport and communication goods.  According to the Human Development Report of 2001, advanced technology production in Mexico had increased from 8% of all manufacturing exports in 1990 to 22% in 2000.  Since 1994, IT expenditures have increased as well; by 2001, hardware made up 59% of total IT expenditures, 62% of which was personal computer sales.  Mexico now holds a trade surplus with the U.S. in certain technologies, such as computer equipment (Gerber, 2001).
A feature of Mexico’s foreign sector that continues to keep Mexican political leaders concerned is the dominance of the U.S. market as a destination for Mexico’s exports.  As much as nine out of ten dollars worth of exported goods and services go to the U.S; this places the Mexican export market and economy in a vulnerable position.  This vulnerability is further heightened due to the concentration of manufactured exports within only a few sectors, mostly under the control of large multinational corporations (MNCs) (Juan, 2002).
The Mexican government has made efforts aimed at addressing the lack of domestic production over that of MNCs (Heredia, 2000).  For example, in the early 1980s, Mexico permitted IBM 100% retainment of ownership of their plant, in return for an $11 million investment in the Center for Semiconductor Technology in Guadalajara (Dedrick and Kraemer, 2001).   It has also provided venture capital and incentives for small-to-medium sized domestic enterprises, to enter into the market.
2.1.1 NAFTA on the Maquiladora Industry

The traditional version of the Hecksher-Ohlin theorem states that a country will export the good which uses the abundant factor of the country intensively in its production.  This statement is made assuming immobility of factors of production.  When this assumption is released, the Heckscher-Ohlin theorem can be reinterpreted in such a way that capital and investment will flow in the direction where the relative supply of capital is scarce and labor is abundant.  For instance, in capital abundant countries like the U.S. it is thought to be productively efficient to export capital to a country with relatively less capital like Mexico or China.  This trade theory was prevalent during the 1960s and was used to argue for Mexico’s Maquiladora program
 (Robertson, 2002).

The inception of the Maquiladora program in the 1960s was originally designed to alleviate the unemployment and poverty in Mexico.  It would achieve this by drawing in foreign firms and investment by subsidizing any foreign manufactures that set up plants on the Mexican side of the border.  Firms that participated in the program could then import any needed supplies to produce goods and services in Mexico duty-free, as long as output was exported back to the U.S. In turn, the U.S. only taxed the value-added portion of the manufactured product (Carillo and Haulde, 1998).

This trend however, was not unique to Mexico; production sharing has played a key role in world growth during the later half of the 20th century
.  Between 1970 and 2000, world trade increased almost 370%, while at the same time world GDP increased 150%.  In 2001, trade in intermediate goods represented more than $800 billion in annual trade, or at least 30% of the world trade in manufactured goods (Smith and Lindblad, 2003).  


There are several factors that contribute to this significant upward trend in production sharing.  First, there are large cross-country cost differences, mainly driven by differences in factor endowments and institutional environment.  Second, is falling tariffs as a result of growing country memberships in the General Agreement on Tariffs and Trade (GATT) and the World Trade Organization (WTO).  Third, there was a dramatic decrease in the cost of transportation costs.  Fourth, IT has made information and data collection more accessible and has decreased communication cost, making international trade easier and less expensive (World Bank, 1998).  


The Maquiladora program was designed to capture the efficiencies gained in production sharing.  However, NAFTA’s ability to turn North America into a single market and locate production in Mexico rather than somewhere else like Asia, further amplified its prevalence.  NAFTA also made it especially attractive for businesses from outside North America to establish production facilities in Mexico, and in so doing benefit from the lower trade barriers under the treaty (Weisbot et al., 2004).  For example, now a firm in China that wants to trade with the U.S. could potentially find it profitable to move final production of a good into Mexico, and then sell it through Mexico to the U.S.
 Additionally, U.S. and Canadian businesses already established in Mexico would now have a distinct advantage in penetrating the Mexican market.  The global trend in the Personal Computer (PC) industry for example, moved toward faster product cycles and build-to-order production, all of which favored locating production closer to the final market in North America (Weiler and Zerlentes, 2003).     


Though part of the lure for U.S. firms moving production into Mexico’s Maquiladora industry is a function of lower transportation and labor costs, tax regimes play an important role as well.  Under NAFTA, the import duty historically given to the Maquiladora industry was eliminated. Additionally, the previous exemption of Maquiladora imports from antidumping was eliminated in 2001.  The industry was able to anticipate the disappearance of the import tax waiver, but it had a harder time in the second half of 2000 handling the replacement tax executed later by the government (Schmaedick, 1999).  Despite these uncertainties, the Maquiladora industry has continued to grow, with an annual employment rate of 14.4% between 1995 and 2000 (Gerber, 2001).


There are concerns, however, due to the way the Maquiladora industries are organized, about the real effects such convergent interactions have.  Maquiladora progression seems to fall into three generations, all of which still exist today.  The first generation is labor intensive, employing limited technology and is heavily dependent on the decision made by the parent companies.  The second generation is oriented towards manufacturing processes, using machines and robotics, tending to employ more technicians and engineers.  Third generation Maquiladora firms are focused on R&D, relying on skilled labor while employing high levels of IT.   It appears that in this latter generation, the dependence on the parent company almost disappears and decision making becomes autonomous.  An example of such a company would be Delphi Corp.’s Mexico Technical Center in Ciudad Juarez.  This firm employs about 700 Mexican engineers (Carrillo and Hualde, 1998).


 However, because the U.S. has a comparative advantage in capital–intensive production and Mexico in labor-intensive production, it is within the U.S. firms’ interest to exploit these first and second generation firms rather than the third (Alacon and Zeped, 2002).  Not surprisingly, the industry is therefore still largely geared towards assembly of components, as the manufacturing processes rather than the final assembly of products tend to be more labor intensive (Weiler and Zerlentes, 2003).  Consequently, trade between the U.S. and Mexico is now primarily intra-industry, representing about 80%.  Missing is the production of key components such as semiconductors, CD-ROM drives, and other advanced final production parts.  In addition, most Mexican entrepreneurs, due to increased competition by efficient MNCs, have turned to more traditional industries such as broadcasting, publishing, commerce, manufacturing, and real estate (World Bank, 2006). 


Nonetheless, the Maquiladora industry set out what it was originally intended to do: bring in foreign capital and production and provide jobs. Since 1998, the Maquiladora industries have been Mexico’s top foreign exchange generator, followed by oil and natural gas. Growth in Mexican exports accounted for more than half of the increase in Mexico's real national income during the period from 1993 to 2001. One of every five people in Mexico is employed in export-oriented jobs, and fully half of the 3.5 million new jobs generated in Mexico in 1995-2000 were a result of NAFTA and export growth (U.S. Department of State, 2003). 

In summary, due to various reforms and an abundance in labor, Mexico’s industrial structure has become a country highly dependent on the export of labor abundant processes.  Therefore, Mexico’s economic climate is highly attractive to foreign investors and those involved in intra-industry trade, which occurs at a high level within the Maquiladora industry. 
2.2 Regional Structure
Mexico is a large country, and due to its geographical characteristics and historical development has a diverse spread of economic activity.  Mexico is firmly established as a middle income country with per capita income at $6,770 in 2004, up from $3,800 in 1995.  However, Mexico continues to face huge gaps between the rich and poor, and between geographic regions (World Bank, 2006).
As much as 18.5% of Mexico’s population lives in the Federal District of Mexico City and about two-thirds of the population lives in urban areas (INEGI, 2005b).  The majority of the urban population lives in a group of nine cities, and it is within these large urban areas that the majority of the e-commerce activity is located.   Most of the job opportunities and economic production occur either in Mexico City or in the border towns within the Maquiladora industries.  In 2000, Mexico City and the Northern regions produced 38% and 20% of the gross national product, respectively (Diaz-Bautista, 2005).
The majority of manufacturing, including technology production, is conducted in the Maquiladora industries located on the US-Mexican border, over half of which are foreign owned (Canales, 1999).  In 2001, these industries accounted for 44.7% of total exports and 13.8% of GDP (INEGI, 2002).  There are concerns over these industries because of their primary focus on assembly, where the majority of production being conducted is through intra-firm trade (Heredia, 2000).   If the majority of technology products are being shipped from the U.S. to Mexico and then back, the application and availability for their use in Mexico has a greater chance of being lost.  Furthermore, these industries have clustered manufacturing activity into the northern region.  
The large discrepancy between wage earners throughout the country appears to have increased over time.  For instance, wages are considerably higher for Mexican employees within the Maquiladora industries; in 2000 wages were five times greater than the national average minimum wage (World Bank, 2006).  Furthermore, if income earners are divided into tenths, then the proportion of income captured by the lower forty percent decreased from 29% in 1984 to 25% in 1998.  Conversely, the share received by the highest tenth increased from 32% to 38%.  Closer to the turn of the century, income inequality appears to remain a problem.  The Gini coefficient for 1992 was 53.4 and only 54.7 for 2000, indicating very little changed (James, 2003).

In sum, Mexico has worked hard to develop a favorable economic environment.  It has recovered surprisingly well from serious economic shocks and has worked towards macroeconomic stability and a capitalistic business market.  This progress is still ongoing though, and many areas such as wage and regional inequalities and high foreign dominance in economic markets will continue to be testing barriers.  Refer to Appendix C for Figures that model changes experienced in various IT indicators in Mexico relative to the growth experienced in these same indicators in Latin America and the World.
3. THE IMPACT OF NAFTA ON INFORMATION TECHNOLGOY USE

Mexico’s current economic structure is in large part a reflection of the effects of liberalization movements.  The first strong action that really marked the beginning of liberalization policy was Mexico’s signing into the General Agreement of Trade and Tariffs (GATT) in 1986.  Multinational trade negotiations such as the Uruguay Round, followed by further movements for privatization of public enterprises and deregulation, also began during the 1980s and early 1990s
 (World Trade Organization, 2006).  In order to understand NAFTA’s effects on IT in Mexico, it is essential that these other events also be examined, and their effects analyzed separate from those of NAFTA.


Though similar in effect to other macroeconomic reforms, NAFTA had a unique impact on IT in Mexico.  The NAFTA trade agreement was not designed solely to increase trade, but also to change the investing, and business relationship in North America.  Due to failure in domestic demand and increasing labor costs, large scale firms in the U.S. and MNCs would be the largest benefactors of the larger market liberalizations like those NAFTA provided.  IT production is among those industries that benefit from large scale production, and therefore both consumers and producers of IT, were among those that reaped the potential benefits associated with the passing of NAFTA.  NAFTA also had an indirect effect in helping create an IT ready environment.  The Government would later use this environment in order to further promote IT use.   
3.1 Impact of NAFTA on IT Use by Households
The new innovations of the past half century have changed the way the world conducts business, and even the way it communicates.  Innovation has been ongoing at a rapid pace since the Industrial Revolution, but it appears that after the development of the transistor post-World War II, the technology wave took form.  The transistor brought the microprocessor, the computer, and satellites.  This is turn, prompted the global wave of information technology in the 1990s (Alacon, 2002).
Mexico assimilated to this trend in 1990 by opening up its computer market to imports, and eliminating import permits retaining only a 20% maximum tariff.    After NAFTA came, Mexico appeared to have developed a fairly free computer market (Telography, 2001).

One significant barrier appears to be a lack of infrastructure conducive to technology adoption, which in part stems from large income disparities.  Infrastructure development tends to be concentrated in small regional areas, such as the richer areas of Mexico City, and Guadalajara or Monterey.  In other areas, there is widespread neglect of even basic infrastructure, due in large part to the high prevalence of poverty-38% of Mexican households are poor as defined by the Economic Commission for Latin America (ECLA).  This proportion gets as high as 49% in the more rural areas.  Very rarely do the poor people living in such areas have access to computers or credit and financial services, making the participation in any IT activities, such as e-commerce, practically impossible (World Bank, 2006). Additionally, future IT growth in these poorer areas will come slower, hampering the overall adoption of IT in Mexico.

Furthermore, the number of mainline telephones per 1,000 people in Mexico is relatively low with respect to other Latin American countries, further inhibiting consumer access to IT.  In 2000, the International Telecommunications Union reported that Mexico had 124.72 mainline telephones for every 1,000 people, whereas the average for Latin American countries was 165.38 (Zarsky et al., 2004).  
There is evidence to suggest that infrastructure for IT has increased since NAFTA, but that the total IT availability is still limited.  In 1999, only one million personal computers (PCs) were installed in homes, and 3.9 million in offices. In 1999 there was only a PC penetration of 4.2% in Mexican homes; by 2000 this proportion had increased to 10% (OECD, 2001b)
.  


In another study developed by the World Economic Forum, called the Global Competiveness Report 2000, different factors involved in technology readiness were examined in Latin American countries, including Mexico. One of the variables looked at was technology preparedness, which was measured by creating an index of 59 countries based off of eight technological stock indicators, two of which were indicators of technological transfers.  This index helped to examine how ready a country was to adopt different information technologies based on these various factors.   Mexico overall ranked relatively low but, it was one of the top among the other Latin American countries (Edwards, 2002).  This indicates that Mexico’s IT adoption difficulties are not unique to the country per se, but something more prevalent throughout Latin America.


It is also important to note to what extent Mexico’s population is able to purchase IT.  According to the 2000 Population Census, 59% of the Mexican population is between the ages of 15 and 65, and it is this segment of the population that are the most likely to engage in IT related activities.  Within this segment, 35% of about 33.7 million were reported employed, and of these 14.7 million reported incomes equivalent to two minimum wages or more (OECD, 2003).  Thus, 14.7 million is the segment of the population most likely to purchase or have access to IT, such as PCs or the Internet.  Considering Mexico’s population in 2006 was over 100 million, this 14.7 million seems relatively small (CIA: Factbook, 2006).

Even amongst these barriers to adoption, NAFTA does appear to have had a significant impact on the consumption of IT in regards to the computer availability.  Lower prices in computer equipment have developed as computer suppliers have been able to lower their costs.  The passing of NAFTA provided these manufactures a greater opportunity to specialize their production, thus taking advantage of Mexico’s labor abundance, while also being able to capture unexploited scale economies by expanding market demand.  These market expansions are especially significant in computer and communications equipment industries, which have been shown to benefit from the creation of larger market through free trade agreements.  This is because these industries have large returns to scale, and operate within multinational operations (Chase, 2005). 

This in turn has spurred PC diffusion and given Mexicans greater internet access.  During the late 1980s, PC penetration remained low, with annual sales at only about 250,000 units in 1989.  However, following the implementation of NAFTA, computer hardware exports to Mexico increased on an average of 16.7% per year, reaching $1.9 billion in 1996
. U.S. computer makers shipped almost 112,000 PCs to Mexico during the first quarter of 1996, almost twice the number shipped during the same time period in 1995.  In 1996, Mexico became the seventh largest market for U.S. computer hardware exports, and by the first quarter of 1997, exports to Mexico were almost double the first quarter exports in 1993 (World Development indicators, 2005).

U.S. computer hardware imports from Mexico have also increased, moving from $.9 to $2.9 billion from 1993 to 1996.  A significant volume of these imports from Mexico are produced in assembly operations using complex components manufactured in the U.S.  For example, about one third of the computer equipment imports entered the U.S. under special Mexican custom provision that allowed for duty-free entry of components into Mexico for the final assembly of products, which are subsequently re-exported.  It appears that some of these imports displaced imports of products manufactured entirely outside the free trade area, and thus increased production in both Mexico and the U.S. (Juan, 2002).

However, IT spending is still less than 1% of Mexican GDP, much lower than such countries as Singapore or Malaysia. Therefore, though NAFTA has helped increase the availability of IT such as PCs by lowering prices, and increasing competition, its effects are limited by ongoing infrastructure issues and economic disparities (Strategis Group, 2002).
3.2 Impact of NAFTA on IT Use by Firms


Generally, free trade agreements, such as NAFTA, help the market position of firms in industries with large returns to scale and production-sharing networks (Chase, 2005).  Firms are often inhibited from operating at their minimum efficient scale because the market demand is not high enough or regulations create disincentives for firms to do so.  Unifying markets through liberalization may not only increase market demand, but also encourage firms to specialize production, helping streamline production and decrease unit cost (Chase, 2005).  


Easing cross border trade also increases the interplay between businesses, making more likely the convergence between firms. The U.S. firm, established in a technology saturated economy relative to that of the Mexican firm, provides opportunity for technology exposure and thus technology adoption.  This continual cross-entry interplay from advanced to less advanced technology provides important insight for the firms in understanding the new technological systems (Antonelli, 2003). 

Furthermore, information technologies as a general purpose technology are highly pervasive and apply to a variety of different production functions.  When companies are already established and familiar with the application of such technologies, technology will flow into other operating firms where IT penetration is relatively lower, much like the situation between U.S. and Mexican firms.  Thus, it is in the interest of U.S. businesses to invest towards increasing IT adoption in the firms established in Mexico in to order homogenize efficiency levels and operation processes (Antonelli, 2003).

NAFTA, by helping further ease trade and industry sharing across the U.S.-Mexican border does appear to have increased production by drawing in more firms and subsequently greater levels of FDI.  Total factory production increased from -2.4% growth through 1980-1990 to -1.5% from 1990-2000 (Edwards, 2002).  Through this process it was hoped capital, technology, management techniques, personnel training and access to foreign markets would develop, all of which encourage IT use and accessibility.  However, this approach assumes that changes at the macroeconomic level automatically lead to changes at the microeconomic level.  The complexity of pre-existing societal and structural elements may in practice inhibit how much of this process is actually realized.  

Another effect that NAFTA had was increasing levels of FDI (Chiquajar, and Manuel, 2004).  The main argument for seeking FDI is that it boosts local and national economies.  FDI can generate jobs while also creating indirect benefits from spillover effects.  Furthermore, investment helps to stimulate the growth of technologies as many technologies initially require high fixed costs associated with implementing their development or utilization (Zarsky et al., 2004).

Large parts of the NAFTA’s provision were designed to increase investment into Mexico.  Under NAFTA’s Chapter 11 agreement, investors are protected through a specialized dispute settlement mechanism designed specifically as a result of NAFTA.  The idea is that all investors in each country would be subject to the same set of rules towards their investments.  These are important trade requirements in this region given that Mexico has previously denied U.S. investors such protection (Mexico Trade Profiles, 2005).  

Chapter 11 also eliminates investment conditions that restrict the trade of goods and services.  For example, the export of a given level of goods or services, the use of domestic goods or services, the transfer of technology to competitors, or the limit of imports to a certain percentage of exports.  NAFTA also eases cross-border services rules, which make certain that if a company does not wish to provide their service in another country, they do not have to (U.S. Department of Commerce, 2006).  According to the Bureau of Economic Analysis, Private Service Exports from Mexico to the U.S. went from about $10 billion in 1993 to $18 billion by 2004 (real USD).  

The very existence of large investment put into Mexico from U.S. corporations represents a large pool of opportunities for IT to flourish.  The trend is reinforced by the tendency for small firms to be pulled by larger customers into the supply networks and value chains.  These smaller firms are more flexible and prone to technology adoption when given the opportunity through investment (Palacios, 2004).   However, it is the MNC export firms, rather than the domestic firms, which are most likely to have the required resources, mindset and business culture to acquire IT equipment and know-how, and thus engage in high levels of IT adoption and proliferation (Palacios, 2004).  The different effects of NAFTA on foreign and domestic firms are discussed in the following sections.   
3.2.1 NAFTA on the Foreign Firms

Since NAFTA, much of the investment into Mexico has been in the form of foreign direct investment (FDI), where North American foreign companies now find it easier and their investments safer, to locate production in Mexico. From 1993 to 2003, FDI into Mexico as a percent of Mexican GDP grew from 1.09% to 1.76% respectively.  In contrast, FDI into the U.S. decreased from .78% to .76% from 1993 to 2003.  Furthermore, foreign investment continues to grow; In 2004 U.S. FDI into Mexico was $66.6 billion, up from $59.1 billion in 2003 (OECD, 2001a).

Historically, FDI has always carried a large presence in Mexico.  By 1970, the U.S. based MNCs already controlled most or at least a significant segment of Mexico’s key industries, such as automobile, (57%), copper and aluminum (72%), and computers and office equipment (88%) (Morrison, 2003).  However, in the last decade the weight of U.S. firms in the Mexican economy has substantially increased, largely as a result of NAFTA.  As much as 67.5% of exports in 2001 were made by U.S. based MNCs operating in Mexico (Zarsky et al, 2004).


When NAFTA was passed, because only a few U.S. MNCs made up most of the export of foreign sales, these firms were especially interested in the provisions under which NAFTA would effect intra-trading regulations between the Mexico and the U.S.
.  IBM was one of these firms, which according to the U.S. General Accounting Office, in 1992 sold 95% of it Mexican output abroad.  Though before NAFTA, IBM benefited from the reduced barriers in production-sharing trade, it still faced tariffs on Mexican content in both the U.S. and Mexico.  In addition, only the plants located in the Maquiladora industries received the benefits of reduced barriers, and these firms could not sell to the domestic market.  NAFTA helped solve these problems, by allowing companies to expand and integrate their North American production networks (Chase, 2005).

Consequently, since NAFTA the weight of these and other U.S. firms in Mexico has become even greater; according the U.S. Department of Commerce (2006), as much as 67.5% of exports were made by subsidiaries of U.S. based MNCs operating in Mexico in 2001.  In 2001 the automobile producers, General Motors, Ford, Daimler-Chrysler, and Volkswagen accounted for 18% of the total exports, and in the electronics industry, major exports include IBM, Hewlett-Packard, and Kodak (Maguire, 2004).  

Prior to NAFTA, North American manufacturing firms were encouraged to enter into Mexico at an inefficient scale due to differences in trade protections, causing firms to produce in multiple locations.  In industries such as computers, consumer electronics, and telecommunications equipment, manufacturing could become more integrated across borders with a greater open market environment, and increased security.   As such measures took hold as a result of NAFTA, MNCs began to increase production runs, and consolidate in few locations in order to maximize scale economies (Chase, 2005).


However, with the passing of NAFTA and the influx of investment into the industry due to the peso crises, the previously established MNCs in Mexico had to adapt to the subsequent increase in competition; competition that was entering under different trading schema than they had and consequently built their firms around.  

Many MNCs in these industries were operating as fully integrated plants with sales oriented to the domestic market.  As the market opened, and investment flowed in from the peso crisis, these affiliates soon had to compete with imports from lower-cost locations.  For many of these firms, which included IT producers, the solution was to diversify manufacturing; assemble in Mexico, and export back to the U.S.  This way firms avoided incurring sunk costs, while also benefiting from the relatively cheap labor cost in Mexico (Chase, 2005).  This happened in the computer industry, where computer firms who had previously been producing full PCs in the firms located in Mexico, began to specialize in disk drives and components (Digital Planet, 2000).

 
NAFTA also had an impact on the foreign IT industry through the elimination of U.S. tariffs on computers and software.  After NAFTA, all tariffs on PCs went from 12% to zero by 1998.  Mexico also eliminated duties on most computer equipment and on all software products (Gallagher, 2005).  Furthermore, NAFTA’s rules of origin and duty drawback provisions encourage foreign companies to produce computer products in North America.  Foreign corporations, not under a NAFTA country, now just have to prove that a product has been “substantially transformed” within a NAFTA country.  For example, with PC production a product must contain locally made motherboards and be fully assembled in a NAFTA country in order to benefit from the preferential tariffs.  NAFTA also contains provision that help U.S. computer and software suppliers gain access to the Mexican market, increasing their competitive status against third-country products (Chase, 2005).

The PC industry is highly sensitive to intellectual property right protection. As NAFTA was implemented it was followed by several key provisions that helped strengthen intellectual property right protection and made them easier to achieve.   The following are some of those key provisions:
Patents:

· offers a 20-year term of protection from date of filing the patent 

· guarantees to protect patents on production methods

· places strict limits on subject matter not deemed patentable 

 Copyrights:

· ensures 50-year term of protection 

· protects computer programs as literary works under the Berne Convention
 

Trademarks:

· protects trademark registration for a term of no less than seven years, renewable indefinitely 

· creates a comprehensive definition of protectable matter 
Source: OECD, 2005b

Together, these policies have made significant improvements in areas of customs harmonization, helping to facilitate the trading process.  In effect, this has provided benefits to foreign firms, specifically U.S. computer business by reducing PC industry production costs, and making U.S. PC products more competitive in the Mexican market.  

This does not imply that the high levels of FDI or the operations of technology advanced MNCs in Mexico alone are directly linked to increase IT levels.  The provision however passed by NAFTA, do appear to have encouraged the growth of foreign IT operations in Mexico.  This is in part due to increased security measurements for investment and intellectual property rights, and a decrease in trade barriers that had previously hindered foreign operations.  Furthermore, the large foreign firms in the U.S. were in line to benefit from increasing market demand in order to run closer to their minimum efficient scale.  
3.2.2 NAFTA on Domestic firms

Unlike the growth experienced by foreign firms since the passing of NAFTA, domestic firms have not seen such a dramatic increase.  Part of this is because much of the growth in manufacturing and trade has occurred through the Maquiladora industry, rather than other regional areas where domestic firms have more of a presence.  


In the 1980s, Mexico in efforts to expand domestic production of hardware and software, enacted a series of policy reforms aimed at promoting domestic participation.  Among these reforms were provisions that called upon the investment into local infrastructure by certain foreign firms or to include local production into their assembly processes.  For example Mexico allowed IBM to retain 100% ownership of their plant under the condition that they invested $11 million in a Center for Semiconductor Technology in Guadalajara (Dedrick and Kraemer, 2001). 


However, the extent and effect of such reforms is debatable, in part because of the liberalization policies appeared to have favored foreign growth.  Since 1994, the Maquiladora industry has been growing at about 15% per year.  However, between 1994 and 2002, 97% of investment in these industries has been foreign.  According to Santiago Guzman, Director of Mexico’s National Council of Maquiladora export Industry (CNIME), Mexican firms often find it difficult in meeting the quality standards and strict schedules required by the Maquiladora industries (U.S. Department of Commerce, 1997). 

Furthermore, there has been no evidence of spillovers in backward or forward linkages between FDI and Mexican domestic firms
; 95% of inputs are imported, while the percent of local suppliers has dropped 80% since 1985.  On forward linkages, national demand as a share of total sales by Mexico’s IT sector have also experienced a steady decrease since 1994 (Gallagher, 2005). Therefore, though the existence of both forward and backward economic linkages can create positive externalities, it appears these have not played a significant role among Mexican domestic firms.  Some reasons for this may be centripetal forces, which are pulling population and production into urban centers where the foreign ownership among firms is high
.  

In effect, there is now a sort of “dual” economy between foreign and domestic firms, where large increases experienced in FDI in Mexico have not been followed by equivalent investment in the domestic firms.  Empirical results from Diaz-Bautista (2005) indicate that after NAFTA, export-led growth actually undermined job growth in the primary, service, industrial and commercial sectors in the domestic market.  The results also show that average regional real wages in Mexico in dollar terms were actually lower than they were ten years ago.  Furthermore, from 1994 to 2000 the change in the number of domestic establishments shows that FDI has not had a significant effect on regional growth, nor has the number of establishments among domestic firms grown significantly (James, 2003).  Thus, while FDI has increased in Mexico since NAFTA, is does not seem to have encourage domestic firm growth from 1994 to 2000 (Maguire, 2004).

For the manufacturing industry outside of the Maquiladora industry, where domestic firms have more of a presence, the job performance has been disappointing.  After the peso crises, between 60 and 120 thousand jobs were lost in these industries from 1994 to 1995, about an 8-9% decrease.  However, in the case of the Maquiladora industries, the crisis and the sharp devaluation of the currency had a positive impact on employment.  Between 1983 and 1994 these plants added on average 40 thousand jobs a year, and 120 thousand jobs between 1995 and 2000.  The percent of total manufacturing employment in fixed establishments went from 16% in 1993 to 25% by 1998, and between 1993-1998, 85% of the new jobs in manufacturing fixed establishments came from the Maquiladora plants (Alacón and Zepeda, 2002).     


Domestic firms who try to enter into Maquiladora type arrangements face several barriers to entry; initial start-up costs are steep, and the larger MNCs have industry knowledge.  So though, in theory domestic firms might stand to gain production efficiencies by increasing their output, getting a share of the market demand has proved difficult.  Foreign firms, specifically in intra-industry manufacturing firms, have created numerous barriers to entry. These barriers continue to be maintained within large exporting sectors through increasing FDI, technology upgrading and imports of capital and intermediate goods from non-domestic producers (Alacón and Zepeda, 2002). 


While liberalization has encouraged the role of foreign firms in Mexico, the government has also provided venture capital and incentives to encourage domestic small to medium sized enterprises (SMEs) to enter into the market.  The growth of IT production within the domestic industry varies.  Many of these firms become suppliers for component parts to the MNCs, which has allowed some SMEs to develop in the IT sector.  Overall IT production seems to have grown in a variety of measures, but the extent to which domestic firms have played in this growth is hard to distinguish
 (James, 2003).


 One area that Mexican firms have tried to penetrate the IT market has been through the production of software products.  A pivotal organization involved in the advocacy of domestic Mexican development in this industry has been the Mexican Association of the Information Technology Industry (AMITI).  AMITI has a membership base of over 200 key IT players in Mexico.  They have become a significant promoter in IT related legislation such as anti-piracy and electronic signature laws
.  Moreover, they have come together with the Economic Ministry and Bancomex (the Mexican National Development Bank) to begin lobbying government agencies.  One area of progress AMITI has made is in the development of a government undertaking as a subset of the E-Mexico project called ProSoft.  The objective of this program is to expand software development and training for an IT workforce (James, 2003).

Another area of interest for domestic firms has been the banking and financial industries.  Within NAFTA, there were provision created that aimed at addressing the financial services, the most detailed of which concerned the timing and degree to which Mexico’s financial sector would be subject to competition. All restrictions were lifted by 2000. As a result of these provisions, there appeared to be a substantial amount of integration within financial services under the NAFTA trading partners, helping to facilitate and increase total financial operations between the countries (U.S. Department of State, 2003).

However, the competition within the financial services was inclusive of foreign participation.  Within these industries, U.S. companies in particular have incorporated advanced information systems into their Mexican operations in order to compete against the increases in competition. Mexican corporations in turn have had to invest in similar systems, where now most of the financial systems are PC intensive, requiring complicated computer networks, and software.  However, some domestic firms were unable to afford the cost of integrating such systems and were forced to leave the industry U.S. Department of State, 2003).

Some studies have shown that domestic exports have benefited from spillovers that have occurred through increased trade; cross sectional studies done by Meza Gonzalez (2002) indicate that Mexican exporters tend to be more technically efficient.  Nonetheless, these increases in efficiency cannot automatically be equated with learning or increased technology adoption.  Other reasons that might explain these increases in efficiency could be reallocation effects, where the factors of production are reallocated across industries, or increased competition, where less efficient firms are pushed out of the market (Lederman and Williams, 2003).  


Additionally, IT is more easily adopted the greater investment there is in human capital (Edwards, 2002).  One way of measuring the investment in human capital, specific to the education of IT, is to look at the presence of math and science education levels.  Latin America suffers from education quality and availability deficiencies; Mexico included, has a low level of investment in math and science education. The more advanced the technology, the more advanced workforce needed in order to both understand its adoption and be able to implement it.  IT utilization requires a prerequisite of skills ranging from technical specialists to scientific and technological researchers (Mayer, 2002). 

Though literacy levels have been increasing in Mexico, the overall number of people with skills relative to IT remains a problem.  Those with skills in science and technology activities accounted for nearly 7% of the population in 2000, which is an increase from years before.  However, the number of graduates from social sciences has substantially increased, much faster than those majoring in mathematics or hard sciences.  The numbers are more encouraging when looking at the number of those earning doctoral degrees in science and engineering.  The number of graduates in the science and engineering has increased almost fivefold to nearly seven, while graduates in social sciences and humanities only multiplied by 3.7; 64% prefer social science disciplines over 36% who prefer science and engineering (Mayer, 2002).

The pool of human resources with IT relevant skills in Mexico has grown since 1990. As these skills increase, more people (either as consumers or managers) will be better equipped to conduct business using information technologies.  Mexico’s proximity to the U.S. and high level of import-export transactions, which were strengthened through NAFTA, will strengthen such trends.

In sum, the relationship between the technology readiness and utilization of IT is complex.  It is not a matter of a single variable foretelling an economy’s acquirement of information technologies, but rather the influence of a variety of variables.  It becomes however, much easier for a country and the industries within it to employ the use of information technologies when the environment encourages this process.  
4. NAFTA INTERACTING WITH THE GOVERNMENT

In many ways NAFTA was the impetus for further trade liberalization in Mexico, where it has been used as a platform to push for further trade agreements.  Since NAFTA, Mexico has signed 12 additional trade agreements with 30 other countries (Zarsky and Gallagaher, 2004).

Prior to NAFTA businesses in Mexico were concerned about the pressure of increased foreign competition coming from outside North America.  Thus, within NAFTA, there were policies established that addressed these issues as well as restructuring concerns.  For instance, NAFTA strengthened previous CUSFTA’s rules of origin on such things as automobiles, computers, and electronics, all of which were major Japanese exports
.  This made it more difficult for companies in these industries from Japan to reap benefits from NAFTA’s decreased trade barriers.  Furthermore, MNCs not within the qualifications to receive NAFTA treatment, lost significant benefits which they had previously enjoyed (Edwards, 2002).

NAFTA involved various arrangements regarding discrimination and exclusion, which in many cases were necessary to persuade companies to restructure.  Prior to NAFTA, many of the North American firms in Mexico were plagued with excess duplication, short product runs, and insufficient specialization.  This had occurred due to the policies that were in place at the time these firms established.  Thus, in order for these firms to solve these inefficiencies, they needed time and some secured safeguards.  First, they wanted the Mexican government to issue commitments against policy reversals and second, they wanted the government to guarantee that they would be protected against new entrants while they adjusted.  Therefore, certain provisions providing for limited discrimination were developed.  These policies helped keep firms in Mexico, and allowed them time to become more efficient and adjust to the increased competition (Chase, 2005).

Pressure for more government initiatives have also started to surface as the role of China in international markets has continued to grow, diminishing the strength of Mexico’s advantage in labor abundance.  China’s government has taken a much different attitude to that of the Mexican government on trade.  In China, state-owned banks have made large investments in industrial parks, power plants, and other infrastructure in order to facilitate the growth of foreign manufacturing plants.  MNCs are also required to source as many components as possible from Chinese domestic suppliers, while they have also been demanded to transfer advanced technology and manufacturing know-how to Chinese partners.  The very demanding policies of the Chinese government lie in stark contrast to the more laissez-faire attitudes of the Mexican government, which may in part explain the different extent of growth experienced in IT by each country in the last decade (Smith and Lindbald, 2003).


Even with these provisions however, the full benefits of NAFTA could only be reached through the aid of government.  For instance, there was hope that NAFTA would improve education.  Yet, unfortunately the government struggling from a lack of funds is still barely able to deliver the minimum number of teachers, classrooms, and books.  Neither has the government offered enticements to channel FDI into areas of the country outside of Mexico City and the Northern Border States; 85% of all FDI was absorbed by Mexico City and six of the Northern Border States in 2002 (Smith and Lindbald, 2003).
The areas where NAFTA has come up short resulted from a disconnect occurring between the role of the government and the power of liberalization.  Carla A. Hills, the chief U.S. negotiator in the NAFTA talks, said "Trade doesn't educate people. It doesn't provide immunizations or health care.  What it does is generate wealth so government can allocate the gains to things that are necessary” (Thomason and Foster, 2005).

Trade alone, cannot solve the problems of an economy, and if it is not conditioned with augmenting provisions, than it can actually be harmful.  For instance, only 50 companies account for half of all of Mexico’s exports, and the top tier is dominated by MNCs.  Meanwhile, many domestic firms have faded away in the face of competition from the U.S., but also from Chinese and other imports.  "If we were going to do it all over again today, I would insist on introducing a lot of considerations," says President Fox, who believes that NAFTA should be modeled more with provisions for free movement of labor and cross-border grants to compensate poorer regions for the dislocations caused by free trade (Smith and Lindbald, 2003).

NAFTA was not designed to build up infrastructure conducive to greater IT use, nor was it designed to increase skill levels relevant to IT.  “NAFTA gave us a big push,” said President Fox, adding “It gave us jobs.  It gave us knowledge, experience, and technological transfer.”   NAFTA is a great tool, but one the government has to pick up and learn to use (Smith and Lindbald, 2003).
4.1 Internet Disconnect

So now, while many universal service objectives in developed countries are concerned with becoming a part of the digital revolution through trade, Mexico is still struggling to extend basic telecommunication services to the majority of its population, even with an extensive trade agreement with the most IT advanced country.
In 1989 the Monterrey campus of El Instituto Tecnologico y de Estudios Superiores de Monterrey (ITESM) established the first direct connection to the Internet.  From 1989-1993, the majority of users were involved in academia or the government.  In 1994, the government agreed to finance the first national connection linked to the regional academic networks, providing direct connection to the U.S.  Shortly thereafter industry entered the scene; Telmex, Mexico’s telephone company, began marketing and expanding internet accessibility, quickly gaining market dominance.  Competitive forces, driven by desire for greater market efficiencies, thus forcing deregulations efforts, did not develop until around 1999 (Thomason and Foster, 2005).  

Even with deregulation efforts underway, infrastructure, along with several other factors, continued to hamper greater numbers of entering firms.   Internet usage critically depends on basic telecommunication infrastructure, but unlike its neighbor to the North, Mexico strongly lacks access to traditional telephone and advanced telecommunication networks.  Furthermore, the major interconnection points and access points pivotal for internet connection are few and far between.  The largest interconnections exist from Sao Paulo to Miami and from Mexico City to Dallas (Teleography, 2001).  Consequently, a majority of Internet connections are routed through the U.S., adding considerable costs to consumers.  


Dial-up and broadband Internet, also require infrastructure developments in telephone lines, DSL networks and cable penetration.  What relatively little infrastructure investment there has been however, seems to have concentrated in areas of the upper to middle income groups.   Mexico’s relatively low Internet penetration rate was 16.2% in 2002 (Strategis Group, 2002).  

Another serious concern hindering Internet accessibility is the effect of cannibalization on existing markets by new entrants.  As new firms enter into the market, they overtake existing firms, consequently inhibiting any further infrastructure expansion (Thomason and Foster, 2005).

New entrant firms have also failed to invest in the development of necessary fixed lines, in part due to a lackluster consumer demand, which is the result of remaining high costs.  Wireless internet has struggled to take off, due to high investment cost associated with expensive licensing, which consumers already without internet are not willing to bear.  Of those that may be able to afford products/services, they may already have access to the Internet, as they generally tend to live in areas where the infrastructure has been established (Palacios, 2004).

The number of Internet users in Mexico did see a dramatic increase in the second half of the 1990s, where numbers went from 39,000 in 1994 to 2.7 million by 2000.  (Thomason and Foster, 2005)  Mexican households on the other hand, have seen much lower levels of Internet penetration.  In 2000, it is estimated that the extent of Internet penetration in Mexican households was only 5%, assuming that only one PC was in operation in those homes.   Likewise, in that same year Internet penetration in business was 41.4%, assuming that each business user corresponds to one establishment (Thomason and Foster, 2005).


Presently, it is estimated that about 300 Mexican cities are connected to the Internet through fiber-optic cable networks built and managed by the telephone companies.  Broadband, high-speed Internet access has been made available in the last few years, mainly through cable television lines.   By the end of 2000, Mexico was ranked 24th as to broadband network penetration, only ahead of those countries where commercial services had not yet been organized in that year (OECD, 2001b). 


It appears, that even with the privatization and liberalization movements since the 1990s, including NAFTA, increased competition failed to facilitate the development of crucial telecommunication infrastructure, impeding significant growth in Internet penetration and accessibility.  Within the NAFTA agreement, there were also no explicit rules on competition policy, taxation, and information protection, all of which effect internet business interactions.  Instead NAFTA’s approach was more general in the details of interpreting law, which can cause hesitation among inter-business transactions through the internet (Thomason and Foster, 2005).  

The Mexican government responded to the lackluster Internet growth by developing several extensive government programs with the objective of increasing Internet penetration.  One of the most prominent of these programs is the E-Mexico system.  

4.2 E-Mexico System


As NAFTA’s provisions began to unfold, the Mexican IT environment became primed for secondary projects aimed at augmenting the effects of trade liberalization. The Mexican government has been one of the principle instigators to take hold of this opportunity, and has created various programs designed to facilitate and promote the growth of IT.  The majority of this work is being done through the ministries of Transport and Communications System (SCT).


SCT is currently the leading agency in charge of the construction of the E-Mexico system, one of the largest of the Mexican government’s projects promoting IT growth.  Prior to the administration of President Vincent Fox, the former administration created the Informatics Development Program which lasted from 1995-2000.  The program was successful surpassing its initial goals, and became the model for the creation of subsequent projects addressing the assimilation of information communication technologies (ICT) in Mexico (Thayer, 2006). 


In 1970, the Council on Science and Technology CONACyT, was created with the objective to develop a national strategy for coordinating science and technology policies in Mexico.  During the 1980s, CONACyT’s control was spread out between several research and funding agencies, though today it is still the leading source of funding.  It was also during this time that the government started adopting policies aimed at the computer industry (U.S. Mexico Chamber of Commerce, 2004).

As the government transitioned into the Vincent Fox administration in 2000, this program was revised into what is now known as the E-Mexico System.  This new program helps channel technologies into the sectors of the economy which have a strong relation and use for them.  The E-Mexico System is a national plan aimed at ensuring that most of the population has access to new technologies, seeking to narrow the technology gap between the rich and poor (Thayer, 2006).  
The following are the four sub-systems that E-Mexico is working to integrate:

· e-Government

· e- Education

· e-Health 

· e-Commerce  


Of these, e-Government has made a framework for innovation more available to the public.  This is done through setting up government systems and services through modern electronic means.  This has helped increase government transparency, service availability, and higher productivity and efficiency.  The e-Government sub-system has made significant improvements to infrastructure through the increasing amount of computer equipment and internet access.  The PC base will increase as IT infrastructure is also extended, specifically in areas improved by such projects as the E-Mexico system.   
Since the implementation of the program, all 32 federal entities now have web sites, with information on different economic activities that helps to promote innovation.  The process for setting up entrepreneurial activities and finding information on state economies is now more easily accessible (OECD, 2001b).


There is also growing collaboration among the private and public sectors.  One joint project called bNExus, launched in 2001, is being done through efforts of Microsoft and seven Mexican companies.  The project integrates services of their-party companies, organization and government offices in a package, allowing users to conduct on-line deals, money transfers, and payments (Gerber, 2001).  See appendix B for further program initiative aimed at encouraging greater IT use in business and in among the general public.  

So although NAFTA and the E-Mexico System are not directly linked, it was NAFTA that helped stimulate an environment making way for the E-Mexico project.   It is initiatives such as these that will help continue and make real the full potential of NAFTA on IT use in Mexico.  These projects are helping to address areas that NAFTA could not, such as education, government transparency, and infrastructure.  

5. EMPIRICAL ANALYSIS

The previous sections have focused on the various provisions that came as a result of NAFTA and how these have affected IT use by households and firms in Mexico.  In order to empirically measure some of these changes, this section will use multiple regression analysis.

Regression analysis is a method used to examine the relationship between dependent and explanatory variables.  Regression analysis is useful for the purpose of measuring changes in IT because it can measure specific changes that occurred in selected dependent variables after a particular event. By measuring these changes, it can be estimated whether or not a significant change occurred in a variety of IT variables as the result of a specific event. For this paper, the dependent variables examined will be various measurements of IT, and the event will be the implementation of NAFTA in 1994.  Regression analysis was applied to four dependent IT variables, using four different combinations of independent variables.  

5.1 Specifications

The following are the IT variables used in the analysis: 

· TF: Telephone mainline faults, the number of reported faults per 100 telephone mainlines

· IU: Internet users per 1,000 people

· PC: Personal Computers per 1,000 people

· MLT: Telephone Mainlines per 1,000 people

Four specifications will be estimated:
Specification 1: 
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Specification 1 is measuring the effect of NAFTA and INCOME on IT variables.  Where the dependent variable 
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 represents Mexico’s IT variables, and where NAFTA is the dummy variable used to illustrate the implementation of NAFTA; NAFTA, for all years prior to 1994 NAFTA equals 0, and for all years 1994 and greater NAFTA equals 1.  INCOME, is measured as GDP per capita measured in 1000 United States Dollars.
Specification 2: 
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Specification 2 is measuring the effect of NAFTA on IT in Mexico while controlling for the interaction between NAFTA and INCOME.  The interaction effect indicates any causal relationship between NAFTA and INCOME.   Next, the sign of the first derivative of specification 2 with respect to NAFTA is examined to find the net effect of NAFTA on IT in Mexico.  This derivative is evaluated at the means (Means of Income).
Equation 1:           
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Specification 3: 


[image: image5.wmf]MEXMEXMEX

tt

IT    NAFTA  INCOME SKILL 

0123

bbbbe

=++++


Specification 3 measures the effect of NAFTA while controlling for both INCOME and SKILL level on the IT variables PC and IU. (Only these IT production variables are examined because they are a function of the skill level).  SKILL, is measured as the percent of those in the population enrolled in tertiary education.
Specification 4: 
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Specification 4 finds the difference between IT production in Mexico and Latin America Countries, as a function of NAFTA and INCOME.  This specification is designed to compare the changes for the same IT variables in Mexico to that of Latin American countries.  The purpose of this question is to see if it was NAFTA or some other global changes that were influencing IT variables during this time.   
The following are the different IT variables measured by the specifications.  
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5.2 Data

The data used came from The World Bank’s World Development Indicators (2005), for the years 1990-2002.  A list of the data is presented in Appendix B.  The IT variables were chosen in order to represent IT use by households and firms (PC, IU) and minimum required infrastructure (MLT, TF).  In order to control for overall household and business income the GDP per capita recorded in thousands of constant United States Dollars (INCOME) was used.  However, because income growth would have also been affected by the passing of NAFTA, specification 2 holds for the interaction between both NAFTA and INCOME.  In order to control for increases in skill on the growth in consumer demand of IT, specification 3 includes a SKILL variable, which is measured by the percent of the population enrolled in tertiary education.
For each of the regressions run, the mean variance inflation factor (VIF), and the R2 is given.  The VIF is a measure of multi-collinearity among the independent variables in the regression model.  Multi-collinearity results when one variable measures the effect already being measured by another variable within the same equation.  Thus, multi-collinearity can result in large regression coefficients that are inflated as a response to small actual changes.  The closer the mean VIF is to one, the less likely multi-collinearity is taking place.  If the mean VIF is greater than ten, this is an indication of potential multi-collinearity problems.  
R2 is a statistical measure of how well a regression line approximates the real data points.  An R2 of 1.0 indication that the regression line approximates 100% of the real data points; the farther away R2 is from 1.0 the less the regression equation fits the data points. 
5.3 Results
Table 5.1 Regression Results for Mainline Telephones per 1,000 people 
for Mexico 1990-2002
	Variables
	Specification 1
	Specification 2


	NAFTA
	23.1***
	-40.88**

	
	(4.93)
	(13.70)

	INCOMEMEX
	15.93***
	

	
	(2.16)
	

	INCOMEMEX*NAFTA
	
	16.24***

	
	
	(2.61)

	CONSTANT
	10.84 
	73.25***

	
	(9.27)
	(4.29)
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Number of Observations
	13
	33.26

13

	R2
	0.93 
	0.91 

	Mean VIF
	1.20 
	7.03 


Note: *,**,*** represents significance at 10%, 5%, and 1% level, respectively.  Standard errors are given in parentheses.
The regression analysis results for Mainline Telephones indicate that for the conditions of Specification 1, NAFTA and INCOME both had a positive statistically significant effect on the number of Mainline Telephones in Mexico.  


For conditions under Specification 2, which included an interaction variable between NAFTA and INCOME it appears that NAFTA actually had a negative effect on Mainline Telephones, whereas the interaction of NAFTA on INCOME had a positive effect.  As indicated by the sign of the first derivative of Specification 2 with respect to NAFTA, the overall effect was positive.  


The high R2 and the low Mean VIFs suggest that this was a good model, and that multi-collinearity is not taking place.
Table 5.2 Regression Results for Internet Users per 1,000 people 1990-2002

	Variables
	Specification 1
	Specification 2
	Specification 3


	NAFTA
	9.73
	-97.97***
	-13.38

	
	(12.95)
	(28.82)
	(13.20)

	INCOMEMEX
	24.77***
	
	8.89 

	
	(5.54)
	
	(7.32)

	INCOMEMEX *NAFTA
	
	25.68***
	

	
	
	(5.41)
	

	SKILL
	
	
	9.26**

	
	
	
	(3.46)

	CONSTANT
	-103.27***
	-4.26E+14
	-166.76***

	
	(25.49)
	10.27 
	(30.81)
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Number of Observations
	13
	19.27
13
	13

	R2
	0.73 
	0.75 
	0.86 

	Mean VIF
	1.09 
	5.90 
	3.27 


Note: *,**,*** represents significance at 10%, 5%, and 1% level, respectively. Standard errors are given in parentheses.
The regression results on the number of Internet Users per 1,000 people, show that under the conditions for Specification 1 only INCOME had a significant effect.  Furthermore, under Specification 2, apart from the interaction variable, NAFTA had a fairly large and significant negative effect on Internet Users.  Looking at the first derivative of Specification 2 with respect to NAFTA, the combined indirect and direct effect of NAFTA was positive.

When SKILL level is controlled for under Specification 3, NAFTA’s effect becomes negative
.  Only under the conditions held by Specification 1 and 2, did NAFTA appear to have a positive effect on Internet Users.  For Specification 2 it was positive when looking at the net effect, indicated by the first derivative with respect to NAFTA.

As indicated by the R2  and Mean VIF, all three of the models appear to be relatively good approximations of the data, and unaffected by multi-collinearity. 
Table 5.3 Regression Results for Telephone Mainline Faults, 
number reported per 100 Telephone Mainlines 1990-2002

	Variables
	Specification 1
	Specification 2
	Specification 4


	NAFTA
	-5.69***
	-2.42
	-13.99**

	
	(1.06)
	(3.27)
	(5.71)

	INCOMEMEX
	-1.27**
	
	-11.05***

	
	(0.53)
	
	(2.81)

	INCOMEMEX *NAFTA
	
	-0.90
	

	
	
	(0.66)
	

	CONSTANT
	14.98***
	10***
	96.07***

	
	(2.22)
	(0.93)
	(12.67)
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Number of Observations
	12
	-6.53

12
	11

	R2
	0.85 
	0.8 
	0.79

	Mean VIF
	1.16 
	8.20 
	1.06 


Note: *,**,*** represents significance at 10%, 5%, and 1% level, respectively. Standard errors are given in parentheses.

The regression results for the number of Telephone Mainline Faults in all three Specifications show that NAFTA had a negative effect on Telephone Mainline faults.  This was statistically significant for both Specification 1 and Specification 4.  If Mainline Telephone Faults went down due to some factor of NAFTA, this would indicate that NAFTA might have improved Telephone Mainline quality, as less faults were reported; this could be caused by an increase in competition within the Telephone industry brought by NAFTA.  Accordingly, the increased competition might have increased the incentive for greater levels of quality service.  


Under Specification 2, the first derivative effect with respect to NAFTA was negative.  This makes sense given that both NAFTA and the interaction of NAFTA with INCOME were negative.


Furthermore, the results under Specification 4, which compare changes in Mexico to that of Latin America, indicate that NAFTA was significantly responsible for decreasing the faults in Mexico, and not other global events that may have been representative in a decrease in this variable experienced in Latin America.   


The R2  and Mean VIF for each of the specifications appears to indicate these were good models for the data, and that multi-collinearity was not a problem.
Table 5.4 Regression Results for Personal Computers per 1,000 people 1990-2002

	Variables
	Specification 1
	Specification 2
	Specification 3
	Specification 4


	NAFTA
	18.17***
	-44.29***
	8.25**
	0.92

	
	(5.62)
	(13.46)
	(3.35)
	(1.26)

	INCOMEMEX
	14.96***
	
	7.21***
	2.47***

	
	(2.47)
	
	(1.87)
	(0.55)

	INCOMEMEX *NAFTA
	
	15.77***
	
	

	
	
	(2.57)
	
	

	SKILL
	
	
	5.02***
	

	
	
	
	(0.91)
	

	CONSTANT
	-45.88***
	12.75**
	-87.05***
	-5.67***

	
	(10.56)
	(4.22)
	(9.16)
	(2.37)
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Number of Observations
	13
	27.7

13
	13
	13

	R2
	0.88 
	0.89 
	0.98 
	0.73 

	Mean VIF
	1.20 
	7.03 
	2.72 
	1.20 


Note: *,**,*** represents significance at 10%, 5%, and 1% level, respectively. Standard errors are given in parentheses.

All four Specifications were run on Personal Computers as they were both a reflection of SKILL level and comparable to the Latin American data.  The results suggest that NAFTA had a significant effect for Specifications 1 through 3, though under Specification 2, the effect was negative.  Again, however, the interaction effect was positive at a statistically significant level, which was large enough to compensate for the negative effect of NAFTA.  This is indicated by the positive value of the first derivative with respect to NAFTA under Specification 2.  

The results do not seem to support that a large increase in Personal Computers occurred as a result of NAFTA, especially when compared to the difference in growth from Latin American Countries (Specification 4).  Together, this may suggest that though NAFTA may have had an indirect effect on Personal Computers through increasing INCOME or SKILL, but compared to global changes, the effect has not been that dramatic.  


In summary, it appears that NAFTA’s effect on IT in Mexico gets higher as INCOME increases.  This is shown by the positive net effect under Specification 2 for Mainline Telephones, Internet Users and Personal Computers.  Personal Computers also do not appear to have grown that significantly compared to the growth experienced in Latin American countries during this time.  
6. CONCLUSION

Mexico’s location and trading relationship with the world’s largest IT market and producers has given it an incredible opportunity to develop and advance it’s own IT industry.  However, it has done little to capitalize on this position.  Some reasons for this appear to be the lack of developed infrastructure needed for IT activities, such as mainline telephones.  This is further compounded with a prevailing laissez-faire ideology guiding government policy.  Mexico also appears to lack strong human resources ready and able to adopt advanced technology systems, and the domestic corporations that are able to provide a technology base to support computer production and use
.  Compared to recently booming IT producers located in such places as Singapore, Ireland and Malaysia, Mexico has failed to develop policies that encourage policies supporting IT growth, such as support of local software and service companies through low-cost loans, or export assistance (Dedrick and Kraemer, 1998).
The passing of NAFTA marked a significant movement in trade.  NAFTA was in some ways the impetus towards future movements in trade liberalization, both in the Americas and globally.  Globalization is no longer an idea confined to academic discussion, but a progressive affair, which continues to grow in effect.  


Within the larger force of globalization, this paper narrowed the examination to specifically look at NAFTA’s effects on IT in Mexico.  I first introduced the topic and thesis question, outlying the format for the rest of the paper.  I then examined past economic changes, and presented a brief overview of the economic structure in Mexico.  This was followed by an analysis of how coinciding movements in Mexico also increased IT use, and how NAFTA’s effects differed from these.  A multiple regression analysis was then preformed on data from specific IT indicators. 


So what effect has NAFTA had on IT in Mexico?  In summary, this paper presents evidence which suggests IT has increased since the passing of NAFTA as a result of policy and regulation changes, government influence, institutional changes, and global economic changes.  Demonstrated through the empirical analysis, it appears that NAFTA’s effect on IT gets larger as the per capita income increases.  It maybe that NAFTA had its greatest impact through indirectly affecting IT through increasing investment security, or stimulating an IT ready environment rather than affecting IT production and consumption through direct means.    


Future research might improve on this study in a number of ways.  First, lack of data limited estimation of the regression models.  The analysis is also made more complicated by the dynamic and exogenous factors that have influenced Mexico’s economic growth during this time.  In an ideal situation the empirical analysis would have been conducted on detailed regional data from firms and household consumption of IT.  This kind of analysis however, goes beyond the scope of this thesis.  Nonetheless, by studying the differing effects of NAFTA on Mexico’s IT use, it can be shown that a trade agreement aimed at decreasing trade barriers between countries can have a wide berth of effects on a country’s IT.

It is this rippling effect that policy makers and economists should take into consideration with the passing of such agreements.  If these effects are harnessed and used to bring about constructive growth, there are many positive things trade liberalization can bring for a country.  NAFTA was Mexico’s first large trade liberalization agreement, and the causality between NAFTA and IT growth is still largely debatable.  What is important is that there are tools that policy makers and economists can use to influence the effects trade liberalization has on a country’s economy. The changes that occurred in Mexico’s IT serve as a good model for how policy makers might think about the finalities of future trade agreements and how an economy will be affected as trade liberalization increases.  


The lesson of Mexico’s case for other developing countries is that liberalization is a necessary step to participating in the global computer industry, but it is not sufficient to realize the full range of opportunities present in that industry.
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APPENDICIES
APPENDIX A

· Informatics Development and Research Net (REDII); mission of this project is to take advantage of information technology by strengthen the development and research in the area of informatics. 
· Mexico’s National Council of Science and Technology (CONACYT) is responsible for fostering and strengthening scientific development in modern technology.   In order to do this it helps improve human resources, promotes and helps fund projects concerning research and the distribution of scientific and technological information.  It also supports higher education opportunities through the support of graduate student education and research.
· Integrated System for Information on Scientific and Technological Research (SIICYT); this is an information and registration system for activities and institution involved in science and technology.  It helps research institutions share free of injury to intellectual property rights.
· Tax Administration Service; is a governmental system that facilitates taxpayers in filing their tax statements online. This system is also interconnected with the QUEJANET system, which allows the public to make complaints, or suggestions online with the Federal Government online. <www.shcp.gob.mx/QjntWeb20/quees.htm>
· National Bank for Foreign Trade; is currently taking part in risk capital investment funds that are oriented to support small-medium Mexican enterprises.  The idea is to support the working capital needs of enterprises which develop such things as software, and computer equipment. <http://www.bancomext.gob.mx>.
· Computer Museum in Mexico-Informatics City; Created in 1998 with the aim to support education programs teaching about the impacts of informatics on society and the use of this discipline in Mexico <http://www.ciberhabitat.gob.mx>
· UNETE (Union of Industrialists for Educational Technology); This project provides equipment through civil support to schools.  By early 2002, about 200,000 students in 489 schools had benefited from this project <http://www.uneteya.org/pages/quees.html>
· Mexican System of External Promotion (SIMPEX); Promotes Mexican exports and attracts foreign investment. This system provides information about supply/demand trends in trade and investment through the internet.  <http://mexico.businessline.gob.mx/espin_simpex.html>.
More on these programs can be found in the OECD’s paper Good Practice on ICTs for Economic Growth and Poverty Reduction, 2005.
APPENDIX B
	
	World Development Indicators Data

	
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Telephone Mainlines per 1,000 people
	
	
	
	
	
	
	

	
	Mexico
	65
	69
	75
	84
	92
	94
	93
	97
	104
	112
	125
	137
	147

	
	LAC
	61
	65
	70
	76
	83
	89
	97
	107
	117
	130
	146
	162
	168

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Personal computers per 1,000 people
	
	
	
	
	
	
	
	

	
	Mexico
	8
	10
	15
	18
	23
	26
	31
	34
	37
	44
	58
	69
	82

	
	LAC
	6
	7
	10
	12
	17
	21
	25
	29
	33
	39
	49
	59
	67

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Internet users per 1,000 people  
	
	
	
	
	
	
	
	

	
	Mexico
	..
	0
	0
	0
	0
	1
	2
	6
	13
	19
	27
	74
	98

	
	LAC
	0
	0.03
	0.11
	0.38
	0.63
	1.35
	4.24
	7.56
	14.1
	23.9
	40
	56
	91.7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Telephone faults per 100 mainlines
	
	
	
	
	
	
	
	

	
	Mexico
	14
	9
	9
	8
	6
	5
	4
	3
	3
	2
	2
	2
	..

	
	LAC
	..
	53
	60
	63
	42
	49
	45
	52
	30
	29
	15
	10
	..

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	GDP Per Capita USD 2000 in Thousands
	
	
	
	
	
	

	
	Mexico
	3.2
	3.7
	4.2
	4.6
	4.7
	3.1
	3.6
	4.3
	4.4
	4.9
	5.9
	6.3
	6.4

	
	LAC
	2.5
	2.6
	2.9
	3.1
	3.4
	3.6
	3.8
	4.1
	4.1
	3.5
	3.9
	3.7
	3.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	School enrollment, tertiary (% gross)
	
	
	
	
	
	
	
	

	
	Mexico
	15
	14
	14
	14
	14
	15
	16
	17
	18
	20
	20
	..
	..

	
	LAC
	17
	17
	17
	17
	17
	18
	19
	19
	20
	22
	23
	..
	..


APPENDIX C

Figure 2.1 Mainline Telephones per 1,000 people
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Source: Based on Information from The World Development Indicators, 2004
Figure 2.2 Personal Computers per 1,000 people
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Source: Based on Information from The World Development Indicators, 2004

Figure 2.3 Internet Users per 1,000 people
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Source: Based on Information from The World Development Indicators, 2004

Figure 2.4 GDP per-capita, USD 2000, in thousands
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� For the purposes of this paper, IT will be defined as the technology required for information processing and communication.


� GATT, General Agreement on Tariffs and Trade is a treaty to promote trade by the reduction of tariffs and import quotas.


� The Maquiladora program was designed to encourage intra-industry trade, where partially assembled products would be transported across borders; the capital intensive processes would be developed in the U.S. and the more labor intensive processes in Mexico.


� In production sharing, the processes used to manufacture a good are conducted in more than one country.


� There is trade restriction (i.e. rules of origin) on the percent of which the final product must have been created in Mexico.


� The Uruguay Round was a trade negotiation which transformed the GATT into the World Trade Organization.  The WTO replaced GATT as an international organization, but the General Agreement still exists as the WTO’s umbrella treaty for trade in goods, updated as a result of the Uruguay Round negotiations.


� PC penetration refers to the percent of the population that owns a PC.


� These figures include a 14% decline in exports during 1995 due to a fall-off in Mexican demand as a result of Mexico's recession.


� Chrysler, GM, Ford, IBM, and Volkswagen shipped one-fifth of Mexico’s foreign sales in 1990 (Chase, 2005).  


� established a public record of the copyright claims.


� A backward linkage is the purchases of one sector from its suppliers, where forward linkages are sales from one sector to other sectors in the regional economy. 


� Centripetal forces are forces that unify.


� According to the Human Development Reports, high technology exports as a percentage of total manufactured exports went from 8% in 1990 to 22% in 2000 (Smith, and Lindblad, 2003). 


� Anti-piracy is describes the attempt to prevent misappropriation of intellectual property typically occurring by copying of copyrighted work without permission or payment of royalties to the originator or rights owner.  An electronic signature is an electronic sound, symbol, or process associated with a contract and is used for as the legal equivalent of a written signature.


� CUSFTA is the Canadian-U.S. Free Trade Agreement implemented in 1989 between Canada and the United States of America.


� We were unable to include the interaction term due to multi-collinearity.


� This lack of investment incentives is one reason Intel decided to locate an assembly facility in Costa Rica (which offered incentives) rather than Guadalajara, even though it had a superior supplier base (Dedrick and Kraemer, 1998).
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