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ABSTRACT 

Information and communications technology (ICT) has pervaded the different sectors in 

the Philippines. As increasing investments are poured into ICT development, it has become 

crucial to assess how productivity and labor, among others, may be manifestly affected. This 

paper analyzes the impact of ICT on labor productivity in the manufacturing sector of the 

Philippines. This thesis is written at a time when reputable organizations urge the country to put 

a premium on the manufacturing sector to boost the economy. 

Data used for this study come from the results of the 2009 Survey of Information 

Communication Technology (SICT) and the 2009 Annual Survey of Philippine Business and 

Industry (ASPBI), both conducted by the National Statistics Office (NSO). The researchers 

adopted the translog form of the Cobb-Douglas production function as the framework for the 

regression analysis, wherein models were formulated for 11 different forms of ICT uptake or 

usage. 

Results of the descriptive analyses point to an uneven use of ICT in the manufacturing 

sector, with some industries hardly using any of its forms and others maximizing its usage. 

Regression analysis shows that capital intensity consistently has a significant positive impact on 

labor productivity in all 11 models used, while skill mix consistently has a negative impact 

which may be attributed to inefficiencies in labor allocation and lack of training. On the other 

hand, the impact of ICT variables varied across the forms used, differing in signs as well as 

significance levels. As a policy implication, a more consistent and inclusive use of ICT may pave 

the way for a better performing manufacturing sector. 
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Chapter 1 

INTRODUCTION 
 

A. Background 

In the wake of the Second World War, the Bureau of Telecommunications (BUTEL) was 

formed by the incumbent government in the Philippines, in accordance with Republic Act No. 51 

which was created on October 4, 1947, in an effort to reconstruct facilities destroyed during the 

preceding war. BUTEL operated on telegraph offices, radio stations, and landlines 

(Telecommunications Office 2011). 

Afterward, in 1972, the Philippine government established the National Computer Center 

(NCC) in the Philippines, the move speaking volumes about how the national government 

deemed technology to be a key driver in progress (de la Peña et al. 2009). In 1987, BUTEL was 

reorganized and became the Telecommunications Office (TELOF). 

The Commission on Information and Communications Technology (CICT) was 

subsequently formed in 2004, with the mandate to promote, develop, and integrate information 

and communications technology (ICT) systems. However, seven years later, by virtue of 

Executive Order No. 47, CICT was annexed by the Department of Science and Technology 

(DOST) and renamed Information and Communication Technology Office (ICTO) amidst efforts 

to streamline government bureaucracy. In the same mandate, the NCC and the TELOF were 

subsumed under ICTO as its internal structure (Official Gazette 2011). 

The NSO takes the definition of ICT from the now-defunct CICT as “the totality of 

electronic means to collect, store, process and present information to end-users in support of their 

activities.” The NSO further adds, “It consists, among others, of computer systems, office 

systems and consumer electronics, as well as network information infrastructure, the components 
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of which include the telephone system, the Internet, fax machines and computers” (National 

Statistics Office 2012).  

 The Philippine government touts the ICT sector a prime mover in economic 

development, with Php156 billion worth of investments in ICT-related industries from 2006 to 

2010. More than 88% of these investments are made by foreigners (Alampay 2011). In this 

timeframe, 2010 saw the biggest amount of investments in ICT where it reached as high as 

Php57.5 billion, 97.4% of which came from foreign investors. This amount constitutes 28.5% of 

foreign direct investments in the Philippines that year (Alampay 2011). To a certain extent, this 

reflects the surge of business process outsourcing in the country. 

 By and large, the ICT sector has created ground for employment primarily in the services 

sector. In an attempt to expand and mobilize ICT use for economic development, the Philippine 

government has planned to expand such related investments to other incipiently urbanizing cities 

in the country aside from those in Metro Manila (Alampay 2011). 

 The first quarter of 2013 saw Php3.9 billion in ICT investment pledges from foreigners 

and Filipinos. This is a 32.6% jump from the same kind of investments made in this period last 

year (National Statistical Coordination Board 2013). Below is the more detailed breakdown of 

investments for the first quarter of 2012 and 2013. 

Table 1.1. Total Approved Investments in ICT by Foreign and Filipino Nationals 

First Quarter, 2012 and 2013 

(in million pesos) 

Nationality Q1 2012 Q1 2013 Percent to Total 

Q1 2013 

Growth Rate      

Q1 2012 – Q1 2013 

Filipino 231.3 501.9 12.7 117.0 

Foreign 2,738.5 3,435.7 87.3 25.5 

Total 2,969.8 3,937.6 100.0 32.6 

Source: National Statistical Coordination Board (2013) 
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 Meanwhile, the second quarter of 2013 received a total sum of Php3.9 billion for ICT 

investments. This is a 304.3% increase compared to the sum received in the same quarter last 

year (National Statistical Coordination Board 2013). Below is the more detailed breakdown of 

investments for the second quarter of 2012 and 2013. 

Table 1.2. Total Approved Investments in ICT by Foreign and Filipino Nationals 

Second Quarter, 2012 and 2013 

(in million pesos) 

Nationality Q2 2012 Q2 2013 Percent to Total 

Q2 2013 

Growth Rate      

Q2 2012 – Q2 2013 

Filipino 209.3 372.1 8.8 77.80 

Foreign 958.0 3,873.1 91.2 304.28 

Total 1,167.3 372.1 100.0 263.7 

Source: National Statistical Coordination Board (2013) 

Even with economic breakthroughs, however, dela Peña et al. (2009) noted that, in 

general, “ICT programs of government and civil society need to address issues relating to human 

rights in the information society within a framework of non-discrimination and gender equality.” 

They added that human capital development pose another challenge to the Philippine 

government, pointing out the disparity between skills development in the country in general and 

the demands of the ICT industry (dela Peña et al. 2009). 

In a news article from Philippine Daily Inquirer, ICTO Deputy Executive Director 

Alejandro Melchor III was quoted in a government-organized Industry Stakeholders 

Consultation Workshop in 2012 as saying that not only would ICT be able to supply direct 

revenues to the economy, it could also serve as an enabling factor for other industries to 

contribute up to $150 billion worth of indirect investments (Montecillo 2012). 

The importance of ICT not only as an industry, but also as a driver for overall economic 

growth, is emphasized further in the World Economic Forum’s Growth Competitiveness Index 
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(GCI), wherein one of the three component indices is the technology index further subdivided 

into innovation sub-index, technology transfer sub-index, and ICT sub-index. Defining 

competitiveness as the “set of institutions, policies, and factors that determine the level of 

productivity in the country,” the GCI provides a comprehensive and holistic view of the 

country’s fundamentals (Technical Education and Skills Development Authority 2012). 

Although the Philippines has posted a remarkable double-digit improvement in the GCI 

ranking from 85 out of 139 economies in 2010 to 75 out of 142 economies in 2012, much work 

still needs to be done in the wake of its reclassification from being a factor-driven economy to 

one in transition to becoming an efficiency-driven economy, where efficient production 

processes and product quality are key drivers (Technical Education and Skills Development 

Authority 2012). 

The Asian Development Bank Report (2013) further emphasizes the critical role of the 

production process in the economic transformation of service-oriented countries such as the 

Philippines. Complementary development of the manufacturing sector remains crucial in order 

for the country to establish its industrial base and escape the possibility of falling into the 

“middle income trap” (Asian Development Bank 2013). The Asian Development Bank (ADB) 

further warns against the attempt of Asia in general to bypass manufacturing by riding on the 

growth of the services sector. 

The challenge for the country then is to reestablish efforts towards industrialization while 

maintaining its remarkable performance in the services sector. This points to the growing 

relevance of examining the possibilities of more extensively injecting ICT into the 

manufacturing industry, which could prove to be a mutually beneficial arrangement for both the 
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manufacturing sector and the services sector under which most of the ICT-related industries fall 

under. 

 

B. Statement of the Problem 

 Propelled by burgeoning foreign investment activity and rich human capital, the 

Philippines has witnessed a meteoric rise in the growth of its services sector in recent history, 

especially in industries such as information technology-business process outsourcing (IT-BPO) 

and tourism (Mitra 2013). Sustaining its role as the “main engine of the economy,” the services 

sector grew by 7.4% in the second quarter of 2013 and accounts for 60% of the country’s Gross 

Domestic Product – twice the share of Industry and six times of Agriculture (National Statistical 

Coordination Board 2013). This, however, is amid growing skepticism that significant 

developments in this sector has been exhausted, thereby dimming prospects of meaningful 

growth in the medium- to long-term (Mitra 2013). 

 In a statement delivered earlier this year, ADB Chief Economist Changyong Rhee 

(August 2013) said, “Our research found that, historically, virtually no country has become [a] 

high-income country without having 18%, or higher, share of employment [and] output, in [the] 

manufacturing sector.” This comes alongside the continued expansion of the service sector and 

absorption of employment from agriculture into services instead of manufacturing (Mitra 2013). 

 Premising on the increasingly crucial role of the Philippine manufacturing sector, rising 

investments in the Philippine ICT sector, national political clout in mobilizing the ICT sector, 

and the studies made by the ADB regarding industrialization, the focus of the research endeavor 

is generally to explore how the use of ICT particularly in manufacturing affects labor 

productivity – which the researchers find timely and relevant. 
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The researchers aim to delve deeper into the possible interaction between the presence of 

ICT instruments and media in local manufacturing firms and the productivity of the labor force 

in these firms. More concretely, the objectives of the research endeavor are the following: 

1. To gauge the overall state of ICT usage in the Philippine manufacturing sector; 

2. To determine the significance and magnitude of the effects of different forms of ICT to 

labor productivity in the Philippine manufacturing sector; and 

3. To evaluate the general contribution of ICT to labor productivity in the Philippine 

manufacturing sector. 

Overall, the study will pave the way for testing the hypothesis that the use of ICT in the 

firm will increase labor productivity. Part and parcel in such an endeavor is to gather variables 

related to ICT such as use of computers, presence of websites, revenue, number of employees, 

and more. The hypothesis is based on similar research endeavors done abroad, which will be 

explained in more detail in Chapter 2. 

Taking into consideration that existing literature on the linkage between ICT and labor 

productivity mostly examines the case of developed countries and that the impact of ICT on 

industry has mostly been uncharted territory in the Philippines, this study will be an exploratory 

study attempting to trace the ICT-productivity relationship in the country and compare this with 

results from previous studies. 

Taking a look at the different possible aspects and formulations of ICT advancement (i.e., 

employee-level, firm-level, capital investment, hardware, communications equipment, various 

types of e-commerce transactions, computer network channels, and internet use), the researchers 

will test on what levels and for what specific forms of ICT is labor productivity significantly 

affected. In other words, the researchers intend to know the overall impact of ICT and that of 



7 

 

certain combinations of ICT which are actually seen in previous studies. After which, the 

researchers will be able to understand the nuances of the impacts of grouped forms of ICT on 

labor productivity. 

 

C. Significance of the Problem 

 Studies regarding the effect of ICT usage on productivity and employment have been 

done for many years. Many, if not all, of them were conducted abroad, especially in developed 

countries where ICT abounds. In the Philippines, however, while there are a number of studies 

involving ICT per se, there is sparse material regarding the subject of this research which is its 

effects on labor and productivity. Most of the ICT-related research endeavors in the Philippines 

center on education, such as Alexander Flor’s “A Policy and Planning Framework on 

Information and Communication Technology for Basic Education in the Philippines,” and ICT 

diffusion, such as Winston Conrad B. Padojinog’s “The Philippine Information and 

Communication Technology Sector: Evolving Structure and Emerging Policy Issues.” 

 With this, the researchers hope that the study in hand will bring, if not enhance, light on 

the business-related aspect of ICT in the Philippines. As mentioned earlier, this study was 

conducted at a time of economic growth in the country and of prodding from ADB to fortify the 

local manufacturing sector. Moreover, in recent postings, the country has received a big amount 

of investments in the ICT sector relative to previous years. 

 As local related literature about the effects of ICT on employment and productivity is 

scant, the researchers grounded their study on the framework and methodology of the joint study 

of the United Nations Conference on Trade and Development (UNCTAD) and the Thailand 

National Statistical Office, which was conducted in 2008. The study aimed to assess the 

economic impact of ICT in Thailand. At least in this regard, the researchers hope that their study 
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will contribute significantly to local research about the topic at hand and encourage others to use 

it as a platform for further verification and modification, as the signs of the times so dictate. 

 

D. Scope and Limitations 

 In this study, the definition of ICT is based on that provided by the NSO. Furthermore, 

the definition of manufacturing is based on the 2009 ASPBI. It is the following: 

Manufacturing is defined as the mechanical or chemical transformation of inorganic or organic 

substances into new products whether the work is performed by power-driven machines or by 

hand, whether it is done in a factory or in the worker’s home, and whether the products are sold at 

wholesale or retail. 
 
The assembly of the component parts of manufactured products is considered manufacturing 

except in cases where the activity is appropriately defined in construction. 
 
Assembly and installation of machinery and equipment in mining, manufacturing, commercial or 

other establishments, when carried out as a specialized activity, is classified in the same class of 

manufacturing as manufacture of the item installed. 
 
Activities of units primarily engaged in maintenance and repair of industrial, commercial office 

and similar machinery and equipment are, in general, classified in the same class of manufacturing 

as those specializing in manufacturing the goods. Substantial alteration, renovation or 

reconstruction of any type of goods is generally considered to be manufacturing and not repair. 
 
Manufacture of specialized components and parts of, and accessories and attachments to, 

machinery and equipment is, as a general rule, classified in the same as the manufacture of the 

machinery and equipment for which the parts and accessories are intended. However, making 

specialized components and accessories by molding or extruding plastic materials is included in 

manufacture of plastic products. 
 
Manufacture of unspecialized components and parts of machinery and equipment, e.g. engines, 

pistons, electric motors, electrical assemblies, valves, gears, roller bearings, is classified in the 

appropriate group of manufacturing, without regard to the machinery and equipment in which 

these items may be included. 
 
Also included is the recycling of waste materials (National Statistics Office 2012). 

 

 The study was originally intended to analyze time-series data. However, given that ICT 

data gathering is still a fairly new undertaking in the country, only a cross-sectional analysis may 

be undertaken. Data used for this study were taken from the 2009 ASPBI for Major Division D 

(Manufacturing) and the 2009 SICT. The ASPBI is a nationwide survey with disaggregated data 
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up to the 5th-tier industry sub-class level. On the other hand, the 2009 SICT, on its third run as a 

series, was conducted as a rider to the 2009 ASPBI and disaggregated data only until the 3rd-tier 

industry group level. It must be noted that both the 2009 ASPBI and 2009 SICT make use of the 

amended 1994 Philippine Standard Industrial Classification (PSIC), which has since been 

replaced by the 2009 PSIC patterned after the UN International Standard Industrial Classification 

(ISIC). 

 The dataset consists of figures for 73 of the industry groups under the manufacturing 

sector. Due to limited data availability, control variables were limited; other factors such as firm 

age and size deemed in earlier studies to be significant to productivity were not included in the 

model. However, to address potential issues that might arise from this, industry group dummies 

were introduced in order to capture other control variables significant to labor productivity which 

may not have been included in the model. 

 Majority of the variables covered in the 2009 SICT will be tested for their effects and 

significance of these effects on labor productivity. The study did not exhaust all possible 

variables in SICT. Variables deemed too exhaustive or insignificant to the productivity equation 

were left out, such as the method of disposal of ICT equipment, types of usage of ICT resources, 

and website features. The variables used for the study are enumerated and briefly described in 

Chapter 4.  

 

E. Key Concepts 

 The following terms are defined here for the better understanding of the readers. As data 

of the study come from results of the 2009 SICT and 2009 ASPBI, definitions of the terms found 

in these surveys are written verbatim below: 
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1. Information and Communication Technology (ICT) – as defined by the Commission 

on Information and Communication Technology (CICT) is “the totality of electronic 

means to collect, store, process and present information to end-users in support of their 

activities.” It consists, among others, of computer systems, office systems and consumer 

electronics, as well as network information infrastructure, the components of which 

include the telephone system, the Internet, fax machines and computers.     

2. Information technology (IT) – as defined by the Information Technology Association of 

America (ITAA), is "the study, design, development, implementation, support or 

management of computer-based information systems, particularly software applications 

and computer hardware.” IT deals with the use of electronic computers and computer 

software to convert, store, protect, process, transmit, and securely retrieve information. 

3. ICT Resources – the equipment, knowledge and human resources used to support 

electronic business/manufacturing processes and the conduct of electronic commerce 

transactions. It includes computer and peripheral equipment, systems and application 

software, network channels, telecommunication equipment, routers, satellite and other 

ICT hardware used in electronic business and commerce transactions, ICT support 

services and ICT workers.  

4. Desktop computer  – a personal computer (PC) in a form intended for regular use at a 

single location, as opposed to a mobile laptop or portable computer. Today the phrase 

usually indicates a particular style of computer case. Most modern desktop computers 

have separate screens and keyboards. A specialized form of desktop case is used for 

home theater PC systems, incorporating front-panel mounted controls for audio and 

video.  
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5. Laptop computer – also known as a notebook computer, is a small personal computer 

designed for mobile use. A laptop integrates all of the typical components of a desktop 

computer, including a display, a keyboard, a pointing device (a touchpad, also known as a 

trackpad, or a pointing stick) and a battery into a single portable unit.   

6. Minicomputer (colloquially, mini) – a class of multi-user computers that lies in the 

middle range of the computing spectrum, in between the largest multi-user systems 

(mainframe computers) and the smallest single-user systems (microcomputers or personal 

computers). 

7. Mainframes (often colloquially referred to as Big Iron) – computers used mainly by 

large organizations for critical applications, typically bulk data processing such as census, 

industry and consumer statistics, ERP, and financial transaction processing. 

8. Personal digital assistant (PDA) – is a handheld computer also known as palmtop 

computers. Newer PDAs also have both color screens and audio capabilities, enabling 

them to be used as mobile phones, (smartphones), web browsers, or portable media 

players. 

9. Landline, main line or fixed-line – a telephone line which travels through a solid 

medium, either metal wire or optical fibre. This is distinguished from mobile cellular line, 

where the medium used is the airwaves. Landlines usually cost less than cellular lines and 

provide better voice quality, and are used when there is no need for mobility or where 

cellular service is. A fixed phone line (i.e., one that is not a mobile phone line) can be 

hard- wired or wireless.  

10. Mobile phone (also known as a wireless phone, cell phone, or cellular telephone) – a 

long-range, electronic device used for mobile voice or data communication over a 
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network of specialized base stations known as cell sites. In addition to the standard voice 

function of a mobile phone, telephone, current mobile phones may support many 

additional services, and accessories, such as SMS for text messaging, email, packet 

switching for access to the Internet, gaming, Bluetooth, infrared, camera with video 

recorder and MMS for sending and receiving photos and video, MP3 player, radio and 

GPS.   

11. Radio – the transmission of signals, by modulation of electromagnetic waves with 

frequencies below those of visible light. Information is carried by systematically 

changing (modulating) some property of the radiated waves, such as amplitude, 

frequency, or phase.  

12. Network channel – a collection of computers connected to each other that allows them 

to communicate with each other, and share resources and information. All networks are 

made up of basic hardware building blocks to interconnect network nodes, such as 

Network Interface Cards (NICs), Bridges, Hubs, Switches, and Routers.  

13. Internet – a global system of interconnected computer networks that interchange data by 

packet switching using the standardized Internet Protocol Suite (TCP/IP). It is a "network 

of networks" that consists of millions of private and public, academic, business, and 

government networks of local to global scope that are linked by copper wires, fiber-optic 

cables, wireless connections, and other technologies. The Internet carries various 

information resources and services, such as electronic mail, online chat, file transfer and 

file sharing, online gaming, and the inter-linked hypertext documents and other resources 

of the World Wide Web (WWW).  



13 

 

14. Intranet – a set of networks, using the Internet Protocol and IP-based tools such as web 

browsers and file transfer applications, that is, under the control of a single administrative 

entity. That administrative entity closes the intranet to all but specific, authorized users. 

Most commonly, an intranet is the internal network of an organization.  

15. Extranet – a network or internetwork that is limited in scope to a single organization or 

entity but which also has limited connections to the networks of one or more other 

usually, but not necessarily, trusted organizations or entities (e.g. a company's customers 

may be given access to some part of its intranet creating in this way an extranet, while at 

the same time the customers may not be considered 'trusted' from a security standpoint). 

16. Wide Area Network (WAN) – a computer network that covers a broad area (i.e., any 

network whose communications links cross metropolitan, regional, or national 

boundaries. Less formally, a WAN is a network that uses routers and public 

communications links. The largest and most well-known example of a WAN is the 

Internet. A WAN is a data communications network that covers a relatively broad 

geographic area (i.e. one city to another and one country to another country) and that 

often uses transmission facilities provided by common carriers, such as telephone 

companies.    

17. Local Area Network (LAN) – a computer network covering a small physical area, like a 

home, office, or small group of buildings, such as a school, or an airport. Current LANs 

are most likely to be based on Ethernet technology. Each workgroup can get to its local 

printer. Note that the printers are not accessible from outside their workgroup.  
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18. Campus Area Network (CAN) –  a computer network made up of an interconnection of 

local area networks (LANs) within a limited geographical area. It can be considered one 

form of a metropolitan area network, specific to an academic setting.   

19. Global Area Network (GAN) specifications – in development by several groups, and 

there is no common definition. In general, however, a GAN is a model for supporting 

mobile communications across an arbitrary number of wireless LANs, satellite coverage 

areas, etc. The key challenge in mobile communications is "handing off" the user 

communications from one local coverage area to the next.   

20. Metropolitan Area Network (MAN) – a network that connects two or more Local Area 

Networks or Campus Area Networks together but does not extend beyond the boundaries 

of the immediate town/city. Routers, switches and hubs are connected to create a 

Metropolitan Area Network.     

21. Personal Area Network (PAN) – a computer network used for communication among 

computer devices close to one person. Some examples of devices that are used in a PAN 

are printers, fax machines, telephones, PDAs and scanners. The reach of a PAN is 

typically about 20- 30 feet (approximately 6-9 meters), but this is expected to increase 

with technology improvements.  

22. Virtual Private Network (VPN) – a computer network in which some of the links 

between nodes are carried by open connections or virtual circuits in some larger network 

(e.g., the Internet) instead of by physical wires.     

23. Database – a structured collection of records or data that is stored in a computer system. 

The structure is achieved by organizing the data according to a database model. The 

model in most common use today is the relational model. Other models such as the 
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hierarchical model and the network model use a more explicit representation of 

relationships.  

24. E-commerce or electronic commerce – the sale of goods and services where an order is 

placed by the buyer, price and terms of sale are negotiated over the Internet Protocol- 

based networks, an extranet, Electronic Data Interchange (EDI) network, or other on-line 

system. 

25. Website – a collection of Web pages, images, videos or other digital assets that is hosted 

on one or more web servers, usually accessible via the Internet. All publicly accessible 

websites are seen collectively as constituting the "World Wide Web." The pages of a 

website can usually be accessed from a common root URL called the homepage, and 

usually reside on the same physical server .     

26. Book value – the initial value or acquisition cost of tangible fixed assets less 

accumulated depreciation.    

27. Capital expenditures – the cost of acquisition of tangible fixed assets, intangible assets, 

and non-produced assets acquired in 2009 whether or not full payments have been made. 

Assets received from other establishments belonging to the same enterprise are valued as 

though purchased.     

28. Cost – all expenses incurred during the year whether paid or payable. Valuation is at 

purchaser prices including taxes and other charges, net of rebates, returns and allowances. 

Goods and services received by the establishment from other establishments of the same 

enterprise are valued as though purchased.        

29. Gross addition to tangible fixed assets – equal to capital expenditures less sale of fixed 

assets, including land.    
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30. Intermediate cost – expenses incurred in the production of goods such as materials and 

supplies purchased, fuels purchased, electricity purchased, and 

agricultural/forestry/fishery and industrial services done by others plus beginning 

inventory of materials, supplies and fuels less ending inventory of materials, supplies and 

fuels.    

31. Inventories – the stock of goods owned by and under the control of the establishment as 

of a fixed date, regardless of where the stocks are located. Valuation should be at current 

replacement cost in purchaser (market) prices. Replacement cost is the cost of an item in 

terms of its present price rather than its original cost.    

32. New tangible fixed assets – brand new fixed assets acquired during the year, including 

directly or newly imported tangible fixed assets.  

33. Revenue – cash received and receivables for goods or products and by-products sold and 

services rendered. Valuation is at producer prices (ex-establishment), net of discounts, 

and allowances, including duties and taxes but excluding subsidies. 

34. Tangible fixed assets – physical assets expected to have productive lives of more than 

one year and intended for use and/or being used by the establishment. Included are land, 

buildings, other structures and land improvements, transport equipments, machinery and 

other equipments, furniture, fixtures, and other fixed assets.  

35. Total employment – the number of persons who worked in for the establishment as of 

November 15, 2009.  

36. Value added – gross output less intermediate cost. Gross output for the Agriculture, 

Hunting and Forestry sector is value of output plus non-industrial services done for others 
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(except rent income from land). Intermediate input is intermediate cost plus non-

industrial services done by others (except rent expense for land) and other costs. 
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Chapter 2 

REVIEW OF RELATED LITERATURE 

 

A.  Studies on the ICT-Labor Productivity Relationship in Developed Countries 

In order to gain a preliminary context of the overall effect of ICT use on firms, especially 

on businesses under the manufacturing sector, past studies on different countries were examined, 

and relevant ICT variables which were observed to be important based on their findings were 

considered for inclusion in the study. 

Atrostic et al. (2002) showed that the presence of computers in factories increases labor 

productivity in the US. They used the Cobb-Douglas production function to evaluate the effect of 

computer networks on labor productivity, wherein three factors are considered: labor, capital, 

and materials. Moreover, the technological change term, A, was made to be a function of the use 

of computer networks. Control variables were also put in place in the regression analysis, namely 

size of establishment, skill mix, multi-unit firm, and industry. In particular, the ICT variable used 

was the dummy variable for presence of computers. US manufacturing panel data from 1992, 

1997, and 1999 were used. It was found out that plants with computer networks were more labor-

productive by around 4.6%, and they also found that skill mix is positively and significantly 

related to labor productivity (Atrostic et al. 2002). 

Atrostic et al. (2005) conducted a similar study on computer network-productivity 

relations which they made three years prior, but this time, their Cobb-Douglas production 

function involved four factors: labor, ordinary capital, computer capital, and materials. Likewise, 

in this 2005 study, the technological change term, A, was made to be a function of computer 

networks. Control variables from the previous research by the same authors were generally the 

same, except for the variable of number of employees, in place of which size of establishment 

was used. Data came from a 1999 US manufacturing survey. Atrostic et al. (2005), through 
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ordinary least squares, discovered that labor productivity in plants with computer networks is 

higher by 3.7% than that in plants with no such networks. The figure is significant in the 1% 

level. They also found out that the ICT variables had a 5% impact on labor productivity and a 

12% impact on computer capital (Atrostic et al. 2005). 

With the objective of studying the productivity effects of ICT on the level of a firm in 

Finland, Maliranta et al. (2003) utilized the Cobb-Douglas production function as a basis for 

their research. They took on two variables for the production, namely capital and labor. Y in this 

case is the value-added output and the researchers introduced Z which captures “other firm 

characteristics.” The ICT variables also used in the regression analysis are the following: share 

of computer-equipped labor, share of internet-using labor, and share of LAN-using labor at work. 

Control variables included skill mix and age of firm. Maliranta et al. (2003) used data from 1998 

to 2001 and separated the entities which are the following: manufacturing sector and services 

sector. Results from their research generally tested positive on their objective. An increase of 

10% in computer-equipped labor led to an increase of 1.8% productivity in the manufacturing 

sector and 2.8% in the services sector (Maliranta et al. 2003). Furthermore, an increase of 10% in 

internet-equipped labor led to an increase of 2.9% labor productivity in the services sector, but a 

negative impact on the manufacturing sector (Maliranta et al. 2003). Lastly, an increase of 10% 

in the share of labor using LAN led to an increase of 2.1% productivity in the manufacturing 

sector, but no impact on the services sector (Maliranta et al. 2003). 

An offshoot of Maliranta et al.’s earlier study on ICT effects on productivity in Finnish 

firms came about in 2006. This time, however, the researchers zeroed in on the labor 

productivity effects of portability and connectivity of ICT. As in the earlier research, Maliranta et 

al. (2006) used a now extended Cobb-Douglas production function with two variables as a 
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starting point for their evaluation: capital and labor. Y in this function is understood as the net 

output, while a Z is added to capture pertinent firm qualities. Maliranta et al. (2006) included a 

stochastic term e in the function. The researchers used data from 2,358 manufacturing and 

service firms in Finland. ICT variables included the following: share of workforce using 

desktops, laptops, LAN, and WLAN. Control variables are skill mix, age of firm, and gender 

participation in labor force. Results suggest that productivity is increased by owning desktops 

and laptops by 9%, portability by 32%, LAN connectivity by 14%, and WLAN by 6% (Maliranta 

et al. 2006). 

Differences in the levels of ICT use and advancement were also found to significantly 

affect productivity in the Swedish manufacturing and services sectors (Hagén et al. 2005). Using 

the Cobb-Douglas production function with variables for value added, technical change, capital, 

and labor, Hagén et al. (2005) adopted Atrostic et al.’s (2002) model and defined technical 

change as a function of ICT level. To provide a better assessment of total ICT use, five 

composite ICT indicators incorporating an increasing number of ICT solutions were used for the 

regression analysis (Hagén et al. 2005). Controlling for capital intensity, labor skill, employment 

size, and industry effects, the difference in productivity between a firm utilizing all factors 

included in the ICT composite indicators and another utilizing none of the factors was found to 

be 12% (Hagén et al. 2005). Findings also indicated that a 10% increase in employee use of 

computers corresponded to a 1.3% increase in productivity, whereas broadband internet 

connection of at least 2 MB per second corresponded to a 3.6% increase in productivity as 

compared to poor internet access (Hagén et al. 2005). 

Testing the importance of manpower in labor productivity and its complementarity with 

ICT investments, Hagén et al. (2005) were able to draw a positive significant link from staff 
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competence to labor productivity and found that the product of staff quality and the ICT 

indicator had a better fit than using the ICT indicator alone. Introducing a lack of IT competence 

variable into the model also produced interesting results, with firms identifying the existence of 

such observed to be both more efficient and ICT-advanced than firms that do not (Hagén et al. 

2005). 

Exploring the complementarity of ICT and human capital is the main objective for which 

Samoilenko and Osei-Bryson conducted their 2008 study. In order to do this, they used annual 

investments in Telecoms and full-time Telecom staff as proxy variables for ICT and human 

capital, respectively. The researchers justified the aforesaid proxy variables by pointing out that 

“not only investments in Telecoms represent a subset of investments in ICT, but it is also a 

common type of investments regularly made by almost any economy in the world” (Samoilenko 

et al.  2008). The researchers drew their data from 18 countries whose economies are considered 

transition economies by the International Monetary Fund. These time-series data spanned from 

1993 to 2002. The countries are all from Europe. Samoilenko et al. (2008) ended up using three 

variables, namely GDP (in current US dollars), annual telecom investment (in percent of GDP), 

and full-time telecommunication staff (percent of total labor force). 

The researchers banked on Solow’s neoclassical framework of growth accounting as the 

theoretical framework of their study. Their Y is the GDP, A is total factor productivity, K is 

investments in Telecoms, and L is full-time Telecom staff. From there, they used a Cobb-

Douglas production function to be able to relate the variables. Samoilenko et al. (2008) found 

that the interaction term of the variables representing annual investment in Telecoms and full-

time Telecom staff was not statistically significant. They point out that the result was 

“counterintuitive” because one would expect that the staff has a positive relation with the 
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investment. Moreover, they also ran a regression where the variable representing staff was 

ramified into leaders and followers. Samoilenko et al. (2008) noted that doing so resulted in a 

look into the results, where complementarity is positive for the leaders and negative for the 

followers. 

Nurmilaakso (2009) studied how ICT solutions affected labor productivity in 1,955 

European firms. He used 2005 data from ten industries in seven countries, with 5,218 

observations. He hypothesized that the following have a positive effect on labor productivity: 

internet access, website on the internet, standardized data exchange with trading partners, 

enterprise resource planning (ERP) system, customer relationship management (CRM) system, 

and the supply chain management (SCM) system. He used the Cobb-Douglas production 

function and linearized it by taking natural logarithms for regression analysis. The sole 

dependent variable is labor productivity, which Nurmilaakso (2009) explained was the annual 

revenue of the firm in millions of euros, divided by the number of employees in the firm. The 

independent variables were treated binarily, namely the following: Internet, website, data, ERP, 

CRM, and SCM. The control variable, human, represents the fraction of employees with a 

college or university degree. However, the control variables industry and country were also 

treated binarily. Nurmilaakso (2009) found out that Internet access, standardized data exchange 

with partners, ERP system, and CRM system markedly increase labor productivity. However, the 

regression results showed that website on the Internet and SCM system do not increase labor 

productivity at a significant level. 

In their study, Criscuolo and Waldron included e-procurement as a variable for 

consideration. They found that not only does productivity improve with internal ICT solutions 

such as computer use or internet access, e-procurement (the purchase of goods and services 
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electronically) also produced significant productivity gains (Criscuolo et al. 2003). Controlling 

for firm age and size, industry sector and region, ownership structure, macroeconomic shocks, 

and time effects, Criscuolo et al. (2003) drew their model from Atrostic et al.’s (2002) Cobb-

Douglas production function and key variables, with the addition of multinational effects. 

Consistent with the results of the Atrostic et al. (2002) study, e-procurement produced a 

positively significant relationship with productivity (Criscuolo et al. 2003). Criscuolo et al. 

traced this to better price transparency, where buyers gain access to a wider variety of prices and 

are thus able to choose the most competitive offer. On the other hand, electronic selling tended to 

negatively affect productivity, which the researchers attributed to the more intense price 

competition and price transparency required in bringing one’s products online (Criscuolo et al. 

2003). 

Acknowledging the market power that larger firms may wield over their smaller 

counterparts, Criscuolo et al. (2003) also conducted a regression analysis separating the sample 

firms according to employment size and found out that firm size only marginally affected the 

relationship of e-procurement and productivity whereas double losses were associated with large 

firms in the case of e-selling (Criscuolo et al. 2003). Lastly, despite the apparent efficiency 

arising from an integration of both e-procurement and e-selling networks, Criscuolo et al. (2003) 

saw no significant productivity advantage for firms equipped with such capabilities. 

The evident lack of communication metrics in previous studies assessing the relationship 

between ICT and productivity was noted by Farooqui in 2005. Intending to bring together three 

different ICT metrics and pioneer the analyses of communication’s productivity effects, Farooqui 

(2005) made use of a logarithmic transformation of the generalized Cobb-Douglas production 

function and then formulated various models incorporating one or a combination of the ICT 
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measures in consideration (i.e., IT investment, employee use of ICT, and spending on 

telecommunications). The dataset comprised of Business and E-commerce Inquiries from 2000 

to 2004 on the United Kingdom’s major sectors, and production function variables used were 

output (as value added), capital (with a distinction between IT and non-IT capital), and labor and 

control variables used were multinational ownership, regional location, affiliation to multi-plant 

groups, and regional educational attainment used as proxy for skill level (Farooqui 2005). For the 

IT investment metric, IT capital subdivided into hardware and software capital was used, 

whereas employees use of ICT was accounted for using the labor share of employees equipped 

with computer and Internet (Farooqui 2005). Lastly, spending on telecommunications was 

measured by the amount of telecom spending per employee as well as spending on hardware 

telecom. 

Farooqui’s (2005) findings on IT investment and employee use of ICT confirmed the 

findings of previous studies that these factors contributed positively and significantly to 

productivity. Farooqui (2005) further noted that impact of software investment is slightly lower 

than that of hardware investment, attributed by the author to larger measurement error associated 

with software. Use of computers was also found to raise productivity by 2.1% for every 

additional 10% of employees using IT at work, while Internet access was found to raise 

productivity by 2.9% for every additional 10% of employees equipped (Farooqui 2005). Findings 

indicated that spending on telecom services also has a strong relationship with productivity and 

even compounds the effects of IT investment on such, although when considered alongside 

Internet use of employees, it becomes insignificant (Farooqui 2005). 

Farooqui (2005) also extended the study to e-commerce and results confirmed findings in 

existing literature such as Criscuolo et al. (2003). While the net effect of e-trade on productivity 
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is positive at 1 to 2%, e-procurement is associated with productivity gains and e-selling, again 

with productivity losses which is attributable to price pressures (Farooqui 2005). These results 

notwithstanding, e-sellers were observed to be more productive than the industry average, 

although insignificantly so (Farooqui 2005). 

 

B. Studies on the ICT-Labor Productivity Relationship in Developing Countries 

A firm-level study on ICT and productivity in Brazil and India was conducted by 

Commander, Harrison, and Menezes-Filho. They operated on data from surveys conducted to 

almost 1,000 manufacturing firms from both developing countries. The survey solicited answers 

as to the adoption of ICT and the time it was done, as well as the reorientations that came with 

the adoption. Commander et al. (2011) used the Cobb-Douglas revenue functions on Indian and 

Brazilian firms separately. The dependent variable was Y, which is sales of the firm for a year. 

Other variables were the following: fixed and variable productivity shifters, labor, materials, 

physical capital stock, and ICT capital stock. When they transformed the function into a 

logarithmic equation, however, they added a term f, which is an unobserved firm fixed effect and 

another term e, which is a time-varying residual. Overall, the results of their tests found that 

there is a strong positive association between ICT capital and productivity in Brazil and India. In 

the case of Brazil, the following variables have a significant effect on ICT capital stock: 

employment, materials, physical capital stock, and ICT capital stock. The same results came out 

for India (Commander et al. 2011). 

 ICT effects on productivity in manufacturing industries in Iran have been studied by 

Gholami, Moshiri, and Lee in 2004. They used 154 observations from the entire manufacturing 

sector of Iran comprised of 22 industries over the years from 1993 to 1999. Gholami et al. (2004) 

used panel data and found positive impacts of ICT-related investments on productivity in the said 



26 

 

sector. They used the stochastic frontier production function as the theoretical basis of their 

analysis. The said model estimates the maximum output with different combinations of inputs, in 

theory. In short, the frontier represents “best practice technology” (Gholami et al. 2004). Their 

empirical model is the Cobb-Douglas production function and translog production function. In 

the Cobb-Douglas production function, Yit is the dependent variable which represents value 

added, and the independent variables are: Lit which is labor, Kit which is capital, and ICTit which 

is the ICT investment – with ith manufacturing industry and tth year. The translog equation 

included error terms vit and uit. The former captures measurement error and effects of unspecified 

input variables in the production frontier, while the latter captures the effects of events caused by 

the firm which are mainly managerial or operational in nature. Gholami et al. (2004) found that 

aggregate ICT investment has a positive and significant effect on industry efficiency. Among 

others, the authors said that it can be attributed to greater capital accumulation, but emphasize 

that this may not be the only factor. They also concluded that human capital and an increasing 

ICT capital are determining factors in gaining positive payoffs from ICT investments in Iran. 

 The United Nations Conference on Trade and Development, in cooperation with the 

Thailand National Statistical Office, made a study on the impact of ICT use on the productivity 

of businesses. Data came from business and manufacturing surveys by the Thai National 

Statistical Office, covering firms with more than 10 employees. The study tested to see the ICT 

impact on labor productivity in Thai manufacturing firms. The regression equation of the study is 

based on a linearized model of the Cobb-Douglas function. The researchers of this thesis adopted 

the methodology of this UNCTAD study. Please refer to the empirical model of this research to 

see the complete model of the UNCTAD study which ran several models. For every model, 
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another variation was made, which was to change the dependent variable to the natural logarithm 

of effective sales per employee, instead of the original natural logarithm of sales per employee. 

The first one involved the natural logarithm of sales per employees as the dependent 

variable, and the independent ones are computer presence, Internet access, and web presence. 

Results showed that a firm with these variables had 21% higher sales than those without any of 

these ICTs. The next test involved the same dependent variable, and the independent ones are 

share of employees using computers, Internet access, and web presence. A 10% improvement in 

the amount of computers per employee was correlated with a 4.5% increase in sales per 

employee (UNCTAD 2008). 

The third test involved firm size as a control variable. The samples were grouped into 

three: small firms with 11 to 50 employees, medium-sized firms with 51 to 200 employees, and 

large firms with over 200 employees. UNCTAD and Thai National Statistical Office researchers 

ran three tests on these three groups individually. All three tests took the natural log of sales per 

employee as the dependent variable. For the first test, the independent ones were: presence of 

computers in firms, Internet access, and web presence. For the second test, the independent ones 

were: share of employees using computers, Internet access, and web presence. For the third test, 

the independent ones were: number of computers per employee, Internet access, and web 

presence. 

Results showed that intensity of computer use led to most productivity gains in ICT. A 

10%  higher share of employees leads to a 4% higher sales in small firms, 1.7% in medium-sized 

firms, and 3.8% higher in large firms. A 10% increase in computers per employee correlated 

with 4.5% higher sales per employee in small firms, 2.5% in medium-sized firms, and 5.2% in 

large firms (UNCTAD 2008). 
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The same three tests were run again on three grouped firms, but this time, by age. The 

separation is as follows: young firms (1997-2002), middle-aged firms (1991-1996), and old firms 

(<1991). The results showed that firm age also affects the productivity gains from ICT, with 

older ones gaining considerably with the use of computers, Internet, and web. It appears that for 

small and younger firms, Internet access gains a preeminent space because they might find it 

easier to pay for Internet access than additional computers (UNCTAD 2008). 

The study used industry variables as well, running two models. Either model used the 

natural logarithm of labor productivity as the dependent variable. The first model involved the 

following as independent ones: computer presence, Internet access, and web presence. The 

second model involved the following as independent ones: share of employees using computers, 

Internet access, and web presence. 

The industries that had an association with highest positive impact for the first model 

were the following: machinery equipment; basic metal industry; and computing, electrical, and 

precision instruments. For machinery equipment; computing, electrical, and precision 

instruments; processed food, beverages, and tobacco; and fabricated metal products, there was a 

correlation between Internet use and higher sales per employee. For machinery equipment; basic 

metal industry; and processed food, beverages, and tobacco, web presence augmented gains from 

computers and the Internet (UNCTAD 2008). The study made other tests that are not as relevant 

to the study of this paper, and shall not be explained anymore. 
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Chapter 3 

THEORETICAL AND CONCEPTUAL FRAMEWORK 

 

 Roberts et al. (2007) explain that economic growth, on the whole, involves real output 

per capita and per worker over time, particularly the long run setting as a subject of focus. They 

further note that the ambit of growth covers “economy- and even society-wide processes of 

structural change and economic development” (Roberts et al. 2007). They say that while 

Classical economists such as Smith, Ricardo, and Marx remain in the realm of growth as a 

process of social transformation, contemporary studies of macroeconomics zero in on purely 

economic variables. Two definitions are given by Roberts et al. (2007) for endogenous growth 

theory. They are the following written verbatim below: 

(1) An endogenous growth theory is one in which the rate of growth is determined 

by the (equilibrium) solution of the growth model itself, rather than being 

imposed upon the model from without; or 

  (2) An endogenous growth theory is one in which technical progress is explicitly 

modeled, rather than being treated exogenously given “manna from 

heaven.” 

The next premise of this study is the growth model of Solow. He notes that introducing 

technological progress would lead to a faster rise of capital and output over time, as compared 

with employment (Solow 2000). Solow assumes an aggregate production function: 

 t  AtF Kt btLt  

where Yt is aggregate output at time t, Kt is the stock of capital, L is labor hours at time t, At is the 

technology factor, and bt is the efficiency level of a unit of labor in period t. It is important to 

note explicitly that A0   1 and b0   1 (Srinivasan 1998). 
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 In alternative terms, following a neoclassical framework, the growth model of Solow can 

assume a Cobb-Douglas production function: 

  AKaL1 a
 

which follows the same representations for Y, A, K, and L as above, and the sum of exponents is 

1, which means a constant return to scale. An increase in any of A, K, or L can increase Y. Also 

noting that A is a constant use of technology, the marginal productivities are positive when we 

take the derivatives accordingly (“Solow Growth Model”): 

  

  
              

  

 L
  1  a AKaL a     

Differentiating a second time will yield negative marginal productivities, which are the 

following: 

 
2 

 K2
  a 1 aAKa 2L1 a  0 

 
2 

 L2
   a 1 a AKaL a 1  0  

 Furthermore, Kaldor (1960) says that the three major characteristics of the process of 

economic development are the following: population growth, technological progress which is a 

consequence in the productivity increase per person, and capital accumulation. He further says, 

“[When] an economy enters the stage of more rapid growth, the rise in per capita income, the 

growth in population and the proportion of current income devoted to capital accumulation are 

all accelerated.” 

 Kaldor (1960) offers a socioeconomic insight about the role of technology in economic 

growth: 

Neither the accumulation of capital nor the flow of technical invention or innovation, any more 

than the growth in population, can be regarded as “independent variables” – they are 

manifestations of a process of development, but they cannot explain why the development occurs 
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where it does and when it does….Technical innovations take place in societies where 

traditionalism gives way to a desire for experimentation: where men are anxious to overcome 

physical limitations of capacity or labour; where, in other words, they are actuated by the desire to 

expand. Further given the desire to expand and to experiment, the supply of capital is capable of 

being adapted to the requirements of expansion, in much the same way as the supply of labour and 

the flow of innovation. The main source of finance (of industrial capital accumulation) has always 

been the re-investment of profits of business enterprises; while the rate of real investment is at the 

same time one of the main determinants of the amount of profits that is thus available for 

financing. Hence saving and capital accumulation is in no different position from technical 

progress or population growth, as being one of the features that characterise developing societies 

rather than as the ultimate cause of economic progress. Fundamentally they are manifestations or 

consequences of a basic social urge towards expansion… 
 
Once the planning of production gets under the control of men who are actuated by the desire to 

expand, progress tends to become self-generating: higher rates of capital accumulation and a 

higher rate of population growth are called forth in response to the requirements of expansion. The 

stronger the urge to expand...the greater are the stresses and strains to which the economy becomes 

exposed; and the greater are the incentives to overcome physical limitations on production by the 

introduction of new techniques. Technical progress is therefore likely to be greatest in those 

societies… 
 
On this view, the actual rate of development is the outcome of the strength of entrepreneurial 

pressures on the one side, and the elasticity of responses of population growth, technical progress 

and capital accumulation on the other side. These latter are conditioning factors which must 

clearly exert an autonomous influence on the course of events, even if their particular growth-

coefficients are not given independently of economic forces. 
 

Meanwhile, Aghion et al. (1999) assert that long-run growth in output per person can 

only materialize by changes in technology that offset the dampening effects of diminishing 

returns. They illustrate their point also by using the Solow-Swan growth model, but with a slight, 

and comparatively old, variation as compared to the one above. They suppose that the aggregate 

production function is: 

   AL 1 aKa
 

where A is a productivity parameter that reflects the current state of technological knowledge, 

which grows at the constant rate of g, an exogenous value indicative of scientific progress 

(Aghion et al. 1999). By this form, one can see that technological progress is made equivalent 

with an increase in the “effective” supply of labor AL. The supply of capital per “effective 

person” K/AL will approach a steady state wherein output and capital will grow at the same 

proportional rate as the effective population AL, with output and capital per person growing at 
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the technological progress rate of g (Aghion et al. 1999). They conclude that a continuing 

accumulation of capital leads to the fall of output/capital ratio due to diminishing returns to 

capital, but technological progress counters such a tendency. 

 Aghion et al. (1999) also address in their book the discussion on initial attempts at 

endogenizing technology. They note that the simple neoclassical model cannot take into 

consideration the differences in growth rates across countries because taking the exogenous 

technological progress rate g only uniquely determines growth rate in each country. “The main 

problem with basing a theory of sustained growth on exogenous technological change is that 

there is every reason to believe that the growth of technology depends on economic decisions at 

least as much as does capital accumulation,” they add. 

 Aghion et al. (1999) argue that if A is to be endogenized, then moves that further the 

growth of A should gain rewards, just as K and L typically should. However, when A is held 

constant, there are constant returns to K and L. Following this, if A is indeed to be endogenized, 

returns must be gained by all three A, K, and L. Aghion et al. (1999) cite Euler’s theorem which 

says that with increasing returns, not all factors can get back their marginal products. 

 They also cite Arrow whose solution to the problem was the concept of “learning by 

doing” which redounds to the growth of A because it paves the way to producing new capital 

goods. They say that learning by doing was assumed to be external to the producing firms and 

the capital-goods acquiring firms. K and L can continue receiving their marginal products with 

no additional compensation for A, but the growth of A is endogenized in terms of increased 

saving propensity affecting time path. In the end, however, Aghion et al. (1999) pointed out that 

with this train of thought, output growth was limited to labor growth in the long run and is 

independent of savings behavior. 
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 Another reference made by Aghion et al. (1999) is the work of Kaldor. He posited to 

completely replace the aggregate production function and the distinction between increases in 

productivity due to capital and those due to technological progress. Kaldor suggested the 

“technical progress function” which involves the rate of output growth to the rate of investment, 

the illustration reflecting rate of new ideas and the adaptability of society to those ideas (Aghion 

et al. 1999). The alleged fault in the model of Kaldor is practically the same as that of Arrow. 

The steady state rate of growth was independent of savings behavior and was determined by the 

exogenous properties of the technical progress function (Aghion et al. 1999). 

Cao (2008) presents Kaldor’s list of stylized facts in the latter’s 1963 work Capital 

Accumulation and Economic Growth: 

  (1) The shares of labor and physical capital in GDP are nearly constant 

  (2) The ratio of physical capital to output is nearly constant 

  (3) The rate of return to capital is nearly constant 

  (4) Physical capital per worker grows over time 

 (5) Per capita output grows over time, and its growth rate does not tend to 

diminish 

  (6) The growth rate of output per worker differs substantially across countries, but 

 the rates tend to converge 

 However, in their work called The New Kaldor Facts: Ideas, Institutions, Populations, 

and Human Capital, which was prepared for a session at the annual meeting of American 

Economic Association in 2009, Jones et al. (2009) explain the eponymous list. These are the 

following: 

  (1) Increases in the extent of the market: Increased flows of goods, ideas, finance, 
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and people – via globalization as well as urbanization – have increased the 

extent of the market for all workers and consumers 

(2) Accelerating growth: For thousands of years, growth in both population and 

per capita GDP has accelerated, rising from virtually zero to the relatively 

rapid rates observed in the last century 

  (3) Variation in modern growth rates: The variation in the rate of growth of per 

capita GDP increases with the distance from the technology frontier 

(4) Large income and TFP differences: Differences in measured inputs explain 

less than half of the enormous cross country differences in per capita GDP 

  (5) Increases in human capital per worker: Human capital per worker is rising 

dramatically throughout the world 

  (6) Long-run stability of relative wages: The rising quantity of human capital 

relative to unskilled labor has not been matched by a sustained decline in 

its relative price 

 Jorgenson (1991) further explains the point about the role of technology in the production 

function, which earlier models fail to include. He says, “The point has come where it is 

necessary to be more precise about the concept of an aggregate production function. In technical 

jargon the existence of an aggregate production function requires that the technology of each 

sector is separable in value added and that value added is a function of capital and labor inputs 

and the level of technology. Moreover, the sectoral value-added functions must be identical for 

all sectors, while the functions relating labor and capital inputs to their components must also be 

identical for all sectors. Finally, each component of these input aggregates must receive the same 

price in all sectors.” 
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 Scott Morton (1991) explains that the introduction of new information technology may 

trigger a reorientation of practice in the workplace. He adds that the technologies will alter the 

skills and relationships among jobs and functions within the company. Three technical 

characteristics of impactful technology are the following: tighter integration across functions and 

tighter interdependencies of activities, more rapid speed and real-time response, and more costly 

consequences of errors and breakdowns (Scott Morton 1991). 

 The speed of production systems becomes faster with computers, and these systems 

become more powerful. Scott Morton (1991) stresses, however, that consequences of errors 

increase. He differentiates robust and fragile systems, the former being the traditional system and 

the latter being the technology-infused one. Errors or delays in a robust system do not botch the 

whole production process, while those in a fragile system, while faster and more efficient, 

involves interdependent steps that are linked together. This means that an error will significantly 

affect the whole process of production (Scott Morton 1991). 

 In a firm that employs technology, it is important to hire workers that have high skill and 

adequate knowledge of using information technology. There is a clear shift from a demand for 

manual skills to a demand for ability to work with data and operating systems (Scott Morton 

1991). He makes a reference to the words of Zuboff who said that information technology will 

separate the employees from the “physical” feel of production and instead will prod them to 

learn and understand the processes that run the whole production system. Scott Morton (1991) 

adds that in the production area, work teams are more productive than those in traditional set-

ups, according to empirical evidence. 

 Scott Morton (1991) recognizes that the impact of the use of technology in firms is 

variable from one firm to another. He says that one firm may use technology to improve quality 
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but cut down on employment levels, while another may still wish to retain the employment level. 

Moreover, he says that one firm may train the workers themselves to process data and manage 

the systems, while another firm may pour training of such technical skills on managers, leaving 

the low-level workers barely knowing how to operate technology. 

 More mature firms take in technology to reduce employment per unit output, meaning 

that they aim to reduce cost and, in some instances, innovate products. It is in this kind of 

situation where a negative effect on employment due to technology enhancement can be seen. 

Per contra, in firms with a significant number of clerical workers, it is not as hard for them to be 

laid off when more technology is employed because there is barely any loss of skill or 

knowledge (Scott Morton 1991). 
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Chapter 4 

RESEARCH METHODOLOGY 

 

A. Data Set 

 The researchers took their data sets from the 2009 SICT and the 2009 ASPBI provided by 

the NSO (see Appendix A and Appendix B for the respective questionnaires). The former survey 

is a rider to the latter, and as of the time this thesis is made, the latest official data results 

available are from the year 2009. 

 As earlier mentioned, the scope of either survey covered the 14 economic sections 

classified under the 1994 PSIC, the manufacturing sector being among them. Covered by the 

2009 ASPBI are 4,908 identified manufacturing-related establishments whose employment count 

is 20 and over.  Response rate for the survey was 91.9%. Meanwhile, out of the 8,276 identified 

establishments, 7,349 (88.8%) responded to the 2009 SICT. 

For the purposes of their study, the researchers only focused on the data about the 

manufacturing sector which was divided into 393 sub-classes in the 2009 ASPBI. Due to the 

limited disaggregation of the 2009 SICT data, the researchers had to adapt and condense the sub-

classes from the ASPBI into 71 groups of establishments of the same nature, which is obvious 

from their PSIC codes. The researchers encountered no difficulty in juxtaposing the pertinent 

data from either survey because of the standardized PSIC codes. 

The researchers, however, combined PSIC 232 (manufacture of refined petroleum) and 

233 (manufacture of other fuel products) because figures for these two were already combined 

upon procurement of the data. PSIC 309 (manufacture of other office, accounting and computing 

machinery) was completely omitted because no figures were provided in the data set at all.  

 The following factors included in the 2009 ASPBI were taken into consideration for the 

study: number of employees, total revenue, value added output, and total hours worked. 
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Meanwhile, various factors from the 2009 SICT relating to different types of ICT advancement 

were utilized for this study: employee-level ICT uptake, firm-level ICT uptake, ICT investment 

outlay, ICT hardware investment, communication equipment, computer network channels, e-

commerce in its different forms, and types of internet usage. 

 

B. Definition of Variables 

 Table 4.1 below contains the list of variables used for the regression analysis which is 

discussed in a later chapter. Definitions taken were based on the data classifications provided in 

the 2009 SICT and 2009 ASPBI. Other variables were adopted from the UNCTAD-National 

Statistical Office Thailand study. 

Table 4.1. Summary of variables used in the regression analysis 

Dependent variable Definition 

LN_SalesPerHour* Natural logarithm of the amount of sales per employee-hour (calculated 

in current Peso) 

Independent 

variables 

Definition 

CompFirm Percentage of firms with computers and other hardware 

NetFirm Percentage of firms with Internet access 

Website Percentage of firms with web presence 

CommEqpt Percentage of firms with communication equipment 

Comm_Mobile Percentage of firms using cellular mobile phones 

ECommerce_Inter Percentage of firms with e-commerce transactions via the Internet 

ECommerce_Other Percentage of firms with e-commerce transactions via computer 

networks other than the Internet 

ECommerce_Mobil Percentage of firms with e-commerce transactions via cellular mobile 

phones 

Employee_Comp Percentage of employees using computers routinely at work 
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Employee_Net Percentage of employees using computers with Internet access 

CapEx_ICT Percentage of firm’s capital expenditures for ICT machinery and 

equipment 

BV_ICT Percentage share of ICT machinery and equipment in book value of 

tangible fixed assets 

Desktop Number of desktop computers per 100 employees 

Laptop Number of laptops and notebooks per 100 employees 

MiniComp Number of mini computers per 100 employees 

Mainframe Number of mainframes per 100 employees 

Handheld Number of handheld devices per 100 employees 

Hardware_Others Number of units of other hardware per 100 employees 

Telephone Number of fixed telephone lines per 100 employees 

Mobile Number of cellular mobile phones per 100 employees 

Comm_Others Number of units of other communication equipment per 100 employees 

NetBuy Percentage of firms that have purchased goods and services via the 

Internet 

NetSell Percentage of firms that have received orders for goods and services via 

the Internet 

NetBuySell Percentage of firms that have both purchased and received orders for 

goods and services via the Internet 

OtherBuy Percentage of firms that have purchased goods and services via 

computer networks other than the Internet 

OtherSell Percentage of firms that have received orders for goods and services via 

computer networks other than the Internet 

OtherBuySell Percentage of firms that have both purchased and received orders for 

goods and services via computer networks other than the Internet 

MobileBuy Percentage of firms that have purchased goods and services via cellular 

mobile phones 

MobileSell Percentage of firms that have received orders for goods and services via 

cellular mobile phones 
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MobileBuySell Percentage of firms that have both purchased and received orders for 

goods and services via cellular mobile phones 

Intranet Percentage of firms with Intranet 

Extranet Percentage of firms with Extranet 

WAN Percentage of firms with WAN 

LAN Percentage of firms with LAN 

Network_Other Percentage of firms with other network channels 

Govt_Info Percentage of firms using the Internet to obtain information from 

government organizations 

Govt_GetForm Percentage of firms using the Internet to download or request 

government forms 

Govt_SendForm Percentage of firms using the Internet to complete forms online or send 

completed forms to government 

Govt_Payment Percentage of firms using the Internet to make online payments to 

government corporations 

Govt_Others Percentage of firms using the Internet for other dealings with the 

government 

Finance Percentage of firms using the Internet for finance 

Recruitment Percentage of firms using the Internet for internal or external 

recruitment 

Training Percentage of firms using the Internet for staff training 

InfoDistrib_Int Percentage of firms using the Internet for internal sharing or distribution 

of information 

InfoDistrib_Ext Percentage of firms using the Internet for sharing or distribution of 

information from other units 

InfoGet_Externa Percentage of firms using the Internet to get information from other 

units 

Internet_Others Percentage of firms using the Internet for other business operations 

Control variables Description 

LN_Cap_Hours Natural logarithm of the amount of book value of tangible fixed assets 
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per employee-hour (calculated in current Peso) 

LN_Labor_Hours Natural logarithm of the total number of hours worked for all employees 

SkillMix Percentage of employees who are directly working in production 

PSIC_15_16 Manufacturing sector – processed food, beverages, and tobacco 

PSIC_17_18_19 Manufacturing sector – textile, clothing, and leather 

PSIC_20 Manufacturing sector – wood industry 

PSIC_21_22 Manufacturing sector – paper and printing 

PSIC_23 Manufacturing sector – coke and petroleum 

PSIC_24_25 Manufacturing sector – chemical industry 

PSIC_26 Manufacturing sector – non-metallic mineral products 

PSIC_27 Manufacturing sector – basic metal industry 

PSIC_28 Manufacturing sector – fabricated metal products 

PSIC_29 Manufacturing sector – machinery and equipment 

PSIC_30_33 Manufacturing sector – computing, electrical, and precision instruments 

PSIC_34_35 Manufacturing sector – fabrication of vehicles 

PSIC_36 Manufacturing sector – other industries 

PSIC_37 Manufacturing sector – recycling industries 

*The UNCTAD study (2008) cited Atrostic et al. (2002) who relied on Baily’s (1986) findings to explain that using 

value added to measure labor productivity may lead to biased estimates of the growth model. It also added that value 

added, however, is a precise measure of labor productivity. With this, the study found sales per employee most apt 

for the study, which the researchers of this study are adopting, as well. 
 

C. Empirical Model 

 The researchers based their empirical model on the UNCTAD-National Statistical Office 

Thailand study whose original model, an equation derived from a linearized Cobb-Douglas 

production function, is the following: 
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where K is capital, L is employment, and M is spending on materials (UNCTAD 2008). The said 

study noted that similar models can be run using the same Cobb-Douglas framework. In the next 

equation, the study used total effective employment as the common denominator, defining 

effective employment as “total employment adjusted to reflect the declared number of hours 

effectively worked” during the year in focus. It added that, theoretically, the effective labor 

productivity model is more accurate for taking into account variations in the hours effectively 

spent by employees to work. Hence, it gives a second equation to match this: 
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where K is capital, L_effective is effective employment, and M is spending on materials. 

Given that the Thailand study was undertaken on the firm-level, it was imperative to 

establish first whether such a model, especially in its usage of control variables, could be used 

for an industry-level study such as this one, which is confirmed by Jung et al. (2013). After 

confirming that a similar framework could be used for this study, the researchers then formulated 

models fitting the data procured from the Philippine NSO, with the types of ICT variables 

grouped accordingly. 

Industry dummies were subsequently added as control variables to the models whenever 

the F-test yielded significant results for the addition of such, with the rationale behind this being 

to conserve the degrees of freedom in the model. Gujarati (2003) warns that the introduction of 

dummy variables should always be weighed against the total number of observations available 

for analysis, and with the limited dataset on hand, this certainly is an important consideration. 

All models analyzed in this paper conform to the following general format: 
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where      corresponds to the ICT variables used in the model and           corresponds to the 

industry dummy variables (if significant). 

Model 1: ICT investment outlay 
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Model 3: Degree of firm-level ICT uptake 
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Model 4: Hardware investment 
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Model 5: Communication equipment 
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Model 6: E-commerce (via Internet) 
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Model 7: E-commerce (via other computer networks) 

                                                              

                                      ∑                 
     

Model 8: E-commerce (via mobile phone) 

                                                              

                                         ∑                 
     

 

Model 9: Computer network channels 

                                                                         

                                        ∑                 
     

 

Model 10: Internet use - government dealings 

                                                              

                                                           

              ∑                 
     

Model 11: General Internet use 

                                                              

                                                                        

                                     ∑                  
     

 

 The researchers will use Gretl to run the regression tests on the empirical models above, 

and will consequently place regard on results that are at 1%, 5%, and 10% significant levels. As 

mentioned earlier in Chapter 1, the researchers clustered the different variables together to see 

how they collectively affect labor productivity. However, the mainstay in these models are labor 

productivity (LN_SalesPerHour) which assumes the dependent variable, and the control 

variables are book value of tangible fixed assets per employee-hour (LN_Cap_Hours), total 

number of hours worked for all employees (LN_Labor_Hours), and percentage of employees 

who are directly working in production (SkillMix). 
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Chapter 5 

ANALYSIS OF RESULTS 

 

A. Descriptive Analysis 

To obtain a general overview of the ICT-productivity situation of the manufacturing 

sector, a descriptive analysis was run on the 71 observations in the dataset. It must again be 

noted that the data points are on an industry group (three-digit PSIC code) level. Hence, larger 

industry groups composed of more numerous firms would be given the same weight as industry 

groups with fewer firms. This is reasonable and would not hamper analysis since this 

undertaking is an industry-level study and not a firm-level study. Moreover, with the availability 

of aggregate data for the entire sector, the statistics obtained were compared vis-à-vis data on the 

sectoral level. 

Table 5.1 below provides a profile of the manufacturing sector with regard to 

productivity control variables. 

Table 5.1. Overview of the productivity situation in the manufacturing sector 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

LN_SalesPerHour 0.5858 0.174658 0.0504499 -2.46735 4.97517 1.32494 

LN_Cap_Hours -0.7253 -1.21618 -1.29746 -3.89096 3.04973 1.33112 

LN_Labor_Hours 21.3341 16.2019 16.2641 11.7543 19.0538 1.48998 

SkillMix 0.7527 0.722472 0.755888 0.258340 0.943311 0.131889 

 

Since the natural logarithm was taken for all indicators except for SkillMix and the 

measures for the variables under the Cobb-Douglas production function are of different units, no 

conclusive implications nor comparisons may be done at this point. The sign and magnitude of 

the variables must not be hastily contrasted against each other. 
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Moreover, the aggregate sector registered better numbers across the board than the mean 

of the industry groups. This would imply that industry groups composed of firms with 

comparatively worse numbers were factored in more and thus dragged down the numbers of the 

other groups. It was previously mentioned that larger industry groups composed of more 

numerous firms would be given the same weight as industry groups with fewer firms. Thus, it is 

most likely the case that the smaller industry groups were the ones pulling down the statistics. 

This is theoretically sensible since fledgling and under-competitive industries most likely are of a 

smaller scale than more developed industries. 

Table 5.2. ICT investment outlay across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

CapEx_ICT 4.8143 7.31143 3.36649 0.000000 66.2925 11.3992 

BV_ICT 3.7970 5.58720 3.65761 0.121015 50.4173 7.61275 

Both variables expressed in percentages 

It can be observed from Table 5.2 that there is a wide disparity among industry groups in 

the extent of capital allocation for ICT. On one hand, there were groups with 50% of book value 

of tangible fixed assets belonging to ICT machinery and equipment and there were also those 

that appropriated as much as 66% of capital expenditures for ICT machinery and equipment. On 

the other hand, there were groups with less than 1% of tangible fixed assets belonging to ICT as 

well as those who appropriated none at all for capital expenditures in ICT. 

Jumping off from the deduction that smaller industry groups pull the sector numbers 

away from the aggregate towards the mean, the relative magnitude of the mean as compared to 

the aggregate sector could mean that  more investments are being done in ICT by the smaller 

groups, either because they have a higher propensity to adopt technology or because only a few 

firms are able to penetrate industries which require heavy ICT investments. 
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Table 5.3. Degree of employee-level ICT uptake across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Employee_Comp 4.8143 21.1734 19.4736 3.19028 74.7100 13.5039 

Employee_Net 3.7970 12.2416 9.17689 0.718860 51.3761 9.69176 

Both variables expressed in percentages 

Again, the disparity earlier noted in Table 5.2 for ICT investment outlay was observed for 

Table 5.3 above. Employee access to computers range from 3.20% to 74.71%, whereas employee 

access to internet range from 0.72% to 51.38%. The mean is at least 4 times larger than the 

aggregate number for both variables, which would once again indicate that the smaller industry 

groups make more use of technology than other groups. It is worth noting that on the average, 1 

out of 5 employees in an industry group routinely uses computers at work. 

Table 5.4. Degree of firm-level ICT uptake across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

CompFirm 73.6867 85.8389 96.4815 12.0000 100.000 21.1352 

NetFirm 55.5575 73.4266 85.6115 1.50637 100.000 27.7267 

Website 17.6144 22.1941 19.3548 0.000000 68.2927 17.8987 

CommEqpt 87.3055 88.9221 100.000 8.00000 100.000 20.4089 

Comm_Mobile 57.1663 60.8339 59.6899 4.00000 100.000 24.2316 

ECommerce_Inter 19.1939 24.3367 21.1268 0.347625 91.6667 16.8545 

ECommerce_Other 11.1501 15.3887 12.9032 0.000000 58.2441 13.7834 

Ecommerce_Mobil 34.4390 29.8890 24.2424 0.000000 80.1083 19.9030 

All variables expressed in percentages 

 Glaring disparities can also be observed in the results for firm-level ICT uptake, with 

standard deviations even larger than those in the previous results. As can be clearly seen, the 

differences of the minimum and maximum values for any given variable is considerably large. 

Those on the extreme cases include web presence, e-commerce via other networks aside from the 
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Internet, and e-commerce via mobile phones – each ranging from less than 1% use to as high as 

80%. Other cases are just as stark, especially the firms with internet access, ranging from  a 

meager 1.5% to 100%. However, means and aggregate numbers are relatively not too far off 

from each other, generally the former a bit higher than the latter. Industry groups with good 

statistics had a hand in pulling up the means, and they could be the more mature groups with 

better experience in utilizing technology, or newer groups that are well-equipped from the start, 

or both. 

Table 5.5. Hardware investment across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Desktop 15.6048 17.3589 15.8115 0.710433 60.3569 10.7279 

Laptop 3.6117 4.64682 2.50572 0.000000 80.6439 9.85867 

MiniComp 0.3857 0.364577 0.234398 0.000000 2.09895 0.438431 

Mainframe 0.0247 0.0537812 0.000000 0.000000 0.740741 0.132030 

Handheld 0.3597 0.917126 0.000000 0.000000 46.5477 5.60224 

Hardware_Others 0.1822 0.162953 0.000000 0.000000 4.44778 0.552693 

All variables in number of units owned per 100 employees 

ICT hardware investments are noticeably scant within the manufacturing sector, with an 

average of only 17 desktop computers, 4 laptops, and 0.40 of the higher-order minicomputers 

and mainframes for every 100 employees. Likewise, handheld devices and other forms of 

hardware registered a combined total of 1 unit for every 100 employees. However, there were 

also groups found to have 60 desktop computers for every 100 employees while there still are 

others owning 80 laptops for every 100 employees. It is also surprising that there are industry 

groups owning handheld units numbering to almost half of their total employees. The evident 

lack of ICT hardware in the workplace could be indicative of the quality of labor employed in 

the sector. A significant number of workers in the sector are involved in production, and given 
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the composition of our industries as mostly employing unskilled labor, these workers need not 

perform more sophisticated tasks on technological devices, thus the lack of existing hardware. 

Table 5.6. Communication equipment across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Telephone 8.9531 8.06176 5.45887 0.201728 75.4585 12.0642 

Mobile 4.0209 5.51913 3.21812 0.0964785 32.7984 6.91640 

Comm_Others 0.1165 0.147015 0.0927282 0.000000 1.30584 0.216147 

All variables in number of units owned per 100 employees 

Comparing the aggregate sector numbers and the mean, smaller industry groups are 

found to own slightly less fixed telephone lines, more cellular mobile phones, and more units of 

other types of communication equipment than the larger industry groups. It is interesting to note 

here that the maximum number of fixed telephone lines in an industry group was 75 for every 

100 employees, which occurred under the manufacture of bakery products industry group. 

Table 5.7. E-commerce (via Internet) across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

NetBuy 4.2822 5.91826 0.589722 0.000000 66.6667 10.2196 

NetSell 4.2237 4.81985 1.85185 0.000000 51.4563 8.22253 

NetBuySell 10.6938 13.5919 10.8108 0.000000 52.8908 12.4114 

All variables expressed in percentages 

 Noticeably, all three variables start the range of the use of buying, selling, or both via the 

Internet with less than 1% to as high as 66.7%. It is also worth it to note that all means are higher 

than the aggregate numbers, from which one may infer that smaller industry groups are more 

active in making transactions via the Internet. This is very much conceivable as these smaller 

groups consequently have fewer physical resources or less logistical capability when it comes to 

actual buying and selling, and so revert to doing them online. 
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Table 5.8. E-commerce (via other computer networks) across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

OtherBuy 2.7905 1.55808 0.000000 0.000000 14.0691 3.14407 

OtherSell 1.0998 2.05817 0.000000 0.000000 18.7500 3.80092 

OtherBuySell 7.2599 11.7724 7.14286 0.000000 55.4604 13.3168 

All variables expressed in percentages 

 One out of three variables saw a relatively big standard deviation, but the other two 

disparities are very small. However, as in the previous set of results, the range for e-commerce 

use in this particular set starts with less than 1% use. Two of the means are higher than the 

aggregate number, with 2.06% of the firms engaged in selling and 11.77% engaged in selling and 

buying via other computer networks other than the Internet. However, the mean for buying is 

less than the aggregate number. On the whole, smaller industry groups do not engage as much in 

such a kind of transaction. Compared to the previous set of results, firms do not make as many 

transactions via other computer networks as those who do via the Internet. However, for either 

case, inarguably, firms hardly make transactions online. 

Table 5.9. E-commerce (via mobile phone) across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

MobileBuy 3.6329 2.82947 0.000000 0.000000 36.8065 5.87291 

MobileSell 3.0888 2.07245 0.000000 0.000000 19.2308 3.91361 

MobileBuySell 27.7115 24.9841 20.0000 0.000000 69.7436 18.6011 

All variables expressed in percentages 

 While only an average of 2.83% of firms engage in e-purchasing via the mobile phone 

and 2.07% in e-selling via the mobile phone, a surprisingly large 25% of firms engaged in both 

e-buying and e-selling. There still exist a lot of firms however that do not engage in any of the 

mobile e-commerce transactions. The means being smaller than the aggregate sector numbers, 

smaller industry groups are likewise seen to engage less in such kinds of transactions. 
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Table 5.10. Computer network channels across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Intranet 8.4065 16.8568 8.21918 0.000000 73.3333 16.8147 

Extranet 1.2753 4.23680 0.189394 0.000000 36.3636 7.64502 

WAN 10.5593 14.4615 7.48299 0.000000 86.6667 17.4348 

LAN 25.5996 41.3647 41.6667 1.05932 90.9091 23.4275 

Network_Other 1.5152 5.57678 1.02740 0.000000 36.3636 8.71889 

All variables expressed in percentages 

Like a lot of the previous analyses, the means for this set of ICT indicators are 

considerably larger than the aggregate sector numbers, which indicates that industry groups 

composed of smaller firms are more likely to invest in computer network channels. Except for 

LAN, which was organized in at least 1.06% of the firms within an industry group, for all other 

computer network channels such as Intranet, Extranet, and WAN, there exist industry groups 

wherein none at all of the firms belonging to it invested in the aforementioned channels. 

Similarly, LAN was overwhelmingly the most used, both in terms of mean and maximum value. 

The least used, both in terms of mean and maximum, was the Extranet. 

Table 5.11. Internet use (for government dealings) across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Govt_Info 33.4693 52.9763 60.5852 0.579374 100.000 28.6233 

Govt_GetForm 38.9135 58.9103 66.6667 0.695249 100.000 28.7763 

Govt_SendForm 24.5808 40.3922 36.3636 0.000000 94.4444 26.2185 

Govt_Payment 17.4825 31.0442 25.4181 0.000000 78.0488 21.7108 

Govt_Others 0.0567 0.223121 0.000000 0.000000 6.66667 1.06638 

All variables expressed in percentages 

 With the exception of using the Internet to make miscellaneous dealings with the 

government, all other variables have comparably large standard deviations. However, perhaps 
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most noteworthy from the results are the figures under the maximum column. It shows that there 

are indeed industries that take advantage of the Internet to communicate with the government, 

although there are those who practically do not, as evidenced by the less than 1% figures in the 

minimum column. Also noteworthy are the means, which are relatively high. They indicate also 

that more than half of the manufacturing industries use the Internet to obtain information and 

download forms from the government. Nearly half of them use the Internet to send forms, and 

slightly over three-tenths make payments to the government via the Internet. 

Table 5.12. General Internet use across industry groups 

Variable Aggregate sector Mean Median Minimum Maximum Std. Dev. 

Finance 17.0859 25.3218 23.7410 0.000000 85.7143 19.5545 

Recruitment 10.8600 19.2383 16.6667 0.000000 66.6667 15.1117 

Training 7.2796 11.2922 6.11111 0.000000 66.6667 13.2002 

InfoDistrib_Int 18.0660 24.2302 24.1379 0.000000 75.0000 16.9133 

InfoDistrib_Ext 17.8337 22.9255 19.0000 0.000000 63.6364 17.7543 

InfoGet_Externa 19.9071 33.3141 29.0000 0.000000 100.000 23.1255 

Internet_Others 0.1416 0.453523 0.000000 0.000000 25.0000 2.98922 

All variables expressed in percentages 

 

 Most evident upon examination of Table 5.12 is the minimum value of 0% across all 

types of Internet usage, meaning that for each of these (e.g., finance, recruitment, training), there 

are industry groups for which either none of the firms have computers or Internet or none 

knowingly or unknowingly utilize the type of Internet use specified. Out of the general forms of 

Internet usage specified, the procurement of information from external units is most popular, 

with 1 of 3 firms on average making use of such a feature. More than 20% of firms on average 

use the Internet for finance, internal sharing or distribution of information, and external sharing 

or distribution of information. Firms conducting recruitment efforts as well as trainings on the 
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internet are at 19% and 11% respectively. Only 0.45% of firms mentioned to have other uses for 

the Internet. Like in previous analyses, means were larger than aggregate numbers, implying 

once again the more aggressive stance towards ICT by newer players in the industry. 

 

B. Effects of ICT indicators on labor productivity 

An ordinary least squares regression was run on each of the eleven models earlier 

presented. As has been mentioned, each model was even-handedly crafted to suit real-life 

situations, as well as the objectives of this study which are to determine the effects of clustered 

forms of ICT on labor productivity as well as to explore the overall effect of ICT also on labor 

productivity. 

All of the models will be tested and analyzed one by one. As mentioned in the discussion 

on empirical model, in an attempt to conserve degrees of freedom, industry dummies were added 

as control variables only when the F-test yielded significant results for the inclusion of such. 

Moreover, each model has already been tested for heteroscedasticity (White’s test and Koenker 

test), multicollinearity (Variance Inflation Factors and Correlation Matrix), and normality of 

residuals (Doornik-Hansen test). Unless otherwise stated, the tests have yielded favorable results 

at least at the 10% significance level and would not be tackled at length in this chapter (results of 

these tests will be the subject of Appendix C). 

Regression outputs for heteroscedasticity-robust standard errors were also taken to verify 

the results from the OLS output and to further determine whether heteroscedasticity may pose a 

problem in the model. Unless otherwise stated, the tests have yielded favorable results and would 

not be tackled at length in this chapter (heteroscedasticity-corrected results will be the subject of 

Appendix D). 
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Regression Results for Control Variables 

 Three control variables were used for all ICT models, namely: capital intensity, labor, 

and skill mix. In order to better ascertain the effects of these variables to labor productivity and 

verify the consistency of findings with respect to these across the models, side-by-side 

comparisons of the regression results are provided in Tables 5.13 to 15. 

Table 5.13. Summary of results for capital intensity 

 Model Coefficient Std. Error t-ratio p-value  

1 ICT investment outlay 0.720065 0.0718776 10.018 <0.00001 *** 

2 Degree of employee-level ICT uptake 0.659437 0.0938322 7.0278 <0.00001 *** 

3 Degree of firm-level ICT uptake 0.666599 0.095794 6.9587 <0.00001 *** 

4 Hardware investment 0.663417 0.0983172 6.7477 <0.00001 *** 

5 Communication equipment 0.582563 0.0912887 6.3815 <0.00001 *** 

6 E-commerce (via Internet) 0.657129 0.100628 6.5303 <0.00001 *** 

7 E-commerce (via other computer networks) 0.673636 0.0958754 7.0262 <0.00001 *** 

8 E-commerce (via mobile phone) 0.651909 0.0938361 6.9473 <0.00001 *** 

9 Computer network channels 0.647299 0.113357 5.7103 <0.00001 *** 

10 Internet use (for government dealings) 0.543103 0.103346 5.2552 <0.00001 *** 

11 General Internet use 0.616271 0.102213 6.0293 <0.00001 *** 

 

 As expected, capital intensity produced strongly significant effects on labor productivity 

whatever the model used, as evidenced by p-values of <0.00001 across the board. Coefficients 

likewise showed a similar trend, with most values within the range of 0.64. This coefficient 

indicates that a 1% increase in capital intensity leads to a 0.65% increase in productivity. More 

specifically, a 1% increase in the amount of book value of tangible fixed assets per employee-

hour would lead to a 0.65% increase in the amount of sales per employee-hour. Since both 

variables are expressed with respect to employee-hour, this implication could be simplified as 
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there being an equivalent 0.72% increase in the amount of sales for every 1% increase in the 

amount of book value of tangible fixed assets. 

Table 5.14. Summary of results for labor 

 Model Coefficient Std. Error t-ratio p-value  

1 ICT investment outlay -0.0622765 0.0605818 -1.028 0.30796  

2 Degree of employee-level ICT uptake 0.0892832 0.0646653 1.3807 0.17339  

3 Degree of firm-level ICT uptake 0.162632 0.0626133 2.5974 0.01273 ** 

4 Hardware investment 0.0834821 0.068873 1.2121 0.23128  

5 Communication equipment 0.13964 0.061123 2.2846 0.02662 ** 

6 E-commerce (via Internet) 0.0921851 0.0651305 1.4154 0.16315  

7 E-commerce (via other computer networks) 0.0953343 0.0653209 1.4595 0.15069  

8 E-commerce (via mobile phone) 0.112226 0.0647863 1.7323 0.08939 * 

9 Computer network channels 0.0947966 0.0785531 1.2068 0.23343  

10 Internet use (for government dealings) 0.0735059 0.062352 1.1789 0.24402  

11 General Internet use 0.134593 0.0689388 1.9524 0.057 * 

 

 In strong contrast to capital intensity, labor was found to contribute insignificantly to 

labor productivity in majority of the models, perhaps a number of ICTs do not require large 

amounts of employees for operation. Significance at the 5% level was noted for models on firm-

level ICT uptake and communication equipment, whereas significance at the 10% level was 

observed from models on e-commerce via mobile phone and general Internet use. Coefficients 

were generally positive, except for one model (i.e., on ICT investment outlay), which registered 

a slightly negative coefficient. Coefficients however are mostly in the range of 0.09, implying a 

0.09% increase in labor productivity for a 1% increase in the total number of hours worked 

registered in the firm.  
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Table 5.15. Summary of results for skill mix 

 Model Coefficient Std. Error t-ratio p-value  

1 ICT investment outlay -2.51239 0.777443 -3.2316 0.00197 *** 

2 Degree of employee-level ICT uptake -3.03863 0.993676 -3.058 0.00354 *** 

3 Degree of firm-level ICT uptake -4.32204 0.958267 -4.5103 0.00005 *** 

4 Hardware investment -3.08793 1.01118 -3.0538 0.00365 *** 

5 Communication equipment -3.24441 0.930406 -3.4871 0.00103 *** 

6 E-commerce (via Internet) -2.78013 0.992268 -2.8018 0.00721 *** 

7 E-commerce (via other computer networks) -2.8707 0.963117 -2.9806 0.00443 *** 

8 E-commerce (via mobile phone) -2.88902 0.951943 -3.0349 0.00381 *** 

9 Computer network channels -2.36824 1.32324 -1.7897 0.07981 * 

10 Internet use (for government dealings) -3.19946 0.910989 -3.5121 0.00095 *** 

11 General Internet use -3.75523 1.00838 -3.724 0.00053 *** 

 

 The variable skill mix, defined as the percentage of employees who are directly working 

in production, although significantly affecting labor productivity, actually divests industries of 

productivity as implied by the negative sign of the coefficients. Significant at a 1% level across 

all models except for computer network channels (wherein its significance level was at 10%), 

skill mix demonstrates an average coefficient of roughly -3.10. This suggests that for every 

additional percentage point of employees working directly in production, there is a 

corresponding 310% decrease in productivity. As mentioned in Chapter 3, Scott Morton (1991) 

explains that work errors can cause more problems in technology-infused systems in production 

than in those that do not employ much technology because the former is structured in a way that 

processes are linked more interdependently. With this premise, it may be the case that with more 
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employees, there are even greater chances of error in work which may negatively affect 

productivity. 

This startling result stands completely opposite from the findings of Atrostic and Nguyen 

(2002) who noted that skill mix positively and significantly affects labor productivity. This must 

be considered, however, alongside the fact that that their study was based on US manufacturing 

panel data. Unfortunately, the closest possible comparable study, i.e., the UNCTAD (2008) study 

conducted on Thailand, does not contain the skill mix variable. 

Should the case be that the productivity losses arising from skill mix indeed is a 

phenomenon that must be addressed, and not simply a measurement error, a possible explanation 

for this is that too many workers are put in production, thereby causing bottlenecks and 

inefficiencies on the production side and scarcity of administrative resources on the non-

production side. Scott Morton (1991) also asserts that there are cases when firms or industries 

train the managers for technical skills, which leaves nothing or little to the workers. 

 

Model 1: ICT investment outlay 

 The F-statistic for the introduction of industry dummy variables into the model was found 

to be insignificant at a p-value of 0.319258. Hence, such variables were dropped from the model. 

Table 5.16 presents the results of the regression. 

Table 5.16. Results of OLS regression on ICT investment outlay 

  Coefficient Std. Error t-ratio p-value  

const 3.76824 0.945469 3.9856 0.00018 *** 

LN_Cap_Hours 0.720065 0.0718776 10.0179 <0.00001 *** 

LN_Labor_Hours -0.0622765 0.0605818 -1.0280 0.30796  

SkillMix -2.51239 0.777443 -3.2316 0.00197 *** 
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CapEx_ICT -0.00997654 0.00719048 -1.3875 0.17027  

BV_ICT 0.0466447 0.0255131 1.8283 0.07232 * 

 

Mean dependent var  0.197637  S.D. dependent var  1.308356 

Sum squared resid  21.24820  S.E. of regression  0.585417 

R-squared  0.814734  Adjusted R-squared  0.799793 

F(5, 62)  54.53080  P-value(F)  2.05e-21 

Log-likelihood -56.93782  Akaike criterion  125.8756 

Schwarz criterion  139.1927  Hannan-Quinn  131.1523 

*** Significant at a 1% significance level; ** 5%; * 10% 

 

The above results point to the importance of the time element in ICT investment payoff. 

Table 5.13 indicates that ICT investments as measured historically and pooled over time (as in 

the book value) not only are more significant than new ICT investments (as measured in the 

capital expenditures), but these yield positive effects on the labor productivity whereas the latter 

yield to slightly negative effects on labor productivity. More specifically, for a percentage point 

increase of the share of ICT in book value, labor productivity is expected to increase by 4.66% 

while for a percentage point increase of the share of ICT in capital expenditures, labor 

productivity is expected to decrease by 1.00%. 

It is worth noting the relationship between capital expenditure and book value. Capital 

expenditure is considered as a flow variable, whereas book value is considered as a stock 

variable. Capital expenditures made flow into the book value account/“stock” of the company. 

Thus, this means that capital expenditures simultaneously become part of the book value. 

The implication of this insight on the results that we have obtained goes two ways. If 

book value as measured in the model is computed after the capital expenditures are made, then 
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the capital expenditures allegedly causing negative effects on productivity (i.e., -1.00%) actually 

produce positive, albeit reduced, effects as they also form part of the book value. In 

mathematical terms, the -1.00% would be balanced out by the +4.66% and would yield 3.66%. 

Otherwise, if book value as measured in the model is computed before the capital 

expenditures are made, then the capital expenditures indeed negatively affect labor productivity -

- for the time being. This points to the period of adjustment required before the positive effects of 

ICT can fully be realized. 

In a nutshell, these results indicate that the returns to ICT may not immediately 

materialize right after purchase/procurement, or it could also be a suggestion of over-investment 

on the part of the industries (although the latter may not be as likely given the results from the 

descriptive analysis which show that investments for ICT in this sector are only little). 

 

Model 2: Degree of employee-level ICT uptake 

 The F-statistic for the introduction of industry dummy variables into the model was found 

to be significant at the 5% level with a p-value of 0.028543. Hence, such variables were included 

in the model. Table 5.17 presents the results of the regression. 

Table 5.17. Results of OLS regression on degree of employee-level ICT uptake 

  Coefficient Std. Error t-ratio p-value  

const 1.49361 1.09115 1.3688 0.17705  

LN_Cap_Hours 0.659437 0.0938322 7.0278 <0.00001 *** 

LN_Labor_Hours 0.0892832 0.0646653 1.3807 0.17339  

SkillMix -3.03863 0.993676 -3.0580 0.00354 *** 

Employee_Comp -0.00114797 0.0101943 -0.1126 0.91078  

Employee_Net -0.00786462 0.01764 -0.4458 0.65760  

PSIC_15__16 0.402282 0.424909 0.9467 0.34823  
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PSIC_17__18__19 0.140598 0.346388 0.4059 0.68652  

PSIC_20 0.170728 0.515487 0.3312 0.74185  

PSIC_21__22 -0.116342 0.501339 -0.2321 0.81742  

PSIC_23 1.2292 0.906267 1.3563 0.18097  

PSIC_24__25 -0.0510154 0.48511 -0.1052 0.91666  

PSIC_26 0.114658 0.504551 0.2272 0.82114  

PSIC_27 0.249731 0.519913 0.4803 0.63304  

PSIC_28 -0.0672311 0.533203 -0.1261 0.90016  

PSIC_29 0.356774 0.464087 0.7688 0.44558  

PSIC_30_33 0.613746 0.332072 1.8482 0.07037 * 

PSIC_34__35 0.604867 0.460145 1.3145 0.19455  

PSIC_36 0.0195785 0.761144 0.0257 0.97958  

PSIC_37 2.16004 0.535421 4.0343 0.00018 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  18.13867  S.E. of regression  0.596372 

R-squared  0.852391  Adjusted R-squared  0.797399 

F(19, 51)  15.50034  P-value(F)  5.56e-15 

Log-likelihood -52.30013  Akaike criterion  144.6003 

Schwarz criterion  189.8539  Hannan-Quinn  162.5962 

*** Significant at a 1% significance level; ** 5%; * 10% 

 

 None of the two employee-level ICT indicators are insignificant in the labor productivity 

equation. It can also be gleaned from the negative coefficients that a 1 percentage point increase 

in employee access to either results to a negative effect on productivity, although this is just 

below 1%. Some industry variables were also found to be significant, with the recycling 

industries (PSIC_37) presenting a 1% significance level and the computing, electrical, and 
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precision instruments (PSIC_30_33) presenting a 10% significance level. In the 

heteroskedasticity-corrected model, however, PSIC_30_33 failed to be significant. 

 

Model 3: Degree of firm-level ICT uptake 

 The F-statistic for the introduction of industry dummy variables into the model was found 

to be significant at the 5% level with a p-value of 0.0168683. Hence, such variables were 

included in the model. Table 5.18 presents the results of the regression. 

Table 5.18. Results of OLS regression on degree of firm-level ICT uptake 

  Coefficient Std. Error t-ratio p-value  

const 1.36348 0.970589 1.4048 0.16710  

LN_Cap_Hours 0.666599 0.095794 6.9587 <0.00001 *** 

LN_Labor_Hours 0.162632 0.0626133 2.5974 0.01273 ** 

SkillMix -4.32204 0.958267 -4.5103 0.00005 *** 

CompFirm 0.0147359 0.00568772 2.5908 0.01294 ** 

NetFirm -0.00581267 0.00621347 -0.9355 0.35464  

Website -0.014005 0.00533503 -2.6251 0.01187 ** 

CommEqpt -0.00803852 0.00669344 -1.2010 0.23619  

Comm_Mobile 0.00720262 0.00496152 1.4517 0.15368  

ECommerce_Inter 0.00809107 0.00614587 1.3165 0.19482  

ECommerce_Other -0.00800046 0.00730386 -1.0954 0.27931  

Ecommerce_Mobil -0.0106226 0.00455855 -2.3303 0.02444 ** 

PSIC_15__16 -0.0650492 0.471158 -0.1381 0.89082  

PSIC_17__18__19 0.0233932 0.332018 0.0705 0.94415  

PSIC_20 -0.228602 0.503485 -0.4540 0.65203  

PSIC_21__22 -0.634275 0.419804 -1.5109 0.13797  

PSIC_23 0.189037 0.87057 0.2171 0.82910  
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PSIC_24__25 -0.384205 0.457093 -0.8405 0.40515  

PSIC_26 0.143526 0.488414 0.2939 0.77025  

PSIC_27 0.143042 0.55056 0.2598 0.79622  

PSIC_28 -0.096463 0.547668 -0.1761 0.86100  

PSIC_29 0.19746 0.412924 0.4782 0.63488  

PSIC_30_33 0.394002 0.331946 1.1869 0.24162  

PSIC_34__35 0.30813 0.430178 0.7163 0.47760  

PSIC_36 0.62394 0.712094 0.8762 0.38568  

PSIC_37 2.08866 0.543631 3.8421 0.00039 *** 

 

Mean dependent var  0.163676  S.D. dependent var  1.331249 

Sum squared resid  12.17627  S.E. of regression  0.526054 

R-squared  0.900426  Adjusted R-squared  0.843850 

F(25, 44)  15.91529  P-value(F)  9.46e-15 

Log-likelihood -38.11047  Akaike criterion  128.2209 

Schwarz criterion  186.6818  Hannan-Quinn  151.4423 

*** Significant at a 1% significance level; ** 5%; * 10% 

 Owning computers and hardware, having web presence, and engaging in e-commerce via 

mobile phone are all significant at the 5% level. This means that a 1 percentage point change in 

firm ownership of computers and hardware will increase productivity by 1.47%. Loosely in 

contrast, in the study of Maliranta et al. (2006) conducted in Finland, 9% labor productivity gains 

from a higher share of labor using desktops. Meanwhile, Hagén et al.’s (2005) study in Sweden 

shows that a 10% increase in computer-equipped labor leads to an increase of labor productivity 

by 1.3%. A 1 percentage point increase in the number of firms with web presence, however, will 

lower productivity by 1.40%. Lastly, a 1 percentage point change in engaging in e-commerce via 

mobile will result in a 1.06% decrease in productivity. Criscuolo et al. (2003) also yielded results 
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suggesting that electronic selling negatively affects productivity, attributing to more intense price 

competition and price transparency entailed to market products online. Like in the previous 

model, the recycling industries yielded a 1% significance. In the heteroskedasticity-corrected 

model, the paper and printing industry became significant as well, on a 10% level. 

 

Model 4: Hardware investment 

The F-statistic for the introduction of industry dummy variables into the model was found to be 

significant at the 5% level with a p-value of 0.0496344. Hence, such variables were included in 

the model. Table 5.19 presents the results of the regression. 

Table 5.19. Results of OLS regression on hardware investment 

  Coefficient Std. Error t-ratio p-value  

const 1.7326 1.20233 1.4410 0.15620  

LN_Cap_Hours 0.6631 0.100594 6.5918 <0.00001 *** 

LN_Labor_Hours 0.0890354 0.070451 1.2638 0.21254  

SkillMix -3.30373 1.0811 -3.0559 0.00369 *** 

Desktop -0.00822282 0.0140547 -0.5851 0.56131  

Laptop 0.000598978 0.0365124 0.0164 0.98698  

MiniComp 0.0450012 0.286023 0.1573 0.87566  

Mainframe -0.124943 0.762553 -0.1638 0.87055  

Handheld 0.0802953 0.0751857 1.0680 0.29099  

Hardware_Others 0.185446 0.177008 1.0477 0.30015  

PSIC_15__16 0.285223 0.436627 0.6532 0.51678  

PSIC_17__18__19 0.123962 0.353187 0.3510 0.72717  

PSIC_20 0.11993 0.511513 0.2345 0.81564  

PSIC_21__22 -0.28769 0.486198 -0.5917 0.55688  
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PSIC_23 -2.51594 3.79675 -0.6627 0.51079  

PSIC_24__25 -0.105494 0.490787 -0.2149 0.83074  

PSIC_26 0.0136604 0.511506 0.0267 0.97881  

PSIC_27 0.218025 0.559738 0.3895 0.69866  

PSIC_28 -0.000997615 0.550189 -0.0018 0.99856  

PSIC_29 0.180936 0.486353 0.3720 0.71155  

PSIC_30_33 0.593712 0.334181 1.7766 0.08210 * 

PSIC_34__35 0.351235 0.454237 0.7732 0.44325  

PSIC_36 -0.368848 0.762024 -0.4840 0.63061  

PSIC_37 2.13349 0.543879 3.9227 0.00028 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.03319  S.E. of regression  0.602004 

R-squared  0.861387  Adjusted R-squared  0.793555 

F(23, 47)  12.69883  P-value(F)  3.00e-13 

Log-likelihood -50.06782  Akaike criterion  148.1356 

Schwarz criterion  202.4400  Hannan-Quinn  169.7307 

*** Significant at a 1% significance level; ** 5%; * 10% 

 

 The initial results showed a high correlation rate in some variables, and some of the 

variance inflation factors (VIFs) were too high. The researchers decided to drop the Laptop 

variable, which had the highest p-value. However, some VIFs were still high, so the coke and 

petroleum industry was also dropped because it had the highest p-value. Finally, there was no 

multicollinearity problem anymore, nor was there any specification problem, as tested in Gretl. 

Table 5.20 presents the corrected model. 
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Table 5.20. Results of OLS regression on hardware investment (corrected) 

  Coefficient Std. Error t-ratio p-value  

const 1.61208 1.16923 1.3788 0.17423  

LN_Cap_Hours 0.663417 0.0983172 6.7477 <0.00001 *** 

LN_Labor_Hours 0.0834821 0.068873 1.2121 0.23128  

SkillMix -3.08793 1.01118 -3.0538 0.00365 *** 

Desktop -0.00701937 0.0123817 -0.5669 0.57336  

MiniComp 0.0474947 0.269688 0.1761 0.86093  

Mainframe -0.126822 0.747271 -0.1697 0.86593  

Handheld 0.030486 0.0200133 1.5233 0.13411  

Hardware_Others 0.198929 0.171453 1.1603 0.25157  

PSIC_15__16 0.384768 0.402972 0.9548 0.34435  

PSIC_17__18__19 0.152313 0.34525 0.4412 0.66103  

PSIC_20 0.138945 0.502869 0.2763 0.78348  

PSIC_21__22 -0.233172 0.472928 -0.4930 0.62419  

PSIC_24__25 -0.0552889 0.478498 -0.1155 0.90848  

PSIC_26 0.0456052 0.500209 0.0912 0.92773  

PSIC_27 0.267568 0.546655 0.4895 0.62670  

PSIC_28 0.0260772 0.540334 0.0483 0.96170  

PSIC_29 0.225544 0.438824 0.5140 0.60958  

PSIC_30_33 0.622534 0.326464 1.9069 0.06241 * 

PSIC_34__35 0.415051 0.436455 0.9510 0.34629  

PSIC_36 -0.28327 0.706477 -0.4010 0.69019  

PSIC_37 2.14353 0.535252 4.0047 0.00021 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.22463  S.E. of regression  0.592894 
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R-squared  0.859829  Adjusted R-squared  0.799756 

F(21, 49)  14.31299  P-value(F)  2.65e-14 

Log-likelihood -50.46459  Akaike criterion  144.9292 

Schwarz criterion  194.7081  Hannan-Quinn  164.7247 

*** Significant at a 1% significance level; ** 5%; * 10% 

 

In the end, the computing, electrical, and precision instruments industry, as well as the 

recycling industry are both significant, the former reaching a 10% significance level and the 

latter reaching 1% significance level. Unfortunately, none of the ICT variables registered 

significant values. It is interesting to note that desktops were seen to negatively affect 

productivity to an extent. This might suggest that desktops and other hardware are used not 

particularly for production, but for other miscellaneous, unrelated activities. Per contra, studies 

conducted by Maliranta et al. (2006) in Finland and Hagén et al. (2005) in Sweden show that 

higher productivity is gained with an increase of computer use by the labor force. 

 

Model 5: Communication equipment 

The F-statistic for the introduction of industry dummy variables into the model was found 

to be significant at the 1% level with a p-value of 0.00137214. Hence, such variables were 

included in the model. Table 5.21 presents the results of the regression. 

Table 5.21. Results of OLS regression on communication equipment 

  Coefficient Std. Error t-ratio p-value  

const 0.632597 0.986331 0.6414 0.52422  

LN_Cap_Hours 0.582563 0.0912887 6.3815 <0.00001 *** 

LN_Labor_Hours 0.13964 0.061123 2.2846 0.02662 ** 

SkillMix -3.24441 0.930406 -3.4871 0.00103 *** 
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Telephone -0.0165005 0.0082855 -1.9915 0.05190 * 

Mobile 0.039843 0.0161595 2.4656 0.01715 ** 

Comm_Others -0.419356 0.358514 -1.1697 0.24767  

PSIC_15__16 0.39411 0.394575 0.9988 0.32269  

PSIC_17__18__19 0.0828918 0.321002 0.2582 0.79729  

PSIC_20 0.189768 0.467483 0.4059 0.68652  

PSIC_21__22 -0.300375 0.406925 -0.7382 0.46387  

PSIC_23 1.44917 1.07453 1.3487 0.18352  

PSIC_24__25 -0.0906149 0.445997 -0.2032 0.83982  

PSIC_26 0.131803 0.46921 0.2809 0.77994  

PSIC_27 0.433632 0.492561 0.8804 0.38288  

PSIC_28 -0.106785 0.497439 -0.2147 0.83090  

PSIC_29 0.0130768 0.426754 0.0306 0.97568  

PSIC_30_33 0.677679 0.305571 2.2177 0.03115 ** 

PSIC_34__35 0.585724 0.400591 1.4621 0.14996  

PSIC_36 -1.47975 0.813473 -1.8191 0.07489 * 

PSIC_37 2.04109 0.494899 4.1243 0.00014 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  15.12897  S.E. of regression  0.550072 

R-squared  0.876883  Adjusted R-squared  0.827636 

F(20, 50)  17.80590  P-value(F)  3.06e-16 

Log-likelihood -45.85920  Akaike criterion  133.7184 

Schwarz criterion  181.2347  Hannan-Quinn  152.6141 

*** Significant at a 1% significance level; ** 5%; * 10% 

 Number of mobile phones reached a 5% level of significance, while number of telephone 

lines only reached a 1% level of significance. For a firm with 100 employees, a unit addition in 
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mobile phones would lead to an almost 4% increase in productivity whereas a unit change in 

telephones would lead to 1.6% decrease in productivity. A few industry dummies also came up 

significantly. PSIC_36, classified as “other manufacturing industries,” was significant on the 

10% level. Computing, electrical, and precision instruments (PSIC_30_33) were significant at 

5%, while recycling industries (PSIC_37) were significant at 1%. 

 

Model 6: E-commerce (via Internet) 

The F-statistic for the introduction of industry dummy variables into the model was found 

to be significant at the 5% level with a p-value of 0.0308393. Hence, such variables were 

included in the model. Table 5.22 presents the results of the regression. 

Table 5.22. Results of OLS regression on e-commerce (via Internet) 

  Coefficient Std. Error t-ratio p-value  

const 1.16673 1.0166 1.1477 0.25656  

LN_Cap_Hours 0.657129 0.100628 6.5303 <0.00001 *** 

LN_Labor_Hours 0.0921851 0.0651305 1.4154 0.16315  

SkillMix -2.78013 0.992268 -2.8018 0.00721 *** 

NetBuy 0.00327809 0.00907439 0.3612 0.71944  

NetSell -0.00462961 0.0104555 -0.4428 0.65983  

NetBuySell 0.00129019 0.0071781 0.1797 0.85808  

PSIC_15__16 0.406756 0.424853 0.9574 0.34297  

PSIC_17__18__19 0.169983 0.354048 0.4801 0.63324  

PSIC_20 0.110004 0.52011 0.2115 0.83336  

PSIC_21__22 -0.275101 0.445132 -0.6180 0.53937  

PSIC_23 1.12912 0.911282 1.2390 0.22111  

PSIC_24__25 -0.118043 0.487923 -0.2419 0.80982  
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PSIC_26 0.0199594 0.523384 0.0381 0.96973  

PSIC_27 0.195194 0.530749 0.3678 0.71460  

PSIC_28 -0.0524189 0.54446 -0.0963 0.92369  

PSIC_29 0.276335 0.451901 0.6115 0.54364  

PSIC_30_33 0.578377 0.335391 1.7245 0.09080 * 

PSIC_34__35 0.501088 0.45421 1.1032 0.27522  

PSIC_36 -0.212318 0.693468 -0.3062 0.76075  

PSIC_37 2.09782 0.544237 3.8546 0.00033 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  18.15117  S.E. of regression  0.602514 

R-squared  0.852289  Adjusted R-squared  0.793204 

F(20, 50)  14.42493  P-value(F)  2.28e-14 

Log-likelihood -52.32459  Akaike criterion  146.6492 

Schwarz criterion  194.1655  Hannan-Quinn  165.5449 

*** Significant at a 1% significance level; ** 5%; * 10% 

 

 None of the ICT variables considered arose significant in the model. However, the 

positive effect of online buying, negative effect of online selling, and positive net effect of online 

trade (i.e., both online buying and selling) as noted by Farooqui (2005) was confirmed in this 

model. As with theory, e-procurement results to productivity gains due to the increased choices 

in suppliers while e-selling results to productivity losses due to competition and price pressures. 

Significant dummy variables in the results are recycling industries and the computing, 

electrical, and precision instruments industries, at 1% and 10%, respectively. However, in the 

heteroskedasticity-corrected model, the latter lost its significance. 
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Model 7: E-commerce (via other computer networks) 

The F-statistic for the introduction of industry dummy variables into the model was found 

to be significant at the 5% level with a p-value of 0.0205973. Hence, such variables were 

included in the model. Table 5.23 presents the results of the regression. 

Table 5.23. Results of OLS regression on e-commerce (via other computer networks) 

 Coefficient Std. Error t-ratio p-value  

const 1.25047 1.00847 1.2400 0.22078  

LN_Cap_Hours 0.673636 0.0958754 7.0262 <0.00001 *** 

LN_Labor_Hours 0.0953343 0.0653209 1.4595 0.15069  

SkillMix -2.8707 0.963117 -2.9806 0.00443 *** 

OtherBuy -0.0253836 0.0262222 -0.9680 0.33769  

OtherSell 0.00187742 0.0225723 0.0832 0.93405  

OtherBuySell -0.00175745 0.0069617 -0.2524 0.80173  

PSIC_15__16 0.439852 0.434511 1.0123 0.31627  

PSIC_17__18__19 0.134562 0.359133 0.3747 0.70948  

PSIC_20 0.0807934 0.517177 0.1562 0.87649  

PSIC_21__22 -0.275451 0.437648 -0.6294 0.53196  

PSIC_23 1.03574 0.917152 1.1293 0.26416  

PSIC_24__25 -0.0998298 0.491667 -0.2030 0.83993  

PSIC_26 0.160285 0.529678 0.3026 0.76344  

PSIC_27 0.269912 0.532768 0.5066 0.61465  

PSIC_28 -0.0443817 0.55143 -0.0805 0.93617  

PSIC_29 0.232979 0.451726 0.5158 0.60830  

PSIC_30_33 0.624244 0.339694 1.8377 0.07206 * 

PSIC_34__35 0.568877 0.446117 1.2752 0.20814  

PSIC_36 -0.140916 0.72621 -0.1940 0.84693  
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PSIC_37 2.1 0.542508 3.8709 0.00032 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.94888  S.E. of regression  0.599147 

R-squared  0.853935  Adjusted R-squared  0.795509 

F(20, 50)  14.61567  P-value(F)  1.75e-14 

Log-likelihood -51.92674  Akaike criterion  145.8535 

Schwarz criterion  193.3698  Hannan-Quinn  164.7492 

*** Significant at a 1% significance level; ** 5%; * 10% 
 

 Again, none of the ICT variables considered in the model turned out to be significant. 

Unlike the previous model on e-commerce undertaken on the internet, however, the signs of the 

coefficients for this model were opposite of what was expected. Buying via other computer 

networks was seen to be counterproductive whereas selling via the same networks generates 

income, hence contributory to productivity. The overall effect of e-trade via such networks was 

seen as negative. Data gathered from the NSO do not explain what exactly some firms or 

industries spend on, if not for their production operations. 

Significant variables in the results are recycling industries (PSIC_37) and the computing, 

electrical, and precision instruments industries (PSIC_30_33), at 1% and 10%, respectively. 

However, in the heteroskedasticity-corrected model, the latter lost its significance. It must also 

be noted that the test for normality of residuals in this model yielded to the rejection of the 

hypothesis of normality at 10% significance level (p-value of 0.0924216). 
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Model 8: E-commerce (via mobile phone) 

The F-statistic for the introduction of industry dummy variables into the model was found to be 

significant at the 5% level with a p-value of 0.0134394. Hence, such variables were included in 

the model. Table 5.24 presents the results of the regression. 

Table 5.24. Results of OLS regression on e-commerce (via mobile phone) 

  Coefficient Std. Error t-ratio p-value  

const 1.12644 0.991384 1.1362 0.26128  

LN_Cap_Hours 0.651909 0.0938361 6.9473 <0.00001 *** 

LN_Labor_Hours 0.112226 0.0647863 1.7323 0.08939 * 

SkillMix -2.88902 0.951943 -3.0349 0.00381 *** 

MobileBuy 0.00939103 0.0191146 0.4913 0.62536  

MobileSell -0.0196855 0.0199064 -0.9889 0.32747  

MobileBuySell -0.00537827 0.00448978 -1.1979 0.23661  

PSIC_15__16 0.372079 0.410434 0.9066 0.36899  

PSIC_17__18__19 0.0998336 0.344982 0.2894 0.77348  

PSIC_20 -0.0525329 0.511643 -0.1027 0.91863  

PSIC_21__22 -0.371552 0.431902 -0.8603 0.39375  

PSIC_23 1.19597 0.895096 1.3361 0.18755  

PSIC_24__25 -0.204805 0.496954 -0.4121 0.68201  

PSIC_26 0.168366 0.503865 0.3341 0.73967  

PSIC_27 0.0594626 0.525432 0.1132 0.91035  

PSIC_28 -0.0567515 0.538294 -0.1054 0.91646  

PSIC_29 0.249923 0.452677 0.5521 0.58334  

PSIC_30_33 0.485444 0.334465 1.4514 0.15291  

PSIC_34__35 0.556111 0.426821 1.3029 0.19857  

PSIC_36 -0.545225 0.984707 -0.5537 0.58226  
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PSIC_37 2.08558 0.525404 3.9695 0.00023 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.43348  S.E. of regression  0.590483 

R-squared  0.858129  Adjusted R-squared  0.801381 

F(20, 50)  15.12168  P-value(F)  8.80e-15 

Log-likelihood -50.89244  Akaike criterion  143.7849 

Schwarz criterion  191.3012  Hannan-Quinn  162.6806 

*** Significant at a 1% significance level; ** 5%; * 10% 
 

Like in the two previous models on e-commerce, none of the ICT variables considered in 

the model turned out to be significant. The signs of the coefficients for this model were similar to 

what was expected. E-buying added to productivity whereas e-selling decreased productivity. 

The overall effect of e-trade via mobile phone however is negative. The recycling industry 

dummy variable (PSIC_37) was once again significant at the 1% level. 

 

Model 9: Computer network channels 

The F-statistic for the introduction of industry dummy variables into the model was found to be 

significant at the 1% level with a p-value of 0.00772805. Hence, such variables were included in 

the model. Table 5.25 presents the results of the regression. 

Table 5.25. Results of OLS regression on computer network channels 

  Coefficient Std. Error t-ratio p-value  

const 0.549313 1.10396 0.4976 0.62105  

LN_Cap_Hours 0.647299 0.113452 5.7055 <0.00001 *** 

LN_Labor_Hours 0.0947966 0.0673424 1.4077 0.16567  

SkillMix -2.36824 0.975429 -2.4279 0.01899 ** 
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Intranet -0.0157757 0.00852594 -1.8503 0.07043 * 

Extranet -0.0157044 0.0149257 -1.0522 0.29799  

WAN 0.00449474 0.00775132 0.5799 0.56472  

LAN 0.00700639 0.00537269 1.3041 0.19843  

Network_Other 0.0164179 0.0143859 1.1413 0.25943  

PSIC_15__16 0.631618 0.448876 1.4071 0.16584  

PSIC_17__18__19 0.260285 0.350669 0.7423 0.46155  

PSIC_20 0.579203 0.554345 1.0448 0.30133  

PSIC_21__22 -0.0666166 0.445929 -0.1494 0.88187  

PSIC_23 1.62016 0.923446 1.7545 0.08573 * 

PSIC_24__25 0.125157 0.497508 0.2516 0.80245  

PSIC_26 0.232019 0.541822 0.4282 0.67041  

PSIC_27 0.319848 0.52892 0.6047 0.54821  

PSIC_28 0.00319042 0.553428 0.0058 0.99542  

PSIC_29 0.22859 0.443401 0.5155 0.60854  

PSIC_30_33 0.76282 0.367519 2.0756 0.04331 ** 

PSIC_34__35 0.821971 0.439585 1.8699 0.06761 * 

PSIC_36 -0.567537 0.862866 -0.6577 0.51385  

PSIC_37 2.20628 0.538682 4.0957 0.00016 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  16.58128  S.E. of regression  0.587744 

R-squared  0.865064  Adjusted R-squared  0.803219 

F(22, 48)  13.98751  P-value(F)  4.35e-14 

Log-likelihood -49.11324  Akaike criterion  144.2265 

Schwarz criterion  196.2681  Hannan-Quinn  164.9218 

*** Significant at a 1% significance level; ** 5%; * 10% 
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 Intranet is significant at 10%, which means that an increase in 1 percentage point of firms 

adopting intranet will lead to a 1.5% decrease in productivity. All other computer network 

channels yielded insignificant results, and extranet registered a negative coefficient while WAN 

and LAN exhibited positive although very minimal coefficients. These results are generally in 

contrast to the results of the studies conducted by Atrostic and Nguyen for 2002 and 2005 

wherein a 5% increase in productivity was noted form the presence of computer networks. 

The industries of coke and petroleum (PSIC_23); computing, electrical, and precision 

instruments (PSIC_30_33); fabrication of vehicles (PSIC_34_35); and recycling (PSIC_37) are 

all significant at 10%, 5%, 10%, and 1%, respectively. However, in the heteroskedasticity-

corrected model, the wood industry became significant at 10%. It must be noted that subjecting 

the original OLS model to White’s test for heteroskedasticity (squares only) rejected the 

hypothesis of homoskedasticity at a significance level of 10% (p-value of 0.0643237). 

 

Model 10: Internet use (for government dealings) 

The F-statistic for the introduction of industry dummy variables into the model was found to be 

significant at the 1% level with a p-value of 0.00868728. Hence, such variables were included in 

the model. Table 5.26 presents the results of the regression. 

Table 5.26. Results of OLS regression on internet use for government dealings 

 Coefficient Std. Error t-ratio p-value  

const 1.29696 0.995247 1.3032 0.19874  

LN_Cap_Hours 0.55666 0.106443 5.2296 <0.00001 *** 

LN_Labor_Hours 0.0727938 0.0633721 1.1487 0.25638  

SkillMix -3.21578 0.960407 -3.3484 0.00159 *** 

Govt_Info 0.00741118 0.00619547 1.1962 0.23748  
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Govt_GetForm -0.004079 0.00515088 -0.7919 0.43231  

Govt_SendForm 0.000196848 0.00688682 0.0286 0.97732  

Govt_Payment 0.00621511 0.00627699 0.9901 0.32707  

Govt_Others -0.141643 0.072372 -1.9572 0.05616 * 

PSIC_15__16 0.697119 0.470498 1.4817 0.14497  

PSIC_17__18__19 0.29539 0.348478 0.8477 0.40083  

PSIC_20 0.35334 0.52766 0.6696 0.50630  

PSIC_21__22 -0.400004 0.433271 -0.9232 0.36051  

PSIC_23 1.2024 0.893085 1.3463 0.18452  

PSIC_24__25 -0.0379752 0.486933 -0.0780 0.93816  

PSIC_26 -0.0205673 0.504158 -0.0408 0.96763  

PSIC_27 0.302219 0.529934 0.5703 0.57114  

PSIC_28 0.350502 0.549869 0.6374 0.52688  

PSIC_29 0.150988 0.431626 0.3498 0.72801  

PSIC_30_33 0.463985 0.329632 1.4076 0.16570  

PSIC_34__35 0.706624 0.421749 1.6755 0.10035  

PSIC_36 -0.118465 0.712901 -0.1662 0.86872  

PSIC_37 2.30649 0.546754 4.2185 0.00011 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  15.69556  S.E. of regression  0.571831 

R-squared  0.872272  Adjusted R-squared  0.813730 

F(22, 48)  14.89997  P-value(F)  1.26e-14 

Log-likelihood -47.16441  Akaike criterion  140.3288 

Schwarz criterion  192.3705  Hannan-Quinn  161.0241 

*** Significant at a 1% significance level; ** 5%; * 10% 
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 Initial results showed that there was high correlation among government-related 

variables, so the researchers dropped the following based on their high p-values: percentage of 

firms using the Internet to download or request government forms and percentage of firms using 

the Internet to complete forms online or send completed forms to government. Table 5.27 below 

presents the multicollinearity-corrected results. 

 

Table 5.27. Multicollinearity-corrected results on internet use for government dealings 

  Coefficient Std. Error t-ratio p-value  

const 1.12514 0.951088 1.1830 0.24240  

LN_Cap_Hours 0.543103 0.103346 5.2552 <0.00001 *** 

LN_Labor_Hours 0.0735059 0.062352 1.1789 0.24402  

SkillMix -3.19946 0.910989 -3.5121 0.00095 *** 

Govt_Info 0.00529368 0.00454166 1.1656 0.24931  

Govt_Payment 0.00517584 0.00556445 0.9302 0.35676  

Govt_Others -0.152257 0.068102 -2.2357 0.02987 ** 

PSIC_15__16 0.817407 0.437356 1.8690 0.06749 * 

PSIC_17__18__19 0.310778 0.337955 0.9196 0.36221  

PSIC_20 0.44665 0.50745 0.8802 0.38297  

PSIC_21__22 -0.334038 0.412187 -0.8104 0.42155  

PSIC_23 1.28063 0.873546 1.4660 0.14891  

PSIC_24__25 -0.00289081 0.478243 -0.0060 0.99520  

PSIC_26 0.0950892 0.476101 0.1997 0.84251  

PSIC_27 0.391554 0.5104 0.7672 0.44660  

PSIC_28 0.307643 0.539424 0.5703 0.57102  

PSIC_29 0.143175 0.419474 0.3413 0.73429  

PSIC_30_33 0.493247 0.322865 1.5277 0.13288  
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PSIC_34__35 0.734566 0.408238 1.7994 0.07800 * 

PSIC_36 -0.13923 0.694552 -0.2005 0.84193  

PSIC_37 2.39077 0.523697 4.5652 0.00003 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  15.90358  S.E. of regression  0.563978 

R-squared  0.870579  Adjusted R-squared  0.818811 

F(20, 50)  16.81686  P-value(F)  1.00e-15 

Log-likelihood -47.63182  Akaike criterion  137.2636 

Schwarz criterion  184.7799  Hannan-Quinn  156.1594 

*** Significant at a 1% significance level; ** 5%; * 10% 
 

In the multicollinearity-corrected results, percentage of firms using the Internet for other 

dealings with the government became 5% significant, as well as the industries of processed food, 

beverages, and tobacco (PSIC_15_16); fabrication of vehicles (PSIC_34_35); and recycling 

(PSIC_37) – at 10%, 10%, and 1%. However, the significant effect of this government ICT 

variable was matched with negative coefficients, even implying a decrease in productivity of 

15.23% for every percentage point increase in firms engaged in these so-called other dealings. 

Moreover, it must be noted that testing the residuals for normality resulted to a rejection of the 

hypothesis of normality at a significance level of 5% (p-value of 0.0233206). 

 

Model 11: General Internet use 

The F-statistic for the introduction of industry dummy variables into the model was found to be 

significant at the 5% level with a p-value of 0.0101787. Hence, such variables were included in 

the model. Table 5.28 presents the results of the regression. 
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Table 5.28. Results of OLS regression on general internet use 

  Coefficient Std. Error t-ratio p-value  

const 1.10628 1.04571 1.0579 0.29561  

LN_Cap_Hours 0.616271 0.102213 6.0293 <0.00001 *** 

LN_Labor_Hours 0.134593 0.0689388 1.9524 0.05700 * 

SkillMix -3.75523 1.00838 -3.7240 0.00053 *** 

Finance 0.0112032 0.00639585 1.7516 0.08650 * 

Recruitment 0.0024055 0.00891758 0.2697 0.78856  

Training 0.00378624 0.0079752 0.4748 0.63721  

InfoDistrib_Int -0.00112575 0.00697492 -0.1614 0.87249  

InfoDistrib_Ext -0.00228657 0.00603062 -0.3792 0.70631  

InfoGet_Externa -0.00421404 0.00551421 -0.7642 0.44864  

Internet_Others 0.0655463 0.0267561 2.4498 0.01816 ** 

PSIC_15__16 0.174993 0.424589 0.4121 0.68215  

PSIC_17__18__19 0.143627 0.328935 0.4366 0.66441  

PSIC_20 0.249477 0.493232 0.5058 0.61541  

PSIC_21__22 -0.337043 0.439208 -0.7674 0.44677  

PSIC_23 0.515593 0.947963 0.5439 0.58914  

PSIC_24__25 -0.261078 0.477153 -0.5472 0.58691  

PSIC_26 -0.187266 0.493509 -0.3795 0.70609  

PSIC_27 0.0762257 0.515035 0.1480 0.88299  

PSIC_28 -0.0634824 0.51996 -0.1221 0.90336  

PSIC_29 0.22752 0.470186 0.4839 0.63076  

PSIC_30_33 0.316152 0.342137 0.9241 0.36028  

PSIC_34__35 0.328526 0.432547 0.7595 0.45142  

PSIC_36 -0.921532 0.777018 -1.1860 0.24172  

PSIC_37 2.33394 0.505513 4.6170 0.00003 *** 



80 

 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  14.16367  S.E. of regression  0.554893 

R-squared  0.884739  Adjusted R-squared  0.824602 

F(24, 46)  14.71219  P-value(F)  2.07e-14 

Log-likelihood -43.51864  Akaike criterion  137.0373 

Schwarz criterion  193.6043  Hannan-Quinn  159.5322 

*** Significant at a 1% significance level; ** 5%; * 10% 
 

 Significant at 10% is the percentage of firms using the Internet for finance. If the number 

of firms that use the Internet for finance increases by 1 percentage point, there is an equivalent 

1.1% increase in productivity. Significant at 5% is the percentage of firms using the Internet for 

other business operations. If the number of firms that use the Internet for other business 

operations increases by 1 percentage point, then productivity will rise by 6.5%. It is interesting to 

note here that the coefficients for all ICT variables are positive, except for those related to 

information distribution and acquisition. 

The recycling industries dummy variable (PSIC_37) is once again significant at 1%. In 

the heteroskedasticity-corrected model, use of internet for finance lost its significance, while 

other manufacturing industries (PSIC_36) gained significance. 
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Chapter 6 

CONCLUSION AND POLICY IMPLICATIONS 

The primary objective of this study centers on giving a face to the manufacturing sector 

through its use of ICT. The researchers find it timely, relevant, and appropriate to unriddle the 

current situation of the manufacturing sector of the country, especially that at the time of 

research, reputable organizations such as the Asian Development Bank have called for a 

revitalization of the the said sector because it believes it can greatly redound to economic and 

sustainable advancement. 

Moreover, while the country has indeed gained affirmation for its potentials, critics have 

cast their doubts on the translation of rating upgrades and the like down to the ordinary Filipino, 

and expectedly, the ever burning issue of dearth of employment at home surfaces. In the same 

breath, the advent of advanced technology has paved the way for an ineluctable change in the 

business and social landscape, meaning that the infusion of technology in industrial or 

entrepreneurial endeavors will be of utmost importance – an inexorable force to reckon with. 

A review of related literature has shed light on the situation of ICT utilization in firms 

and industries in other countries, most of them developed ones. Such literature is sparse in the 

Philippines, so the researchers aimed to break ground by delving into the subject in hand. 

Cognizant of the current economic status of the Philippines, they intended to determine the state 

of ICT use in the country, particularly in the manufacturing sector. To add to that, they wished to 

know the significance and magnitude of the effects of ICT on labor productivity in the said 

sector. Thus, the study is made to cut through current and pertinent issues of today by evaluating 

the manufacturing sector prodded to unlock its economic potential which will affect labor and 

will answer to the technological trends ever present in the modern times. 
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The results of the descriptive analysis show the actual use of ICT in the different 

industries in the manufacturing sector. What is very important to note is that the big picture of 

ICT use in the different manufacturing industries is quite heterogeneous, which in a considerable 

number of cases, border on the extreme. On the one hand, there are industries that allocate a 

significant amount of funds for technological equipment and machinery, some appropriating as 

much as 66% of capital on technology; on the other hand, there are those that hardly possess 

technological assets.  

Access of employees to computers range from 3.20% to 74.71%, but their access to the 

Internet range from 0.72% to 51.38%. Firms with Internet access range from 1.5% to 100% 

among different clusters of firms. Web presence and the use of e-commerce also are on polar 

ends among different manufacturing firms. Exclusively buying or exclusively selling, or both, 

via the Internet may be hardly heard of in some firms, while others do it much more frequently. 

A considerable number of firms do not even utilize mobile phones for transactions. 

Many firms barely possess hardware, but perhaps laborers in the sector need not use such 

things during the production process. However, more than half of the manufacturing industries 

use the Internet to obtain information and download forms from the government. Nearly half of 

them use the Internet to send forms, and slightly over three-tenths make payments to the 

government via the Internet. More than one-fifth of manufacturing firms use the Internet to share 

and gather information, but there are still those which do not use the Internet at all. 

From these descriptive analyses alone, one can already deduce that ICT has not totally 

been infused in the manufacturing sector, so much so that a stark contrast as regards ICT usage 

in different forms is very much conspicuous. However, to say that all industries indeed 

necessitate the use of majority, if not all, of the forms of ICT is inconclusive given the such data. 
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In the regression analyses where productivity is the dependent variable, capital intensity 

and skill mix have consistently emerged significant. While the former always has a positive 

coefficient, the latter always has a negative coefficient. For capital intensity, it is no doubt 

reasonable that it is significant and positively related to productivity because the more 

technology is used in production, and the more time is spent doing so, the more productive labor 

is. However, it is the result of skill mix that has caused surprise. While it is indeed significant, its 

negative coefficient implies a decrease of labor productivity. 

This does not jive with the results from other studies such as those of Atrostic et al. 

(2002) who concluded skill mix does contribute positively to labor productivity. In the case of 

the Philippines, it can be said that since the very use of ICT in the manufacturing sector is 

heterogeneous, it is not automatic that positive effects of skill mix hold great sway. After all, as a 

developing nation, the Philippines is still a laggard in the use of ICT as compared to more 

advanced nations such as the US which is the country of focus of Atrostic et al. Moreover, it may 

also be an example of Scott Morton’s (1991) assertion that sometimes, technical knowledge is 

poured on managers, leaving the workers remotely capable of higher skills. 

One more worthy to note from the regression results is the frequent emergence of the 

industries of recycling and computing, electrical, and precision instruments as having significant 

levels; whereas, other industry never yielded significance in the results. This may be telling in as 

far as how the aforesaid industries may be more aggressive in the use of ICT as compared with 

others in the manufacturing sector. This study has enough evidence to show that there are indeed 

some industries that are organizationally and technologically way ahead of others because of the 

use of ICT. However, a more inclusive, widespread, and consistent use of ICTs may well be the 

key to unlock what is nowadays claimed to be a prodigious potential of the manufacturing sector.  



84 

 

Chapter 7 

RECOMMENDATIONS FOR FURTHER STUDIES 

  
 

Data availability, or the lack thereof, posed a significant challenge in the conduct of the 

research endeavor. Most of the studies conducted abroad tracing the linkage between labor 

productivity and ICT variables dealt with firm-level data covering at least 2,000 firms under the 

manufacturing sector. Some researchers were even able to obtain panel data for consecutive 

years, which would contribute much to the reliability of the regression results. Once the SICT 

starts its run as a regular series, the researchers recommend conducting another study with the 

same framework, with transformation of the cross-sectional methods and analysis to time-series. 

Given that the SICT is still a fairly new undertaking in the country as of this writing, 

refinements in the many aspects of the conduct of the survey are seen to be made in the near 

future. The researchers strongly recommend that a similar study be done in the event that: (1) 

formulation and specification of more relevant ICT variables in the SICT; (2) disaggregation of 

the present 3rd-tier PSIC industry group data into the 5th-tier PSIC industry sub-class or even 

firm level data; and/or (3) addition of relevant control variables be obtained, whether from the 

SICT or the ASPBI. 

Improvements to the types of ICT variables and especially the control variables used in 

this study would also be a worthwhile endeavor, given that several control variables empirically 

found by previous studies to be significant to the research such as firm size, firm age, materials 

used, ownership, IT competence, education, geographical region, and other relevant variables 

affecting the demand-supply dynamic were not considered due to data constraints.  

The researchers deem the widely unexplored ICT-labor productivity relationship as a 

promising area for further research. Aside from analyzing the significance of ICT solutions to 

particular firms or industry groups, future studies may be conducted grounding this relationship 
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into factors such as spillover effects between industries and the role that ICT can play in such. 

An inquiry may also be done into the more specific and technical usage of ICT on the business 

level, which would lead to understanding which specific ICTs are (under)utilized and to what 

extent, as well as in what context would ICTs be appropriately introduced and improved for the 

usage of these businesses. 

Research could also be extended to cover not just the non-core ICT manufacturing 

industry, but even other non-core ICT industries or even core ICT industries, with a study on the 

latter recommended to take the opposite end of the spectrum, i.e., to examine these core ICTs’ 

intra-industry and inter-industry linkages. With the country transitioning from a factor-driven to 

an efficiency-driven economy, technology is key, and the importance of technology adoption and 

diffusion across all industries has assumed immense importance.  
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APPENDIX B 

2009 ASPBI (MANUFACTURING) QUESTIONNAIRE 
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APPENDIX C 

RESULTS OF MODEL TESTING 

 

 Each model utilized in the study was subjected to tests for heteroskedasticity (White’s 

test and Koenker test), multicollinearity (Variance Inflation Factors and Correlation Matrix), and 

normality of residuals (Doornik-Hansen test). Steps taken to address these problems should they 

arise are: 

(1) For heteroskedasticity, heteroskedasticity-corrected models as modified in Gretl were 

utilized instead. 

(2) For multicollinearity, variables were dropped until the problem was resolved. Before 

dropping the variables, however, test/s for omission/s of variables were conducted. All 

variables dropped failed to reject the hypothesis that their coefficients were zero. 

(3) For the normality assumption, nothing could be done to address the problem of non-

normality of residuals since this may essentially be a problem with the (lack of) data at 

hand. 

Model 1: ICT investment outlay 

Table A.1. Pair-wise correlations among regressors in model on ICT investment outlay 
LN_Cap_Hours LN_Labor_Hours SkillMix CapEx_ICT BV_ICT  

1.0000 0.0529 -0.5929 -0.2522 -0.1351 LN_Cap_Hours 

 1.0000 0.2281 -0.0844 -0.3223 LN_Labor_Hours 

  1.0000 0.0578 0.1159 SkillMix 

   1.0000 0.4278 CapEx_ICT 

    1.0000 BV_ICT 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.2. Variance inflation factors for regressors in model on ICT investment outlay 

Variable Value 

LN_Cap_Hours 1.865 

LN_Labor_Hours 1.174 

SkillMix 2.007 

CapEx_ICT 1.313 

BV_ICT 1.465 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  
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Table A.3. Results of model testing on ICT investment outlay 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 28.2231 0.104222  

White’s test (squares only) Heteroskedasticity not present 15.345 0.119981  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 13.4771 0.0192955 ** 

Doornik-Hansen test Normality of residuals 1.58975 0.451638  
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 2: Degree of employee-level ICT uptake 

Table A.4. Pair-wise correlations among regressors in model on employee-level ICT uptake 
LN_Cap_Hours LN_Labor_Hours SkillMix Employee_Comp Employee_Net  

1.0000 0.0529 -0.5929 0.3257 0.2693 LN_Cap_Hours 

 1.0000 0.2281 -0.1821 -0.2646 LN_Labor_Hours 

  1.0000 -0.5471 -0.5227 SkillMix 

   1.0000 0.7644 Employee_Comp 

    1.0000 Employee_Net 

      

PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22 PSIC_23  

0.2208 -0.4201 -0.1363 0.0297 0.3858 LN_Cap_Hours 

0.2049 0.0854 0.0235 -0.2032 -0.1292 LN_Labor_Hours 

-0.2291 0.3085 0.1572 -0.2709 -0.4236 SkillMix 

0.0207 -0.3249 -0.0718 0.3975 0.1911 Employee_Comp 

-0.1339 -0.2655 0.0201 0.5722 0.2090 Employee_Net 

1.0000 -0.1543 -0.0689 -0.1114 -0.0484 PSIC_15__16 

 1.0000 -0.0649 -0.1049 -0.0455 PSIC_17__18__19 

  1.0000 -0.0469 -0.0203 PSIC_20 

   1.0000 -0.0329 PSIC_21__22 

    1.0000 PSIC_23 

      

PSIC_24__25 PSIC_26 PSIC_27 PSIC_28 PSIC_29  

0.1838 0.2278 0.2858 -0.0073 -0.0010 LN_Cap_Hours 

0.1732 0.0231 -0.0072 0.1447 -0.0237 LN_Labor_Hours 

-0.0856 -0.0004 -0.0439 0.0620 -0.1137 SkillMix 

0.0454 -0.0262 -0.0024 -0.1698 0.0969 Employee_Comp 

0.0073 0.0425 0.0035 -0.1225 0.2465 Employee_Net 

-0.0989 -0.0850 -0.0850 -0.0689 -0.0989 PSIC_15__16 

-0.0931 -0.0800 -0.0800 -0.0649 -0.0931 PSIC_17__18__19 

-0.0416 -0.0358 -0.0358 -0.0290 -0.0416 PSIC_20 

-0.0673 -0.0578 -0.0578 -0.0469 -0.0673 PSIC_21__22 

-0.0292 -0.0251 -0.0251 -0.0203 -0.0292 PSIC_23 

1.0000 -0.0513 -0.0513 -0.0416 -0.0597 PSIC_24__25 

 1.0000 -0.0441 -0.0358 -0.0513 PSIC_26 

  1.0000 -0.0358 -0.0513 PSIC_27 
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   1.0000 -0.0416 PSIC_28 

    1.0000 PSIC_29 

      

 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

 0.2340 -0.2204 0.0197 0.1838 SkillMix 

 -0.1265 0.2947 0.1609 -0.1070 Employee_Comp 

 -0.2247 0.0226 0.2610 0.0089 Employee_Net 

 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 

 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.5. Variance inflation factors for model on employee-level ICT uptake 

Variable Value 

LN_Cap_Hours 3.07 

LN_Labor_Hours 1.827 

SkillMix 3.38 

Employee_Comp 3.73 

Employee_Net 5.753 

PSIC_15__16 4.361 

PSIC_17__18__19 2.651 

PSIC_20 1.452 

PSIC_21__22 3.285 

PSIC_23 2.277 

PSIC_24__25 2.498 

PSIC_26 2.057 

PSIC_27 2.184 

PSIC_28 1.554 

PSIC_29 2.286 

PSIC_30_33 3.485 

PSIC_34__35 3.27 

PSIC_36 1.606 

PSIC_37 1.567 
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Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.6. Results of model testing on employee-level ICT uptake 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 27.9189 0.263476  

White’s test (squares only) Heteroskedasticity not present 27.9189 0.263476  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 21.1121 0.330642  

Doornik-Hansen test Normality of residuals 4.66694 0.0969588 * 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 3: Degree of firm-level ICT uptake 

Table A.7. Pair-wise correlations among regressors in model on firm-level ICT uptake 
LN_Cap_Hours LN_Labor_Hours SkillMix CompFirm NetFirm  

1.0000 0.0529 -0.5929 0.3087 0.2537 LN_Cap_Hours 

 1.0000 0.2281 0.0667 0.0831 LN_Labor_Hours 

  1.0000 -0.1136 -0.1625 SkillMix 

   1.0000 0.7611 CompFirm 

    1.0000 NetFirm 

      

Website CommEqpt Comm_Mobile ECommerce_Inter ECommerce_Other  

0.4091 0.1253 0.1161 0.1932 0.0695 LN_Cap_Hours 

-0.0046 0.1619 0.0421 0.0455 -0.0177 LN_Labor_Hours 

-0.3702 -0.0874 -0.0449 -0.0291 0.0386 SkillMix 

0.4255 0.6052 0.4905 0.4788 0.4630 CompFirm 

0.5068 0.7200 0.4977 0.5872 0.4885 NetFirm 

1.0000 0.3273 0.3838 0.4361 0.3656 Website 

 1.0000 0.6931 0.3938 0.3381 CommEqpt 

  1.0000 0.4007 0.3587 Comm_Mobile 

   1.0000 0.5828 ECommerce_Inter 

    1.0000 ECommerce_Other 

      

Ecommerce_Mobil PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22  

0.0516 0.2208 -0.4201 -0.1363 0.0297 LN_Cap_Hours 

0.2085 0.2049 0.0854 0.0235 -0.2032 LN_Labor_Hours 

0.0025 -0.2291 0.3085 0.1572 -0.2709 SkillMix 

0.2561 -0.1715 -0.2707 -0.0992 0.1690 CompFirm 

0.2945 -0.4363 -0.1512 -0.2075 0.1926 NetFirm 

0.1058 -0.0652 -0.3227 -0.1676 0.1430 Website 

0.2981 -0.2516 -0.0539 -0.2003 0.1204 CommEqpt 

0.4254 -0.1854 -0.1766 -0.3075 -0.0481 Comm_Mobile 

0.2074 -0.2872 -0.0468 -0.1701 0.1301 ECommerce_Inter 

0.2144 -0.2791 -0.2204 -0.1450 0.0809 ECommerce_Other 

1.0000 -0.0087 -0.0210 -0.1621 -0.1609 Ecommerce_Mobil 
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 1.0000 -0.1543 -0.0689 -0.1114 PSIC_15__16 

  1.0000 -0.0649 -0.1049 PSIC_17__18__19 

   1.0000 -0.0469 PSIC_20 

    1.0000 PSIC_21__22 

      

PSIC_23 PSIC_24__25 PSIC_26 PSIC_27 PSIC_28  

0.3858 0.1838 0.2278 0.2858 -0.0073 LN_Cap_Hours 

-0.1292 0.1732 0.0231 -0.0072 0.1447 LN_Labor_Hours 

-0.4236 -0.0856 -0.0004 -0.0439 0.0620 SkillMix 

0.0807 0.0685 0.1382 0.0150 -0.1616 CompFirm 

0.1154 0.0839 0.1908 0.0731 -0.0862 NetFirm 

0.0953 0.0077 0.1342 -0.0575 -0.0753 Website 

0.0658 0.0248 0.1157 0.0938 0.0772 CommEqpt 

0.0591 -0.0715 0.1919 0.0637 0.1889 Comm_Mobile 

0.0859 0.0482 0.1483 -0.0352 -0.1374 ECommerce_Inter 

-0.0550 -0.0768 0.2900 -0.0056 -0.1210 ECommerce_Other 

-0.0708 0.0960 0.2274 -0.1119 0.1350 Ecommerce_Mobil 

-0.0484 -0.0989 -0.0850 -0.0850 -0.0689 PSIC_15__16 

-0.0455 -0.0931 -0.0800 -0.0800 -0.0649 PSIC_17__18__19 

-0.0203 -0.0416 -0.0358 -0.0358 -0.0290 PSIC_20 

-0.0329 -0.0673 -0.0578 -0.0578 -0.0469 PSIC_21__22 

1.0000 -0.0292 -0.0251 -0.0251 -0.0203 PSIC_23 

 1.0000 -0.0513 -0.0513 -0.0416 PSIC_24__25 

  1.0000 -0.0441 -0.0358 PSIC_26 

   1.0000 -0.0358 PSIC_27 

    1.0000 PSIC_28 

      

PSIC_29 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

-0.0010 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

-0.0237 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

-0.1137 0.2340 -0.2204 0.0197 0.1838 SkillMix 

0.1109 0.2382 0.0542 0.0807 -0.2421 CompFirm 

0.1934 0.1918 0.0487 0.1118 -0.2888 NetFirm 

0.1022 0.1337 0.2017 0.2075 -0.1255 Website 

0.1346 0.2205 0.0664 0.0658 -0.5264 CommEqpt 

0.1120 0.1916 0.2007 0.1280 -0.2877 Comm_Mobile 

0.1314 0.1892 0.1306 -0.0685 -0.1810 ECommerce_Inter 

0.0462 0.3460 0.0328 0.2473 -0.1100 ECommerce_Other 

0.2242 -0.2149 0.0940 0.3037 -0.0664 Ecommerce_Mobil 

-0.0989 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

-0.0931 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

-0.0673 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

-0.0292 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

-0.0597 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 



117 

 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

1.0000 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.8. Variance inflation factors for model on firm-level ICT uptake 

Variable Value 

LN_Cap_Hours 4.013 

LN_Labor_Hours 2.189 

SkillMix 4.031 

CompFirm 3.642 

NetFirm 7.501 

Website 2.287 

CommEqpt 4.653 

Comm_Mobile 3.62 

ECommerce_Inter 2.673 

ECommerce_Other 2.521 

Ecommerce_Mobil 2.05 

PSIC_15__16 6.876 

PSIC_17__18__19 3.124 

PSIC_20 1.78 

PSIC_21__22 2.957 

PSIC_23 2.7 

PSIC_24__25 2.847 

PSIC_26 2.475 

PSIC_27 2.128 

PSIC_28 2.106 

PSIC_29 2.324 

PSIC_30_33 4.46 

PSIC_34__35 3.668 

PSIC_36 1.806 

PSIC_37 2.075 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.9. Results of model testing on firm-level ICT uptake 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 32.9039 0.569667  

White’s test (squares only) Heteroskedasticity not present 32.9039 0.569667  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 26.0139 0.406858  

Doornik-Hansen test Normality of residuals 12.8702 0.00160421 *** 
*** Significant at a 1% significance level; ** 5%; * 10% 
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Model 4: Hardware investment 

Table A.10. Pair-wise correlations among regressors in model on hardware investment 
LN_Cap_Hours LN_Labor_Hours SkillMix Desktop Laptop  

1.0000 0.0529 -0.5929 0.5565 0.4859 LN_Cap_Hours 

 1.0000 0.2281 -0.1373 -0.1232 LN_Labor_Hours 

  1.0000 -0.6935 -0.5201 SkillMix 

   1.0000 0.6615 Desktop 

    1.0000 Laptop 

      

MiniComp Mainframe Handheld Hardware_Others PSIC_15__16  

0.1731 0.0763 0.4047 0.0330 0.2208 LN_Cap_Hours 

0.0060 -0.4417 -0.1187 0.0756 0.2049 LN_Labor_Hours 

-0.2597 -0.1414 -0.4230 -0.0403 -0.2291 SkillMix 

0.4244 0.2173 0.5059 0.1840 0.0425 Desktop 

0.1275 0.0170 0.9354* 0.1222 -0.0103 Laptop 

1.0000 0.2002 -0.0839 0.4861 -0.1800 MiniComp 

 1.0000 -0.0520 -0.0947 -0.1470 Mainframe 

  1.0000 0.0022 0.0014 Handheld 

   1.0000 -0.0135 Hardware_Others 

    1.0000 PSIC_15__16 

      

PSIC_17__18__19 PSIC_20 PSIC_21__22 PSIC_23 PSIC_24__25  

-0.4201 -0.1363 0.0297 0.3858 0.1838 LN_Cap_Hours 

0.0854 0.0235 -0.2032 -0.1292 0.1732 LN_Labor_Hours 

0.3085 0.1572 -0.2709 -0.4236 -0.0856 SkillMix 

-0.3242 -0.1241 0.3378 0.4825 0.0459 Desktop 

-0.1463 -0.0676 0.0328 0.9279* -0.0391 Laptop 

-0.1838 -0.1426 0.4079 -0.1001 0.1140 MiniComp 

-0.0873 -0.0698 0.3848 -0.0490 0.0069 Mainframe 

-0.0564 -0.0281 -0.0319 0.9805* -0.0375 Handheld 

-0.0659 -0.0452 -0.0645 -0.0355 -0.0531 Hardware_Others 

-0.1543 -0.0689 -0.1114 -0.0484 -0.0989 PSIC_15__16 

1.0000 -0.0649 -0.1049 -0.0455 -0.0931 PSIC_17__18__19 

 1.0000 -0.0469 -0.0203 -0.0416 PSIC_20 

  1.0000 -0.0329 -0.0673 PSIC_21__22 

   1.0000 -0.0292 PSIC_23 

    1.0000 PSIC_24__25 

      

PSIC_26 PSIC_27 PSIC_28 PSIC_29 PSIC_30_33  

0.2278 0.2858 -0.0073 -0.0010 -0.1749 LN_Cap_Hours 

0.0231 -0.0072 0.1447 -0.0237 0.0448 LN_Labor_Hours 

-0.0004 -0.0439 0.0620 -0.1137 0.2340 SkillMix 

0.0278 -0.0139 0.0972 0.0996 -0.1104 Desktop 

-0.0015 -0.0217 -0.0207 0.0994 -0.1032 Laptop 
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0.0486 -0.0593 -0.0976 0.1200 0.0012 MiniComp 

-0.0749 0.3120 -0.0698 -0.0517 -0.0554 Mainframe 

-0.0337 -0.0289 -0.0254 -0.0367 -0.0728 Handheld 

0.0455 -0.0624 0.0089 0.0752 -0.0552 Hardware_Others 

-0.0850 -0.0850 -0.0689 -0.0989 -0.2007 PSIC_15__16 

-0.0800 -0.0800 -0.0649 -0.0931 -0.1888 PSIC_17__18__19 

-0.0358 -0.0358 -0.0290 -0.0416 -0.0844 PSIC_20 

-0.0578 -0.0578 -0.0469 -0.0673 -0.1364 PSIC_21__22 

-0.0251 -0.0251 -0.0203 -0.0292 -0.0592 PSIC_23 

-0.0513 -0.0513 -0.0416 -0.0597 -0.1211 PSIC_24__25 

1.0000 -0.0441 -0.0358 -0.0513 -0.1041 PSIC_26 

 1.0000 -0.0358 -0.0513 -0.1041 PSIC_27 

  1.0000 -0.0416 -0.0844 PSIC_28 

   1.0000 -0.1211 PSIC_29 

    1.0000 PSIC_30_33 

      

  PSIC_34__35 PSIC_36 PSIC_37  

  0.1594 -0.0923 -0.0726 LN_Cap_Hours 

  -0.0713 0.1200 -0.3426 LN_Labor_Hours 

  -0.2204 0.0197 0.1838 SkillMix 

  0.0717 0.0088 -0.1238 Desktop 

  0.0205 0.0759 -0.0463 Laptop 

  0.2003 0.1964 -0.1426 MiniComp 

  -0.1246 -0.0144 0.2394 Mainframe 

  -0.0249 0.0018 -0.0208 Handheld 

  0.3263 0.0482 -0.0506 Hardware_Others 

  -0.1230 -0.0484 -0.0689 PSIC_15__16 

  -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

  -0.0517 -0.0203 -0.0290 PSIC_20 

  -0.0836 -0.0329 -0.0469 PSIC_21__22 

  -0.0363 -0.0143 -0.0203 PSIC_23 

  -0.0742 -0.0292 -0.0416 PSIC_24__25 

  -0.0638 -0.0251 -0.0358 PSIC_26 

  -0.0638 -0.0251 -0.0358 PSIC_27 

  -0.0517 -0.0203 -0.0290 PSIC_28 

  -0.0742 -0.0292 -0.0416 PSIC_29 

  -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.11. Variance inflation factors for regressors in model on hardware investment 

Variable Value 

LN_Cap_Hours 3.463 

LN_Labor_Hours 2.128 

SkillMix 3.927 
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Desktop 4.391 

Laptop 25.028* 

MiniComp 3.037 

Mainframe 1.958 

Handheld 34.268* 

Hardware_Others 1.849 

PSIC_15__16 4.52 

PSIC_17__18__19 2.705 

PSIC_20 1.403 

PSIC_21__22 3.032 

PSIC_23 39.216* 

PSIC_24__25 2.509 

PSIC_26 2.074 

PSIC_27 2.484 

PSIC_28 1.623 

PSIC_29 2.464 

PSIC_30_33 3.463 

PSIC_34__35 3.127 

PSIC_36 1.58 

PSIC_37 1.586 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

 It can be seen in Tables A.10 and A.11 that 3 of the explanatory variables are collinear, 

i.e.: Laptop, Handheld, and PSIC_23. Dropping the variable with the highest p-value (Laptop, 

with p-value of 0.98698), another set of variance inflation factors for the modified model was 

obtained. Note that it is sound to do so because testing the hypothesis that the regression 

parameter for Laptop is zero yields to a large p-value (0. 986981). 

Table A.12. Variance inflation factors for regressors in model on hardware investment 

(removing Laptop variable) 

Variable Value 

LN_Cap_Hours 3.411 

LN_Labor_Hours 2.121 

SkillMix 3.83 

Desktop 3.565 

MiniComp 2.784 

Mainframe 1.938 

Handheld 31.399* 

Hardware_Others 1.807 

PSIC_15__16 4.404 

PSIC_17__18__19 2.697 

PSIC_20 1.402 
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PSIC_21__22 3.03 

PSIC_23 31.923* 

PSIC_24__25 2.508 

PSIC_26 2.06 

PSIC_27 2.479 

PSIC_28 1.622 

PSIC_29 2.102 

PSIC_30_33 3.456 

PSIC_34__35 3.091 

PSIC_36 1.434 

PSIC_37 1.585 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

 Again, multicollinearity problems are evident in Table A.12 (for the Handheld and 

PSIC_23 variables). Dropping the variable with the higher p-value (PSIC_23), another set of 

variance inflation factors for the twice-modified model was obtained. Note that it is sound to do 

so because testing the hypothesis that the regression parameter for PSIC_23 is zero yields to a 

large p-value (0. 466332).  

Table A.13. Variance inflation factors for regressors in model on hardware investment 

(removing Laptop and PSIC_23 variables) 

Variable Value 

LN_Cap_Hours 3.411 

LN_Labor_Hours 2.097 

SkillMix 3.542 

Desktop 3.513 

MiniComp 2.784 

Mainframe 1.938 

Handheld 2.503 

Hardware_Others 1.788 

PSIC_15__16 3.969 

PSIC_17__18__19 2.665 

PSIC_20 1.398 

PSIC_21__22 2.957 

PSIC_24__25 2.459 

PSIC_26 2.045 

PSIC_27 2.443 

PSIC_28 1.614 

PSIC_29 2.068 

PSIC_30_33 3.408 

PSIC_34__35 2.977 

PSIC_36 1.400 
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PSIC_37 1.584 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

 As can be observed from Table A.13, the problem of multicollinearity has been mitigated 

with the removal of the Laptop and PSIC_23 variables. Testing for possible specification 

problems using Ramsey’s RESET test for all variants yielded insignificant results, which implies 

that no significant specification problem was detected in the model. 

Table A.14. Results of model testing on hardware investment (removing Laptop and 

PSIC_23 variables) 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 29.4142 0.443655  

White’s test (squares only) Heteroskedasticity not present    

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 26.3546 0.193249  

Doornik-Hansen test Normality of residuals 5.47188 0.0648329 * 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 5: Communication equipment 

Table A.15. Pair-wise correlations among regressors in model on communication 

equipment 
LN_Cap_Hours LN_Labor_Hours SkillMix Telephone Mobile  

1.0000 0.0529 -0.5929 0.2332 0.3112 LN_Cap_Hours 

 1.0000 0.2281 -0.0458 -0.1686 LN_Labor_Hours 

  1.0000 -0.4457 -0.4661 SkillMix 

   1.0000 0.4591 Telephone 

    1.0000 Mobile 

      

Comm_Others PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22  

0.2292 0.2208 -0.4201 -0.1363 0.0297 LN_Cap_Hours 

-0.0736 0.2049 0.0854 0.0235 -0.2032 LN_Labor_Hours 

-0.3594 -0.2291 0.3085 0.1572 -0.2709 SkillMix 

0.2588 0.1466 -0.1163 0.0056 0.0877 Telephone 

0.1453 0.0686 -0.1614 -0.0956 0.0716 Mobile 

1.0000 -0.0657 -0.1133 -0.0500 0.0299 Comm_Others 

 1.0000 -0.1543 -0.0689 -0.1114 PSIC_15__16 

  1.0000 -0.0649 -0.1049 PSIC_17__18__19 

   1.0000 -0.0469 PSIC_20 

    1.0000 PSIC_21__22 

      

PSIC_23 PSIC_24__25 PSIC_26 PSIC_27 PSIC_28  
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0.3858 0.1838 0.2278 0.2858 -0.0073 LN_Cap_Hours 

-0.1292 0.1732 0.0231 -0.0072 0.1447 LN_Labor_Hours 

-0.4236 -0.0856 -0.0004 -0.0439 0.0620 SkillMix 

0.6422 -0.0188 -0.0258 -0.0135 -0.0149 Telephone 

0.4744 -0.0234 -0.0080 -0.0093 0.0031 Mobile 

0.1774 -0.0383 -0.0282 0.2238 0.0307 Comm_Others 

-0.0484 -0.0989 -0.0850 -0.0850 -0.0689 PSIC_15__16 

-0.0455 -0.0931 -0.0800 -0.0800 -0.0649 PSIC_17__18__19 

-0.0203 -0.0416 -0.0358 -0.0358 -0.0290 PSIC_20 

-0.0329 -0.0673 -0.0578 -0.0578 -0.0469 PSIC_21__22 

1.0000 -0.0292 -0.0251 -0.0251 -0.0203 PSIC_23 

 1.0000 -0.0513 -0.0513 -0.0416 PSIC_24__25 

  1.0000 -0.0441 -0.0358 PSIC_26 

   1.0000 -0.0358 PSIC_27 

    1.0000 PSIC_28 

      

PSIC_29 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

-0.0010 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

-0.0237 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

-0.1137 0.2340 -0.2204 0.0197 0.1838 SkillMix 

0.0242 -0.1724 -0.0148 0.0063 -0.0299 Telephone 

0.1900 -0.2857 0.0554 0.4748 0.0737 Mobile 

-0.0457 0.0662 0.1863 -0.0565 -0.1166 Comm_Others 

-0.0989 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

-0.0931 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

-0.0673 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

-0.0292 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

-0.0597 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

1.0000 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.16. Variance inflation factors for regressors in model on communication 

equipment 

Variable Value 

LN_Cap_Hours 3.416 

LN_Labor_Hours 1.919 

SkillMix 3.484 

Telephone 2.312 

Mobile 2.89 
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Comm_Others 1.389 

PSIC_15__16 4.421 

PSIC_17__18__19 2.676 

PSIC_20 1.404 

PSIC_21__22 2.544 

PSIC_23 3.762 

PSIC_24__25 2.481 

PSIC_26 2.091 

PSIC_27 2.304 

PSIC_28 1.589 

PSIC_29 2.272 

PSIC_30_33 3.468 

PSIC_34__35 2.913 

PSIC_36 2.156 

PSIC_37 1.573 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.17. Results of model testing on communication equipment 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 29.1898 0.302521  

White’s test (squares only) Heteroskedasticity not present 29.1898 0.302521  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 23.2031 0.278931  

Doornik-Hansen test Normality of residuals 5.79907 0.0550489 * 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 6: E-commerce (via Internet) 

Table A.18. Pair-wise correlations among regressors in model on e-commerce (via Internet) 
LN_Cap_Hours LN_Labor_Hours SkillMix NetBuy NetSell  

1.0000 0.0529 -0.5929 0.4361 -0.0393 LN_Cap_Hours 

 1.0000 0.2281 -0.0315 -0.0101 LN_Labor_Hours 

  1.0000 -0.3783 0.0468 SkillMix 

   1.0000 -0.1564 NetBuy 

    1.0000 NetSell 

      

NetBuySell PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22  

-0.0728 0.2208 -0.4201 -0.1363 0.0297 LN_Cap_Hours 

0.0954 0.2049 0.0854 0.0235 -0.2032 LN_Labor_Hours 

0.2455 -0.2291 0.3085 0.1572 -0.2709 SkillMix 

0.0112 -0.0286 -0.1934 -0.0842 0.0123 NetBuy 

-0.0898 -0.0858 0.2156 -0.0368 0.2259 NetSell 

1.0000 -0.3095 -0.0452 -0.1354 0.0109 NetBuySell 

 1.0000 -0.1543 -0.0689 -0.1114 PSIC_15__16 

  1.0000 -0.0649 -0.1049 PSIC_17__18__19 
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   1.0000 -0.0469 PSIC_20 

    1.0000 PSIC_21__22 

      

PSIC_23 PSIC_24__25 PSIC_26 PSIC_27 PSIC_28  

0.3858 0.1838 0.2278 0.2858 -0.0073 LN_Cap_Hours 

-0.1292 0.1732 0.0231 -0.0072 0.1447 LN_Labor_Hours 

-0.4236 -0.0856 -0.0004 -0.0439 0.0620 SkillMix 

0.2515 0.0693 0.0061 0.0240 -0.0977 NetBuy 

0.0625 -0.0919 -0.1020 -0.0922 -0.0810 NetSell 

-0.1318 0.0687 0.2640 -0.0064 -0.0524 NetBuySell 

-0.0484 -0.0989 -0.0850 -0.0850 -0.0689 PSIC_15__16 

-0.0455 -0.0931 -0.0800 -0.0800 -0.0649 PSIC_17__18__19 

-0.0203 -0.0416 -0.0358 -0.0358 -0.0290 PSIC_20 

-0.0329 -0.0673 -0.0578 -0.0578 -0.0469 PSIC_21__22 

1.0000 -0.0292 -0.0251 -0.0251 -0.0203 PSIC_23 

 1.0000 -0.0513 -0.0513 -0.0416 PSIC_24__25 

  1.0000 -0.0441 -0.0358 PSIC_26 

   1.0000 -0.0358 PSIC_27 

    1.0000 PSIC_28 

      

PSIC_29 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

-0.0010 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

-0.0237 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

-0.1137 0.2340 -0.2204 0.0197 0.1838 SkillMix 

-0.0075 -0.0297 0.4442 -0.0315 -0.0993 NetBuy 

0.2111 -0.0432 -0.1679 -0.0151 -0.1005 NetSell 

0.0449 0.3103 -0.0770 -0.0544 -0.0973 NetBuySell 

-0.0989 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

-0.0931 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

-0.0673 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

-0.0292 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

-0.0597 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

1.0000 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.19. Variance inflation factors for regressors in model on e-commerce (via Internet) 

Variable Value 

LN_Cap_Hours 3.46 

LN_Labor_Hours 1.816 
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SkillMix 3.302 

NetBuy 1.658 

NetSell 1.425 

NetBuySell 1.53 

PSIC_15__16 4.272 

PSIC_17__18__19 2.714 

PSIC_20 1.448 

PSIC_21__22 2.537 

PSIC_23 2.255 

PSIC_24__25 2.475 

PSIC_26 2.168 

PSIC_27 2.23 

PSIC_28 1.587 

PSIC_29 2.123 

PSIC_30_33 3.483 

PSIC_34__35 3.122 

PSIC_36 1.306 

PSIC_37 1.586 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.20. Results of model testing on e-commerce (via Internet) 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 27.9137 0.362718  

White’s test (squares only) Heteroskedasticity not present 27.9137 0.362718  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 23.1655 0.280743  

Doornik-Hansen test Normality of residuals 3.32737 0.189439  
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 7: E-commerce (via other computer networks) 

Table A.21. Pair-wise correlations among regressors in model on e-commerce (via other 

computer networks) 
LN_Cap_Hours LN_Labor_Hours SkillMix OtherBuy OtherSell  

1.0000 0.0529 -0.5929 0.3303 -0.1928 LN_Cap_Hours 

 1.0000 0.2281 0.1106 0.0535 LN_Labor_Hours 

  1.0000 -0.1780 0.2111 SkillMix 

   1.0000 -0.1555 OtherBuy 

    1.0000 OtherSell 

      

OtherBuySell PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22  

0.0490 0.2208 -0.4201 -0.1363 0.0297 LN_Cap_Hours 

-0.0597 0.2049 0.0854 0.0235 -0.2032 LN_Labor_Hours 

0.0217 -0.2291 0.3085 0.1572 -0.2709 SkillMix 



127 

 

-0.0246 0.2658 -0.1902 -0.0850 0.0619 OtherBuy 

-0.0584 -0.2058 -0.0307 0.0061 0.1259 OtherSell 

1.0000 -0.2929 -0.1744 -0.1318 0.0331 OtherBuySell 

 1.0000 -0.1543 -0.0689 -0.1114 PSIC_15__16 

  1.0000 -0.0649 -0.1049 PSIC_17__18__19 

   1.0000 -0.0469 PSIC_20 

    1.0000 PSIC_21__22 

      

PSIC_23 PSIC_24__25 PSIC_26 PSIC_27 PSIC_28  

0.3858 0.1838 0.2278 0.2858 -0.0073 LN_Cap_Hours 

-0.1292 0.1732 0.0231 -0.0072 0.1447 LN_Labor_Hours 

-0.4236 -0.0856 -0.0004 -0.0439 0.0620 SkillMix 

-0.0597 -0.0078 0.1876 0.1670 0.0022 OtherBuy 

-0.0652 -0.0381 -0.0670 -0.1083 -0.0886 OtherSell 

-0.0242 -0.0668 0.2750 -0.0144 -0.1005 OtherBuySell 

-0.0484 -0.0989 -0.0850 -0.0850 -0.0689 PSIC_15__16 

-0.0455 -0.0931 -0.0800 -0.0800 -0.0649 PSIC_17__18__19 

-0.0203 -0.0416 -0.0358 -0.0358 -0.0290 PSIC_20 

-0.0329 -0.0673 -0.0578 -0.0578 -0.0469 PSIC_21__22 

1.0000 -0.0292 -0.0251 -0.0251 -0.0203 PSIC_23 

 1.0000 -0.0513 -0.0513 -0.0416 PSIC_24__25 

  1.0000 -0.0441 -0.0358 PSIC_26 

   1.0000 -0.0358 PSIC_27 

    1.0000 PSIC_28 

      

PSIC_29 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

-0.0010 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

-0.0237 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

-0.1137 0.2340 -0.2204 0.0197 0.1838 SkillMix 

-0.1094 -0.0581 -0.0435 -0.0027 -0.0850 OtherBuy 

0.0159 0.2947 -0.1657 0.0120 -0.0928 OtherSell 

0.0691 0.2878 0.0915 0.2532 -0.0673 OtherBuySell 

-0.0989 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

-0.0931 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

-0.0673 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

-0.0292 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

-0.0597 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

1.0000 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 
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Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.22. Variance inflation factors for regressors in model on e-commerce (via other 

computer networks) 

Variable Value 

LN_Cap_Hours 3.176 

LN_Labor_Hours 1.847 

SkillMix 3.146 

OtherBuy 1.325 

OtherSell 1.435 

OtherBuySell 1.676 

PSIC_15__16 4.519 

PSIC_17__18__19 2.824 

PSIC_20 1.448 

PSIC_21__22 2.48 

PSIC_23 2.31 

PSIC_24__25 2.542 

PSIC_26 2.246 

PSIC_27 2.272 

PSIC_28 1.646 

PSIC_29 2.146 

PSIC_30_33 3.613 

PSIC_34__35 3.045 

PSIC_36 1.448 

PSIC_37 1.594 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.23. Results of model testing on e-commerce (via other computer networks) 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 27.434 0.386855  

White’s test (squares only) Heteroskedasticity not present 27.434 0.386855  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 24.716 0.212513  

Doornik-Hansen test Normality of residuals 4.76279 0.0924216 * 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 8: E-commerce (via mobile phone) 

Table A.24. Pair-wise correlations among regressors in model on e-commerce (via mobile 

phone) 
LN_Cap_Hours LN_Labor_Hours SkillMix MobileBuy MobileSell  

1.0000 0.0529 -0.5929 0.0577 0.1598 LN_Cap_Hours 

 1.0000 0.2281 0.1616 0.1178 LN_Labor_Hours 

  1.0000 0.0442 -0.0783 SkillMix 
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   1.0000 0.0104 MobileBuy 

    1.0000 MobileSell 

      

MobileBuySell PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22  

0.0035 0.2208 -0.4201 -0.1363 0.0297 LN_Cap_Hours 

0.1472 0.2049 0.0854 0.0235 -0.2032 LN_Labor_Hours 

0.0051 -0.2291 0.3085 0.1572 -0.2709 SkillMix 

0.0374 -0.0924 -0.1469 -0.0564 -0.1199 MobileBuy 

-0.0586 0.1646 -0.0396 -0.0724 -0.0132 MobileSell 

1.0000 -0.0147 0.0323 -0.1404 -0.1315 MobileBuySell 

 1.0000 -0.1543 -0.0689 -0.1114 PSIC_15__16 

  1.0000 -0.0649 -0.1049 PSIC_17__18__19 

   1.0000 -0.0469 PSIC_20 

    1.0000 PSIC_21__22 

      

PSIC_23 PSIC_24__25 PSIC_26 PSIC_27 PSIC_28  

0.3858 0.1838 0.2278 0.2858 -0.0073 LN_Cap_Hours 

-0.1292 0.1732 0.0231 -0.0072 0.1447 LN_Labor_Hours 

-0.4236 -0.0856 -0.0004 -0.0439 0.0620 SkillMix 

-0.0580 0.1800 -0.0116 0.0720 -0.0320 MobileBuy 

0.2159 -0.1034 0.1282 -0.1059 -0.0908 MobileSell 

-0.1028 0.0677 0.2200 -0.1202 0.1737 MobileBuySell 

-0.0484 -0.0989 -0.0850 -0.0850 -0.0689 PSIC_15__16 

-0.0455 -0.0931 -0.0800 -0.0800 -0.0649 PSIC_17__18__19 

-0.0203 -0.0416 -0.0358 -0.0358 -0.0290 PSIC_20 

-0.0329 -0.0673 -0.0578 -0.0578 -0.0469 PSIC_21__22 

1.0000 -0.0292 -0.0251 -0.0251 -0.0203 PSIC_23 

 1.0000 -0.0513 -0.0513 -0.0416 PSIC_24__25 

  1.0000 -0.0441 -0.0358 PSIC_26 

   1.0000 -0.0358 PSIC_27 

    1.0000 PSIC_28 

      

PSIC_29 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  

-0.0010 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

-0.0237 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

-0.1137 0.2340 -0.2204 0.0197 0.1838 SkillMix 

0.0739 0.0619 -0.0316 0.6964 -0.0826 MobileBuy 

-0.0625 -0.0009 -0.0201 -0.0180 -0.0908 MobileSell 

0.2291 -0.2492 0.1149 0.1089 -0.0258 MobileBuySell 

-0.0989 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

-0.0931 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

-0.0673 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

-0.0292 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

-0.0597 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

-0.0513 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 
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-0.0416 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

1.0000 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.25. Variance inflation factors for regressors in model on e-commerce (via mobile 

phone) 

Variable Value 

LN_Cap_Hours 3.132 

LN_Labor_Hours 1.871 

SkillMix 3.165 

MobileBuy 2.53 

MobileSell 1.218 

MobileBuySell 1.4 

PSIC_15__16 4.151 

PSIC_17__18__19 2.683 

PSIC_20 1.459 

PSIC_21__22 2.487 

PSIC_23 2.266 

PSIC_24__25 2.674 

PSIC_26 2.092 

PSIC_27 2.275 

PSIC_28 1.615 

PSIC_29 2.218 

PSIC_30_33 3.606 

PSIC_34__35 2.87 

PSIC_36 2.742 

PSIC_37 1.539 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.26. Results of model testing on e-commerce (via mobile phone) 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 23.1256 0.625833  

White’s test (squares only) Heteroskedasticity not present 23.1256 0.625833  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 20.2069 0.445055  

Doornik-Hansen test Normality of residuals 3.92721 0.140351  
*** Significant at a 1% significance level; ** 5%; * 10% 
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Model 9: Computer network channels 

Table A.27. Pair-wise correlations among regressors in model on computer network 

channels 
LN_Cap_Hours LN_Labor_Hours SkillMix Intranet Extranet  

1.0000 0.0529 -0.5929 0.3341 0.3360 LN_Cap_Hours 

 1.0000 0.2281 0.0179 -0.0436 LN_Labor_Hours 

  1.0000 -0.0699 -0.1422 SkillMix 

   1.0000 0.5599 Intranet 

    1.0000 Extranet 

      

WAN LAN Network_Other PSIC_15__16 PSIC_17__18__19  

0.3302 0.4660 0.2600 0.2208 -0.4201 LN_Cap_Hours 

0.0311 0.0110 -0.1357 0.2049 0.0854 LN_Labor_Hours 

-0.1869 -0.2549 -0.0895 -0.2291 0.3085 SkillMix 

0.5798 0.5754 0.6645 -0.0913 -0.2955 Intranet 

0.4619 0.4717 0.6754 0.0015 -0.1704 Extranet 

1.0000 0.4787 0.4057 -0.0960 -0.2211 WAN 

 1.0000 0.3931 -0.2057 -0.3579 LAN 

  1.0000 0.0367 -0.2209 Network_Other 

   1.0000 -0.1543 PSIC_15__16 

    1.0000 PSIC_17__18__19 

      

PSIC_20 PSIC_21__22 PSIC_23 PSIC_24__25 PSIC_26  

-0.1363 0.0297 0.3858 0.1838 0.2278 LN_Cap_Hours 

0.0235 -0.2032 -0.1292 0.1732 0.0231 LN_Labor_Hours 

0.1572 -0.2709 -0.4236 -0.0856 -0.0004 SkillMix 

0.0534 0.0159 0.0746 -0.0019 0.2935 Intranet 

-0.0950 0.1352 0.0764 -0.0645 0.1819 Extranet 

-0.1368 0.0001 0.0885 -0.1348 0.4071 WAN 

-0.2240 0.0261 0.1611 0.0525 0.1788 LAN 

-0.1097 0.0862 -0.0770 -0.0834 0.2794 Network_Other 

-0.0689 -0.1114 -0.0484 -0.0989 -0.0850 PSIC_15__16 

-0.0649 -0.1049 -0.0455 -0.0931 -0.0800 PSIC_17__18__19 

1.0000 -0.0469 -0.0203 -0.0416 -0.0358 PSIC_20 

 1.0000 -0.0329 -0.0673 -0.0578 PSIC_21__22 

  1.0000 -0.0292 -0.0251 PSIC_23 

   1.0000 -0.0513 PSIC_24__25 

    1.0000 PSIC_26 

      

PSIC_27 PSIC_28 PSIC_29 PSIC_30_33 PSIC_34__35  

0.2858 -0.0073 -0.0010 -0.1749 0.1594 LN_Cap_Hours 

-0.0072 0.1447 -0.0237 0.0448 -0.0713 LN_Labor_Hours 

-0.0439 0.0620 -0.1137 0.2340 -0.2204 SkillMix 

-0.0943 -0.1219 -0.0820 0.4366 0.1056 Intranet 

0.0737 -0.0929 -0.1346 0.1755 0.0970 Extranet 

-0.0581 -0.1033 0.0539 0.1847 0.0931 WAN 
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0.0778 -0.1396 0.0956 0.4132 0.0749 LAN 

-0.0364 0.0101 -0.0454 0.2512 0.0500 Network_Other 

-0.0850 -0.0689 -0.0989 -0.2007 -0.1230 PSIC_15__16 

-0.0800 -0.0649 -0.0931 -0.1888 -0.1158 PSIC_17__18__19 

-0.0358 -0.0290 -0.0416 -0.0844 -0.0517 PSIC_20 

-0.0578 -0.0469 -0.0673 -0.1364 -0.0836 PSIC_21__22 

-0.0251 -0.0203 -0.0292 -0.0592 -0.0363 PSIC_23 

-0.0513 -0.0416 -0.0597 -0.1211 -0.0742 PSIC_24__25 

-0.0441 -0.0358 -0.0513 -0.1041 -0.0638 PSIC_26 

1.0000 -0.0358 -0.0513 -0.1041 -0.0638 PSIC_27 

 1.0000 -0.0416 -0.0844 -0.0517 PSIC_28 

  1.0000 -0.1211 -0.0742 PSIC_29 

   1.0000 -0.1506 PSIC_30_33 

    1.0000 PSIC_34__35 

      

   PSIC_36 PSIC_37  

   -0.0923 -0.0726 LN_Cap_Hours 

   0.1200 -0.3426 LN_Labor_Hours 

   0.0197 0.1838 SkillMix 

   -0.0722 -0.1719 Intranet 

   -0.0667 -0.0950 Extranet 

   0.4112 -0.1422 WAN 

   0.0628 -0.1883 LAN 

   -0.0770 -0.1097 Network_Other 

   -0.0484 -0.0689 PSIC_15__16 

   -0.0455 -0.0649 PSIC_17__18__19 

   -0.0203 -0.0290 PSIC_20 

   -0.0329 -0.0469 PSIC_21__22 

   -0.0143 -0.0203 PSIC_23 

   -0.0292 -0.0416 PSIC_24__25 

   -0.0251 -0.0358 PSIC_26 

   -0.0251 -0.0358 PSIC_27 

   -0.0203 -0.0290 PSIC_28 

   -0.0292 -0.0416 PSIC_29 

   -0.0592 -0.0844 PSIC_30_33 

   -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.28. Variance inflation factors for regressors in model on computer network 

channels 

Variable Value 

LN_Cap_Hours 4.622 

LN_Labor_Hours 2.04 

SkillMix 3.354 

Intranet 4.165 
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Extranet 2.638 

WAN 3.701 

LAN 3.21 

Network_Other 3.188 

PSIC_15__16 5.011 

PSIC_17__18__19 2.798 

PSIC_20 1.729 

PSIC_21__22 2.676 

PSIC_23 2.434 

PSIC_24__25 2.705 

PSIC_26 2.442 

PSIC_27 2.327 

PSIC_28 1.723 

PSIC_29 2.148 

PSIC_30_33 4.395 

PSIC_34__35 3.073 

PSIC_36 2.125 

PSIC_37 1.633 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.29. Results of model testing on computer network channels 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 42.5375 0.0643237 * 

White’s test (squares only) Heteroskedasticity not present 42.5375 0.0643237 * 

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 29.5345 0.130223  

Doornik-Hansen test Normality of residuals 1.93393 0.380236  
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 10: Internet use (for government dealings) 

Table A.30. Pair-wise correlations among regressors in model on Internet use (for 

government dealings) 
LN_Cap_Hours LN_Labor_Hours SkillMix Govt_Info Govt_GetForm  

1.0000 0.0529 -0.5929 0.3484 0.2945 LN_Cap_Hours 

 1.0000 0.2281 0.0627 0.0413 LN_Labor_Hours 

  1.0000 -0.1748 -0.1540 SkillMix 

   1.0000 0.8014* Govt_Info 

    1.0000 Govt_GetForm 

      

Govt_SendForm Govt_Payment Govt_Others PSIC_15__16 PSIC_17__18__19  

0.4100 0.4757 0.0802 0.2208 -0.4201 LN_Cap_Hours 

0.0267 0.0926 -0.0099 0.2049 0.0854 LN_Labor_Hours 

-0.2749 -0.1500 -0.1702 -0.2291 0.3085 SkillMix 
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0.8208* 0.6610 0.1059 -0.3022 -0.2770 Govt_Info 

0.7706 0.6531 0.1475 -0.4072 -0.2068 Govt_GetForm 

1.0000 0.7571 0.2390 -0.2595 -0.4022 Govt_SendForm 

 1.0000 0.0670 -0.1912 -0.3588 Govt_Payment 

  1.0000 0.1785 -0.0803 Govt_Others 

   1.0000 -0.1543 PSIC_15__16 

    1.0000 PSIC_17__18__19 

      

PSIC_20 PSIC_21__22 PSIC_23 PSIC_24__25 PSIC_26  

-0.1363 0.0297 0.3858 0.1838 0.2278 LN_Cap_Hours 

0.0235 -0.2032 -0.1292 0.1732 0.0231 LN_Labor_Hours 

0.1572 -0.2709 -0.4236 -0.0856 -0.0004 SkillMix 

-0.2259 0.1822 0.0448 0.0172 0.1777 Govt_Info 

-0.2638 0.0464 0.0958 0.1017 0.0341 Govt_GetForm 

-0.2177 0.0206 0.1067 0.0993 0.1273 Govt_SendForm 

-0.2167 -0.0615 0.1807 0.2148 0.1606 Govt_Payment 

-0.0359 -0.0224 -0.0252 -0.0515 -0.0443 Govt_Others 

-0.0689 -0.1114 -0.0484 -0.0989 -0.0850 PSIC_15__16 

-0.0649 -0.1049 -0.0455 -0.0931 -0.0800 PSIC_17__18__19 

1.0000 -0.0469 -0.0203 -0.0416 -0.0358 PSIC_20 

 1.0000 -0.0329 -0.0673 -0.0578 PSIC_21__22 

  1.0000 -0.0292 -0.0251 PSIC_23 

   1.0000 -0.0513 PSIC_24__25 

    1.0000 PSIC_26 

      

PSIC_27 PSIC_28 PSIC_29 PSIC_30_33 PSIC_34__35  

0.2858 -0.0073 -0.0010 -0.1749 0.1594 LN_Cap_Hours 

-0.0072 0.1447 -0.0237 0.0448 -0.0713 LN_Labor_Hours 

-0.0439 0.0620 -0.1137 0.2340 -0.2204 SkillMix 

0.0180 -0.1786 0.2163 0.3259 0.1743 Govt_Info 

0.0050 -0.0012 0.2358 0.2953 0.2012 Govt_GetForm 

0.0351 -0.1434 0.0829 0.3415 0.3080 Govt_SendForm 

0.1607 -0.1361 0.0490 0.3734 0.0039 Govt_Payment 

-0.0443 -0.0359 -0.0515 -0.0141 0.2017 Govt_Others 

-0.0850 -0.0689 -0.0989 -0.2007 -0.1230 PSIC_15__16 

-0.0800 -0.0649 -0.0931 -0.1888 -0.1158 PSIC_17__18__19 

-0.0358 -0.0290 -0.0416 -0.0844 -0.0517 PSIC_20 

-0.0578 -0.0469 -0.0673 -0.1364 -0.0836 PSIC_21__22 

-0.0251 -0.0203 -0.0292 -0.0592 -0.0363 PSIC_23 

-0.0513 -0.0416 -0.0597 -0.1211 -0.0742 PSIC_24__25 

-0.0441 -0.0358 -0.0513 -0.1041 -0.0638 PSIC_26 

1.0000 -0.0358 -0.0513 -0.1041 -0.0638 PSIC_27 

 1.0000 -0.0416 -0.0844 -0.0517 PSIC_28 

  1.0000 -0.1211 -0.0742 PSIC_29 

   1.0000 -0.1506 PSIC_30_33 

    1.0000 PSIC_34__35 
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   PSIC_36 PSIC_37  

   -0.0923 -0.0726 LN_Cap_Hours 

   0.1200 -0.3426 LN_Labor_Hours 

   0.0197 0.1838 SkillMix 

   -0.1255 -0.2389 Govt_Info 

   0.0038 -0.2188 Govt_GetForm 

   0.0457 -0.1322 Govt_SendForm 

   0.0815 -0.1016 Govt_Payment 

   -0.0252 -0.0359 Govt_Others 

   -0.0484 -0.0689 PSIC_15__16 

   -0.0455 -0.0649 PSIC_17__18__19 

   -0.0203 -0.0290 PSIC_20 

   -0.0329 -0.0469 PSIC_21__22 

   -0.0143 -0.0203 PSIC_23 

   -0.0292 -0.0416 PSIC_24__25 

   -0.0251 -0.0358 PSIC_26 

   -0.0251 -0.0358 PSIC_27 

   -0.0203 -0.0290 PSIC_28 

   -0.0292 -0.0416 PSIC_29 

   -0.0592 -0.0844 PSIC_30_33 

   -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.31. Variance inflation factors for regressors in model on Internet use (for 

government dealings) 

Variable Value 

LN_Cap_Hours 4.298 

LN_Labor_Hours 1.909 

SkillMix 3.435 

Govt_Info 6.732 

Govt_GetForm 4.703 

Govt_SendForm 6.979 

Govt_Payment 3.976 

Govt_Others 1.275 

PSIC_15__16 5.816 

PSIC_17__18__19 2.919 

PSIC_20 1.655 

PSIC_21__22 2.668 

PSIC_23 2.405 

PSIC_24__25 2.737 

PSIC_26 2.233 

PSIC_27 2.468 

PSIC_28 1.797 

PSIC_29 2.151 
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PSIC_30_33 3.735 

PSIC_34__35 2.988 

PSIC_36 1.532 

PSIC_37 1.777 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

 It can be seen in Tables A.30 and A.31 that 3 of the explanatory variables contribute to a 

multicollinearity problem, i.e.: Govt_Info, Govt_GetForm, and Govt_SendForm. Based on Table 

A.30, Govt_Info is highly correlated with Govt_GetForm and Govt_SendForm. Hence, we either 

drop Govt_GetForm and Govt_SendForm or Govt_Info. Testing for omission of variables, the 

regression parameter for Govt_Info yielded more significant results (i.e., lower p-value of 

0.237484 as compared to p-value of 0.729062 for removal of Govt_GetForm and 

Govt_SendForm variables). Hence, we drop Govt_GetForm and Govt_SendForm in the modified 

model. 

Table A.32. Results of multicollinearity-corrected model testing on Internet use (for 

government dealings)  

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 27.1826 0.399805  

White’s test (squares only) Heteroskedasticity not present 27.1826 0.399805  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 22.3566 0.321476  

Doornik-Hansen test Normality of residuals 7.51684 0.0233206 ** 
*** Significant at a 1% significance level; ** 5%; * 10% 

Model 11: General Internet use 

Table A.33. Pair-wise correlations among regressors in model on general Internet use 
LN_Cap_Hours LN_Labor_Hours SkillMix Finance Recruitment  

1.0000 0.0529 -0.5929 0.4068 0.4631 LN_Cap_Hours 

 1.0000 0.2281 0.1286 0.1142 LN_Labor_Hours 

  1.0000 -0.1784 -0.1506 SkillMix 

   1.0000 0.6719 Finance 

    1.0000 Recruitment 

      

Training InfoDistrib_Int InfoDistrib_Ext InfoGet_Externa Internet_Others  

0.3731 0.4188 0.1744 0.3683 -0.1584 LN_Cap_Hours 

0.1447 0.1656 0.1297 -0.0683 -0.1651 LN_Labor_Hours 

-0.0573 -0.0836 -0.0217 -0.2779 0.1932 SkillMix 

0.4357 0.6171 0.4536 0.5948 0.0273 Finance 
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0.5947 0.6850 0.5016 0.5909 0.0471 Recruitment 

1.0000 0.5884 0.2584 0.5047 0.1201 Training 

 1.0000 0.5245 0.5878 0.0219 InfoDistrib_Int 

  1.0000 0.5774 0.0022 InfoDistrib_Ext 

   1.0000 -0.0193 InfoGet_Externa 

    1.0000 Internet_Others 

      

PSIC_15__16 PSIC_17__18__19 PSIC_20 PSIC_21__22 PSIC_23  

0.2208 -0.4201 -0.1363 0.0297 0.3858 LN_Cap_Hours 

0.2049 0.0854 0.0235 -0.2032 -0.1292 LN_Labor_Hours 

-0.2291 0.3085 0.1572 -0.2709 -0.4236 SkillMix 

-0.1475 -0.2558 -0.1798 -0.1334 0.2359 Finance 

-0.1083 -0.2829 -0.1919 -0.0574 0.2088 Recruitment 

-0.1260 -0.0779 -0.1065 -0.0350 0.1457 Training 

-0.1249 -0.2445 -0.1720 0.0057 0.2805 InfoDistrib_Int 

-0.3585 -0.1033 0.0414 0.0642 0.2760 InfoDistrib_Ext 

-0.2920 -0.2601 -0.1548 0.0858 0.1105 InfoGet_Externa 

0.0087 -0.0582 -0.0260 -0.0295 -0.0183 Internet_Others 

1.0000 -0.1543 -0.0689 -0.1114 -0.0484 PSIC_15__16 

 1.0000 -0.0649 -0.1049 -0.0455 PSIC_17__18__19 

  1.0000 -0.0469 -0.0203 PSIC_20 

   1.0000 -0.0329 PSIC_21__22 

    1.0000 PSIC_23 

      

PSIC_24__25 PSIC_26 PSIC_27 PSIC_28 PSIC_29  

0.1838 0.2278 0.2858 -0.0073 -0.0010 LN_Cap_Hours 

0.1732 0.0231 -0.0072 0.1447 -0.0237 LN_Labor_Hours 

-0.0856 -0.0004 -0.0439 0.0620 -0.1137 SkillMix 

0.0529 0.2245 0.0233 -0.1291 0.0174 Finance 

0.0237 0.1018 0.1657 -0.0610 0.0322 Recruitment 

0.0727 0.0037 0.0943 -0.0745 -0.1054 Training 

-0.0200 0.1465 -0.0257 -0.0020 0.0405 InfoDistrib_Int 

0.0713 0.0451 -0.0517 -0.1001 0.1989 InfoDistrib_Ext 

0.1071 0.0888 0.0198 -0.1086 0.2734 InfoGet_Externa 

-0.0373 -0.0321 -0.0321 -0.0260 -0.0373 Internet_Others 

-0.0989 -0.0850 -0.0850 -0.0689 -0.0989 PSIC_15__16 

-0.0931 -0.0800 -0.0800 -0.0649 -0.0931 PSIC_17__18__19 

-0.0416 -0.0358 -0.0358 -0.0290 -0.0416 PSIC_20 

-0.0673 -0.0578 -0.0578 -0.0469 -0.0673 PSIC_21__22 

-0.0292 -0.0251 -0.0251 -0.0203 -0.0292 PSIC_23 

1.0000 -0.0513 -0.0513 -0.0416 -0.0597 PSIC_24__25 

 1.0000 -0.0441 -0.0358 -0.0513 PSIC_26 

  1.0000 -0.0358 -0.0513 PSIC_27 

   1.0000 -0.0416 PSIC_28 

    1.0000 PSIC_29 

      

 PSIC_30_33 PSIC_34__35 PSIC_36 PSIC_37  
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 -0.1749 0.1594 -0.0923 -0.0726 LN_Cap_Hours 

 0.0448 -0.0713 0.1200 -0.3426 LN_Labor_Hours 

 0.2340 -0.2204 0.0197 0.1838 SkillMix 

 0.2070 0.2193 0.3189 -0.1471 Finance 

 0.3340 0.1832 -0.1134 -0.1667 Recruitment 

 0.1468 0.2370 -0.0561 -0.0876 Training 

 0.2079 0.1728 0.1107 -0.1535 InfoDistrib_Int 

 0.2243 0.1027 0.1207 -0.1143 InfoDistrib_Ext 

 0.1103 0.3595 0.0604 -0.1648 InfoGet_Externa 

 0.2224 -0.0464 0.0362 -0.0260 Internet_Others 

 -0.2007 -0.1230 -0.0484 -0.0689 PSIC_15__16 

 -0.1888 -0.1158 -0.0455 -0.0649 PSIC_17__18__19 

 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_20 

 -0.1364 -0.0836 -0.0329 -0.0469 PSIC_21__22 

 -0.0592 -0.0363 -0.0143 -0.0203 PSIC_23 

 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_24__25 

 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_26 

 -0.1041 -0.0638 -0.0251 -0.0358 PSIC_27 

 -0.0844 -0.0517 -0.0203 -0.0290 PSIC_28 

 -0.1211 -0.0742 -0.0292 -0.0416 PSIC_29 

 1.0000 -0.1506 -0.0592 -0.0844 PSIC_30_33 

  1.0000 -0.0363 -0.0517 PSIC_34__35 

   1.0000 -0.0203 PSIC_36 

    1.0000 PSIC_37 

Values with asterisks (*) signify multicollinearity (using threshold of +/- 0.80) 

Table A.34. Variance inflation factors for regressors in model on general Internet use 

Variable Value 

LN_Cap_Hours 4.208 

LN_Labor_Hours 2.399 

SkillMix 4.021 

Finance 3.556 

Recruitment 4.129 

Training 2.52 

InfoDistrib_Int 3.164 

InfoDistrib_Ext 2.606 

InfoGet_Externa 3.697 

Internet_Others 1.454 

PSIC_15__16 5.03 

PSIC_17__18__19 2.762 

PSIC_20 1.536 

PSIC_21__22 2.912 

PSIC_23 2.877 

PSIC_24__25 2.791 

PSIC_26 2.273 

PSIC_27 2.475 
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PSIC_28 1.707 

PSIC_29 2.71 

PSIC_30_33 4.273 

PSIC_34__35 3.338 

PSIC_36 1.933 

PSIC_37 1.613 
Minimum possible value = 1.0. Values > 10.0 (with asterisks) may indicate a collinearity problem.  

Table A.35. Results of model testing on general Internet use 

Test Null hypothesis Test statistic P-value  

White’s test Heteroskedasticity not present 38.8401 0.223209  

White’s test (squares only) Heteroskedasticity not present 38.8401 0.223209  

Koenker test (Breush-Pagan, 

robust variant) 

Heteroskedasticity not present 24.2353 0.448212  

Doornik-Hansen test Normality of residuals 2.03873 0.360824  
*** Significant at a 1% significance level; ** 5%; * 10% 
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APPENDIX B 

HETEROSKEDASTICITY-CORRECTED MODELS 

 

Model 1: ICT investment outlay 

Table B.1. Results of heteroskedasticity-corrected model on ICT investment outlay 

  Coefficient Std. Error t-ratio p-value  

const 3.76824 1.01696 3.7054 0.00045 *** 

LN_Cap_Hours 0.720065 0.0681573 10.5647 <0.00001 *** 

LN_Labor_Hours -0.0622765 0.0701766 -0.8874 0.37828  

SkillMix -2.51239 0.8781 -2.8612 0.00575 *** 

CapEx_ICT -0.00997654 0.00861104 -1.1586 0.25107  

BV_ICT 0.0466447 0.0291005 1.6029 0.11404  

 

Mean dependent var  0.197637  S.D. dependent var  1.308356 

Sum squared resid  21.24820  S.E. of regression  0.585417 

R-squared  0.814734  Adjusted R-squared  0.799793 

F(5, 62)  66.84807  P-value(F)  1.15e-23 

Log-likelihood -56.93782  Akaike criterion  125.8756 

Schwarz criterion  139.1927  Hannan-Quinn  131.1523 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 2: Degree of employee-level ICT uptake 

Table B.2. Results of heteroskedasticity-corrected model on employee-level ICT uptake 

 Coefficient Std. Error t-ratio p-value  

const 1.49361 1.19126 1.2538 0.21563  

LN_Cap_Hours 0.659437 0.0881881 7.4776 <0.00001 *** 

LN_Labor_Hours 0.0892832 0.0876279 1.0189 0.31306  

SkillMix -3.03863 1.50073 -2.0248 0.04814 ** 

Employee_Comp -0.00114797 0.00998259 -0.1150 0.90890  

Employee_Net -0.00786462 0.0182963 -0.4298 0.66912  

PSIC_15__16 0.402282 0.463663 0.8676 0.38967  

PSIC_17__18__19 0.140598 0.325878 0.4314 0.66797  

PSIC_20 0.170728 0.342257 0.4988 0.62004  

PSIC_21__22 -0.116342 0.430308 -0.2704 0.78797  

PSIC_23 1.2292 0.833002 1.4756 0.14619  

PSIC_24__25 -0.0510154 0.442967 -0.1152 0.90876  

PSIC_26 0.114658 0.425178 0.2697 0.78850  

PSIC_27 0.249731 0.552088 0.4523 0.65294  

PSIC_28 -0.0672311 0.432972 -0.1553 0.87721  

PSIC_29 0.356774 0.513754 0.6944 0.49055  

PSIC_30_33 0.613746 0.393998 1.5577 0.12548  

PSIC_34__35 0.604867 0.517934 1.1678 0.24830  
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PSIC_36 0.0195785 0.438576 0.0446 0.96457  

PSIC_37 2.16004 0.478831 4.5111 0.00004 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  18.13867  S.E. of regression  0.596372 

R-squared  0.852391  Adjusted R-squared  0.797399 

F(19, 51)  5.72e+15  P-value(F)  0.000000 

Log-likelihood -52.30013  Akaike criterion  144.6003 

Schwarz criterion  189.8539  Hannan-Quinn  162.5962 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 3: Degree of firm-level ICT uptake 

Table B.3. Results of heteroskedasticity-corrected model on firm-level ICT uptake 

  Coefficient Std. Error t-ratio p-value  

const 1.36348 1.05116 1.2971 0.20135  

LN_Cap_Hours 0.666599 0.0935258 7.1274 <0.00001 *** 

LN_Labor_Hours 0.162632 0.0593013 2.7425 0.00879 *** 

SkillMix -4.32204 1.05112 -4.1118 0.00017 *** 

CompFirm 0.0147359 0.00571829 2.5770 0.01340 ** 

NetFirm -0.00581267 0.00853838 -0.6808 0.49958  

Website -0.014005 0.00705192 -1.9860 0.05329 * 

CommEqpt -0.00803852 0.00595092 -1.3508 0.18367  

Comm_Mobile 0.00720262 0.00481736 1.4951 0.14202  

ECommerce_Inter 0.00809107 0.0059976 1.3491 0.18422  

ECommerce_Other -0.00800046 0.00740556 -1.0803 0.28588  

Ecommerce_Mobil -0.0106226 0.00497233 -2.1363 0.03825 ** 

PSIC_15__16 -0.0650492 0.472904 -0.1376 0.89122  

PSIC_17__18__19 0.0233932 0.33295 0.0703 0.94430  

PSIC_20 -0.228602 0.410501 -0.5569 0.58043  

PSIC_21__22 -0.634275 0.340982 -1.8601 0.06956 * 

PSIC_23 0.189037 0.62691 0.3015 0.76443  

PSIC_24__25 -0.384205 0.374699 -1.0254 0.31079  

PSIC_26 0.143526 0.398415 0.3602 0.72039  

PSIC_27 0.143042 0.604067 0.2368 0.81391  

PSIC_28 -0.096463 0.44289 -0.2178 0.82859  

PSIC_29 0.19746 0.371773 0.5311 0.59800  

PSIC_30_33 0.394002 0.38233 1.0305 0.30839  

PSIC_34__35 0.30813 0.399073 0.7721 0.44417  

PSIC_36 0.62394 0.462526 1.3490 0.18424  

PSIC_37 2.08866 0.40688 5.1334 <0.00001 *** 

 

Mean dependent var  0.163676  S.D. dependent var  1.331249 

Sum squared resid  12.17627  S.E. of regression  0.526054 

R-squared  0.900426  Adjusted R-squared  0.843850 
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F(25, 44)  3.93e+15  P-value(F)  0.000000 

Log-likelihood -38.11047  Akaike criterion  128.2209 

Schwarz criterion  186.6818  Hannan-Quinn  151.4423 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 4: Hardware investment 

Table B.4. Results of heteroskedasticity-corrected model on hardware investment 

 Coefficient Std. Error t-ratio p-value  

const 1.61208 1.24566 1.2942 0.20168  

LN_Cap_Hours 0.663417 0.105036 6.3161 <0.00001 *** 

LN_Labor_Hours 0.0834821 0.103603 0.8058 0.42426  

SkillMix -3.08793 1.49858 -2.0606 0.04467 ** 

Desktop -0.00701937 0.0149195 -0.4705 0.64010  

MiniComp 0.0474947 0.25745 0.1845 0.85440  

Mainframe -0.126822 0.735643 -0.1724 0.86384  

Handheld 0.030486 0.019528 1.5611 0.12493  

Hardware_Others 0.198929 0.136801 1.4542 0.15228  

PSIC_15__16 0.384768 0.494019 0.7789 0.43981  

PSIC_17__18__19 0.152313 0.344185 0.4425 0.66005  

PSIC_20 0.138945 0.366081 0.3795 0.70592  

PSIC_21__22 -0.233172 0.395097 -0.5902 0.55779  

PSIC_24__25 -0.0552889 0.475576 -0.1163 0.90792  

PSIC_26 0.0456052 0.460056 0.0991 0.92144  

PSIC_27 0.267568 0.644047 0.4154 0.67963  

PSIC_28 0.0260772 0.449058 0.0581 0.95393  

PSIC_29 0.225544 0.524008 0.4304 0.66878  

PSIC_30_33 0.622534 0.418424 1.4878 0.14321  

PSIC_34__35 0.415051 0.482472 0.8603 0.39384  

PSIC_36 -0.28327 0.351791 -0.8052 0.42458  

PSIC_37 2.14353 0.458226 4.6779 0.00002 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.22463  S.E. of regression  0.592894 

R-squared  0.859829  Adjusted R-squared  0.799756 

F(21, 49)  167.2916  P-value(F)  1.84e-38 

Log-likelihood -50.46459  Akaike criterion  144.9292 

Schwarz criterion  194.7081  Hannan-Quinn  164.7247 
*** Significant at a 1% significance level; ** 5%; * 10% 
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Model 5: Communication equipment 

Table B.5. Results of heteroskedasticity-corrected model on communication equipment 

 Coefficient Std. Error t-ratio p-value  

const 0.632597 1.02949 0.6145 0.54169  

LN_Cap_Hours 0.582563 0.0841425 6.9235 <0.00001 *** 

LN_Labor_Hours 0.13964 0.0853245 1.6366 0.10800  

SkillMix -3.24441 1.39769 -2.3213 0.02439 ** 

Telephone -0.0165005 0.00968695 -1.7034 0.09471 * 

Mobile 0.039843 0.0143521 2.7761 0.00772 *** 

Comm_Others -0.419356 0.402585 -1.0417 0.30258  

PSIC_15__16 0.39411 0.449047 0.8777 0.38433  

PSIC_17__18__19 0.0828918 0.299924 0.2764 0.78340  

PSIC_20 0.189768 0.303404 0.6255 0.53451  

PSIC_21__22 -0.300375 0.408316 -0.7356 0.46538  

PSIC_23 1.44917 0.981852 1.4760 0.14622  

PSIC_24__25 -0.0906149 0.438227 -0.2068 0.83702  

PSIC_26 0.131803 0.39719 0.3318 0.74140  

PSIC_27 0.433632 0.572154 0.7579 0.45207  

PSIC_28 -0.106785 0.43879 -0.2434 0.80872  

PSIC_29 0.0130768 0.384229 0.0340 0.97299  

PSIC_30_33 0.677679 0.395465 1.7136 0.09279 * 

PSIC_34__35 0.585724 0.457781 1.2795 0.20663  

PSIC_36 -1.47975 0.550347 -2.6888 0.00972 *** 

PSIC_37 2.04109 0.372564 5.4785 <0.00001 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  15.12897  S.E. of regression  0.550072 

R-squared  0.876883  Adjusted R-squared  0.827636 

F(20, 50)  9.55e+15  P-value(F)  0.000000 

Log-likelihood -45.85920  Akaike criterion  133.7184 

Schwarz criterion  181.2347  Hannan-Quinn  152.6141 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 6: E-commerce (via Internet) 

Table B.6. Results of heteroskedasticity-corrected model on e-commerce (via Internet) 

 Coefficient Std. Error t-ratio p-value  

const 1.16673 1.06586 1.0946 0.27892  

LN_Cap_Hours 0.657129 0.0936255 7.0187 <0.00001 *** 

LN_Labor_Hours 0.0921851 0.0907555 1.0158 0.31464  

SkillMix -2.78013 1.43053 -1.9434 0.05760 * 

NetBuy 0.00327809 0.00801342 0.4091 0.68423  

NetSell -0.00462961 0.00705498 -0.6562 0.51469  

NetBuySell 0.00129019 0.00663777 0.1944 0.84667  
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PSIC_15__16 0.406756 0.477819 0.8513 0.39867  

PSIC_17__18__19 0.169983 0.324523 0.5238 0.60274  

PSIC_20 0.110004 0.37489 0.2934 0.77041  

PSIC_21__22 -0.275101 0.437831 -0.6283 0.53265  

PSIC_23 1.12912 0.864805 1.3056 0.19765  

PSIC_24__25 -0.118043 0.465203 -0.2537 0.80073  

PSIC_26 0.0199594 0.457816 0.0436 0.96540  

PSIC_27 0.195194 0.566112 0.3448 0.73169  

PSIC_28 -0.0524189 0.426035 -0.1230 0.90257  

PSIC_29 0.276335 0.500995 0.5516 0.58370  

PSIC_30_33 0.578377 0.41302 1.4004 0.16758  

PSIC_34__35 0.501088 0.529922 0.9456 0.34891  

PSIC_36 -0.212318 0.358444 -0.5923 0.55630  

PSIC_37 2.09782 0.482614 4.3468 0.00007 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  18.15117  S.E. of regression  0.602514 

R-squared  0.852289  Adjusted R-squared  0.793204 

Log-likelihood -52.32459  Akaike criterion  146.6492 

Schwarz criterion  194.1655  Hannan-Quinn  165.5449 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 7: E-commerce (via other computer networks) 

Table B.7. Results of heteroskedasticity-corrected model on e-commerce (via other 

computer networks) 

 Coefficient Std. Error t-ratio p-value  

const 1.25047 1.00347 1.2461 0.21852  

LN_Cap_Hours 0.673636 0.088081 7.6479 <0.00001 *** 

LN_Labor_Hours 0.0953343 0.0874913 1.0896 0.28109  

SkillMix -2.8707 1.45996 -1.9663 0.05483 * 

OtherBuy -0.0253836 0.0252193 -1.0065 0.31901  

OtherSell 0.00187742 0.0231622 0.0811 0.93572  

OtherBuySell -0.00175745 0.00646129 -0.2720 0.78674  

PSIC_15__16 0.439852 0.467508 0.9408 0.35131  

PSIC_17__18__19 0.134562 0.346358 0.3885 0.69929  

PSIC_20 0.0807934 0.387282 0.2086 0.83560  

PSIC_21__22 -0.275451 0.43233 -0.6371 0.52695  

PSIC_23 1.03574 0.871671 1.1882 0.24036  

PSIC_24__25 -0.0998298 0.453926 -0.2199 0.82682  

PSIC_26 0.160285 0.428345 0.3742 0.70984  

PSIC_27 0.269912 0.611419 0.4415 0.66079  

PSIC_28 -0.0443817 0.429511 -0.1033 0.91811  

PSIC_29 0.232979 0.52575 0.4431 0.65958  

PSIC_30_33 0.624244 0.395781 1.5772 0.12105  



145 

 

PSIC_34__35 0.568877 0.495633 1.1478 0.25652  

PSIC_36 -0.140916 0.416957 -0.3380 0.73681  

PSIC_37 2.1 0.497221 4.2235 0.00010 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.94888  S.E. of regression  0.599147 

R-squared  0.853935  Adjusted R-squared  0.795509 

Log-likelihood -51.92674  Akaike criterion  145.8535 

Schwarz criterion  193.3698  Hannan-Quinn  164.7492 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 8: E-commerce (via mobile phone) 

Table B.8. Results of heteroskedasticity-corrected model on e-commerce (via mobile phone) 

  Coefficient Std. Error t-ratio p-value  

const 1.12644 0.945555 1.1913 0.23916  

LN_Cap_Hours 0.651909 0.0865887 7.5288 <0.00001 *** 

LN_Labor_Hours 0.112226 0.0848119 1.3232 0.19178  

SkillMix -2.88902 1.39081 -2.0772 0.04294 ** 

MobileBuy 0.00939103 0.0218977 0.4289 0.66987  

MobileSell -0.0196855 0.0144411 -1.3632 0.17894  

MobileBuySell -0.00537827 0.00456729 -1.1776 0.24455  

PSIC_15__16 0.372079 0.460435 0.8081 0.42286  

PSIC_17__18__19 0.0998336 0.307552 0.3246 0.74683  

PSIC_20 -0.0525329 0.338558 -0.1552 0.87731  

PSIC_21__22 -0.371552 0.412922 -0.8998 0.37253  

PSIC_23 1.19597 0.802566 1.4902 0.14246  

PSIC_24__25 -0.204805 0.525253 -0.3899 0.69825  

PSIC_26 0.168366 0.454742 0.3702 0.71276  

PSIC_27 0.0594626 0.533823 0.1114 0.91175  

PSIC_28 -0.0567515 0.420575 -0.1349 0.89320  

PSIC_29 0.249923 0.525158 0.4759 0.63622  

PSIC_30_33 0.485444 0.382227 1.2700 0.20995  

PSIC_34__35 0.556111 0.480583 1.1572 0.25271  

PSIC_36 -0.545225 0.959761 -0.5681 0.57252  

PSIC_37 2.08558 0.433745 4.8083 0.00001 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  17.43348  S.E. of regression  0.590483 

R-squared  0.858129  Adjusted R-squared  0.801381 

F(20, 50)  2.75e+15  P-value(F)  0.000000 

Log-likelihood -50.89244  Akaike criterion  143.7849 

Schwarz criterion  191.3012  Hannan-Quinn  162.6806 
*** Significant at a 1% significance level; ** 5%; * 10% 
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Model 9: Computer network channels 

Table B.9. Results of heteroskedasticity-corrected model on computer network channels 

 Coefficient Std. Error t-ratio p-value  

const 0.549313 1.22932 0.4468 0.65700  

LN_Cap_Hours 0.647299 0.113357 5.7103 <0.00001 *** 

LN_Labor_Hours 0.0947966 0.0785531 1.2068 0.23343  

SkillMix -2.36824 1.32324 -1.7897 0.07981 * 

Intranet -0.0157757 0.00903758 -1.7456 0.08728 * 

Extranet -0.0157044 0.0178464 -0.8800 0.38326  

WAN 0.00449474 0.00574943 0.7818 0.43819  

LAN 0.00700639 0.00498482 1.4055 0.16630  

Network_Other 0.0164179 0.024658 0.6658 0.50871  

PSIC_15__16 0.631618 0.418074 1.5108 0.13740  

PSIC_17__18__19 0.260285 0.296338 0.8783 0.38414  

PSIC_20 0.579203 0.338496 1.7111 0.09352 * 

PSIC_21__22 -0.0666166 0.386604 -0.1723 0.86392  

PSIC_23 1.62016 0.913343 1.7739 0.08243 * 

PSIC_24__25 0.125157 0.421937 0.2966 0.76803  

PSIC_26 0.232019 0.4092 0.5670 0.57335  

PSIC_27 0.319848 0.578392 0.5530 0.58283  

PSIC_28 0.00319042 0.41477 0.0077 0.99389  

PSIC_29 0.22859 0.501384 0.4559 0.65051  

PSIC_30_33 0.76282 0.355928 2.1432 0.03720 ** 

PSIC_34__35 0.821971 0.463826 1.7722 0.08272 * 

PSIC_36 -0.567537 0.521131 -1.0890 0.28157  

PSIC_37 2.20628 0.456997 4.8278 0.00001 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  16.58128  S.E. of regression  0.587744 

R-squared  0.865064  Adjusted R-squared  0.803219 

Log-likelihood -49.11324  Akaike criterion  144.2265 

Schwarz criterion  196.2681  Hannan-Quinn  164.9218 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 10: Internet use (for government dealings) 

Table B.10. Results of heteroskedasticity-corrected (multicollinearity-corrected) model on 

Internet use (for government dealings) 

 Coefficient Std. Error t-ratio p-value  

const 1.12514 1.00571 1.1188 0.26859  

LN_Cap_Hours 0.543103 0.0939684 5.7796 <0.00001 *** 

LN_Labor_Hours 0.0735059 0.0850258 0.8645 0.39143  

SkillMix -3.19946 1.37768 -2.3223 0.02433 ** 

Govt_Info 0.00529368 0.0045038 1.1754 0.24541  
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Govt_Payment 0.00517584 0.00540424 0.9577 0.34280  

Govt_Others -0.152257 0.0546473 -2.7862 0.00752 *** 

PSIC_15__16 0.817407 0.408987 1.9986 0.05110 * 

PSIC_17__18__19 0.310778 0.276443 1.1242 0.26630  

PSIC_20 0.44665 0.411986 1.0841 0.28350  

PSIC_21__22 -0.334038 0.43892 -0.7610 0.45020  

PSIC_23 1.28063 0.840862 1.5230 0.13406  

PSIC_24__25 -0.00289081 0.432786 -0.0067 0.99470  

PSIC_26 0.0950892 0.391215 0.2431 0.80895  

PSIC_27 0.391554 0.489928 0.7992 0.42795  

PSIC_28 0.307643 0.362791 0.8480 0.40049  

PSIC_29 0.143175 0.500387 0.2861 0.77596  

PSIC_30_33 0.493247 0.400316 1.2321 0.22366  

PSIC_34__35 0.734566 0.431901 1.7008 0.09520 * 

PSIC_36 -0.13923 0.34776 -0.4004 0.69059  

PSIC_37 2.39077 0.432148 5.5323 <0.00001 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  15.90358  S.E. of regression  0.563978 

R-squared  0.870579  Adjusted R-squared  0.818811 

Log-likelihood -47.63182  Akaike criterion  137.2636 

Schwarz criterion  184.7799  Hannan-Quinn  156.1594 
*** Significant at a 1% significance level; ** 5%; * 10% 

 

Model 11: General Internet use 

Table B.11. Results of heteroskedasticity-corrected model on general Internet use 

 Coefficient Std. Error t-ratio p-value  

const 1.10628 1.03622 1.0676 0.29127  

LN_Cap_Hours 0.616271 0.0912759 6.7517 <0.00001 *** 

LN_Labor_Hours 0.134593 0.07076 1.9021 0.06343 * 

SkillMix -3.75523 1.14994 -3.2656 0.00207 *** 

Finance 0.0112032 0.00735638 1.5229 0.13462  

Recruitment 0.0024055 0.00991718 0.2426 0.80943  

Training 0.00378624 0.00935986 0.4045 0.68771  

InfoDistrib_Int -0.00112575 0.00642326 -0.1753 0.86164  

InfoDistrib_Ext -0.00228657 0.0061268 -0.3732 0.71071  

InfoGet_Externa -0.00421404 0.00754955 -0.5582 0.57943  

Internet_Others 0.0655463 0.0208342 3.1461 0.00290 *** 

PSIC_15__16 0.174993 0.355893 0.4917 0.62527  

PSIC_17__18__19 0.143627 0.262839 0.5464 0.58740  

PSIC_20 0.249477 0.3216 0.7757 0.44187  

PSIC_21__22 -0.337043 0.307579 -1.0958 0.27887  

PSIC_23 0.515593 0.596242 0.8647 0.39167  

PSIC_24__25 -0.261078 0.318036 -0.8209 0.41593  
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PSIC_26 -0.187266 0.319055 -0.5869 0.56011  

PSIC_27 0.0762257 0.462235 0.1649 0.86974  

PSIC_28 -0.0634824 0.355219 -0.1787 0.85895  

PSIC_29 0.22752 0.46841 0.4857 0.62947  

PSIC_30_33 0.316152 0.322709 0.9797 0.33237  

PSIC_34__35 0.328526 0.471404 0.6969 0.48937  

PSIC_36 -0.921532 0.536606 -1.7173 0.09264 * 

PSIC_37 2.33394 0.380921 6.1271 <0.00001 *** 

 

Mean dependent var  0.174658  S.D. dependent var  1.324941 

Sum squared resid  14.16367  S.E. of regression  0.554893 

R-squared  0.884739  Adjusted R-squared  0.824602 

F(24, 46)  1.11e+16  P-value(F)  0.000000 

Log-likelihood -43.51864  Akaike criterion  137.0373 

Schwarz criterion  193.6043  Hannan-Quinn  159.5322 

 
 


