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Abstract 
Today many organisations of all types and sizes in Papua New Guinea (PNG) are utilising some form of 
Information and Communication Technology (ICT), including computers, mobile phones, fixed line telephones, 
and the internet. Large businesses are likely to own and use nearly all these types of ICT. The situation for the 
country’s Small and Medium Enterprises (SMEs) is the opposite to that of large business houses. Since ICT 
has become a critical input that could help SMEs overcome market imperfections, the Government of PNG is 
planning to establish ICT support systems and tools for SME business development and growth. In this paper, 
we use data from a survey of SME owners or managers in remote, rural, and urban areas of PNG to provide 
evidence on the potential impact of such an ICT support strategy. Using multinomial probit models, we find 
that, in urban areas, SMEs using mobile phones are more likely to have growth in business profits or develop new 
products or services than those not using mobile phones. In both remote and rural areas, SMEs using landline 
telephones and websites are more likely to develop new products or services. On the other hand those using 
computers are more likely to have their business profits grow. Those using website and internet are, however, 
less likely to increase product sales and develop new products or services. In general, the number of SMEs using 
various ICT resources other than mobile phones is very low in rural and remote places across the country. This 
is symptomatic of limited access to ICT resources. Investing in ICT infrastructure and targeted entrepreneurial 
training are, therefore, critical factors that could lead to more PNG SMEs accessing, and understanding the 
benefits of, and employing, ICT resources in their businesses. Moreover, innovative SMEs – those likely to 
introduce new products or services as a result of using ICT resources – need a supportive policy environment to 
protect their intellectual property.
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In 2016, Papua New Guinea (PNG) adopted a new Small and Medium Enterprise (SME) Policy and 
accompanying SME Master Plan 2016–2030 to deliver specific SME sector targets of PNG Vision 2050 and the 
PNG Development Strategic Plan 2010–2030 (Ministry of Trade, Commerce & Industry, 2016a; Ministry of 
Trade, Commerce & Industry, 2016b). The targets are to increase, by 2050: the number of SMEs to 500,000, 
the level of SME employment to 2 million jobs, and the share of SME’s contribution to 50 percent of GDP. 
To achieve these targets, and since SMEs are an important factor in the PNG economy, especially with respect 
to production and employment, the Government is planning to establish several key interventions, including 
information and communication technology (ICT) support systems and tools for SME business development 
and growth (Ministry of Trade, Commerce & Industry, 2016a).

In particular, the PNG Government is planning to: (i) subcontract established ICT service providers to assist 
SMEs with the necessary support that will enhance their operating capability and (ii) facilitate the establishment, 
and use, of ICT information hub or portals where SMEs can access information on markets (Ministry of Trade, 
Commerce & Industry, 2016a). It is believed that access to ICT services could help SMEs overcome market 
imperfections. It also enables them to operate more competitively with greater efficiency in both domestic 
and global markets (UNCTAD Secretariat, 2005). Different elements of ICT can play important roles in 
the country’s digital economy. The overall understanding of the subject in PNG SMEs is limited. There is no 
evidence on whether the adoption and use of ICT resources have any impact on several dimensions of SME 
growth and performance indicators. Yet sound policies and effective ICT-related business development assistance 
programmes can only be developed if policy makers have a good knowledge and understanding of whether the 
use of ICT resources is a factor contributing to the success of SMEs in PNG. The use of ICT may increase 
competitiveness of SMEs. They have to either become more productive and grow or to close down. The objective 
of this study is to examine the use and impact of ICT resources on the performance of a sample of PNG SMEs.

The next section contains a review of the literature on SME performance measures and examines selected 
studies that relate ICT usage to SME performance. The data, methodology, and hypotheses are introduced 
in Section 3. The data analysis presented in Section 4 first qualitatively explores the relationship between ICT 
usage and selected performance indicators for a sample of SMEs in urban, rural, and remote locations in PNG. 
Disaggregating the analysis by location is important because: (i) in PNG, SMEs underpin a large grassroots 
economy – where local low-income people start and strive to grow their own businesses in the informal sector1, 
(ii) nearly 85 percent of the country’s population live in rural and remote areas, and (iii) even though the ICT 
space in PNG has improved significantly in recent years, the country’s digital divide is exacerbated by PNG’s 
rugged geography, with rural and remote locations having little or no access to ICT (Department of Information 
& Communication, 2008, 2009).2 The magnitude and direction of the effect of various ICT resources on 
different dimensions of SME performance are then estimated to enhance understanding of whether ICT is a key 
constraint to or enabler of small scale entrepreneurship in urban PNG, compared to rural and remote places in 
the country. Section 5 concludes with policy recommendations for targeting ICT support systems and tools for 
SME business development and growth in PNG.

1 The situation of PNG SME sector is discussed in Mishra & Smyth (2016), and Mishra, Odhuno, & Smyth (2017). We only provide, 
in Section 4, a brief overview of the SME sector in relation to ICT possession and usage based on Tebbutt Research (2014) survey 
data. See Section 3 on Tebbutt Research (2014)  survey data. 
2 There is, however, some ray of hope. The World Bank is funding a Rural Communications Project that aims to modernise 
and improve the country’s ICT sector and its accessibility in rural areas; the ultimate goal is to improve standards of living, and 
empower SME growth (Department of Treasury, 2017). 

1

Background and significance of the study 
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Literature review 
SME performance measures
Performance is a measure of how reasonably a process achieves its objective. Various studies have defined 
performance differently. According to Hasan and Almubarak (2016) SME’s performance is defined according 
to business output and growth. Moullin (2002, p.188) explains an organisation’s performance as “how well 
the organization is managed and the value the organization delivers for customers and other stakeholders.” 
Amaratunga and Baldry’s (2002, p.218) definition illustrate the role and process of performance measurement 
from different aspects. Thus, “measurement provides the basis for an organisation to assess how well it is 
progressing towards its predetermined objectives, helps to identify areas of strength and weaknesses, and decides 
on future initiatives, with the goal of improving organisational performance.” Performance measurement may 
refer to the returns to the owners on the effort that they invest in running the firm (Nneka, 2015). 

The performance measures of SMEs broadly differ. Murphy, Trailer & Hill (1996) reviewed the performance 
dimensions and measures used in literature and found significant differences in performance recommendations. 
Wu (2009) found growth and profitability to be the two performance dimensions often utilised in empirical 
research. Growth is measured using, among others, growth in sales, change in employees, growth in market 
share, market development, assets growth, profitability growth, and new product or process development. Profit, 
on the other hand, is measured using net profit, return on sales, net profit margin, stock market returns, and 
profitability relative to competitors.

Consoli (2012) recognises four groups of variables that are influential in an SME: growth, expansion, new 
products, and performance. Each of the group consists of multiple dimensions: growth consists of productivity 
growth, strategic, and sales  led growth; expansion consists of organisation expansion, improvement in supply 
chain and international communication; new products consist of new products or services, product quality, 
and customer satisfaction. Performance consists of efficiency, effectiveness, competitiveness, innovativeness in 
business and intangible benefits. According to Adams et al. (2002) effectiveness refers to the extent to which 
stakeholder requirements are met. Efficiency, on the other hand, is a measure of how the firm’s resources are 
utilised when providing a given level of stakeholder satisfaction. Wu (2009) finds efficiency is frequently measured 
using return on investment and return on assets. 

Dalrymple (2004), lists profitability, financial management, productivity, investment, growth, customer service, 
supplier management, innovation, people management, and customer satisfaction as some of performance 
measures of an SME. Liang, You & Liu (2010) and Santos and Brito (2012) note that a company or enterprise 
has two types of performance: financial performance and strategic or operational performance. The financial 
performance aspects include efficiency, effectiveness, profitability, growth, and market value (see also Consoli, 
2012 and Santos and Brito, 2012). The strategic performance aspects include customer satisfaction, employees’ 
satisfaction, environmental, and social performance (Santos and Brito, 2012).  

Kotane (2015), points out a number of financial and non-financial indicators that measure business performance 
(see also Neely, 1999; Moorthy et al., 2012). Based on the research, net turnover, cash flow report, current 
ratio, asset turnover, accounts receivable turnover, inventory turnover, payable turnover, total debt ratio, debt-
to-equity ratio, gross profitability, return on assets (ROA), return on equity (ROE), return on sale (ROS), 
return on investment (ROI), EBITDA profitability, and the debt service coverage ratio (DSCR) constitute 
the financial indicators. On the other hand, level of consumer satisfaction, increase in number of consumers, 
consumer’s loyalty, quality of product and services, motivated employees, loyal employees, the level of employee’s 
satisfaction, development of new product and services, training of new employees, company reputation, and 
market share constitutes the non-financial indicators. 

Generally, business performance implies the achievement of the business in addition to business development. 
Performance measurement assists the organisation to keep track and regulate the company’s performance and 
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ensure whether the company is meeting the organisation’s goals. For the purposes of this research, performance 
is related to the single biggest achievement a business has experienced over the previous 12 months prior to 
the Tebbutt Research (2014) survey. These include both financial and strategic or operational indicators. The 
financial indicators consist of market value and growth, and the operational indicators consist of customers’ 
satisfaction. 

ICT impact on performance measures
Studies show that ICT performance effects depend on the type of technology being used and the extent of its 
adoption. Depending on the type of ICT the immediate impact is not always evident (see Bayo-Moriones, 
Billon & Lera-Lopez, 2013). There is, however, general consensus that network technologies, particularly 
communication and ICT systems, have a positive effect on firm performance. They help, in part, to produce 
spillover effects and to spread ICT impact (see Bayo-Moriones et al., 2013). Particularly, computer networks are 
related, with spillover effects since they let a firm subcontract certain activities, to work closer with customers 
and suppliers, and to better integrate activities throughout the value chain (Atrostic and Gates, 2001; Criscuolo 
and Waldron, 2003). 

In general, studies  in Malaysia and Indonesia indicated  that usage of ICT had a  positive  relationship  
with  business performance. (See for instance Ong et al., 2016; Setiawan, Indiastuti, and Destevanie, 2015;  
Zaremohzzabieh  et  al., 2015; Chen, 2015).  Rahayu and Day (2017) found that Indonesian SMEs adopting 
e-commerce expanded their market reach, improved sales, enhanced external communication, company image, 
speed of data processing, and employee output. Thus, the benefits realized by SMEs tend to be increased by 
the increase in the level of e-commerce adoption. In PNG, Watson (2015) found that using mobile phones 
strategically could assist service distribution and socioeconomic objectives in rural areas. 

Studies in the United States find that plants utilising ICT services experience on average a higher labour 
productivity (Atrostic and Nguyen, 2002; Pilat, 2004). In Japan, firms with open networks such as the internet 
have a larger share of white-collar workers and to outsource more production activities (Motohashi, 2001; 
Atrostic et al., 2002). Studies in Germany (Bertschek and Fryges, 2002) also confirm the importance of networks 
in the adoption of business to business (B2B) systems. In the United Kingdom, Criscuolo and Waldron, (2003) 
find that the use of networks has an important impact on productivity growth, but primarily through electronic 
purchasing, not through selling. 

Some studies demonstrate that investments in ICT substantially affect the productivity of the labour force 
and economic growth (see e.g. Manochehri et al., (2012); Sabbagh et al., (2012)). Tarute and Gatautis (2014) 
observe that aligning ICT investments with internal capabilities and organisational processes is important for 
the greatest performance. The induced social and economic achievements are more important than technology 
itself (see also Akomea-Bonsu and Sampong, 2012). Manochehri et al., (2012) observe that to achieve best 
results from ICT adoption, certain infrastructure, skilled ICT personnel and budget to invest in ICT should 
be considered (see also Ollo-Lopez & Aramendia-Muneta, 2012). Brynjolfsson and Hitt (2000) emphasise the 
significance of complementary aspects such as reorganisation of the enterprise and enhancing the skill level 
of the personnel to get productivity growth as a result of investment in ICT. Boothby et al. (2010) find that 
combinations of technologies and kinds of training normally assumed by firms, presumably as part of their 
tactics to efficiently use the embraced technologies and to enhance their economic performance, were related 
with better productivity improvements.

Manochehri et al. (2012) observe that services are made more tradable and manufacturing more productive 
through ICT. Most of the Kumasi SMEs in the Akomea-Bonsu and Sampong (2012) study report positive 
performance and other benefits through the use of ICT in their businesses. A small number of SMEs, however, 
are aware of the benefits of ICT adoption. Mohamed (2014) found that ICT’s dimensions such as Information 
Technology (IT), Management Information System (MIS), Office automation (OA), Intranet and Internet, 
positively affect workforce productivity of industrial organisations in Alexandria – Egypt. For the Indian 
manufacturing SMEs (Müller-Falke (2001) establish a higher labour productivity and a higher growth rate on 
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enterprises that utilise more advanced ICT forms. Lal (1996) found higher profit margins, skill intensity, and 
export and import intensities in 59 electric and electronic SME businesses. 

Wolf (2001) notes that ICT use could improve the competitiveness of SMEs as they allow the formation of 
more flexible relations with trading partners due to quicker and more dependable communication channels. 
Bayo-Moriones, Billon & Lera-Lopez (2013) found that the indirect channels through which ICT impacted 
on market share, profits and margin were operational performance and improvement of internal and external 
communication. This was confirmed by Tarute and Gatautis (2014) who found that ICT influenced the 
performance of external and internal communication. The use of e-mail, e-commerce, and social media network 
not only reduced the physical transportation involved in sending mail, banking, advertising and buying goods 
with a significant margin, but also improved service and broadened customers base (Manochehri, Al-Esmail 
& Ashrafi, 2012; Matthews, 2007; Nyandoro, 2016). Websites present excellent tools to reach new markets 
(Matthews, 2007). Matthews (2007) found that firms using email to communicate with customers grew sales 
3.4 % faster than those firms that were not using emails. 

Other studies reveal a positive relationship between ICT and enterprise growth (measured in terms of sales and 
employment growth). After controlling for other enterprise characteristics (ownership, export status, size, and 
age) and for unobserved country and sector characteristics, Quiang et al. (2006) found that enterprises that used 
ICT more intensively tended to grow faster. In particular, enterprises that used e-mail to communicate with their 
clients and suppliers grew 3.4 percentage points faster per year in terms of sales and 1.2 percentage points faster 
in terms of employment than those that did not. Extensive use of ICT can allow micro-enterprises with ideas and 
technologies to remain small and profitable or generate substantial global sales by exploiting their intellectual 
property over the Internet (Sakai, 2002; Quiang et al., 2006). 

Figure 1: Conceptual Framework

Source: Authors’ conceptualisation

Conceptual framework
The study seeks to examine usage of ICTs and their impact on performance of PNG SMEs. Usage of ICTs 
refers to adoption and integration of numerous technologies that assist in production of business related 
information and improve communication within the business environment. ICT includes a number of devices 
and applications that improve efficiency in day to day undertakings. This paper will study five ICT resources, 
namely: landline telephone(s), mobile phone(s), computer(s), business website (hereafter website), and internet3.  

3  Internet is a network connecting many computers together in which they can communicate. Business website is the SMEs 
information sharing tool that uses the internet. 
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These technologies can influence the business either, both positively or, and negatively. The influence refers to 
the overall outcome of using ICT on the system. The outcome can be defined by a number of indicators such 
as improvements in the goals of the enterprise. Although from the literature reviewed ICTs can influence the 
performance of an enterprise in multi-layered ways, this study only analyses ICT effects on the three single 
biggest achievements that the businesses had experienced over the last 12 months prior to the Tebbutt Research 
(2014) survey. From the survey, most SME managers or owners cite development of new products or services, 
growth in business profits, or increase in product sales as their single biggest achievement.
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Data and methodology 
Data
The study uses data from the survey of SMEs, collected by Tebbutt Research (2014), to assess whether using 
ICT resources can boost the performance and growth of PNG SMEs. The study will glean any differences in 
those impacts in urban locations compared to rural and remote locations. Tebbutt Research (2014) conducted 
a representative face-to-face survey of 1,117 formal SME business owners and managers in all the 22 provinces 
in PNG.4  Interviews were undertaken between October 28 and December 14, 2013. Tebbutt Research (2014) 
generalised the definition and qualifying criteria for SMEs based on their data scan results: SMEs are businesses 
that are registered with the Investment Promotion Authority (IPA), Internal Revenue Commission (IRC) or 
those that have current borrowing with Bank South Pacific (BSP), the country’s dominant commercial bank. 
In addition to satisfying this formality requirement, only businesses that have between three (3) and 150 paid 
employees, have a maximum borrowing of PGK1.5 million and annual turnover between PGK100,000 and 
PGK15 million, qualify as SMEs.5 

From a list of ten (10) options, SME owners or managers were asked to select the single biggest achievement 
that their businesses experienced over the past 12 months preceding the interview. SMEs that indicated nothing 
as an achievement (27) and those that didn’t know their biggest achievement (13) over the previous 12 months 
were dropped out of the performance categories. Firms that had just started operations (6) and did not indicate 
the biggest achievement were also dropped from the relationship analysis. Firms that indicated the biggest 
achievement was to pay off a loan (2) and community involvement (3) were excluded due to the small number 
of observations. This left 1,066 total observations. Out of the 1,066 firms, most firms cited increased product 
sales (28%), growth in business profits (25%) and development of new products/services (20%) as their biggest 
achievement. All other firms cited other indicators (less than 10%) and were dropped from the bivariate 
qualitative exploratory analysis. (See Table A1 in the Appendix).6  

Empirical specification
To assess the impact of ICT on the economic performance of firms, a multinomial probit (MNP) model was 
estimated. A MNP model is ideal for the study since it is applicable when there are several possible categories 
into which the dependent variable can fall. It is therefore a fitting method of multiclass classification. For the i-th 
firm faced with J choices, the utility of choice j is:

           (1)

The term in the log-likelihood that corresponds to the choice of alternative q is:

                  (2)

The probability for this occurrence is:

          (3)   

From Equation (1), Uij is a binary latent variable equal to 1 if an enterprise i had developed new product or 
service or had increased product sales; or had growth in business profits over the previous 12 months during 
4 While Tebbutt Research (2014) also surveyed 521 unregistered SMEs, the raw data for this subsample is not currently available for 
public use, hence informal SMEs will not be considered in this paper. 
5 Based on these criteria, Tebbutt Research (2014) estimates that there are between 28,323 and 32,692 formal SMEs in PNG that 
collectively employ about 434,634 paid staff and 33,868 unpaid staff. In contrast, Government estimates suggest that there are 
currently about 49,500 SMEs in PNG that each employ not more than 100 people and have assets and annual turnover valued at 
not more than K10 million. Note. however, that Government estimate of the SME population is skewed informal (86.9%) – where 
formality is restricted to registration with the IPA. Consequently, the Government believes that PNG’s SME sector provide only 10 
percent of formal sector jobs, a conservative estimate at 200,000 people (Ministry of Trade, Commerce & Industry, 2016a). 
6 The range of other possible achievement indicators were listed covering process, technology, staffing, plant and equipment. See 
Appendix Table A1. 

].,0[~],...,,[,,...,1, 21
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the survey period.  The firm owner chooses alternative k such that                    for j≠q. From Equation 1,     is a 
vector of explanatory variables which includes ICT resource dummies7   (computer, landline telephone, mobile 
phone, website and internet), firm and owner characteristics; firm age, firm size, owners/managers education, 
gender of the firm owner, access to external finance, firm structure, foreign ownership present, regional dummies 
and economic activities dummies,    is a vector of parameters to be estimated, while       is the error term which 
is assumed to be distributed multivariate normal with mean 0, and covariance matrix ∑. Detailed definition of 
the variables in the model are given in Table A.2 in the Appendix.

After fitting an alternative-specific multinomial probit model, marginal effects will be computed to obtain the 
simulated probabilities that firms will choose each of the three alternative biggest achievements.

7 As some of these ICT resources are complementary, in addition to the dummies, a variable depicting number of ICTs resources 
used by each SME was also used (See Appendix Table A4). 

E

ijx
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Exploring data relationships
To explore the relationship between ICT usage and the SME performance disaggregated by urban, rural 
and remote areas, frequencies, and the contingency tables, Fisher’s exact test of variable relationships (where 
appropriate) and Cramer’s V were used. Contingency tables are used in analysing the relationship between two 
or more variables. Cramer’s V measures the association or relationship between the nominal variables. Given the 
overlapping use of different ICT resources, each ICT resource was analysed independently. 

Frequency analysis of the Tebbutt Research (2014) survey data indicates that 77.63 percent (635) of the SMEs 
are in urban PNG, 15.65 percent (128) in rural and 6.72 percent (55) in the remote places. Table 1 indicates the 
three single biggest SME achievement in remote, rural and urban areas.

Table 1: Biggest SME achievement and performance indicators by location

Remote Rural Urban
Performance Freq. Percent Freq. Percent Freq. Percent
Developed new products or services 18 32.73 38 29.69 165 25.98
Growth in business profits 20 36.36 45 35.16 215 33.80
Increased product sales 17 30.91 45 35.16 255 40.16
Total 55 100 128 100 635 100

Source: Authors’ calculations based on Tebbutt Research (2014).

Most of the SMEs in remote areas exhibited growth in business profits (36.36%) followed by development of 
new products or services (32.73%) and increase in product sales (30.91%) (see Table 1). This was contrary to 
the SMEs in urban areas which had the highest number (40.16%) that recorded an increase in product sales 
followed by growth in business profits (33.80%). SMEs in rural areas equally cited increased product sales and 
growth in business profits (35.16%) as the single biggest achievement in the last 12 months prior to the Tebbutt 
Research (2014) survey. Some of the ICT resources used by the SMEs included computers, landline telephones, 
mobile phones, internet, and websites (see Table 2).

Table 2: ICT resources used by SMEs by location (number (%))

ICT Resource Remote Rural Urban
Landline 9 (16.36%) 26 (20.3%) 371 (58.43%)
Mobile 54 (98.18%) 124 (96.88%) 621 (97.80%)
Internet 10 (18.18%) 26 (20.31%) 307 (48.35%)
Website 6 (10.91%) 9 (7.03%) 158 (24.88%)
Computer 19 (34.55%) 47 (36.72%) 434 (68.35%)

Source: Authors’ calculations, based on Tebbutt Research (2014).

With respect to ICT resources, 54.55 percent and 56.25 percent of the firms in the remote and rural areas 
have one ICT resource compared to the urban areas where 22.68 percent had one ICT resource (see Table 
A5 in the Appendix). Over 97 percent of SMEs are using mobile phones in remote, rural, and urban areas. In 
contrast, 10.91 percent and 7.03 percent use the website in remote and rural areas, respectively; whereas 18.18 
percent and 20.31 percent use the internet in remote and rural areas, respectively. In addition 16.36 percent and 
20.31 percent use landline in remote and rural areas respectively; compared to 34.55 percent and 36.72 percent 
using computer in remote and rural areas, respectively. In urban areas, with an exception of firms using website 
(24.88%) and internet (48.35%), over 55 percent of the firms use landline and computer. The low frequency in 
business website use is attributed to the cost involved in developing and maintaining it. On the other hand, the 

Data analysis and discussion 
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low frequency of internet usage in the remote and rural areas and the internet prices remain above competent 
levels. The average PNG citizen is unable to benefit from internet access. Tohmatsu (2016) notes that the price 
of entry level internet packages is still considerably higher, over the ITU’s yardstick needed to hasten internet 
diffusion (not more than 3–5 percent of the average monthly income).

The high frequency of use of mobile phones is not surprising given that increasing numbers of people have 
mobile phones. In PNG, the mobile-cellular subscriptions per 100 inhabitants was 46.6 percent in 2016 with a 
penetration rate of approximately 50 percent in 2015.8  The frequency of use of mobile phones is attributed to 
their ease of operation, affordability and accessibility, and the number of services that they provide, including 
making calls, mobile money transfer, and internet access. Ngui Muchai and Kimuyu (2017) observe that many 
small companies use mobile phones for almost all their transactions or provide a service that originated from 
the platform itself. This is consistent with other studies (see Nyandoro, 2016) that find most SMEs use mobile 
phones in their daily operations.

To explore the relationship between performance and ICT resource usage, contingency tables are used. Table 3 
shows the relationship between mobile phone usage and business performance disaggregated by remote, rural, 
and urban areas.
Table 3: Relationship between mobile phone usage and business performance 

Performance Remote Rural Urban

Growth in business profits

0 1 0 1 0 1
0 20 3 42 1 214
0 100 6.67 93.33 0.47 99.53
0 37.04 75 33.87 7.14 34.46

Increase in product sales

1 16 1 44 12 243
5.88 94.12 2.22 97.78 4.71 95.29
100 29.63 25 35.48 85.71 39.13

Development of new products or services

0 18 0 38 1 164
0 100 0 100 0.61 99.39
0 33.33 0 30.65 7.14 26.41

Total

1 54 4 124 14 621
1.82 98.18 3.12 96.88 2.2 97.8
100 100 100 100 100 100

Notes: 1 = Mobile usage, 0 otherwise. The first value in a cell indicates the number of observations; while the second value in a cell 
gives row percentages for the first variable in the cross-tab, the third value in a cell gives column percentages for the second variable in 
the cross-tab.

The study shows that there are no differences in performance between those using mobiles and those not using 
mobiles in remote and rural areas. Some relationship in the urban areas are evident. The lack of relationship in 
the remote and rural areas are attributed to the fact that only 2.73 percent of the SMEs are not using mobile 
phones. Of the SMEs in all the areas using mobile phones, over 90 percent increased product sales, had growth 
in profits, and developed new products. In the urban areas, out of the SMEs using mobile phones, 26.41 
percent, 39.13 percent and 34.46 percent, respectively, cited development of new products or services, increase 
in product sales, and growth in business profits. 

8 https://www.itu.int/net4/itud/icteye/CountryProfileReport.aspx? countryID=188 
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Table 4: Relationship between landline usage and business performance

Performance Measure Remote Rural Urban
 

Growth in business profits

0 1 0 1 0 1
17 3 36 9 88 127
85 15 80 20 40.93 59.07

36.96 33.33 35.29 34.62 33.33 34.23

Increase in product sales

15 2 39 6 109 146
88.24 11.76 86.67 13.33 42.75 57.25
32.61 22.22 38.24 23.08 41.29 39.35

Development of new products or services

14 4 27 11 67 98
77.78 22.22 71.05 28.95 40.61 59.39
30.43 44.44 26.47 42.31 25.38 26.42

Total

46 9 102 26 264 371
83.64 16.36 79.69 20.31 41.57 58.43
100 100 100 100 100 100

Notes: 1 = Landline usage, 0 otherwise. The first value in a cell indicates the number of observations; while the second value in a cell 
gives row percentages for the first variable in the cross-tab, the third value in a cell gives column percentages for the second variable in 
the cross-tab.

Table 4 shows that out of those SMEs using a landline, 44.44 percent and 42.31 percent in the remote and rural 
areas respectively developed new products or services while 39.35 percent increased product sales. It is noted 
that over 95 percent of all SMEs using landline telephones are also using mobile phones, indicating that mobile 
phone is effortlessly realising the role that landline phones used to play with the added ease of mobility and lower 
incremental cost. There is, however, a fair distribution of the performance dimensions between those using a 
landline and those not using a landline in urban areas. Between those using, and not using, a landline telephone, 
there is a weak association at 0.156 and 0.02 for the SMEs in rural and urban areas, respectively.

Table 5 shows more than 60 percent of the firms using computers in urban areas indicate better performance in 
all indicators compared to less than 40 percent of the firms not using computers. Out of those using computers 
in the remote areas, 42.11 percent have had growth in business profits compared to 33.33 percent of those not 
using computers. The same pattern is observed across all other indicators. To test for association, Fisher’s exact 
test of variable relationship is applied for the remote areas while Cramer’s V is applied for the rural and urban 
areas. Whilst Fisher’s exact indicates no relationship in the performance between those using computers and 
those not using, Cramer’s V indicates a very weak association. 
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Table 5: Relationship between computer usage and business performance

Performance measure Remote Rural Urban

Growth in business profits

0 1 0 1 0 1
12 8 24 21 61 154
60 40 53.33 46.67 28.37 71.63

33.33 42.11 29.63 44.68 30.35 35.48

Increase in product sales

13 4 32 13 88 167
76.47 23.53 71.11 28.89 34.51 65.49
36.11 21.05 39.51 27.66 43.78 38.48

Performance measure Remote Rural Urban

Development of new products or services

11 7 25 13 52 113
61.11 38.89 65.79 34.21 31.52 68.48
30.56 36.84 30.86 27.66 25.87 26.04

Total

36 19 81 47 201 434
65.45 34.55 63.28 36.72 31.65 68.35
100 100 100 100 100 100

Notes: 1 = Computer usage, 0 otherwise. The first value in a cell indicates the number of observations; while the second 
value in a cell gives row percentages for the first variable in the cross-tab, the third value in a cell gives column percentages 
for the second variable in the cross-tab.

Table 6: Relationship between internet usage and business performance

Performance measure Remote Rural Urban

Growth in business profits

0 1 0 1 0 1
13 7 37 8 107 108
65 35 82.22 17.78 49.77 50.23

28.89 70 36.27 30.77 32.62 35.18

Increase in product sales

17 0 34 11 133 122
100 0 75.56 24.44 52.16 47.84

37.78 0 33.33 42.31 40.55 39.74

Development of new products or services

15 3 31 7 88 77
83.33 16.67 81.58 18.42 53.33 46.67
33.33 30 30.39 26.92 26.83 25.08

Total

45 10 102 26 328 307
81.82 18.18 79.69 20.31 51.65 48.35
100 100 100 100 100 100

Notes: 1 = Internent usage, 0 otherwise. The first value in a cell indicates the number of observations; while the second value in a cell 
gives row percentages for the first variable in the cross-tab, the third value in a cell gives column percentages for the second variable in 
the cross-tab.            
Source: Authors’ calculations, based on Tebbutt Research (2014).

Table 6 shows an interesting result that out of the SMEs using the internet, 70 percent, 42 percent and 39.74 
percent SMEs in the remote, rural and urban areas respectively, had growth in business profits, developed new 
products, and increased product sales. There is a very weak association between performance and internet 
usage at 0.027 and 0.076 for the urban and rural areas, respectively. But there are some relationships between 
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performance and internet usage in remote areas with Fisher’s exact test 0.02.
Table 7: Relationship between business website usage and business performance

Performance measures Remote Rural Urban
Growth in business profits 0 1 0 1 0 1

18 2 42 3 162 53
90 10 93.33 6.67 75.35 24.65

36.73 33.33 35.29 33.33 33.96 33.54
Increase in product sales

 

16 1 44 1 194 61
94.12 5.88 97.78 2.22 76.08 23.92
32.65 16.67 36.97 11.11 40.67 38.61

Development of new products or services

 

15 3 33 5 121 44
83.33 16.67 86.84 13.16 73.33 26.67
30.61 50 27.73 55.56 25.37 27.85

Total

 

49 6 119 9 477 158
89.09 10.91 92.97 7.03 75.12 24.88
100 100 100 100 100 100

Notes: 1 = website usage, 0 otherwise. The first value in a cell indicates the number of observations; while the second value in a cell 
gives row percentages for the first variable in the cross-tab, the third value in a cell gives column percentages for the second variable in 
the cross-tab.            
Source: Authors’ calculations, based on Tebbutt Research (2014).

The frequency distributions of website usage shows the same pattern for the three performance indicators in 
remote, rural, and urban areas (see Table 7). For instance, 13.16 percent and 6.67 percent of SMEs in the rural 
areas who respectively developed new products or services and had a growth in profits used website. According 
to Matthews (2007), websites present excellent tools to reach new markets. Out of SMEs using a business 
website, over 50 percent in remote areas developed new products or services compared to 33.33 percent and 
16.67 percent who respectively had growth in business profits and increased product sales. For all the SMEs in 
all areas, the association was very weak.
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Table 8: Multinomial probit results for growth in business profits

Urban Rural Rural and Remote
No. of observations

log likelihood

Prob>chi2

635

 -657.16

 0.0002

 128

 -126.97

 0.0963

 183

 -183.36

 0.0854
Variable Coef. z Coef. z Coef. z
Landline telephone -0.06 -0.32 0.42 0.69 0.03 0.06
Computer 0.21 0.99 1.24 2.49** 0.82 2.07**
Internet -0.01 -0.03 -0.95 -1.62 -0.10 -0.2
Website 0.01 0.03 0.92 0.97 0.48 0.67
Mobile phone 1.79 2.42**   
Firm size 0.08 0.76 -0.63 -1.98** -0.26 -0.97
Firm age 0.13 1.24 -0.08 -0.09 -0.12 -0.59
Foreign 0.00 0.07  0.00 0.17
Sole trader  0.26 0.37  
Variable Coef. z Coef. z Coef. z
No formal education   0.15 0.19
Primary education   0.52 1.26
Technical education   -0.85 -1.98**
University education   0.11 0.26
Islands -0.75 -3.37***   
Momase -0.11 -0.45   
Southern -0.57 -2.71***   
Loan -0.11 -0.55   
_cons -2.09 -2.57** 0.64 0.73 0.404 0.48

Key: Outcome event = increase in product sales is the base outcome; ***, **, & * denote 1%, 5% and 10% level of significance, 
respectively.

Econometric results
Multinomial probit models (see Tables 8 and 9) for growth in business profit, development of new products 
and increment in product sales are estimated to gauge the magnitude and direction of the impact of various 
ICT resources on different dimensions of SME performance. To enhance understanding of whether each ICT 
element is a key constraint or enabler of small and medium entrepreneurship in urban PNG, compared to rural 
and remote places in the country, the models are separately estimated for urban and rural areas. Estimation of 
the model for remote areas alone did not give any meaningful results due to the limited number of observations 
involved; another model is therefore estimated for rural and remote areas combined.

The final multinomial probit model for each area was obtained after several diagnostic tests. The control variables 
varied across urban, rural and remote areas combined and for rural areas only. Insignificant variables and dummy 
variables having very few choices in one category in the original estimation were dropped based on a Wald test. 
The null hypothesis that all of the regression coefficients across the models are simultaneously equal to zero was 
rejected at the 10 percent level of significance.
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Table 9: Multinomial probit results for development of products and services

Urban Rural Rural & Remote
No. of observations 635  128  183
log likelihood  -657.16  -126.97  -183.36
Prob>chi2  0.0002  0.0963  0.0854
Variable Coef. z Coef. z Coef. z
Landline telephone 0.05 0.26 1.12 1.780* 0.74 1.5
Computer 0.11 0.51 0.22 0.39 0.22 0.49
Internet -0.16 -0.74 -0.97 -1.46 -0.80 -1.52
Website 0.10 0.48 2.15 2.140** 1.47 2.10**
Mobile phone 1.56 2.16**   
Firm size 0.16 1.43 -0.37 -1.07 0.10 0.35
Firm age 0.22 2.02**  -0.38 -1.80*
Foreign 0.00 1.47  0.01 0.88
Companies  -2.19 -1.82*  
Sole trader  -0.26 -0.37  
No formal education   1.25 1.72*
Primary education   0.81 1.90*
Technical education   -0.71 -1.53
University education   0.56 1.22
Islands -0.34 -1.51   
Momase -0.76 -2.72***   
Southern -0.36 -1.66*   
Loan 0.38 1.90*   
_cons -2.78 -3.43*** 0.69 0.75 -0.45 -0.50

Key: Outcome event = increase in product sales is the base outcome; ***, **, & * denote 1%, 5% and 10% level of significance, 
respectively. 

In the urban areas, the relative probability of SMEs using landline to those not using is 0.0161 units lower for 
growth in business profits relative to increase in product sales, while it is 0.052 units higher for development 
of new products or services relative to increase in product sales. The relative probability of those using mobile 
phones to those not using them is 1.788 (1.556) units higher and statistically significant for growth in business 
profits (development of new products or services) relative to increase in product sales. Those using computer and 
website (internet) are more (less) likely, than those not using, to have growth in profits and development of new 
products or services compared to increase in product sales.9   

The control variables for both rural and remote areas and for rural areas only varied. In the rural areas, the 
influence of landline and website are strong in the development of new product category while computer usage 
is strong in the growth in business profits category. Those using landline, website, and computer are more likely 
than those not using these ICTs to have growth in business profits and develop new products or services rather 
than increasing product sales. Sole traders are less (more) likely than cooperatives to develop new products or 
services (have a growth in business profits) compared to increasing in product sales.
9 In the remote and rural areas model with the number of ICT resources used per firm, a one unit increase in the number of 
ICT resources used will lead to 0.324 and 0.331 units higher for growth in business profits and development in new products, 
respectively, relative to increase in product sales. The direction was similar for the urban areas model though statistically 
insignificant. 
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Tables 10, 11 and 12 present marginal effects for each response category to summarise how change in a response 
is related to change in a covariate. In the urban areas (Table 10), the effect of mobile phone is statistically 
significant for all the three performance categories. Those using mobile phones are 26 percentage points more 
likely to have growth in business profits than those not using mobiles. They are also 18 percentage points more 
likely to develop new products or services than those not using mobiles. They are, however, 45 percentage points 
less likely to increase product sales. The direction of effect varies across the performance indicators for the various 
ICT resources. For instance, those using landline and website were 2.3 and 1 percentage points, respectively 
less likely to experience growth in business profits than those not using these ICTs while they were 2 and 2.5 
percentage points more likely to develop new products or services. The predicted probabilities showed that an 
increase in product sales (0.402) are more common compared to growth in profits (0.335) and development of 
new products or services (0.260).

Table 10: Marginal effects for the urban areas

Growth in business profits Increase in product sales Development of new 
products or services

Variable dy/dx Z dy/dx Z dy/dx Z
Landline# -0.023 -0.470 0.003 0.070 0.020 0.450
Mobile# 0.269 3.420*** -0.451 -4.360*** 0.182 2.360**
Computer# 0.047 0.880 -0.051 -0.890 0.004 0.080
Internet# 0.017 0.320 0.022 0.410 -0.039 -0.820
Website# -0.010 -0.200 -0.015 -0.280 0.025 0.520
Firm size 0.005 0.180 -0.035 -1.240 0.030 1.220
Firm age 0.011 0.420 -0.050 -1.880** 0.039 1.630
Firm ownership 0.000 -0.650 -0.001 -0.850 0.001 1.610
Island# -0.163 -3.400*** 0.169 2.930*** -0.006 -0.120
Momase# 0.044 0.700 0.109 1.630 -0.153 -3.390***
Southern# -0.116 -2.400** 0.144 2.590*** -0.027 -0.590
Loan# -0.076 -1.600 -0.038 -0.740 0.114 2.320**

Key: (#) dy/dx is for discrete change of dummy variable from 0 to 1; ***, **, &* denote 1%, 5% and 10% level of significance, 
respectively.            
Source: Authors’ calculations.
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Table 11: Marginal effects for rural and remote areas

Growth in business profits Increase in product sales Development of new 
products or services

Variable dy/dx Z dy/dx Z dy/dx Z
Landline# -0.102 -0.940 -0.105 -0.970 0.207 1.700*
Internet# 0.070 0.580 0.110 0.870 -0.180 -1.910*
Website# -0.119 -0.880 -0.233 -2.200** 0.352 2.280***
Computer# 0.211 2.140** -0.150 -1.600 -0.062 -0.650
Firm size -0.088 -1.330 0.026 0.400 0.062 0.970
Firm age 0.018 0.350 0.067 1.340 -0.085 -1.730*
Firm ownership 0.000 -0.320 -0.001 -0.590 0.001 0.910
No formal education# -0.162 -1.060 -0.185 -1.490 0.347 1.940*
Primary# 0.023 0.230 -0.170 -1.990** 0.147 1.410
Technical# -0.150 -1.530 0.232 2.070** -0.082 -0.810
University# -0.052 -0.500 -0.090 -0.880 0.142 1.250

Key: (#) dy/dx is for discrete change of dummy variable from 0 to 1; ***, ** &* denote 1%, 5% and 10% level of significance, respectively.
Source: Authors’ calculations.

From the combined model in both the rural and remote areas (Table 11), the direction, and magnitude, of the 
ICT resources varies across the performance indicators. In comparison with the rural areas model (Table 12), the 
direction (sign) for the ICT resources is the same, with the magnitude (size) of the coefficients being more or less 
the same. With the exception of the internet, the significance for the different ICT resources did not change for 
the different performance indicators. This implies that the addition of the remote observations did not change 
the ICT resources’ effect on the various performance indicators.

Table 12: Marginal effects for rural areas 
Growth in business profits Increase in product sales Development of new 

products or services
Variable dy/dx z dy/dx z dy/dx z
Landline# -0.053 -0.400 -0.199 -1.590 0.253 1.710
Website# -0.135 -0.730 -0.319 -3.280*** 0.455 2.190**
Computer# 0.333 2.850*** -0.218 -1.890* -0.115 -1.050
Internet# -0.154 -1.200 0.284 1.800* -0.130 -1.030
Firm size -0.135 -1.630 0.147 1.810* -0.012 -0.140
Company# 0.140 0.550 0.177 0.700 -0.317 -4.950***
Sole trader# 0.108 0.670 -0.002 -0.010 -0.106 -0.620

Key: (#) dy/dx is for discrete change of dummy variable from 0 to 1; ***, ** &* denote 1%, 5% and 10% level of significance, 
respectively.

In both the rural and remote areas the SMEs using landline and website are less likely than those not using 
these ICTs to experience growth in business profits and increased product sales, while they are more likely to 
develop new products or services. Those using computers and the internet are more likely to have growth in 
business profits than those not using these ICTs while they are less likely to develop new products and services. 
The effect was statistically significant for computers in the growth in business profits performance category (21.1 
percentage points), website in the increase in product sales category (23.3 percentage points), and internet (18 
percentage points), landline (17 percentage points) and website (35.2 percentage points) in the development 
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of new products or services performance category. According to Tebbutt (2014), most SMEs using computers 
(48.28%) in the rural and remote areas indicate remote location of the business, and crime and security to be 
the biggest obstacle to business profit growth. The predicted probabilities showed that growth in profits (0.356) 
was more common compared to increase in product sales (0.338) and development of new products or services 
(0.307).10 

10 With regard to the number of ICT resources used per firm, one unit increase in the number of ICT resources used per firm is 
associated with growth in business profits, development of new products or services and increase in product sales being 4.8 percent 
(1.2%) more likely, 9 percent (1.5%) less likely and 4.4 percent (0.3%) more likely, respectively both rural and remote (urban) areas. 
The influence is significant in the development of new products or services at 5 percent level of significance for both the rural and 
remote areas model only. 
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In this paper, we have used Tebbutt Research (2014) survey data to examine the relationship between ICT 
resources and the performance of a sample of 1,066 SMEs in urban, rural and remote areas across 22 provinces 
of PNG. The ICT resources considered include mobile phones, landline telephone, computer, website and 
internet, while performance of SMEs was captured using three measures; namely, growth in business profits, 
increase in product sales, and development of new products or services.

Overall, over 95 percent of the SMEs in the sample use mobile phones in remote, rural, and urban areas. 
The numbers of firms using computers, websites and the internet are low in all the three locations. In remote 
locations,10.9 percent of SMEs used websites, 18.2 percent used the internet, while 34.6 percent used computers. 
In rural areas, 7.0 percent of SMEs used website, 20.31 percent used the internet, while 36.7 percent used 
computers. In remote and rural areas, 16.36 percent and 20.31 percent of SMEs were using landline telephone, 
respectively. In the urban areas, with the exception of firms using website (24.88%) and internet (48.35%), the 
number of firms using landline telephone and computer were relatively high at over 55 percent.

Qualitative analysis of the survey data suggests that, regardless of the ICT resource used, most SMEs in the 
urban areas increased product sales while those in the remote and rural areas had growth in business profits. Most 
SMEs in the rural areas using landline, website and internet developed new products, while most of the SMEs 
using computer and mobile phones respectively had growth in business profits and increased product sales. It 
is, however, important to note that investing in, and using ICT resources may be a necessary, but not sufficient, 
condition for improving enterprise performance.

We therefore run multinomial logistic regressions where we controlled for various firm and owner or manager 
characteristics as potential complements of ICT adoption and usage. In the urban areas, the SMEs using mobile 
phones are more likely to develop new products or services and have growth in business profits than those not 
using mobile phones. They are, however, less likely to increase product sales. In both the remote and rural areas, 
the regression results indicate that SMEs using landline and website are more likely to develop new products 
or services, while those using computer are more likely to grow their business profits. Those using website and 
internet are, however, less likely to increase product sales or develop new products or services.

Since the Government of PNG is planning to establish ICT systems and tools to support SME business 
development and growth, our findings have the following policy implications. First, the low number of SMEs 
using various ICT resources other than mobile phones is symptomatic of the fact that rural and remote places 
across the country have little or no access to ICT infrastructure. While policy makers should generally aim at 
improving the physical and business infrastructure systems in both remote and rural areas in PNG, investing in 
ICT infrastructure that is networked across the country should be a priority. Only then will SMEs in PNG be 
able to connect to the planned ICT support services and be able to achieve the highest ICT induced business 
development and growth.

Second, the SME owners or managers should align ICT investments with appropriate skills that make ICT 
work and adopt organisational processes that consider the role of ICT (Tarute and Gatautis, 2014). Indeed, 
previous studies (e.g. Mishra, Odhuno & Smyth, 2017) observe that some PNG SMEs, especially the firms with 
majority female ownership, do not view adopting ICT as an option for improving their business performance 
and growth. As a step in the right direction, the Department of Trade, Commerce and Industry (2016a) has 
identified entrepreneurial mindset change as a factor that could lead to increased numbers of SME using new 
technologies, including ICT. Targeted education and training are therefore necessary to assure SME owners and 
managers that ICT is critical to improving their firms’ performance.

Third, since SMEs using mobile phones, internet, and landline are more likely to innovate; that is, introduce a 
new product or service, the innovators should be protected from intellectual property (IP) infringement. This 
can be done through not only being encouraged to register with the Intellectual Property Office of Papua New 
Guinea (IPOPNG), but also through education about the importance of IP as an important tool in trade and 

Summary and policy recommendations 
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investment, as noted by Hannet (2015). To encourage the SMEs to register their IPs, the government should 
reduce the bureaucratic requirements (paper work and red tape) that could be an obstacle to innovation by 
SMEs. Noting that PNG has one of the highest levels of ‘red tape’ in the world (Sanday, 2012), a favourable 
regulatory regime, which has been found to benefit the ICT sector in general (Peake, 2013), is needed to support 
innovative SME adopting ICT for business in the country.
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Appendices
Table A 1: Business performance measures

Performance measure/indicator Freq. Percent
Developed new products/services 221 20.73
Developed new, more efficient business process 94 8.82
Expansion of office space/new shop or bought land 33 3.1
Growth in business profits 280 26.27
Hired more/better staff 31 2.91
Implemented new technology 34 3.19
Increased product sales 317 29.74
New car/bus/PMV/boat purchased 24 2.25
Other 13 1.22
Secure new contracts/projects 19 1.78
Total 1,066 100

Source: Authors’ calculations.



Table A 2: Definition and measurement of variables

Variable name Definition Measurement
Dependent
Business Performance Biggest business achievement for 

the past 12 months
Alternatives: 1 if the firm developed new 
product, 2 if the firm had growth in business 
profits, 3 if the firm increased product sales. 

Independent
 Landline ICT resource Dummy: 1 if SME uses landline telephone; 0 

otherwise.
Mobile phone ICT resource Dummy: 1 if SME uses mobile phone; 0 

otherwise.
Internet ICT resource Dummy: 1 if SME uses internet; 0 otherwise.
Website ICT resource Dummy: 1 if SME uses website; 0 otherwise.
Computer ICT resource Dummy: 1 if SME uses computer; 0 otherwise.
Employees No. of employees in PNG offices. Number.
Firm age Age of the firm since it started 

operations.
Years.

Foreign ownership Percentage level foreign ownership. Percentage owned by foreigners.
Owners gender Gender of the SME owner. Dummy: 1 if male; 0 otherwise, female.
Owners education Highest level of education attained 

by the owner.
Dummy: 3 dummy variables: 1 if no formal 
education, 0 otherwise; 1 if primary education, 
0 otherwise; technical education, 0 otherwise: 
1 if university education, 0 otherwise; base 
category (high school).

Firm structure (SME 
type)

The registration structure of the 
firm.

Dummy: 2 dummy variables: 1 if partnership/
cooperative/joint venture; 0 otherwise, 1 if 
limited company both private & public; 0 
otherwise: base category (sole proprietorship).

Location No. of different business locations. Dummy: 1 if in one location; 0 otherwise, 2/
more locations.

Loan Access to external finance. Dummy: 1 if the firm owes money in loan or 
credit; 0 otherwise.

Regions Dummy: 3 dummy variables: 1 if the SME 
is in Island, 0 otherwise; 1 if in Momase, 0 
otherwise; 1 if in Southern, 0 otherwise: base 
category (Highland region).

Economic activities Sectors classified into broad 
economic activities.

Dummy: 3 dummy variables: 1 if the SME 
is secondary, 0 otherwise; 1 if quaternary, 
0 otherwise; 1 if tertiary, 0 otherwise: base 
category (primary activities).

Note: Table A3 provides frequency and percentages for the dummy variable while Table A4 provides summary 
statistics for the continuous variables of the firm and owner/manager characteristics used in the model.                                                                                                                                           
Source: Authors’ definitions and measurements, based on Tebbutt Research (2014).
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Table A 3: Firm and owner or manager characteristics for the dummy variables

Variable Options Remote Rural Urban
Education level No formal 4 (7.27%) 5 (3.96%) 21 (3.31%)

Primary 8 (14.55%) 31 (24.22%) 68 (10.71%)
High school 27 (49.09%) 45 (35.16%) 221 (34.8%)
Technical 5 (9.09%) 24 (18.75%) 122 (19.25%)
University 11 (20%) 23 (17.97%) 203 (31.97%)

Gender Female 8 (14.55%) 18 (14.06%) 158 (24.88 %)
Male 47 (85.45%) 110 (85.94%) 477 (75.12%)

Firm structure Private 9 (16.36%) 10 (7.81%) 79 (12.44%)
Publicly traded 2 (3.64%) 1 (0.78%) 19 (2.99%)
Cooperative 1 (0.78%) 10 (1.57%)
Partnership 5 (9.09%) 7 (5.47%) 51 (8.03%)
Joint Venture 2 (1.56%) 9 (1.42%)
Sole trader 39 (70.91%) 107 (83.59%) 463 (72.91%)

Location >1 location 10 (18.18%) 26 (20.31%) 207 (32.6%)
 1 location 45 (81.82%) 102 (79.69%) 428 (67.4%)

Loan No loan 44 (80%) 98 (76.56%) 518 (81.57%)
Has loan/credit 11 (20%) 30 (23.44%) 117 (18.43%)

Regions Highlands 5 (9.09%) 42 (32.81%) 201 (31.65%)
Islands 22 (40%) 27 (21.09%) 145 (22.83%)
Momase 14 (25.45%) 22 (17.19%) 107 (16.85%)
Southern 14 (25.45%) 37 (28.91%) 182 (28.66%)

Economic activities Primary 9 (16.36%) 7 (5.47%) 43 (6.77%)
Quaternary 1 (1.52%) 2 (1.56%) 6 (11.97%)
Secondary 4 (3.12%) 26 (4.09%)
Tertiary 45 (81.82%) 115 (89.84%) 487 (76.69%)

 Source: Authors’ calculations.

Table A 4: Firm and owner or manager characteristics for the continuous variables

Area Variable Mean Std. Deviation Minimum Maximum
Remote Firm size 10.6 10.15 3 57

Firm age 9.65 7.77 1 38
Foreign ownership 82.82 35.85 0 100

Rural Firm size 9.02 8.42 3 50
Firm age 7.89 6.11 1 39
Foreign ownership 93.56 23.12 0 100

Urban Firm size 16.17 21.69 3 150
Firm age 9.32 7.67 1 47
Foreign ownership 80.92 37.26 0 100

Source: Authors’ calculations.
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Table A 5: Percentage of firms with zero to five ICT resources

No. of ICT resources Remote Rural Urban
0 3 (2.34 %) 5 (0.79 %)
1 30 (54.55 %) 72 (56.25 %) 144 (22.68 %)
2 16 (29.09 %) 21 (16.41 %) 101 (15.91 %)
3 2 (3.64 %) 17 (13.28 %) 111 (17.48 %)
4 5 (9.09 %) 8 (6.25 %) 158 (24.88 %)
5 2 (3.64 %) 7 (5.47 %) 116 (18.27 %)

Source: Authors’ calculations.
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