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Abstract 

The rapid proliferation of the Internet has enabled people to access information and to 

communicate instantaneously with people all over the world, from almost anywhere, 24 

hours a day. However, socioeconomic, ethnic, and geographic differences in rates of 

Internet access (known as the digital divide) persist despite increasing Internet 

penetration rates.  

Considering New Zealand’s relatively high rate of Internet access, only a limited volume 

of local digital divide research exists. This study draws on the results of the 2001 and 

2006 censuses to estimate the degree of influence that socioeconomic, ethnic and 

geographic factors have on access to the Internet in New Zealand.  This study contributes 

to our geographical understanding of the digital age by showing empirically how 

apparent differentials in the geography of Internet access are actually due not to 

geographically based differences in the supply of Internet services but to the influence of 

socioeconomic and ethnic differences among households themselves. 

The argument is advanced in two strands.  Theoretical expectations about Internet access 

are suggested on the basis of perceived benefits and costs to different types of 

households.  These are then placed within a diffusion framework in order to derive 

expectations about different rates of take up by households with different levels of 

income and education.   A major motivation for this approach has been to estimate 

differential penetration rates of Maori and Pacific Island households whose use of the 

Internet has been shown in previous studies to be considerably lower than that of 

Europeans. 

Multivariate regression and logistic regression models are applied to census data from 

2001 and 2006 to establish the degree in which socioeconomic, ethnic and geographic 

characteristics influence a respondent’s probability of Internet access. In theory, residents 

in urban areas are more likely to have access to the Internet than residents in more 

remote, rural areas due to increased cost of access and declining quality of service in 
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remote areas. However the results of this study suggest that socioeconomic differences 

are a more significant determinant in estimating Internet access than geographic location; 

and while some settlement type variables are statistically significant, their influence in a 

multivariate regression model is relatively minor in comparison with the socio-economic 

and characteristics of households themselves.   

A significant result of this study is the influence that ethnicity has in estimating the 

probability of Internet access. Most of the overseas literature argues that ethnic 

differences in Internet access can be accounted for by their different socioeconomic 

characteristics as opposed to their ethnicity per se. However, this New Zealand study 

shows that, even when the major controls like income and education are in place, together 

with settlement characteristics. In a multivariate model, the influence of ethnicity on 

Internet access is still highly statistically significant.  The lower access rates for Maori 

and Pacific Peoples respondents found in previous studies without controls are found to 

exist in a multivariate framework as well. 

The limitations of using census data to analyse Internet access is acknowledged, and an 

agenda for future research is established. With the overall Internet access rising towards 

60 percent, future research might usefully shift from modelling Internet access to 

modelling Internet use; from studying who connects to the Internet to who uses specific 

Internet services. My principle argument would be that although access to the Internet has 

become more widespread, even among less advantaged populations the ‘divide’ has still 

not diminished.  Rather differences in use are now compounding existing differences in 

access.   Future research would assist in establishing exactly how different populations 

use the Internet and their relative educational returns to such use.  Such an extension 

would return an even deeper understanding of the digital divide in New Zealand. 

Key words: Internet, digital divide, New Zealand, socioeconomic, geography, census, 

logit modelling. 
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Chapter 1 - Introduction 

It is up to us -- at this moment in our history -- to decide where the 
miraculous march of progress will take us. We can let technology be a 
negative force that furthers divisions, or we can use it to connect all 
Americans together and give them the same shot at success. I believe that 
this can be a golden moment for our nation -- if all of us work together to 
seize its promise. 
- Al Gore (1998)  

1.1 Introduction 

The digital divide refers the unequal access individuals have to and use of information in 

digital form, in particular, computers and the Internet. The term ‘digital divide’ was 

popularised by members of the Clinton Administration following the first Falling 

Through the Net report in 1995 (National Telecommunications and Information 

Administration, 1995): 

While a standard telephone line can be an individual's pathway to the riches 
of the Information Age, a personal computer and modem are rapidly 
becoming the keys to the vault. The robust growth recently experienced in 
Internet usage illustrates this promise as new and individual subscribers 
gravitate to on-line services. (National Telecommunications and 
Information Administration, 1995) 

The term digital divide was subsequently used to refer to the gap between those with 

access to a computer and the Internet and those without. The primary definition of 

‘Internet access’ employed in this thesis refers to those individuals who have access to 

the Internet at their usual residence as recorded in the 2001 and/or 2006 census.  

In exploring the presence of a digital divide in New Zealand this thesis looks at the 

primary axes along which society is divided: income, educational attainment, ethnicity, 

age, and geographic location. The existing literature provides numerous examples of the 

digital divide; Novak et al (1998) found that there was a positive relationship between a 

respondent’s income and computer ownership (Novak et al., 1998); Baker and Coleman 

(2004) found that those respondents who had higher education levels were more likely to 
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use the Internet for communications, such as email (Baker & Coleman, 2004); 

Chakraborty and Bosman (2005) find that overtime, African Americans are falling further 

behind Caucasians in terms of Internet access in the United States – a phenomenon which 

Chakraborty and Bosman refer to as “a new from of racial segregation” (Chakraborty & 

Bosman, 2005). Chris Gibson (2003) finds that Internet access in local government 

authorities in New South Wales is lower further away from the main metropolitan centres 

such as Sydney, than it is in the metropolitan centres (Chris Gibson, 2003). 

Research into the digital divide in New Zealand is limited to only a handful of 

exploratory papers (Howell, 2001). The collective evidence would suggest that in New 

Zealand, those on lower incomes and lower educational attainment have lower 

likelihoods of Internet access. In terms of Internet access for different ethnic groups; 

Maori and Pacific Peoples have lower access to the Internet compared with Pakeha (John 

Gibson, 2002; Parker, 2003), while Asian people have significantly higher Internet access 

(Statistics New Zealand, 2004). 

Geographically, Internet access is highest (in terms of percentage of total population) in 

the main urban areas of Auckland, Wellington and Christchurch.  According to the results 

of the 2001 census, a geographic digital divide also appears to exist in New Zealand; the 

highest proportion of household Internet access occurs within main urban centres and 

their surrounding hinterlands; in particular, the urban areas of Auckland, Wellington and 

Christchurch, reinforcing the geographic thesis of the literature (Statistics New Zealand, 

2004). Conversely remote areas, such as Far North, East Cape, Central North Island, and 

Westland have very low densities of household Internet access; see Figure 1.1. 
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Figure 1.1 The Geography of Household Internet Access in New Zealand, 2001  
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However, when household Internet access in New Zealand is looked at in greater detail, a 

more complex pattern emerges; Figure 1.2 suggests that defining a geographic divide in 

Internet access in New Zealand as a rural – urban division is too simplistic; the low 

uptake of the Internet in Auckland suburbs of Otara, Otahuhu, and Mangere in Manukau 

City, and Glen Innes in East Auckland indicates that while geographic location and 

settlement type may go some way to explaining Internet access in New Zealand, the 

influence of socioeconomic factors are also likely to be significant. This thesis will 

therefore explore the role that socioeconomic correlates as well as geography plays in 

determining the access individuals and their households have to the Internet. 

Figure 1.2 Household Internet Access, Auckland Region, 2001 Census  
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Early research into the geographic implications of technology claimed that the advent of 

new communications technologies would erode geographic disparities of wealth and 

distance because information technology would be open to all, regardless of their 

location, or socioeconomic status. For example, Melvin Webber (1968) claimed that as 

technologies made communications across distances easier and cheaper, the need for 

people to congregate in cities would no longer be necessary, paving the way for a ‘post-

city age’ (Webber, 1968; p. 1093), whereby the geographic benefits of agglomeration in 

cities would no longer be relevant.  

Later literature refuted the decentralization claims of theorists like Webber. Rather, 

infrastructural theorists believed that information technology would be centrally 

controlled in large cities by those with the financial means and motivation to access the 

information, and available only to those near the required infrastructure, such as 

telephone lines and cables (Graham, 2001). These geographic inequalities of information 

technology that favour those in cities is coupled with socioeconomic inequalities, which 

reinforce social divisions within society, such as race, income and education; those with 

the financial means and motivation are more likely to access information technology than 

those without the financial means. (Warf, 2001) 

I will review the literature relating to geographic and socioeconomic digital divides in 

detail in chapter 2. In this chapter will present a conceptual and theoretical base to 

explain the digital divide.  

1.2 Theory of Internet Access 

The Internet provides users with a means of communication, information, and 

entertainment. Having access to the Internet provides access to a world beyond physical 

boundaries, connecting users across the world, almost irrespective of geographic location. 

The benefits garnered from Internet access are as diverse as its users – for example, 

recent migrants who have a relatively small compatriot community maintain cheap and 

quick communication with their home via email, people who identify with a minority 

ethnic group seeking information or entertainment in their native tongue that may not be 
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physically available in their country of residence, geographically remote farmers 

checking stock prices via the Internet, and students using online academic search engines 

and databases to undertake research and study in the middle of the night when libraries 

and research facilities are closed. In short, the Internet allows information from all over 

the world to be accessed from almost anywhere, 24 hours a day, almost instantaneously. 

Internet access and use requires motivation and a clear perception of potential benefits of 

access to the Internet. However, there are also significant constraints to Internet access; 

firstly, financial capital is required to purchase the hardware, software and the Internet 

subscription. Secondly, someone must have the ability and literacy and computing skills 

to access and effectively use the Internet. Thirdly, someone must have time allocated to 

navigate the Internet. Thus, while there maybe motivation to gain access, the ability to 

realise these preferences is constrained by financial capital, skills and time constraints. 

In theory, both motivation and the constraints are influenced by a number of 

socioeconomic or demographic factors, such as personal income, education level, age and 

ethnicity. Ideally we would model the motivation and the constraints separately. In 

practice we take a reduced form approach and specify the single equation:  

(1.1) p(A) = f(X) 

In which an individual’s socioeconomic and demographic characteristics (X) influence 

the probability of an individual accessing the Internet p(A). I now discuss each of these 

characteristics in turn. 

There are several reasons for expecting personal income to have a positive relationship 

with Internet access. A higher personal income influences both the motivation and the 

constraints; higher incomes enable people to purchase the means of Internet access (such 

as a computer, software, Internet subscription). Furthermore, as the hardware and 

software required to access the Internet becomes more sophisticated (for example, 

broadband Internet, more powerful computers, stronger online virus protection software), 

the cost of accessing the Internet increases, as well as the likelihood of continued or even 
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greater use; to the extent that the Internet yields information that further increases the 

income of the more highly paid, so the slope of the curve also increases.  

For these reasons, the likelihood of people on higher incomes accessing the Internet 

increases at a greater rate than it does for those on lower incomes. The result is a non-

linear expectation (Figure 1.3), in general terms at least.  

 
Figure 1.3 Theoretical Relationship Between Internet Access and Personal 

Income. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

People’s education level is also likely to have a positive relationship with Internet access; 

as people’s education levels increase, the likelihood of Internet access also increases. 

Education increases the demand for information and therefore higher levels of education 

render the Internet successively more valuable. Conversely, those people without formal 

education qualifications are less likely to see the relevance of the Internet to their 

everyday lives, let alone have the necessary literacy and computing skills to effectively 

access the Internet. Exposure to the Internet within an early educational environment 

helps to foster the perception of relevance, and as a result, even gaining a basic secondary 

school education increases the probability of Internet access considerably, while the 
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probability of Internet access begins to plateau amongst higher educated respondents, 

creating a positive linear relationship as illustrated in Figure 1.4. 

Figure 1.4 Theoretical Relationship Between Internet Access and Use and 
Highest Education Level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A person’s education level is therefore likely to compound the influence that their 

personal income has on Internet access; being able to afford the means of Internet access 

and having high education levels reduces the constraints enabling the perceived benefits 

to be realised; the combined influence of income and education therefore both enables 

and motivates greater Internet access. Someone who has a high income, but low 

educational attainment may have the financial means to access the Internet, but are not 

motivated by the same range of services the Internet offers. Also, the idea that the 

Internet is reserved for the wealthy or educated can be an alienating factor for low income 

or low educated people, reinforcing the perception of irrelevance (Figure 1.5). 
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Figure 1.5 Theoretical Interaction Between Education Level, Personal Income 
and Internet Access. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Age is expected to have a quite different non-linear relationship with the probability of 

Internet access as suggested in Figure 1.6. For example very young and retired people are 

significantly less likely to have access to the Internet than those aged between 15 and 65. 

This is primarily due to the content of the Internet being largely geared towards younger 

and middle aged people. Those people who are too young to read or comprehend the 

contents of the Internet are un likely to use the Internet, while older, retired people are 

unlikely to be motivated to use the Internet perhaps due to technological fear or a general 

perception that computers and the Internet are irrelevant to them. Over time as new age 

cohorts who have used computers and the Internet in the course of their employment or 

personal life move into retirement, the perception of the irrelevance of Internet access 

amongst older people will diminish.  
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Figure 1.6 Theoretical Relationship Between Internet Access and Personal 
Income, by Education Level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geographic location is also expected to be a significant factor in the likelihood of Internet 

access. Faster and more reliable Internet connections (such as broadband or local area 

networking) are more widely available and access is cheaper in densely populated urban 

and suburban areas. Since large, dense markets require less infrastructure (for example, in 

the form of cabling) Internet service providers are more likely to offer higher quality 

Internet access at a lower cost in city locations. Conversely, with little existing 

infrastructure to provide high quality Internet connections in low density rural areas, the 

costs are likely to be higher, forcing rural residents to rely on low quality, less reliable 

analogue (‘dial-up’) connections. The expected relationship is depicted in Figure 1.7. 
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Figure 1.7 Theoretical Relationship Between Probability of Internet Access and 
Population Density. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.3 The Theory in a Dynamic Context 

So far I have presented only a static view of Internet access; however I will now argue 

that this needs to be seen as part of a dynamic process in which the innovation is diffused 

across society in a manner and sequence characterised by the diffusion curve, Figure 1.8. 

Such models have been successfully applied to understanding the diffusion of the 

telephone, television, video cassette recorders (VCRs) and home computers, among other 

technologies (Geroski, 2000).  

According to the S-curve diffusion model the adoption of new innovations goes through 

three stages: the early adoption stage, when access is limited only to those with the 

financial means, skills, and motivation to access the technology, usually at a proto-type 

stage. This is followed by a mass adoption stage, whereby technology becomes cheaper, 

more user friendly, and more widely available, and therefore it is adopted at a rapidly 

increasing rate, reaching a threshold at approximately 50 percent of the population, after 

which the up take rate slows perceptibly (van Dijk & Hacker, 2003).   
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Figure 1.8 A Diffusion Model of Technological Innovation 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 

The value of combining the concept of the ‘digital divide’ with the diffusion model is the 

recognition that there is not one single take up practice that applies to everyone. Rather 

different paths characterise the behaviour of distinct subgroups of the population. I 

suggest this in Figure 1.9, where the subgroup represented by curve A increases adoption 

faster, reaches the point of mass adoption earlier, and reaches market saturation earlier 

than the subgroup represented by curve B. The important insight that results is the 

recognition that the digital divide is not constant, rather its magnitude, nature and 

consequences depend on where in the diffusion sequence it occurs. In other words, the 

digital divide is a contingent concept. 

The argument advanced in much of the literature is that people on higher incomes tend to 

adopt technology earlier and faster than those on lower incomes (especially if they also 

have higher levels of education). The reasons are both the higher motivation and greater 

financial means to afford the technology. Lower income groups follow the same S-shaped 

adoption sequence as those on higher incomes, but enter mass adoption later, and take 
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longer to reach approximate saturation (van Dijk & Hacker, 2003). The important result 

implied in Figure 1.9 is that the difference between the adoption or penetration rate of the 

early and later adopters (the high and low income population) changes depending on 

when in the adoption sequence penetration rates of the two groups are measured. 

Recognising Internet access as a diffusion process has implications for the way 

differential adoption rates (the digital divide) are modelled empirically (see chapter 2). 

Figure 1.9 Multiple Diffusion Models of Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cross sectional studies of the digital divide only look at the differences in Internet access 

between different groups in society at a single point of time. Their aim is to estimate the 

gap attributable to the characteristics of any two groups, A and B, at a particular point in 

time, say 1, and they generate a measure P1 – P2. The deficiency of the single cross 

section is its inability to recognise the different speeds of adoption by the two groups and 

hence the fact that the difference between the penetration rate of the two groups changes 

over the adoption cycle.  

One of the ways around the limits of the single cross section is the repeated cross 

sections, which allows the rate of diffusion to be estimated for the two groups over a 
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period, say 1 – 2. This approach also allows the rate of adoption of the two groups to be 

estimated and compared, e.g. AB PPPP )()( 3142 −−− .  

The limitation of comparing cross sections is of course that rates of change and rates of 

adoption by the two groups can only be estimated over a few discrete intervals. A third 

approach might therefore employ longitudinal or panel files to identify both the time of 

adoption and successive penetration rates for any two or more groups. To the extent that 

adoption can take place at any point along the time line longitudinal data allows estimates 

of the diffusion process through out the product cycle. So far there do not appear to be 

any studies which employ this design and there is certainly no applicable New Zealand 

data available. 

This thesis will estimate the penetration rates of different socioeconomic groups at two 

points in time (2001 and 2006) using ecological data (chapters 4 and 5) and conduct a 

single cross sectional study using unit/individual records in 2006 (chapter 6).  

1.4 Aims and Objectives 

We can summarize the research aims of this thesis as follows: 

• To estimate the relative importance of socioeconomic and ethnic differences in 

accounting for the differential penetration rates of Internet access in New Zealand, 

in 2001 and 2006 and their rates of change over this period. 

• To identify residual geographic factors which may help account for remaining 

spatial variations in Internet access that remain after accounting for demographic, 

economic and ethnic attributes of households (chapters 4 and 5) and individuals 

(chapter 6). 

The subsequent objectives can therefore be summarised: 
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• To estimate the degree to which area unit socioeconomic and ethnic composition 

and geographic settlement type influence the proportion of households that have 

Internet access at the 2001 census. 

• To estimate the change in the relationship between the proportion of households 

with Internet access and the socioeconomic and ethnic composition, and 

settlement type of area units from the 2001 to 2006 census. 

• To estimate the degree to which individual socioeconomic and ethnic 

characteristics and place of residence influence an individual’s probability of 

Internet access from the 2006 census. 

This thesis will make a valuable contribution to the New Zealand and international body 

of geographic research pertaining to Internet access and assist with the development of 

future social policy surrounding access to communications technologies. 

1.5 Structure of the Thesis 

This thesis consists of seven chapters. The first chapter has introduced the concept of the 

digital divide and the diffusion model which together guide the empirical analysis. The 

aims and objectives of the thesis have also been outlined. Chapter 2 reviews both the 

international and New Zealand literature on the digital divide. Chapter 3 outlines the 

methodologies used in studies of the digital divide and introduces the approaches taken in 

this study. 

Chapter 4 analyses the ecological area unit data from the 2001 census in order to estimate 

the relative contribution of both socioeconomic and geographic variables to predicting the 

proportion of area unit households with Internet access across New Zealand area units. 

Chapter 5 builds on chapter 4 by describing how the penetration rate has increased at 

different rates across the area units over the five years 2001 to 2006 and the influence of 

socioeconomic composition and settlement type in accounting for these different rates of 

change. 
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Chapter 6 uses individual unit level responses to the thesis to estimate the relative 

contribution of both the socioeconomic and geographic variables used in chapters 4 and 

5, and others variables motivated by the literature to predict individual Internet access. 

Chapter 7 restates the thesis, the conceptual drivers, and the main findings and concludes 

the thesis by pointing out the advances this study has made over previous New Zealand 

research as well as highlighting specific contrasts with specific international studies. The 

limitations of the research are also identified, along with further work that might usefully 

be undertaken. 

1.6 Summary 

This chapter has introduced the concept of the digital divide and shown how its 

application to the New Zealand case can be enhanced by integrating it with the concept of 

diffusion of innovations. Both approaches have points of origins in literature on 

geography and technology. Specifically the conceptual framework focuses on the 

differential rate of Internet adoption experienced by different socioeconomic groups over 

the early-middle phase of the diffusion cycle. Chapter 2 will now look specifically at the 

literature on the digital divide and explore how the various socioeconomic and 

geographic determinants have been used to account for differential Internet access and 

use.  
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Chapter 2 - Literature Review 

2.1 Introduction  

The previous chapter introduced the concept of the digital divide, and the principle 

theoretical ideas that lie behind it. This chapter organizes and summarizes the literature 

on the divide, paying special attention to the evolution of the divide as it relates to 

socioeconomic differences, ethnicity and geography.  

Early research predicted that information technology would breakdown the social and 

geographic barriers in society, opening up information to all. Later research found that 

unless infrastructure was available, access to such information was seriously hampered. 

More recent literature has found that unless individuals or households have the financial 

means, skills, and motivation to use information technology the infrastructure will not be 

fully utilised. Infrastructure is therefore a necessity rather than sufficient condition for 

optimal use.  

The majority of the literature relating to the digital divide focuses on socioeconomic 

factors as determinants of Internet access. In cross sectional studies they include variables 

of education, income, age, and often ethnicity. Running concurrent to these 

socioeconomic determinants are geographic, locational or contextual influences of 

Internet access. Four main categories of ‘geography’ are invoked, although rarely in the 

same study: location identifiers (particular cities or regions), types of settlements (such as 

urban or rural), proximity measures (kilometres to nearest metropolitan centre), and 

contextual measures (characteristics of the population at particular locations – e.g. level 

of deprivation). The influence of these geographic determinants is demonstrated at the 

local level (e.g. Chris Gibson, 2003; Grubesic, 2003), nationally (e.g. Hoffman & Novak, 

1998), as well as internationally (e.g. Chinn & Fairlie, 2007; Hargittai, 1999).   

Norris (2001) questions whether the advent and popularisation of the Internet will be of 

any great benefit for less developed counties, or whether the Internet will simply 

reinforce international economic disparities. Through examination of usage rates, Internet 
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related policies and initiatives, and online participation within countries, Norris finds that 

while the Internet is of great benefit to wealthier countries, the benefits are not ‘trickling 

down’ to poorer countries in Southern and Eastern Europe, let alone Africa, Latin 

America, and Southeast Asia. (Norris, 2001)  

 

A literature search, last updated in August 2007 covers a total of 30 empirical studies, of 

which 26 used Internet access or use as a dependent variable, and 15 included variables 

of geography or location. I have organised this review according to the type of study 

undertaken, starting with cross sectional studies that deal solely with socioeconomic 

characteristics, and then building on these with the 15 studies which included geographic 

variables. This will be followed by a review of these studies which are temporal, covering 

research that studies the change in the digital divide over a specific time period. This 

chapter will end with a brief summary of digital inequality literature, and the New 

Zealand research which has been undertaken to date.  

Building on static, cross sectional studies, several authors claim that as overall Internet 

penetration increases, the gap in the digital divide decreases (e.g. DiMaggio & Hargittai, 

2001), while others claim that greater penetration of Internet access has widened the gaps 

(van Dijk & Hacker, 2003) with every technological advancement putting those without 

Internet access further behind those that do, making access to information technology 

further out of reach (Crampton, 2003). 
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Table 2.1 Summary of Digital Divide Literature. 
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1 Akhter, 2003 United States 1,749 respondents 1 1 1 1 1 Multiple Regression

2
Baker and Coleman, 
2004

Detroit metropolitan 
region

508 respondents 1 1 1 Logistic regression 1 2003

3
Bimber, 2000 United States 3,032 respondents 1 1 1 1 1 1 Logistic regression 1996, 1998, 

1999

4
Chakraborty and 
Bosman, 2005

United States 57,000 households 1 1 1 Lorenz Curve and Gini 
Coefficients

1 2001

5 Chinn and Fairlie, International 161 counties 1 1 1 1 1 Regression 1 1999-2001
6 DiMaggio et al 2004 United States 1 1 1 Logit odds ratio 1994-2001
7 Fairlie, 2002 United States 50,000 households 1 1 1 1 1 Logit regression 2000

8 Gibson 2002 New Zealand
(2000), 22,257 
respondents (2001) 1 1 1 1 1 Cross tabulations 2000, 2001

9
Gibson, 2003 New South Wales, 

Australia
6,311,153 respondents 1 1 1 1 1 Bivariate correlation and 

regression
1 2001

10 Goolsbee and Klenow, United States 110,000 households 1 1 Least squares 1 1997
11 Grubesic and Murray, Columbus, Ohio 1million 1 1 Spatial modeling 1 1997
12 Grubesic, 2003 Ohio State 88 counties 1 1 1 Geo-Spatial Analysis 1
13 Hoffman and Novak, United States 5,813 respondents 1 1 1 1 Weighted tabulations 1996-7
14 Howell 2001 New Zealand 290,000 advertisements 1 Cross tabulations 1 2000
15 LaRose and Mettler, United States 1,400 respondents 1 1 1 1 1 1 1 Multiple Regression 1 1988
16 McElroy and Soden, El Paso, Texas 609 respondents 1 1 1 1 1 1 Logistic regression 2002
17 Mills and Whitacre, United States 47,084 households 1 1 1 1 1 Logistic regression 1 2001
18 Moss and Townsend, United States 375,856 internet domains 1 Tabulations 1 1997

19
Mossberger et al, 
2006

United States 1,190 respondents 1 1 1 Hierarchical linear 
modeling

1 2001

20 Novak et al, 1998 United States 5,813 respondents 1 1 1 1 Weighted tabulations 1996-7

21 Parker 2003 New Zealand 12,000 respondents 1 1 1 Weighted percentages 2000, 2001

22
Robinson et al, 2003 United States 2,363 and 2,784 

respondents
1 1 1 Cross tabulations 1 2000, 2002

23
Robison and 
Crenshaw, 2002

International 75 countries 1 1 1 Zero order correlations 1997-1999

24
Stanton, 2004 United States 143,300 respondents 1 1 1 1 1 1 Logit odds ratio model 2001

25
Statistics New 
Zealand, 2004 New Zealand

3.8million and 2,808 
households 1 1 1 1 1 1 1 Logistic Regression 1 2000, 2001

26
Statistics New 
Zealand, 2006a New Zealand 6,066 businesses 1 1 1 Cross tabulations 1 2006

27
Statistics New 
Zealand, 2006b New Zealand

75 Internet service 
providers 1 1 Cross tabulations 1 2006

28
Statistics New 
Zealand, 2007 New Zealand

13,757 households, 
24,855 individuals 1 1 Cross tabulations 1 1 2006-2007

29 Van Dijk 2000 United States 1 1 1 1 Time series analysis 1984-1997

30
Van Dijk and Hacker, 
2003

United States and 
Holland

1 1 1 1 1 Time series analysis 1984 - 1997

TOTAL 16 26 6 19 18 14 7 5 5 7 4 4 3
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2.2 Cross Sectional Studies 

The 50 percent of digital divide literature use cross sectional static survey or census data. 

These use both socioeconomic factors and geographic / locational arguments in a 

bivariate or multivariate regression analysis on Internet access and use. Cross sectional 

studies of the digital divide that look purely at socioeconomic factors will be dealt with 
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first here, followed by those that take geographic or locational factors into consideration. 

I will then look at studies that explore the changing nature of the digital divide over time.  

Similar to Norris, van Dijk (2005) also finds that the digital divide between developed 

and developing countries is extremely wide, but within societies, the divide is no linger 

widening. Van Dijk suggests that digital divide is deepening, with differences in online 

skills following existing societal divisions. This thesis is shared by numerous other 

authors (for example Compaine, 2001; Mossberger et al., 2003; Warschauer, 2003; 

Wilhelm, 2004) 

Crampton (2003) questions the spatial distribution and production of the Internet 

compared to income distribution, and explores how this has changed over time. Crampton 

finds that geography has a significant influence on the distribution of Internet access – for 

example, in Africa Internet access is extremely rare outside of the major metropolitan 

areas, and on a local scale, downtown Atlanta has a significantly lower rate of Internet 

access than the surrounding suburbs, but overall Atlanta urban area has a higher computer 

ownership figures than the rest of the State of Georgia (42.8 percent compared to as low 

as 14.8 percent in some rural areas) – most geographic trends can be explained through 

socioeconomic factors, particularly wealth. Crampton finds that there is a positive non-

linear relationship between wealth and computer ownership in the US, with two distinct 

groupings; those with high wealth and high computer ownership, and those with low 

wealth and low computer ownership. Crampton concludes that while computer ownership 

and Internet access are increasing over all, the less wealthy, low access group is falling 

further behind the wealthier group, and every time the technology improves, the hurdle of 

online access gets higher for those still excluded from the ‘information age’ (Crampton, 

2003).  

2.3 Socioeconomic Studies 

As my theoretical discussion suggested, levels of education attainment and income 

exhibit strong positive correlations with Internet access and use; generally, someone who 

has higher levels of educational attainment or earns a higher income, has a greater 
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likelihood of having access to the Internet than someone with little or no educational 

qualifications or a lower income. While there is very little dispute in the literature relating 

to education and income, other socioeconomic determinants are not as straight forward. 

For example, early literature showed age had a strong correlation with Internet access, 

with youth considerably more likely to use and benefit from Internet access than the 

elderly, but more recent literature has demonstrated that the ‘age divide’ has been 

dissipated significantly with the passage of time (DiMaggio & Hargittai, 2001). Most 

authors find that respondents who identify with ethnic minorities have a significantly 

lower likelihood of Internet access, but many studies conclude that this is due to lower 

incomes and education levels amongst ethnic minorities (McElroy & Soden, 2003).   

Novak et al (1998) and Hoffman and Novak (1998) seek to explain the link between race, 

and computer and Internet use. Both studies use the 1997 CommerceNet/Nielson Internet 

Demographic Study of computer and Internet access for the United States. They use cross 

tabulations to demonstrate that there are ethnic divisions (in particular, white and African 

American) and use interaction effects within other socioeconomic divisions, such as 

income. For example, within those earning under the US-medium household income 

($40,000 per year), white respondents are twice as likely to own a computer than African 

American respondents. While higher income does lead to a higher likelihood of computer 

ownership, higher incomes do not remove the ethnic differences in computer access. 

Novak et al conclude that while increasing income levels has a positive correlation with 

computer ownership, ethnicity still has a significant influence, even among those on 

higher incomes (Novak et al., 1998, my emphasis). 

Hoffman and Novak (1998) find that a respondent’s education level – in particular, 

student-status – supersedes almost any influence which ethnicity has on Internet use; in 

particular, amongst those students who own a personal computer, there was no significant 

difference in Internet access between African American and white students. However, 

there was a significant difference in numbers of students who own a personal computer – 

73 percent of white students, compared to 32 percent of African American students – a 

difference which persisted despite controlling for household income. Hoffman and Novak 
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concluded that African American students are more reliant on facilities outside of the 

home for Internet access than white students. (Hoffman & Novak, 1998)   

Fairlie (2002) explores the underlying racial differences in computer and Internet access 

using data from the Computer and Internet Use Supplement of the 2001 Current 

Population Survey. They construct simulations of Internet use for African American and 

European ethnic groups using a logit regression model, and finds that education and 

income have a significant independent impact on computer ownership and Internet 

access. Further to this, income and education largely accounts for the racial differences in 

Internet access; for example, lower income levels amongst African Americans account 

for 31 percent of computer ownership differences. They also find that if African 

American respondents had the same rate of computer ownership as European 

respondents, their probability of Internet use would increase from 0.237 to 0.301, but still 

significantly behind European use of 0.517. Conversely, if Europeans had the same 

computer ownership rates as African Americans, their probability of Internet access 

would drop from 0.517 to 0.407. They conclude that computer ownership is a more of a 

barrier for Internet access for African American respondents than it is for white 

respondents (Fairlie, 2002). 

McElroy and Soden (2003) model the underlying causes of the digital divide in El Paso, 

Texas; a city where household Internet access lags behind the US national average. They 

apply a logit regression model to data from a dedicated 2002 phone survey of randomly 

selected El Paso households. Using computer ownership and Internet access as dependent 

variables, they regress each sequentially on independent socioeconomic variables: 

income, education, age and ethnicity. They find that while ethnic categories have an 

initial negative influence on Internet access, these effects are almost entirely neutralised 

once the variables of income, education and age are included in the model (McElroy & 

Soden, 2003). 

Stanton (2004) has advanced on previous studies by using cumulative dependent 

variables for broadband Internet access, as well as general Internet access and computer 

ownership – each model being conditional on the outcome of the previous model; all 
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respondents were included in the computer ownership model, only those that owned a 

computer were included in the general Internet access model, and only those with general 

Internet access were included in the broadband model. Using the 2001 Current Population 

Survey in a logit regression model, Stanton found that the socioeconomic attributes of the 

digital divide are most significant in terms of computer ownership, and least significant in 

broadband access. For example, a household with an income of less than $35,000 a year 

is 81 percent less likely to own a computer than a household with an income greater than 

$50,000 per year, but are 68 percent less likely to have access to the Internet once they 

own a computer, and only 34 percent less likely to have broadband access once they have 

the Internet.  

Stanton also finds that when controlling for earning over $50,000, white ethnicity, or 

college/university degree, ethnicity, and education exhibit similar effects: earning under 

$35,000, black ethnicity, and having a high school diploma as highest qualification have 

similar influences on owning a computer, Internet or broadband access. Stanton 

concludes that the biggest barrier to Internet access is income; that is the capital required 

to purchase a computer when controlling for education (Stanton, 2004). 

Chakraborty and Bosman (2005) measure the socioeconomic and geographic inequalities 

in personal computer ownership using data from the September 2001 Current Population 

Survey Computer and Internet Use Supplement. They use a Lorenz curve and Gini 

concentration ratio (GCR)1 to compare the racial differences in the income distribution of 

computer ownership nationwide and in different regions of the United States. They 

conclude that there are significant income inequalities in terms of household computer 

ownership, with a nationwide GCR of 0.197, while the income distribution of computer 

ownership shows greater disparity for African Americans (GCR = 0.315) than whites 

(GCR = 0.177). These racial disparities are greatest in the Midwest with a net difference 

between whites and African Americans of almost 0.2, while the West has the lowest 

overall GCR and the smallest difference between whites and African Americans. 

(Chakraborty & Bosman, 2005)  
                                                 
1 GCR range from 0 to 1, where 0 indicates no inequality between income groups, and 1 indicates complete 
inequality between groups. 
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None of the above studies include location or geographic fixed effects. As I theorised the 

previous chapter, there are reasons for expecting geographic characteristics of Internet 

access to be important. We turn therefore to studies which explicitly include these 

functions. 

2.4 Geographic Studies 

While recent literature has focused more on social factors than geographic factors, several 

authors have found that location does still matter in terms of computer use and Internet 

access. Other studies have found that while geography may have an influence on Internet 

access on its own, much of this influence can be explained through underlying 

socioeconomic factors. There are definitions and representations of geography and the 

research findings need evaluation in terms of these specifics. 

LaRose and Mettler (1989) seek to explain differences in the use of information 

technology (specifically, computer ownership) between urban and rural areas in the 

United States. They hypothesise that rural areas are less likely to have access to 

information technologies than urban areas because rural dwellers tend to be older, less 

educated, and employed in more extractive, blue collar industries than their urban 

counterparts. LaRose and Mettler use a survey of seven geographically and 

demographically diverse U.S. counties to assess rural and non-rural use of various forms 

of information technologies, such as computers, Internet, telephone (landline and 

cellular), facsimile, and cable television. Notwithstanding controlling for age, income, 

education, and gender, they find that rural location has no significant influence on 

computer use. LaRose and Mettler conclude that any rural and urban gap in information 

technology use is a factor more of formal training and socioeconomic variables such as 

age and income than rural or urban location per se (LaRose & Mettler, 1989). 

Moss and Townsend (1998) seek to describe the density and magnitude of urban Internet 

clusters in the United States. Using the location of Internet domain registration of Internet 

Protocol (IP) addresses as a determinant of Internet use, they find that the distribution of 

commercial domains (‘.com’ suffixed websites) concentrate around a few urban areas. 
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Regionally, Moss and Townsend find that New England and the Pacific Coast areas have 

the highest concentrations of registered domains while the Mid-West and Central areas 

have the lowest concentrations. They also find that a city’s size and international standing 

(such as ‘world cities’) are not enough to explain clusters of Internet domains – in fact, 

bigger cities with more stratified populations have less signification clustering of domains 

than smaller cities. It is the Regional Centres, Government-Education Centres, and 

Resort-Retirement Centres that have the most clustered domain registrations. Moss and 

Townsend conclude that Internet connectivity is more important in cities with high 

concentrations of information intensive industries rather than specifically large cities, and 

that this distribution of domains refutes those arguments that advanced 

telecommunications reinforce the role of larger cities (Moss & Townsend, 1998). 

Goolsbee and Klenow (2002) address the social contagion argument. Specifically, they 

estimate the impact that social interaction, such as neighbours, friends, and family has on 

the likelihood that a household owns a computer and has Internet access. They use a 1997 

database of computer ownership and purchase decisions in the United States to show that 

home computer ownership can – at least in part – be explained by ‘local spill-overs’ or 

social contagion effects. Controlling for individual characteristics (such as income and 

education) of the 110,000 respondents to the Technographics ’98 survey, they found that 

a household was more likely to own a computer if their neighbours, family and friends 

owned a computer (Goolsbee & Klenow, 2002). 

Mills and Whitacre (2003) examine the degree to which differences in Internet access 

between metropolitan and non-metropolitan areas are a function of supply (technological 

differences in Internet access) or demand (demographic differences, such as education, 

income, or ethnicity). Using data from the 2001 US Current Population Survey Internet 

and Computer Use Supplement, they apply a logit estimation approach to model Internet 

adoption. Using household attributes, employment, education, and income, as well as 

locational urban/rural characteristics as arguments in a multivariate logit model, they find 

that the influence that certain demographic characteristics have vary between 

metropolitan and non-metropolitan areas. For example, in metropolitan areas, the age of 
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the household head has a strong positive relationship with household Internet access, 

peaking at 31 years of age, whereas in non-metropolitan areas, Internet increases with age 

much more rapidly, and peaks later. However, the presence of children in a household 

increases the likelihood of Internet access in both metropolitan and non-metropolitan 

areas, as does the household head being European or non-Hispanic, as opposed to African 

American or Hispanic. Mills and Whitacre conclude from their decomposition analysis 

that while demographic composition effects account for a large proportion of 

metropolitan – non-metropolitan differences in Internet access (63 percent), place-based 

variables – specifically, metropolitan – non-metropolitan differences – are still significant 

(37 percent) (Mills & Whitacre, 2003). 

Chris Gibson (2003) seeks to explain the social and spatial differences in personal use of 

information technologies in New South Wales, Australia. He constructs a cross tabulation 

and bivariate analysis using the 2001 Australian Census – the first census to ask about the 

extent to which respondents use computers and the Internet during the week prior to 

enumeration. He argues that the ‘city-country divide’ in Australia is being reinforced by 

computers and the Internet, with most users in New South Wales clustered around the 

main metropolitan area of Sydney, while more remote parts of the state have significantly 

lower Internet uptake rates. Using ecological or areal grouped data, he also find that there 

are a number of strong linear relationships between computer usage and Internet access 

and the socioeconomic composition of the area units, in particular, household income, 

education levels, and indigenous population. Gibson also finds that area units with high 

proportions of Australian and New Zealand born residents have lower rates of computer 

usage and Internet access when compared to area units with high proportions of non-

Australasian born residents. He concludes that while socioeconomic factors like income 

and education have a significant influence on household Internet access, the digital divide 

can not fully be explained without a distance or proximity element (Chris Gibson, 2003). 

Baker and Coleman (2004) question whether the digital divide mirrors existing social and 

cultural structures of Detroit. Using a logistic regression with dependent variables of 

computer use, Internet use, and household Internet access, Baker and Coleman surveyed 
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508 households in Detroit metropolitan region2 – “one of the most racially segregated 

regions in the United States” (Baker & Coleman, 2004; p. 249): they find that while 

Detroit residents that use email are more upwardly mobile than those that don’t, or those 

that simply have a computer or Internet access – visiting households outside of their 

neighbourhood or ethnic group – they conclude that neither ethnicity nor location are 

significant determinants of such movement and interaction. Similarly, ethnicity is not a 

significant determinant of computer and Internet use when socioeconomic variables are 

controlled; African American households are not more or less likely to own a computer 

or access the Internet than non-black households. While a bivariate analysis shows an 11 

to 20 percent difference in computer ownership and Internet access between Detroit and 

its outlying suburbs, when socioeconomic variables are controlled for, there is no 

significant relationship between location and computer ownership and Internet access. 

Baker and Colemen conclude that the digital divide is structured more around differences 

in income, education, age and family status than ethnicity or locational variables. (Baker 

& Coleman, 2004) 

Mossberger et al. (2006) explore the relationship between race, location, and the digital 

divide. They hypothesize that differences in access to information technology are more a 

result of restricted online opportunities due to racial segregation and concentrated poverty 

than of direct socioeconomic determinants.  Mossberger et al use a telephone survey of 

residents in low-income census tracts in 48 US states3 in a multivariate, multi level model 

with dependent variables of computer and Internet use, and socioeconomic variables of 

race, education, and income, as well as the socioeconomic attributes of the respondents 

census tract. They find that income and ethnicity have a significant negative influence on 

household Internet access, and that African American respondents with low income 

levels are less likely to have access to the Internet than white or high income respondents 

– the characteristics of a respondents census tract accentuate these digital divides. For 

example, living in a tract with a very low average income (2 standard deviations below 

the national mean) decreases a white respondent’s likelihood of Internet access by 55 

                                                 
2 The Detroit Metropolitan area consists of Wayne, Oakland, and Macomb Counties.  
3 Excluding Hawaii and Alaska 
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percent but an African American in the same tract would be 84 percent less likely to have 

Internet access. They conclude that Internet access is not only a function of the 

respondent’s individual characteristics, but also influenced by the socioeconomic make 

up of the respondent’s neighbourhood. (Mossberger et al., 2006)        

While most research has shown that socioeconomic factors such as ethnicity and income 

have a significant negative influence on a respondent’s likelihood to have access to 

information technology, the influence of geography or location can not be dismissed. At 

the same time, those authors that use geographic location as a variable in multivariate 

regressions have found that geography has a comparably minor influence on Internet 

access to socioeconomic influences; respondents in urban areas are more likely to have 

Internet access than those in more remote rural areas, while the socioeconomic 

characteristics of a respondent’s neighbourhood also influence the respondent’s 

likelihood of Internet access. However, geography has only a minor influence in 

comparison to socioeconomic variables; if nothing else, geography often extenuates the 

socioeconomic digital divide. 

While only a handful of studies have empirically dealt with Internet access on an 

international scale, those that have, have found the socioeconomic trends mirror those on 

local and national levels. 

Robison and Crenshaw (2002) hypothesize that internationally, the growth and speed of 

Internet penetration is driven by a combination of the respective country’s level of 

development, political openness or democracy, education, and dominant industry. Their 

dependent variable is the number of Internet hosts per 10,000 population, in 74 developed 

and developing countries. Applying a multivariate regression, they find that educational 

attainment is the most important driver of Internet penetration, and that mass-education is 

directly associated with development, political openness, and industry. They conclude 

that while those countries with minimal social structure show little movement in terms of 

Internet penetration, ‘newly industrialized-countries’ are increasing their Internet 

penetration rapidly. (Robison & Crenshaw, 2002) 



 

  29 

Chinn and Fairlie (2007) set out to identify the determinants of cross-country global 

digital divide, including both developed and developing counties. They use variables of 

computer and Internet users per 100 people for a cross section of 161 countries, drawn 

primarily from the 2001 International Telecommunication Union’s World 

Telecommunication Database, drawn from questionnaires of affiliated organisations. The 

data includes details on telephone, computer, and Internet use, as well as associated costs, 

and is correlated with four categories of variables which are drawn from the World 

Bank’s Governance Indicators and Edstats;4 infrastructure variables such as telephone 

lines per capita, Internet costs, and electricity consumption; demographic variables such 

as population age, and the proportion of the population in urban centres, economic 

variables such as income per capita, years of schooling or literacy rate, measures of 

institutional quality or policy, such as regularly quality or levels of trade barriers. Their 

analysis returns results similar to individual level data within countries both in terms of 

computer and Internet use. For example, an increase in per capita income of US$1000, 

and one year extra schooling independently increase the associated computer use figures 

by 1 percent. However, they find that socioeconomic factors have a relatively minor 

influence on a country’s relative Internet access when compared to political openness, 

and there is no statistical relationship relating to the price of access. (Chinn & Fairlie, 

2007) 

The literature reviewed thus far has focused primarily on Internet access by the attributes 

of respondents. A second perspective to Internet access involved exploring infrastructural 

access – physical access to Internet networks, such as broadband cabling. The following 

two studies have looking at this supply side of Internet access. 

Grubesic and Murray (2002) examine spatial disparities in broadband infrastructure 

access in Columbus, Ohio. They use Internet service provider networks to find that the 

trends in broadband networking in the city of Columbus are counter to the sociological 

and demographic trends (such as income and ethnicity) that other authors have 

concluded. Grubesic and Murray find that the spatial distribution of broadband 
                                                 
4 All variables are drawn from the Governance Indicators database except years of schooling which is from 
Edstats. 
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networking is considerably more complex than other socioeconomic studies, with poorer 

inner-city populations often better serviced than the more affluent surrounding suburbs. 

They propose a number of models to maximise the return for Internet service providers, 

which find that the return for servicing a low density, affluent suburb is similar to the 

return from servicing a high density, poorer suburb. (Grubesic & Murray, 2002)      

Grubesic (2003) explicitly questions the impact of geography on broadband infrastructure 

investment and growth in Ohio. They use the availability of digital subscriber line (DSL) 

broadband Internet as the dependent variable, with independent variables of broadband 

market indicators (household density, population education levels and medium age) for 

‘wire centre service area’5 ecological units in three logistical regression models – each 

model using different independent variables of geographic location. The first and second 

of Grubesic’s models use the proximity of a DSL wire centre within or adjacent to 

(respectively) the wire centre service area, using proximity as an urban area indicator. 

Grubesic finds that there are only marginal differences in the ability of the first two 

models to accurately predict DSL service / non-service in Ohio. The third model uses the 

proximity of a DSL wire centre within a metropolitan statistical area as the geographic 

variable, and predicts DSL service only slightly more accurately than the previous two 

models. While the overall ability for the three models to predict DSL service doesn’t vary 

greatly in themselves, the influence that the different geographic variables exerts is 

significantly greater in the second and third model, when compared to the first model. 

Grubesic concludes that this study demonstrates that there is a marked difference in 

broadband Internet access between urban and rural areas, and that the competition 

amongst IS Internet service providers (ISPs) that was created with the 1996 

Telecommunications Act is largely responsible for these inequalities in access. (Grubesic, 

2003)   

While cross sectional studies provide a useful indication of the nature of the digital divide 

– both socioeconomic and geographical – in order to estimate relevant parameters of the 

diffusion model, one must be able to measure how access and use of computers and the 

                                                 
5 Area units serviced by a single telephone exchange. 
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Internet have changed at different stages in the up take process over the life cycle of the 

innovation. Data from multiple surveys or censuses allow us to show how the magnitude 

and characteristics of the digital divide changes over time. 

 

2.5 Changes in the Penetration Rate 

The degree to which time changes the digital divide is disputed; one school of thought 

believes that in terms of Internet access, as total penetration increases, any digital divides 

will close – a rising tide lifts all boats, in terms of the diffusion model – referring to 

Figure 2.1, this implies that A and B will converge at some point before A reaches 

saturation. Contrarily, another school of thought believes that each technological 

advancement is of benefit only to those who already have access – those without access 

to information technology simply fall further behind. In terms of the diffusion model, this 

implies that rather A and B  may be converging with respect to Internet product or service 

i (say Internet access per se), but only to expose a new divide on a distinctive service ii 

(say broadband access); see Figure 2.1. 

Figure 2.1 Diffusion Model for Multiple Internet Products or Services.    
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Bimber (2000) specifically looks at the characteristics of gender inequalities in Internet 

access and use, questioning whether the gap between men’s and women’s online presence 

is a feature of gender rather than socioeconomic inequality. Using random dial telephone 

survey data over a four-year period, Bimber runs three logistic regression models with 

dependent variables of Internet access (less than weekly use), moderate (weekly but not 

daily) Internet use, and frequent (daily) Internet use to test if gender differences in online 

activity is significant, or whether is simply reflects differences of education, age, income, 

ethnicity, or employment status. He find that there are slight differences in the influence 

that gender has on online activity between the three models when other socioeconomic 

factors are considered – in particular, women are less likely than men to use the Internet 

frequently – but most gender inequalities are explained through differences in income and 

occupation. Bimber concludes that those slight online gender inequalities are dissipating 

over time, and that those gender differences which are found in their study are because of 

the nature of web content itself being more attractive to men. (Bimber, 2000) 

DiMaggio and Hargittai (2001) question the degree to which the digital divide closes 

when overall access to the Internet increases; instead the domains by which the digital 

divide is defined changes. They claim that as Internet penetration increases, gaps in terms 

of who has access to the Internet and who doesn’t between income groups, age groups, 

and ethnicities (for example) will begin to dissipate, but that the gaps in the digital divide 

itself will be transplanted into what the Internet is used for. They suggest that ‘digital 

inequality’ is a more appropriate term to describe socioeconomic differences in the 

quality of use, but that a digital divide still remains. They refine this notion into four 

‘inequalities’: inequality in technical apparatus (inferior technology, such as slow Internet 

connections as a result of old hardware and software), inequality in autonomy of use 

(how much control a user has over what they are able to use the Internet for). This is 

largely determined by where they access the Internet (such as home, school, work) and 

the restrictions placed on users by others (such as parents, teachers, employers). Their 
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third ‘inequality’ is inequality in skill; users need a certain level of skills to benefit from 

Internet access fully. Finally, inequality in the available social support; whether a novice 

Internet user has a network of more experienced users to draw on for support and advice, 

and thus gaining confidence with technology. (DiMaggio & Hargittai, 2001) 

DiMaggio and Hargittai suggest that the rapidly changing digital environment means that 

the nature of the digital divide can not be assumed to remain as it has in the past. They 

conclude that Internet penetration increases, the use of dichotomous surveys of ‘haves’ 

and ‘have-nots’ in terms of Internet access is becoming irrelevant, in comparison to 

surveys of what Internet users are doing online, and the quality of their online experience. 

(DiMaggio & Hargittai, 2001) 

Van Dijk and Hacker (2003) use official Internet statistics collected by government 

agencies to compare computer ownership and Internet access, as well as related 

computing and Internet skills in the United States and Holland, and the relative effects 

that income, education, and employment have on these. Using a multivariate regression 

they conclude that while the three social composition characteristics are linked, they each 

have an independent effect on the nature of Internet use. They use this data to disprove 

theorists like DiMaggio and Hargittai (2001) that claim wider access to information 

technologies will inherently break down the digital divide, at least as originally 

concerned. Van Dijk and Hacker show that, especially in the United States, as access to 

information technology increases, those that were previously ahead in terms of access 

increase their access by a greater factor than those groups that lagged behind, 

accentuating the gap between these groups. This is illustrated in the differences in the 

curves for i and ii in Figure 2.1. (van Dijk & Hacker, 2003) 

Chakraborty and Bosman (2005) also explore the way access to the Internet is changing. 

They found significant inequalities in computer ownership between different regions of 

the US, but that overtime the inequalities for all regions had dropped. At the same time, 

differences in Internet access between African Americans and whites have persisted. 

Chakraborty and Bosman conclude that while the digital divide is a dynamic 

phenomenon and that the information and communication technologies revolution 
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appears to be “a new form of segregation for a greater number of African American 

households, with more losers than winners.” (Chakraborty & Bosman, 2005; p. 207)   

As computer and Internet penetration has increased, studies have moved away from 

dealing with the digital divide as a dichotomous concept concerned primarily with those 

that have computers and Internet access and those that do not, towards a greater 

awareness of differences in the quality of access, experience, and what the Internet is 

used for –these later studies are covered under the concept of ‘digital inequality’.  

2.6 Digital Inequality 

Van Dijk (2000) seeks to explain the reasons why the rates of computer ownership take 

on different trajectories among different social groups. He use US Census Bureau data 

from 1984 to 1997 to show that the gaps between advantaged groups (those on high 

incomes, with high education levels, or younger people) and disadvantaged groups (those 

on lower incomes, with lower education levels, or older people) are widening as overall 

computer ownership penetration increases. Unlike other theorists who view the digital 

divide as simply an access issue, Van Dijk claims there are four major hurdles of access 

to information technology: lack of basic skills and ‘computer fear’; lack of physical 

access to computers and networks; insufficient user-friendliness, and insufficient and 

unevenly distributed usage opportunities. Van Dijk comes at this from an implications 

perspective, noting that barriers to Internet use stop people from engaging in the political 

process, and that and a lack of skill and knowledge that actually blocks lower 

socioeconomic groups from political participation. Van Dijk concludes that in order to 

open up information technology, opportunities for participation must be available at all 

levels, not just the top. (van Dijk, 2000) 

Robinson et al (2003) set out to determine whether higher education levels give 

respondents an advantage in terms of Internet usage after access has been achieved. They 

use the University of Chicago’s 2000 and 2002 General Social Survey to develop a 

comprehensive model of income, education, and Internet access, focusing more on what 

Internet users are doing online. Using cross tabulations and multivariate evidence, they 
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find that respondents with higher education levels were more inclined to use the Internet 

for work, education, political and social engagement, whereas respondents with lower 

education levels were more likely to use the Internet for entertainment and non-work 

related activities. They also find that differing education levels determine whether 

Internet users have email access, and as a result, those with higher education levels 

subsequently have wider contact networks beyond their family to friends and co-workers. 

(John P Robinson et al., 2003) 

Akhter (2003) explores another model of Internet use. He seeks to explain the 

demographical characteristics of people who make product purchases via the Internet. 

Using data from a survey mailed out to subscribers and ticket buyers for a major 

entertainment event in the US Midwest, Akhter hypothesises that the demographic 

characteristics of respondents will have a significant influence on online purchase 

behaviour. Using a multivariate model, they find that males, high income, and younger 

respondents are significantly more likely to make an online purchase than females, lower 

income, and older respondents. They also find that education level has an influence on 

purchase behaviour, but is not as significant determinant as gender, income or age. While 

acknowledging that their study may not be representative of the general population, 

Akhter concludes that such research provides a useful tool for online marketers of 

products. (Akhter, 2003)    

Finally, in terms of international literature, DiMaggio et al (2004) question the degree to 

which socioeconomic and demographic factors influence digital inequality in terms of 

ease, effectiveness, and quality of use. They argue that the traditional ‘digital divide’ 

research is an important starting point for studies into Internet use as it “reinforces 

inequalities for economic mobility and social participation”, but only asks a narrow range 

of questions regarding information technology’s social inequality. Following a survey of 

literature, they found that users with less education were less confident in using the 

Internet than users with more education. Similarly, women were less confident online 

than men. In terms of actual Internet usage, those that spent more time online and had 
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great autonomy of use were more confident, also if the user had had a negative first 

experience with the Internet, they were less confident. (DiMaggio et al., 2004) 

2.7 New Zealand Studies 

In May 2005, the Minister for Information Technology, Hon David Cunliffe, launched 

The Digital Strategy. The strategy has the primary aim of making New Zealand “a world 

leader in using information and technology to realise its economic, social, environmental, 

and cultural goals, to the benefit of all its people” (Ministry of Economic Development, 

2005; p. 4). This would be realised through three enablers: ‘Connection’, providing the 

means to access information and technology; ‘Confidence’, providing the skills to 

effectively use technology within a safe and secure environment; ‘Content’, providing the 

motivation for use of technology. The strategy is to be rolled out between 2005 and 2011, 

to enrich the lives of all New Zealanders, with particular reference to communities, 

businesses, Maori, and rural New Zealanders, through digital opportunities within the 

knowledge economy. (Ministry of Economic Development, 2005) 

However, empirical literature on the digital divide in New Zealand is scant, in part 

because there are only a limited number of available datasets through which to look at 

computer and Internet access and use. While there is research into nationwide Internet 

access (Statistics New Zealand, 2004), most New Zealand research looks at specific 

aspects of the digital divide, such as ethnicity (John Gibson, 2002; Parker, 2003), people 

with disabilities (Gedge, 2005), and e-commerce. (Howell, 2001) 

The most comprehensive New Zealand study so far has been undertaken by Statistics 

New Zealand (2004) whose aim was to examine the main personal characteristics that 

influence households Internet access. They use data from the 2001 Census of Population 

and Dwellings and 2000/1 Household Economic Survey, with household Internet access 

as the dependent variable in a multivariate analysis, regressing household Internet access 

on total household income, household occupants highest education level, the presence of 

dependent children in the household, the age of the youngest household occupant, and 

ethnicity of household occupants. They find that income and education levels have a 
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strong positive relationship with household Internet access; 43 percent of households with 

an annual income over $76,700 have Internet access, while only 9 percent of households 

with an income under $20,700 had access. While Asian people have higher household 

Internet access than European people (58 percent and 38 percent), and that Maori and 

Pacific Peoples lag behind (26 and 23 percent). When controlling for household income 

and highest education levels, European Internet access remains unchanged, while Maori 

and Pacific Peoples increase slightly to 30 and 26 percent, respectively, and Asian 

Internet access drops to 49 percent. (Statistics New Zealand, 2004) 

Dealing with geography in a separate analysis, using Statistics New Zealand’s five 

Urban-Rural classifications, they find that the density of household Internet access is 

highest in main urban areas and those in rural areas with fewer than 300 occupants (40 

percent and 37 percent respectively), and lowest in minor urban areas (25 percent). They 

conclude that with the exception of rural areas with fewer than 300 occupants, there is a 

relationship between the density of household Internet access and population size. 

(Statistics New Zealand, 2004) 

Parker (2003) and John Gibson (2002) specifically look at Maori and Pacific peoples 

access to information technology. Using the 2000 and 2001 ACNielson Netwatch survey, 

with population weighting to reflect the composition of New Zealand’s population, 

Parker undertook a cross tabulation analysis of Maori access to technologies (such as the 

Internet and cellular phones) and the found that while the proportion of Maori that owned 

a computer (34 percent) and had access to the Internet (23 percent) was low when 

compared to national figures, Maori ownership of other technology (in particular cellular 

phones and television gaming consoles) was closer to national levels. Parker also finds 

that while 49 percent of European respondents have never used the Internet, 65 percent of 

Maori had never used the Internet. Parker sights the prevalence of Maori having lower 

average incomes and being less likely to attain formal education qualifications as key 

factors in low Maori access to the Internet. While Maori are behind the general 

population in terms of Internet access, Parker claims that they are catching up; in the first 

quarter of 2000, European Internet access was almost three times higher than that of 
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Maori, but in the 4th quarter of 2001, this gap had reduced significantly, to the point that 

European access was only double that of Maori. (Parker, 2003) 

Similarly, John Gibson (2002) also finds that Maori and Pacific peoples are highest in 

figures of people who have never used the Internet, and are less likely to have to use the 

Internet as part of their employment. Gibson states that ethnic differences in Internet 

access in New Zealand emulate the differences exhibited by other forms of technology; 

while 46 percent of Europeans live in dwellings with Internet access, only 25 percent of 

Maori and 20 percent of Pacific Islanders do. Gibson sights the occupations of Maori and 

Pacific Island workers as a significant factor in differences in Internet access; Maori and 

Pacific Islanders are significantly less likely to be employed in occupations that require 

computer skills, and therefore are less likely to receive computer and Internet training. 

(John Gibson, 2002) 

Gedge (2005) studied the websites of New Zealand government agencies to determine 

their accessibility for people with visual impairments in order to explain what he called 

the ‘third digital divide’. This is where physical access to the Internet is achieved, but the 

nature of a website coupled with the user’s characteristics can limit such access; for 

example, a website that is incompatible with screen-reading software is inaccessible for 

people with significant visual impairments. Gedge uses a WebXACT software 

application to rate the number of New Zealand government websites which are compliant 

to a priority one level for Internet users with significant visual impairments using screen-

reading applications. They find that 58 percent of the websites surveyed are non-

compliant, creating a barrier to Internet access for people with visual impairments. 

(Gedge, 2005) 

Howell (2001) sought to explain the presence of an urban – rural digital divide amongst 

businesses in New Zealand using a census of website and email address listings in the 

New Zealand Yellow Pages. She compared and ranked the density of regional 

commercial uptake of websites and email. She found similar regional trends in 

commercial website listing to those obtained by Statistics New Zealand’s (2004) 

household Internet access. She found that business in the main metropolitan regions were 
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more likely to have a associated business website listed in the Yellow Pages compared 

with other regions. However, businesses in smaller, more remote provincial centres are 

more likely to adopt email than those businesses in main urban areas. (Howell, 2001)  

Subsequent Statistics New Zealand research has also touched on the access and use of 

information technologies from various vantage points. The Internet Service Provider 

Survey (Statistics New Zealand, 2006c) sought to explain the rates and nature of Internet 

subscriptions to a New Zealand based Internet service provider (ISP). They use supplier 

information from a dedicated postal survey of all medium-to-large New Zealand-based 

ISP’s covering both commercial and residential client information over the period March 

2005 to September 2006. They find that while the total number of Internet subscribers 

increased over this period, numbers of commercial Internet subscribers have declined 

slightly. The number of subscribers with a non-analogue (i.e. broadband) connection 

increased markedly, while the number of analogue (“dial-up”) subscribers declined 

during 2006, pointing out that the growth and improvements in quality of Internet access 

are integral towards enhancing New Zealand’s global connectivity. (Statistics New 

Zealand, 2006c)  

The Business Operations Survey (Statistics New Zealand, 2006b) looked at the Internet 

practices and behaviours of New Zealand businesses. They found that 93 percent of New 

Zealand businesses had computer access and 91 percent had Internet access in 2006, 

compared with 87 percent and 79 percent (respectively) in 2001. Internet use was highest 

in businesses in transport and storage, manufacturing, and education industries, and 

lowest in construction, health and community services, agriculture, forestry and fishing, 

and mining and quarrying. (Statistics New Zealand, 2006b) 

The Household Use of Information and Communication Technology Report (Statistics 

New Zealand, 2007a) looked into New Zealand’s computer and Internet access, Internet 

connection types, and online habits in considerable detail. Using survey data from the 

Household Labour Force Survey, they find that in both 2001 and 2006 the number of 

households with Internet access increased more rapidly than the number of households 

with a computer. Most Internet users are online to send and receive emails, browse the 
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web, or seek information on goods or services. They found that Internet access is highest 

amongst younger age groups, and in urban areas, with Auckland, Wellington and 

Christchurch having the highest access rates. (Statistics New Zealand, 2007a) 

To date, New Zealand research into Internet access and use has consisted of a limited 

number of research pieces. The key findings of these studies are that income and 

education have a positive relationship with Internet access; those identifying with 

European and Asian ethnic groups are more likely to have Internet access than those who 

identify with Maori and Pacific Island ethnic groups; and people living in areas with 

smaller populations are less likely to have access to the Internet than those living in main 

urban areas. While John Gibson (2002) hints at occupation being a determinant of Maori 

and Pacific Peoples Internet access, a specific analysis is lacking. Also, while Statistics 

New Zealand’s (2004) study includes an analysis of geography, these are not controlled 

for socioeconomic variables. These deficiencies will be addressed in this thesis. 

Also of note here is the subjective nature of most New Zealand studies. These studies 

explore why a digital divide exists without exploring the divide itself in great detail. 

While such studies do make a useful contribution to the wider body of research, the 

absence of a detailed positivist study of New Zealand’s digital divide is notable. This 

thesis will approach the digital divide from a positivist approach, providing a platform for 

future more subjective research projects. 

2.8 Summary 

The literature presented in this chapter has sought to answer the main questions: what 

influence does socioeconomic and geographic/location characteristics have on computer 

ownership, Internet and broadband access and use, and how people use the Internet? The 

literature uses independent variables of income, education, age, ethnicity, household 

composition, and employment status, as well as settlement type, geography, and location.  

There are a number of general conclusions common to these studies; it is more likely that 

those on higher incomes with higher educational qualifications or belonging to a 
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dominant (normally non-indigenous European) ethnic groups will have access to and use 

the Internet. Those who belong to indigenous or minority ethnic groups, have a lower 

income, and less education. Older people are less likely to have access to and use the 

Internet than younger people, and men are more likely to have access compared to 

women. However, the influence of age and gender is significantly moderated when 

controlling for income and education. 

Geographically, it is more common for those living in larger urban areas to have access to 

the Internet than those living in smaller urban or rural areas. However, these geographic 

differences can often be explained largely through differences their socioeconomic 

composition – urban residents tend to earn more and have higher education levels than 

rural residents. Locationally, Mossberger et al (2006) found that the socioeconomic 

characteristics of an individual’s surrounding neighbourhood extenuate the individual’s 

own socioeconomic characteristics when it comes to explaining access to information 

technology. 

Most authors have found that the passage of time has done little to close the digital 

divide. With each successive innovation in information technology disadvantaged groups 

show slower take up rates and slower overall penetration rates; Crampton (2003) claims 

that technological advances almost exclusively benefit those who already have access, 

while those without access to information technology lag further behind, finding it 

successively harder to catch up. These trends are not consistent across different types of 

technology; for example, there is little variation in up take of cellular phones and 

television gaming consoles between different ethnic groups, despite significant disparities 

in computer ownership and Internet access in New Zealand. 

New Zealand literature on the digital divide is scant, dealing with very specific aspects of 

information technology access. The following three chapters will construct New 

Zealand’s first comprehensive multivariate analysis of Internet access to date using two 

sets of census data, and by employing several of the socioeconomic, geographic and 

temporal research techniques used in overseas literature explored in this chapter.  This 

thesis will build upon the existing literature by applying a multivariate regression and 
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logit model as used in overseas literature to New Zealand census data. Variables that the 

New Zealand literature have only touched upon (such as respondent occupation) will be 

included in this thesis, as will a controlled regression of settlement type variables. 

This chapter has summarized the overseas and New Zealand literature relating to Internet 

access. The next chapter will explain the theory and methodology of Internet access as 

outlined in this chapter, and how this will be applied to this thesis. 
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Chapter 3 – Methodology  

3.1 Introduction  

The previous chapter introduced New Zealand and overseas literature on the digital 

divide. A variety of different methodologies were employed depending on the specific 

question being asked and the data available. This chapter outlines and explains the 

methodology that will be employed in my thesis. It focuses on the use of categorical data 

analysis in order to model the presence or absence of access to the Internet. 

A wide variety of methods have been employed in previous studies in order to determine 

the nature of the digital divide. Many use multivariate models to estimate the probability 

of Internet access. For example, Fairlie (2002) applies a logistic regression model to 

estimate differences in Internet access in the United States, using race, income and 

education as arguments. McElroy and Soden (2003) also use logistic regression to model 

socioeconomic differences in Internet access in El Paso, Texas. Stanton (2004) takes a 

three step approach in determining the socioeconomic differences in computer ownership, 

Internet and broadband access. Each successive dependent variable is made reliant on the 

outcomes of the previous; the first dependent variable is computer ownership, the second 

dependent variable is Internet access within those respondents that own a computer, and 

the third dependent variable is broadband Internet access within those respondents that 

have Internet access.  

Several Internet access studies use separate regression models for different 

socioeconomic or geographic groups of respondents. For example, Mills and Whitarce 

(2003) estimate separate logistic regression models for metropolitan and non-

metropolitan respondents. 

Internet access research is not limited to logistic modelling. For example, Chakraborty 

and Bosman (2005) use Lorenz curves and Gini coefficients to measure the gaps in 

Internet access between different ethnic groups and income levels in the United States, 

while Chris Gibson (2003) uses uncontrolled correlation coefficients and linear 
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regressions to show socioeconomic, ethnic, demographic  and geographic differences in 

Internet access in New South Wales. 

3.2 Methods used in this thesis 

My own choice of methods stem from questions asked and the data sources used in this 

thesis. Chapter 1 outlined the research aims of this thesis, which were to estimate the 

relative importance of socioeconomic and ethnic differences in differentiating Internet 

access in New Zealand as well as the geographic factors which may help account for 

spatial variations in access in both 2001 and 2006.  

The 2001 Census was the first New Zealand census to ask about domestic Internet (and 

facsimile) access (Figure 3.6). Previously, a telecommunications-related question was 

included, which solely asked about access to a telephone. First included in 1966, this 

question remained unchanged until it was removed entirely from the 1986 and 1991 

censuses, only to be reintroduced in 1996 (on all occasions, the question specified non-

working or disconnected equipment was not to be included). As Figure 3.7 shows, while 

access to a cellular phone was added to the telecommunications question for the 2006 

census, the question with regards to household Internet access remained unchanged from 

2001. (Statistics New Zealand, 2001) 

The use of census data to determine the characteristics of Internet access in New Zealand 

places several restrictions on the research. The first of these is the nature of the question 

for it only asks about Internet access. As suggested above, the presence of an Internet 

connection within a household does not necessarily mean that all occupants have equal 

access to the connection. For example, pre-school occupants are included on the 

dwelling’s census form, but are unlikely to be able to use the Internet in most cases. 

Similarly, older respondents within a family dwelling (for example, an elderly parent 

living with their extended family) would be included as having access but again their use 

is less likely. The question also ignores respondents who have Internet access at their 

place of work or school, but do not have access at home. Note incidentally how the 2001 

and 2006 Australian census avoids these constraints by asking individual respondents 
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whether they used the Internet in the past week, and where access occurred (home, work, 

other) (Australian Bureau of Statistics, 2001). Responses to these questions are used to 

effect by Chris Gibson (2003); these serve as useful checks on the correlation between 

responses to questions on access and use. This close relationship suggests in effect that 

New Zealand data can be used to proxy use in most cases. 

Figure 3.1 Telecommunications Question on Dwelling Form, 2001 Census of 
Population and Dwellings, English Version. 

 
(Statistics New Zealand, 2001) 
 
 

Figure 3.2 Telecommunications Question on Dwelling Form, 2006 Census of 
Population and Dwellings, English Version. 

 
(Statistics New Zealand, 2006a) 

The second restriction to using the New Zealand census is the use of the unspecific term 

‘Internet’. While the question does clarify that the connection must be working, the 

specific nature and quality of the Internet connection is not defined; therefore Internet 
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access for a household with a broadband connection and state-of-the-art computer 

hardware is regarded as equal to Internet access for a household with a analogue Internet 

connection and out-of-date computer hardware, as well as other circumstances where the 

Internet experience for the two households differs.    

The conclusions drawn in this thesis are also restricted by the nature of the census data 

that is being used. For example, chapters 3 and 4 use ecological data; that is, individual 

responses aggregated to the area unit level. While can use the results to relate the 

probability of household Internet access to the socioeconomic, demographic, and ethnic 

composition of area units, as well as settlement type, the inference can only be made to 

areal groupings of individuals, not individuals themselves.  

A related issue pertains to the individual unit record data used in chapter 5 where due to 

the constraints imposed on file construction within the Statistics New Zealand data lab, 

access to area unit or contextual area data was limited. 

The main method used to obtain estimates of Internet access regression analysis, in which 

some of the dependent and independent variables come in the form of categorical 

response from the census. Socioeconomic, ethnic, demographic and settlement type 

classifications are used, for example, to define the attributes of individuals and of areal 

groups. Chapters 4 and 5 employ area unit ecological data to estimate the probability of 

household Internet access at the area unit level using weighted least squares and chapter 6 

applies logistic regression to an eight percent census sample of individual unit records in 

order to estimate the odds of census respondents having access to the Internet. I introduce 

both under the heading, categorical data analysis. 

3.3 Categorical Data Analysis 

Categorical data analysis only came into widespread use in geography in the last 20 years 

(Wrigley, 1985). Its defining feature is the discreteness of the outcomes and arguments 

with categorical measures appearing on both the left and right hand side of the regression 

equation. Classifications can be dichotomous (e.g. success, failure), unordered 
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polytomous (e.g. Maori, European, Asian), or ordered polytomous (e.g. low education, 

middle education, high education). The full set of variables used in this thesis are 

classified in Table 3.1.  

Table 3.1 Categorical Variable Types Used 
Area Units Individuals
(Chapters 4 and 5) (Chapter 6)

Internet Access Dichotomous Dichotomous
Personal Income 
(Categories) Ordered Polytomous
Household Income 
(Categories) Ordered Polytomous
Household Income 
(Median) Continuous
Highest Education 
Qualification Ordered Polytomous Ordered Polytomous
Age (Categories) Continuous

Ethnicity
Unordered 
Polytomous

Unordered 
Polytomous

Occupation
Unordered 
Polytomous

Unordered 
Polytomous

Gender Dichotomous
Student Status Dichotomous

Settlement Type Ordered Polytomous Ordered Polytomous  
 
(after Wrigley, 1985) 

The next two chapters use the linear regression model in which the dependent variable is 

the percentage of households with Internet access and the unit of analysis is the area unit, 

whereas chapter 6 uses the logistic model to estimate the probability that a sampled 

individual will report residential access to the Internet or not. The unit of analysis in this 

case is the sampled respondents from the 2006 census. 

3.4 Linear Regression Model 

Chapters 4 and 5 use an ecological dataset that has responses aggregated at area unit 

level. A linear regression model is applied to estimate the probability that households 

living in the area unit who have access to the Internet. The linear regression model takes 

the following form:  
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(3.1) iii XY εβα ++= 11  

where iY is the proportion of households in the ith area unit with Internet Access, 1α  is the 

constant term, and 1β  is the slope which measures the degree to which a unit change in X 

will be reflected in a proportionate change in an area unit’s Internet access. X in this case 

is typically some attribute of the area unit, eg the proportion with educational 

qualifications; and iε  is the residual error.  

A typical relationship might be as follows, Figure 3.3. 

Figure 3.3 Graphic Illustration of Simple Linear Regression Model  

 

 

 

 

 

 

The estimates for the linear regressions applied to area units are based on weighted least 

squares. Ordinary least squares obtain parameter estimates through minimising the 

squared total of the residual error in equation 3.6, while assuming homoscedasticity or 

equal variance within the sample. 

 (3.2) ∑ −
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In contrast, weighted least squares assume hetroscedasticity or unequal variance. This is 

relevant when using ecological data that does not consist of equal sized observations and 

greater weight must be applied to larger observations in order to meet the constant 

variance assumptions. (Wrigley, 1985; p. 32) 

Multiple regression models attempt to estimate the influence of each independent variable 

on the dependent variable. However, the ability of the regression model to do this is 

hampered if one or more independent variables have low independent variation. This 

creates situations where, for example, the magnitude or sign of the coefficient value 

changes unexpectedly, or the model returns a high r-squared despite non-significant 

coefficient values. 

A major problem faced by geographers who use area unit data is the high level of 

multicollinearity they typically face. To guard against multicollinearity in my analysis, all 

regressions within chapter 4 are tested for variance inflation factor (VIF), which 

determines what proportion of a variable’s influence on the dependent variable is 

independent of other independent variables. By regressing each of the independent 

variables by the other independent variables, and taking the r-squared value of each 

regression away from 1 we are able to calculate the degree to which each independent 

variable is independent from the other variables. The VIF subsequently represents the 

level to which other coefficients and standard errors are increased by the independent 

variable, and is the number of times 1 – r2 fits into 1. A high VIF indicates high 

multicollinearity (Hamilton, 2006; pp. 211-212). The tolerance level for variable 

multicollinearity for this thesis follows the recommendations of Chatterjee et al (2000); 

those independent variables with a VIF score of higher than 10 are removed from the 

final regressions.   

While the ecological analysis undertaken in chapters 4 and 5 are used as a basis for the 

individual unit record analysis in chapter 6, drawing conclusions about individuals based 

on ecological area unit data is not possible. William Robinson (1950) found that 

characteristics of grouped data did not necessarily represent the characteristics of 
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individuals but “that an ecological correlation is almost certainly not equal to its 

corresponding individual correlation”. (William S. Robinson, 1950; p. 357) 

A practical example of William Robinson’s conclusions (later known as an ‘ecological 

fallacy’) from the digital divide literature sited in chapter 2 is Chinn and Fairlie’s  (2007) 

international comparison. They found that countries with a higher median age had higher 

Internet access rates. However, rather than draw the conclusion that this was because 

older people were more likely to have Internet access than younger people, Chin and 

Fairlie conclude that this correlation is due to higher life expectancies in developed 

countries, which also had higher Internet access rates. 

3.5 Logistic Regression Model 

Logistic regression is used to predict the outcome where the likely results are either 

success (1) or failure (0) or, in my case, access or non-access, while the regression model 

used in chapter 6 also takes the form outlined in equation 3.3. 

(3.3) iii XY εβα ++= 1  

In this case the unit of analysis is the individual not the group, and therefore 1=iY  if the 

respondent has access to the Internet (‘success’), and 0 otherwise. The coefficient 1β  is 

the degree of influence that variable iX  has; α  is a constant; and the error term iε  is 

assumed to be independently and randomly distributed residual error with a mean of zero.  

If applied simply as a regression model, equation 3.10, it will produce a distribution of 

values as illustrated in Figure 3.4. 
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Figure 3.4 A Hypothetical Graphical Illustration of Values Determined by 
Equation 3.10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(after Wrigley, 1985; p. 26) 

Ideally, equation 3.2 would calculate the success (1) or failure (0) of iY  perfectly, as 

illustrated in Figure 3.8. However, as Wrigley (1985) points out, in reality this is not the 

case; rather, the estimated probability of success for an individual, iŶ  is predicted instead 

of clear success (1) or failure (0), as outlined in equation 3.4.  

(3.4) iiii XYY 1
ˆ βαε +=−=   

The difference between iY  and iŶ is illustrated in Figure 3.5. 
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Figure 3.5 Comparison of Distributions of Equations 3.2 and 3.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(after Wrigley, 1985; p. 27) 
 

The logistic regression model returns 1β values of iX  which can be exponentiated to 

obtain odds ratios, vis βe . Odds ratios are the odds of 1 occurring versus the odds of 0 

occurring and is typically interpreted as relative risk. For example, an odds ratio of 2.0 

implies that the odds of Y  = 1 are twice as high as they are for 2X  = 1. Odds ratios are 

not the same as probabilities, however the two are related viz equation 3.5. 

(3.5) 
i

i
i P
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−

=
1

β   

The relationship between odds ratios and probability are therefore quite non-linear as 

illustrated in Figure 3.6. 

 

 

1 

0 

Y 

X 

iii XaY εβ ++= 1
iiii XYY 1

ˆ βαε +=−=



 

  53 

Figure 3.6 Odds Ratio Compared to Probability 
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(after Morrison & Berezovsky, 2003; p. 28) 

Unlike standard linear regression, the interpretation of influence of X on Y varies with the 

value of X; it is not consistent throughout the function as in the standard regression 

model. This important point is illustrated in Figure 3.7; the tangent slope of the curve 

)( βiXFY = is steepest at (X3, X4) where Y = 0.5, and the tangent slopes are comparably 

shallow at (X1, X2) and (X5, X6). It is, therefore, instructive to compute marginal effects of 

Y for different values of X (for example, different income brackets) and this point extends 

to all the X variables in the equation.  
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Figure 3.7 Marginal Effects of Slopes of Tangent Lines to the Cumulative 
Probability Curve. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(after Wrigley, 1985; p. 92) 

3.6 Switch or ‘Dummy’ Variables 

Both the logistic and the linear regression models can employ switch, ‘dummy’ or 

indicator variables to test for significant difference between two mutually exclusive 

groups; these are independent variables which take the values 1 or 0. For example, Figure 

3.8 shows the theoretical relationship between the probability of household Internet 

access and median household income (a continuous variable) and residence in urban or 

non-urban areas (an indicator variable). In the theory section of this chapter I argued that 

the probability of Internet access in urban areas is likely to be higher therefore the fitted 

line for urban respondents will sit above the fitted line for non-urban respondents (Clark 

& Hosking, 1986). Equation 3.6 outlines the model: 

(3.6) iiii UXY εββα +++= 21   

where iU  is a dummy variable where I denote the residence in urban areas. This model 

implies that the intercept will be higher in urban areas, but that both fitted lines have the 

same slope, 1β . 
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Figure 3.8 Theoretical Relationship Between the Proportion of Households with 
Internet Access and Household Income 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(after Wrigley, 1985; p. 92) 
 

3.7 Interaction Terms 

The relationship between the proportion of households with Internet access in an area unit 

and household income illustrated in Figure 3.8 assumes that the fitted lines for urban 

areas and non-urban areas have the same slope. In reality this may not be the case; 

Internet access may rise more rapidly with income in rural areas for example, due to the 

additional supply costs of achieving better quality. The degree to which the slope of the 

two fitted lines actually varies can determined by testing the significance of a term which 

captures the interaction of the dummy variable and the independent variable, 

iiii XUXU *= , as in equation 3.7. 

(3.7) iiiiii XUUXY εβββα ++++= 321   

Where i3β  is the variation in the slope for the fitted lines of urban areas compared to non-

urban areas (Clark & Hosking, 1986). If 3β is negative then the two fitted lines may look 
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something like Figure 3.9, which shows that the proportion accessing the Internet does 

rise more slowly with household income in urban areas.  

Figure 3.9 Theoretical Relationship Between the Probability of Internet Access 
and Household Income 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(after Wrigley, 1985; p. 92) 
 

I also use such interaction terms, for example, in chapter 5 below to test whether the 

relationship between the probability of Internet access and independent variables have 

changed between 2001 to 2006.   

3.8 Summary 

This chapter has outlined the regression methodology used in the literature, and how it 

relates to the questions being asked and the data used in each part of the study. Chapters 3 

and 4 apply linear regression models to area unit data from the 2001 and 2006 census, 

whereas chapter 6 applies a logistic regression model to individual unit record data from 

the 2006 census. 
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Chapter 4 - Internet Access 2001; Early Adoption? 

4.1 Introduction 

This chapter will use area unit ecological data from the 2001 census to test the following 

hypothesis: 

• That household Internet access in New Zealand in 2001 will be determined 

largely by socioeconomic variables of income and education;  

• That any relationship that ethnicity may have with household Internet access, 

these relationships will be insignificant once other variables are taken into account 

in a multivariate framework.  

While I specify the model of Internet access in a multivariate context, this is done in full 

recognition of the inferential limitations of area unit data. It is not until chapter 6 that I 

make use of individual census records. The primary purpose of this chapter is to set a 

base for the comparison represented in chapter 5 to follow. However, using area unit data 

has the advantage of determining the nature of Household Internet access in different 

settlement types, something that will be explored in detail in this chapter. 

Chapter 1 noted that the geographic nature of Internet access in New Zealand is not clear 

– nationally, Figure 1.1 suggested that urban areas generally have higher Internet access 

than more remote, rural areas, however, Figure 1.2 indicated that being within a main 

urban area did not necessarily translate into higher household Internet access; for 

example, parts of South Auckland had very low household Internet access rates while 

being located in the greater Auckland urban area. The geographic hypothesis for this 

chapter will be that there are settlement type differences in Internet access, but that these 

differences will be explainable through socioeconomic variables.   

The literature presented in chapter 2 painted a picture of Internet access that exhibits 

common trends; income and education both have a significant positive relationship with 

Internet access – as income or education increase, the likelihood of Internet access also 
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increases. Those respondents identifying with minority ethnic groups are less likely to 

have access to the Internet compared to those identifying with the dominant ethnic group. 

Older respondents are less likely to have Internet access than younger respondents, and 

females are less likely to have access than males; however, the influence of age and 

gender is largely moderated when controlling for income and education. Geographic 

location – such as urban or rural settlement type – will also have a statistical relationship 

with Internet access, but can be largely explained through differences in socioeconomic 

composition of the areas. 

This chapter will begin with a summary of the key 2001 census variables. It will then 

explore the bivariate relationship between socioeconomic variables, such as income, 

education and ethnicity, and household Internet access, followed by a multivariate 

ecological model of Internet access, through which the relationship between settlement 

type and household Internet access will be explored. The residual error from the 

ecological regressions are geographically assessed and followed by separate 

socioeconomic regressions of household Internet access within the main urban areas, and 

then for the rest of New Zealand. These separate ecological regressions will allow the 

behaviour of the socioeconomic composition of an area unit within different settlement 

types. Finally, the findings of this chapter will be related back to the literature, and will 

lay a foundation for a longitudinal comparison of the 2001 and 2006 census results.  

4.2 Data 

The data used in this chapter is a selection and manipulation of the publicly available area 

unit dataset released by Statistics New Zealand soon after the 2001 census6. The dataset 

consists of 1,818 area units with raw household and population counts linked to questions 

on the individual and dwelling census forms. All counts were rounded to base three prior 

to release to guard respondents confidentiality. The 2001 area units have a mean 

population size 2,100 respondents and 752 households, giving a total population of 

3,736,314 usual residents and 1,367,805 occupied private dwellings. 

                                                 
6 This data was altered slightly and re-released in 2007 using the 2006 census area units, however it is the 
2001 release data that is used in this chapter. 
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The dependent and independent variables for this chapter are the socioeconomic 

composition, settlement type and population density of the area units. Household Internet 

access refers to the proportion of occupied private dwellings within the area unit that 

have access to the Internet. Most other variables are the proportions of the total area unit 

usually resident population. Variables of education and occupation refer to proportions of 

area unit usually resident population over the age of 15, while household income refers to 

average income for dwellings in the area unit. Median age refers to the 50th percentile 

age of the usually resident area unit population (in years), while median household 

income refers to the 50th percentile household income of the usually resident population 

aged over 15 years.  

The dependent variable and most independent variables are proportions of the total area 

unit population or households, except the median age and household income of the area 

unit. A description of all variables is included in Table 4.1. All area units with a usual 

resident population of fewer than 200 are excluded from statistical operations not 

involving counts as individual respondents within area units with fewer than 200. 

The dependent variable used in this chapter is the proportion of the households in an area 

unit that have access to the Internet on census night, 2001, as determined by question 16 

of the Dwelling Form (Figure 1). The independent variables are a selection of 

socioeconomic characteristics, selected on the basis of those identified in the 

methodology and in the literature. In addition to the socioeconomic independent 

variables, each area unit is allocated one of six urban rural settlement type classes in the 

form of an indicator (or ‘dummy’) variable, as well as the area unit usually resident 

population density (people per square kilometre).  

4.3 The 2001 Census 

The 2001 census recorded that New Zealand had a population of just over 3.7 million 

people in 1.36 million dwellings. The median age of the usually resident New Zealand 

population was 34.8 years and the median income for usual residents over the age of 15 

was $18,500. The gender balance of New Zealand favoured females slightly more than 
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males, with 105 females for every 100 males.  Both the dwelling and individual forms 

were available in both of New Zealand’s official written languages – English and Maori. 

The 2001 census was conducted on March 6, 2001 and had a comparably high 

undercount of 2.2 percent. 

4.4 Model 

The primary aim of this chapter is to develop an ecological (area unit) multivariate model 

of household Internet access in New Zealand in 2001. Its main purpose is to serve as a 

base for the analysis of change in household Internet access between 2001 and 2006, in 

chapter 5.  

The structural model takes the following form – as introduced in chapter 3: 

(4.1): iii XP εβ +=   

Where Pi is the probability of households in area unit i that have access to the Internet; X 

is the matrix of area unit characteristics; β  is a vector of parameters to be estimated; and 

iε  is the residual error associated with the dependent variable which is assumed to be 

normally distributed about a mean of zero. 

I will now describe the empirical characteristics of the dependent and independent 

variables. Just over a third (33.4 percent) of all households in New Zealand stated that 

they had access to the Internet in 2001, compared to 96.3 percent having access to a 

telephone, and 25.3 percent having access to a facsimile machine. The proportion of area 

unit access to the Internet exhibits a roughly normal distribution (Figure 4.1). 
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Figure 4.1  Histogram of Area Unit Household Internet Access, 2001 Census. 
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The multivariate model will be estimated in two stages. In model 1 just the 

socioeconomic variables, such as income, education, ethnicity, country of birth, and 

occupation will be included, thus ignoring the geographic variables of settlement type and 

population density. These geographic variables will be included in model 2. 

Before estimating the partial and full models it is instructive to comment on the 

relationship between the proportion with Internet access and each independent variable in 

isolation. The hypothesis is that income and education would have the most significant 

influence on household Internet access; therefore, independent variables of income and 

education will dealt with first here, followed by ethnicity, occupation, age, employment 

status, place of birth, and gender. 
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Table 4.1  Summary Statistics for Socioeconomic Independent Variables  
Variable Mean Std. Dev. Min Max Description
Internet            0.342 0.129 0.037 0.762 Proportion of Area Unit with Household Internet Access

Loss 0.006 0.004 0.000 0.029 Proportion of Area Unit Households with an Annual Income Loss                

Zero 0.040 0.015 0.000 0.190 Proportion of Area Unit Over 15 Years of Age, with a Zero Annual Household Income        
1-5000 0.083 0.026 0.018 0.446 Proportion of Area Unit Households with an Annual Income $1 - $5,000               

5001-10000 0.119 0.037 0.013 0.375 Proportion of Area Unit Households with an Annual Income $5,001 - $10,000               

10001-15000 0.138 0.043 0.038 0.418 Proportion of Area Unit Households with an Annual Income $10,001 - $15,000               

15001-20000 0.086 0.019 0.026 0.194 Proportion of Area Unit Households with an Annual Income $15,001 - $20,000                   

20001-25000 0.073 0.016 0.013 0.182 Proportion of Area Unit Households with an Annual Income $20,001 - $25,000                   

25001-30000 0.075 0.017 0.000 0.216 Proportion of Area Unit Households with an Annual Income $25,001 - $30,000               

30001-40000 0.106 0.026 0.000 0.200 Proportion of Area Unit Households with an Annual Income $30,001 - $40,000               

40001-50000 0.062 0.022 0.000 0.143 Proportion of Area Unit Households with an Annual Income $40,001 - $50,000               

50001-70000 0.055 0.028 0.000 0.180 Proportion of Area Unit Households with an Annual Income $50,001 - $70,000               

70001-100000 0.023 0.018 0.000 0.099 Proportion of Area Unit Households with an Annual Income $70,001 - $100,000               
Over 100000 0.021 0.024 0.000 0.163 Proportion of Area Unit Households with an Annual Income over $100,000               
Median Income 19253 5110 4425 39792 Median Area Unit Household Income

None 0.298 0.115 0.014 0.678
Proportion of Area Unit Population Over 15 Years of Age with No Formal Educational
Qualification

Secondary School 0.392 0.051 0.186 0.792
Proportion of Area Unit Population whose Highest Education Level is a Secondary School
Qualification 

qual2     0.207 0.039 0.070 0.415
Proportion of Area Unit Population whose Highest Education Level is a Vocational
Qualification 

qual3     0.103 0.080 0 0.522
Proportion of Area Unit Population whose Highest Education Level is a Bachelors Degree
or Higher 

european 0.771 0.188 0.083 1.053 Proportion of Area Unit Identifying as European Ethnicity
maori     0.148 0.145 0 0.985 Proportion of Area Unit Identifying as New Zealand Maori Ethnicity
pacific 0.045 0.095 0 0.792 Proportion of Area Unit Identifying as Pacific Peoples Ethnicity
asian 0.046 0.064 0 0.440 Proportion of Area Unit Identifying as Asian Ethnicity
under 10 0.147 0.041 0.006 0.355 Proportion of Area Unit Aged Under 10 Years
10-19 0.146 0.033 0.027 0.358 Proportion of Area Unit Aged 10-19 Years
20-29 0.119 0.050 0.028 0.424 Proportion of Area Unit Aged 20-29 Years
30-39 0.149 0.032 0.021 0.278 Proportion of Area Unit Aged 30-39 Years
40-49 0.145 0.030 0.012 0.289 Proportion of Area Unit Aged 40-49 Years
50-59 0.114 0.029 0 0.230 Proportion of Area Unit Aged 50-59 Years
Over 60 0.157 0.067 0.007 0.535 Proportion of Area Unit Aged Over 60 Years
median age 35 5 15 61 Median Age of Area Unit Population
NZ 0.783 0.128 0.171 0.995 Proportion of Area Unit Born in New Zealand
Overseas 0.155 0.097 0.017 0.591 Proportion of Area Unit Not Born in New Zealand  

nzsco1 0.118 0.048 0.016 0.284
Proportion of Population Aged Over 15 Years Employed as Legislators, Administrators
and Managers

nzsco2 0.127 0.061 0 0.380 Proportion of Area Unit Population Aged Over 15 Years, Employed as Professionals

nzsco3 0.101 0.036 0 0.235
Proportion of Area Unit Population Aged Over 15 Years, Employed as Technicians and
Associated Professions 

nzsco4 0.114 0.039 0.014 0.221 Proportion of Area Unit Population Aged Over 15 Years, Employed as Clerks

nzsco5 0.138 0.050 0.020 0.746
Proportion of Area Unit Population Aged Over 15 Years, Employed as Service and Sales
Workers

nzsco6 0.107 0.138 0 0.655 Proportion of Area Unit Population Aged Over 15 Years, Employed as Trades Workers

nzsco7 0.083 0.030 0 0.185 Proportion of Area Unit Population Aged Over 15 Years, Employed as Trades Workers

nzsco8 0.091 0.054 0 0.472
Proportion of Area Unit Population Aged Over 15 Years, Employed as Plant and Machine
Operators and Assemblers

nzsco9 0.120 0.050 0.018 0.448
Proportion of Area Unit Population Aged Over 15 Years, Employed in Elementary
Occupations

Gender female 0.506 0.027 0.211 0.578 Proportion of Area Unit that is Female
main_urban    0.600 0.490 0 1 Area Unit Classed as Main Urban Area                
secondary_urban     0.073 0.261 0 1 Area Unit Classed as Secondary Urban Area                
minor_urban   0.075 0.264 0 1 Area Unit Classed as Minor Urban Area                
rural_centre  0.082 0.274 0 1 Area Unit Classed as Rural Centre                
rural_area   0.169 0.375 0 1 Area Unit Classed as Rural Area          

waterways        0.001 0.025 0 1 Area Unit Classed as Wet (includes Harbours, Inland Waterways, and Oceanic Area Units) 

Place of Birth

Occupation

Settlement type

Household 
Annual Income

Highest 
Education 

Qualification 
Attained

Ethnic 
Identification

Age

Source: 2001 Census of Population and Dwellings 
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4.5 Socioeconomic Digital Divide 

As I have demonstrated in chapter 2, the relationship between income, educational 

attainment and access to information technology are predominant themes across digital 

divide literature. Chris Gibson’s (2003) ecological study of computer and Internet access 

in New South Wales, for example, found that income and education had the strongest 

bivariate relationship with computer and Internet access both at home and at work7. 

Gibson also found that there is a positive relationship between the proportion of a local 

government authority8 population that were born overseas and computer use at home. As 

the only other ecological study of Internet use I could identify, Gibson’s use of personal 

income, education level, ethnicity, and place of birth, and computer and Internet access 

motivate these variables to be used in this chapter. This section will first deal with the 

bivariate correlation between household Internet access and each socioeconomic variable 

in turn, starting with personal income and education.  

4.6 Household Income 

Many studies found that the financial capital required to purchase a computer in order to 

access the Internet is the biggest hurdle to digital equality. Using grouped area unit data, 

Chris Gibson (2003) found that the relationship between the proportion of a local 

government authority that had a weekly personal income greater than A$1,000 and 

Internet access has an r-squared relationship of 0.92, while the same income bracket and 

computer use have an r-squared relationship of 0.62. Conversely, the proportion of a local 

government authority with a weekly personal income less than A$300 and not using the 

Internet had an r-squared relationship of 0.56. Internationally, Chinn and Fairlie (2007) 

found that there is a clear relationship between a country’s per capita income and 

computer penetration rates – an increase of $US 1,000 in per capita income almost 

directly translated into a one percent increase in computer penetration for the respective 

country. 
                                                 
7 The 2001 Australian census included two detailed questions regarding computer and Internet use: 
Question 20: “Did the person use a personal computer at home last week?” (Yes; No) and Question 21: 
“Did the person use the Internet anywhere last week?” (No; Yes, at home; Yes, at work; Yes, elsewhere).  
(Australian Bureau of Statistics, 2001)  
8 Roughly comparable to territorial local authorities in New Zealand. 
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Figure 4.2  Scatter Graph of Household Internet Access and Log of Median 
Household Income By Area Unit. 
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A scatter graph of the probability of households with Internet access in 2001 and median 

household income of the area unit (Figure 4.2) confirms the strong positive association of 

income and Internet access in the New Zealand case. In order to linearize this 

relationship, the natural log of the median income has been used. The linear relationship 

between the median log income of an area unit population over 15 years of age and the 

proportion of area unit households that have Internet access is statistically significant, 

with an r-squared value of 0.7418 (Table 4.2) 
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Table 4.2 Regression of Proportion of Area Unit Households with Internet 
Access by Log Median Household Income of Area Unit Population, Weighted by 

Total Number of Households in Area Unit, 2001  
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS              Number of obs =    1637 
-------------+------------------------------           F(  1,  1635) = 5063.81 
       Model |  19.2117825     1  19.2117825           Prob > F      =  0.0000 
    Residual |  6.20308941  1635  .003793938           R-squared     =  0.7559 
-------------+------------------------------           Adj R-squared =  0.7558 
       Total |  25.4148719  1636  .015534763           Root MSE      =  .06159 
 
------------------------------------------------------------------------------ 
        ia01 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
   log_hhinc |   .3487724   .0049012    71.16   0.000     .3391591    .3583858 
       _cons |  -3.339533   .0519118   -64.33   0.000    -3.441353   -3.237712 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 Census of Population and Dwellings  

The results of the regression in Table 4.2 indicate that as an area unit’s log of median 

household income increases by 1, the probability of household Internet access also 

increases by .35.  At the same time both the t-values are high, indicting that both the 

coefficient value for the median log household income and the constant are significantly 

different from zero. 

Area units vary markedly in both the level and distribution of household income. While 

the median remains the most appropriate single summary statistic, it is instructive to also 

explore the way the income distribution itself affects the area unit probability of 

household Internet access. Another way of appreciating the relationship between 

household income and Internet access, therefore, is to regress access against each of the 

income categories. Table 4.3 indicates that as the proportion of area unit households that 

have zero income increases by 0.1, the probability of household Internet access increases 

by 3.31. In contrast, as the proportion of households with an income of $40,001 to 

$50,000 increases by 0.1, the probability of Household Internet access increases by 0.26. 

While the t-value for the coefficients increases significantly from the $40,001 to $50,000 

bracket, indicating that the coefficient values are progressively more significantly 

different to the constant, the high coefficient values  This suggests that predicting Internet 

access as simply a positive function of household income is flawed. 
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Table 4.3 Regression of Area Unit Household Internet Access by Household 
Income Brackets, Weighted By Total Number of Households in Area Unit, 2001 

 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS                      Number of obs =    1637 
-------------+------------------------------                   F( 11,  1625) =  937.63 
       Model |  21.9556674    11  1.99596976                   Prob > F      =  0.0000 
    Residual |  3.45920456  1625  .002128741                   R-squared     =  0.8639 
-------------+------------------------------                   Adj R-squared =  0.8630 
       Total |  25.4148719  1636  .015534763                   Root MSE      =  .04614 
 
-------------------------------------------------------------------------------------- 
    Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]       n 
-------------+------------------------------------------------------------------------ 
        zero |   2.896245   .3342569     8.66   0.000     2.240625    3.551865    5259 
      1-5000 |   1.379645   .2210005     6.24   0.000      .946169    1.813121   15897 
  5001-10000 |  -.1811054   .1309216    -1.38   0.167    -.4378983    .0756876   40152 
 10001-15000 |   .0168641   .0664434     0.25   0.800    -.1134596    .1471877  107130 
 15001-20000 |   .2642732    .099322     2.66   0.008     .0694606    .4590858   93909 
 20001-25000 |   .8946517   .1296415     6.90   0.000     .6403696    1.148934   62361 
 25001-30000 |   .4487454   .0881162     5.09   0.000     .2759121    .6215787  105354 
 30001-40000 |   .7544186   .0936648     8.05   0.000     .5707022     .938135  118896 
 40001-50000 |   .5807959   .0922683     6.29   0.000     .3998187    .7617732  114408 
 50001-70000 |   BASE (MOST OCCURANCES)                                         178767 
70001-100000 |   1.969001   .0561835    35.05   0.000     1.858801      2.0792  123378 
 over 100000 |   1.060605   .0271461    39.07   0.000      1.00736     1.11385  126237 
       _cons |  -.1537091   .0172279    -8.92   0.000    -.1875003    -.119918 
--------------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 Census of Population and Dwellings 

The results of an uncontrolled regression of the proportion of area unit households that 

have Internet access by household income composition of the area unit supports and 

challenges the common findings of overseas literature; not only does a linear relationship 

exist between household Internet access and log median personal income, but a 

multivariate regression for all income categories has an r-squared value of 0.8639, 

indicating that household income is a strong determinant of household Internet access. It 

is expected that the hypothesis will also be accepted when dealing with income in the 

controlled multivariate regression models later in this chapter. 

4.7 Education 

My own theoretical reasoning in chapter 3 and the empirical literature indicates that, like 

income level, educational attainment is expected to exhibit a positive relationship with 

Internet access; as the level of a respondent’s highest qualification increases, the 

likelihood that the respondent has access to the Internet also increases. What remains 

indeterminate is the ‘slope’ or sensitivity of this relationship and its explanatory 

equations. 
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Chris Gibson (2003) finds that there is a strong positive relationship between the 

proportion of a local government authority’s population whose highest education level is 

Year 10 or lower and not having access to the Internet (r-squared = 0.86). Internationally, 

Chin and Fairlie (2007) found that there was a direct correlation between the number of 

years of compulsory schooling in a country, and the country’s level of Internet 

penetration.   

Similar trends to the overseas ecological literature are also found in the New Zealand 

data. Scatter plots of the proportion of area unit households with Internet access and the 

proportion of area unit population over 15 years of age with no formal qualification have 

a strong negative relationship with household Internet access; as the proportion of the 

area unit with no formal qualifications increases by 0.1, the probability of household 

Internet access decreases by 0.98 (as shown in Figure 4.3). By contrast, the relationship 

with the proportion of an area unit with a Bachelors degree or higher has a strong positive 

relationship with household Internet access; a fitted line including all area units has a 

strong positive slope of 1.11.  

However, fitting a single line to describe the relationship between household Internet 

access and the proportion of an area unit with a Bachelors degree or higher is too 

simplistic. Figure 4.3 shows that the relationship between household Internet access and 

the proportion of the area unit with a Bachelor’s degree or higher varies for different parts 

of the graph. Those area units with less than 17.5 percent of the population with a 

Bachelors degree or higher have a very strong positive relationship with the probability of 

household Internet access, with a fitted line slope of 2.11, and a y-intercept of 0.16. In 

contrast, those area units with greater than 17.5 percent of their population have a 

shallower slope (0.32), and a higher y-intercept (4.6), suggesting that as proportion of 

area unit population with Bachelors degrees or higher increases it has less influence on 

the probability of household Internet access. 
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Figure 4.3 Scatter Graphs of Area Unit Household Internet Access and Highest 
Educational Qualification, 2001 
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The slopes exhibited in Figure 4.3 concur with a multivariate regression of qualification 

categories (Table 4.4) – there is a large jump in the coefficient values from a negative 

relationship between the proportion of area unit with no qualifications to the proportion 

of an area unit whose highest education level secondary school qualification, but a 

relatively little difference between secondary school, vocational and higher qualifications. 

These also concur with Chris Gibson, who found that there was a significant gap in 

computer and Internet access between those without formal education qualifications and 

those with qualifications.   
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Table 4.4 Multivariate Regression of Proportion of Area Unit Households with 
Internet Access and the Highest Educational Qualification of Respondents 15 years 

or Older, Weighted By Total Number of Households in Area Unit, 2001 
 
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS                      Number of obs =    1637 
-------------+------------------------------                   F(  3,  1633) = 1961.56 
       Model |  19.8942225     3  6.63140751                   Prob > F      =  0.0000 
    Residual |  5.52064941  1633  .003380679                   R-squared     =  0.7828 
-------------+------------------------------                   Adj R-squared =  0.7824 
       Total |  25.4148719  1636  .015534763                   Root MSE      =  .05814 
 
-------------------------------------------------------------------------------------- 
    Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]       n 
-------------+------------------------------------------------------------------------ 
        none |  -.9954881   .0313627   -31.74   0.000    -1.057003   -.9339728  686034    
      school |   BASE (MOST OCCURANCES)                                         995658       
  vocational |   .3152006     .05134     6.14   0.000     .2145014    .4158998  507798    
   bachelors |  -.0694421   .0380899    -1.82   0.068    -.1441523    .0052681  292071    
       _cons |   .5779752   .0207645    27.83   0.000     .5372474     .618703 
--------------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Respondents under 15 years are not included in highest qualification variables. 
Source: 2001 Census of Population and Dwelling  

The argument presented in overseas literature is that educational attainment has a positive 

relationship with household Internet access. However, the coefficient values for the 

proportion of an area unit with different qualification levels are significantly different. 

The results presented in Table 4.4 demonstrate that in terms of the proportion of area unit 

households with Internet access while there is a significant difference in the coefficient 

values for the proportion of an area unit population over 15 years of age with and without 

any formal qualifications and the coefficient values for the proportion with qualifications, 

however, there is relatively little difference between the different levels of qualification 

gained. 

4.8 Ethnicity 

Unlike the positive relationship with income and education, the relationship between 

ethnicity and computer and Internet access remains ambiguous in the literature. Chris 

Gibson (2003) found in the case of New South Wales that the proportion of a local 

government authority that are of indigenous ethnicity had a weak negative linear 

relationship with access to computers and the Internet (r-squared = 0.30) but that a 

curvilinear relationship was much stronger, producing a logarithmic curve with a fit of r-

squared = 0.60. While local government authorities with low indigenous populations 
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registered a wide range of computer and Internet penetration rates, those with high 

indigenous populations showed a distinctly lower Internet uptake rate.  

One of the reasons why ethnicity remains ambiguous is its sensitivity to controls. The 

link that overseas digital divide literature draws between the influence of ethnicity  on 

Internet access and the influence of other socioeconomic variables is broadly consistent 

with  the findings of Parker (2003) and John Gibson’s (2002) specific studies of Maori 

and Pacific access to information technology in New Zealand. Parker found that Maori 

had lower-than-average access to information technology but that this was predominantly 

due to lower income levels amongst Maori compared to other ethnic groups. John Gibson 

also found that Maori and Pacific Peoples had below average access to the Internet due to 

these ethnic groups being less likely to be employed in occupations that required day-to-

day computing skills. However, contrary to overseas and most New Zealand research, 

Statistics New Zealand (2004) found ethnicity had a significant relationship with 

household Internet access, even when income and education were controlled for, but that 

the nature of this relationship depended on the ethnic group. Using a stepwise logistic 

regression, they found that Asian ethnic groups had the highest levels of Internet access, 

followed by European ethnic groups, while Maori and Pacific People ethnic groups had 

considerably lower uptakes rates.  

In my own ecological exploration I present scatter graphs of the proportion of area unit 

households in 2001 that have Internet access by the proportion of area unit population 

that identity with one of the three main minority ethnic groups: New Zealand Maori, 

Pacific Peoples and Asian (Figure 4.4).These graphs visually reinforce the findings of 

Statistics New Zealand; the proportion of area unit population identifying with Asian or 

European ethnic groups has a positive relationship with the proportion of area unit 

households that have Internet access, while the proportion of area unit population that 

identify with Maori and Pacific Peoples ethnic groups have a negative relationship. But 

unlike Statistics New Zealand’s study, the graphs in Figure 4.4 have not been controlled 

for income or education.  
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Figure 4.4 also reinforces the findings of Chris Gibson’s (2003) work on indigenous 

Australians in New South Wales – area units have a greater range of household Internet 

penetration rates when the proportion of their respective ethnic group is lower. As the 

proportion of the area unit identifying with a minority ethnic group increases, the 

negative relationship with the proportion of households with Internet access becomes 

more marked. 

Figure 4.4 Scatter Graphs of Proportion of Area Unit Households with Internet 
Access by Area Unit Ethnic Composition, 2001 
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A regression of the proportion of an area unit households that have access to the Internet 

by the proportion of the population that identify with each of the four main ethnic groups 

(with Europeans as the base), is shown in Table 4.5. What is particularly interesting is the 

way in which the decline in Internet access becomes more marked when the population 
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becomes more ethnically homogeneous, i.e. when Maori dominate the non-European 

population. A similar distribution is observed for Pacific Peoples.  

However, for those respondents who identify with Asian ethnic groups a slightly different 

story emerges; while the fitted line suggests a positive linear relationship, the scattered 

distribution of the observations creates ambiguity. This wide range of values suggests that 

different Asian groups have significantly different attributes, for example, New Zealand 

born Asians or Asian immigrants. There is a clear internal migratory pattern for Asian 

migrants in New Zealand; coming from highly urbanised countries, most tend to settle in 

metropolitan areas. However, more established migrants or New Zealand born Asians 

tend to migrate to provincial cities and towns or rural areas (Statistics New Zealand, 

1995). As New Zealand born Asians are more likely to live in provincial areas and Asian 

Immigrants are more likely to live in metropolitan centres, and, as I theorised in chapter 

3, respondents in urban areas are more likely to have access to the Internet than 

provisional or rural respondents, it is possible that those area units with lower Internet 

access are rural areas. 

Table 4.5 Area Unit Regression of Proportion of Households with Internet 
Access by Proportion of Population Identifying with Major Ethnic Groups, 

Weighted By Total Number of Households in Area Unit, 2001 
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS                      Number of obs =    1637 
-------------+------------------------------                   F(  3,  1633) =  535.19 
       Model |  12.5998513     3  4.19995042                   Prob > F      =  0.0000 
    Residual |  12.8150207  1633  .007847533                   R-squared     =  0.4958 
-------------+------------------------------                   Adj R-squared =  0.4948 
       Total |  25.4148719  1636  .015534763                   Root MSE      =  .08859 
 
-------------------------------------------------------------------------------------- 
    Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]       n 
-------------+------------------------------------------------------------------------ 
    european |   BASE (MOST OCCURANCES)                                        2870724 
       maori |  -.4598684   .0196065   -23.45   0.000    -.4983249   -.4214119  525900 
     pacific |  -.3647325   .0243023   -15.01   0.000    -.4123995   -.3170654  231825 
       asian |   .6692215   .0333402    20.07   0.000     .6038275    .7346155  238140 
       _cons |   .3936124   .0041335    95.22   0.000     .3855049      .40172 
-------------------------------------------------------------------------------------- 
Area units with fewer than 200 residents excluded. 
Source: 2001 Census of Population and Dwelling 

While the coefficient value for Pacific Peoples in Table 4.5 is not significantly different 

(P = 0.05) from the slope in Figure 4.4, the values for Maori and Asian respondents are. 
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This suggests that a significant proportion of the respondents that identified as Maori or 

Asian also identified with another ethnic group. 

4.9 Country of Birth 

There is a positive relationship between country of birth and access to the Internet. Chris 

Gibson (2003) for example, finds that the presence of relatively large proportions of 

immigrant populations in local government authorities has a positive influence on the 

LGA’s level of Internet access. Gibson links this with the nature of the dominant 

immigrant groups (highly skilled, upwardly mobile, professionals, mainly from Europe 

and North America, as well as international students) keen to keep in contact with friends 

and family in the migrant’s country of origin. At the same time, Gibson finds that the 

presence of significant populations of immigrant groups from other regions (such as those 

from the Middle East and South East Asia) has a negative relationship on the LGA’s level 

of Internet access. Gibson is cautious about drawing any strong conclusions from the 

apparent difference in Internet access rates between LGA’s with high migrant populations 

and high Australian born populations – those LGA’s with high migrant populations in 

New South Wales tended to be metropolitan areas, which are better serviced by 

information technology infrastructure. 

The study in this thesis of the effect of country of birth on household Internet access is 

constrained by the nature of the dataset being used in this chapter. Unlike Chris Gibson 

(2003), the 2001 Census Area Unit Dataset treats country of birth as a dichotomous 

variable, with respondents either born in New Zealand or outside New Zealand.  

A scatter graph of the proportion of an area unit’s households that have Internet and the 

proportion of the area unit born outside of New Zealand (Figure 8) shows the relationship 

between the proportion of area unit households that have Internet access and the area 

unit’s place of birth composition. As the proportion of the area unit’s population born 

overseas increases, the range of proportions of area unit households with Internet access 

fans out, suggesting that in New Zealand, the effect that high proportions of immigrants 
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has on an area units household Internet access rates is varied, like John Gibson found in 

New South Wales.  

Figure 4.5 Scatter Graph of Proportion of Area Unit Households with Internet 
Access by the Proportion of the Area Unit Born Outside of New Zealand, 2001  
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The area units with a high proportion of their population born outside of New Zealand but 

low household Internet access rates could also represent those area units where specific 

migrant communities have established themselves with large family and extended 

networks; consequently, making communications with the migrant’s country of origin 

less important, compared with smaller, less established or isolated migrant groups.  

Conversely, the fanning out in Figure 4.5 could also be indicative of specific migrant 

groups – those area units with high proportions of household Internet access and high 

proportions of their population born outside New Zealand could consist of wealthier, 

highly skilled lifestyle migrants. On the other hand, those area units with low proportions 



 

  75 

of household Internet access and high proportions of their population born outside New 

Zealand could consist of migrants from developing countries, in particular, refugees. 

The distribution of observations in Figure 4.5 suggests that the relationship between the 

proportion of the area unit born overseas and the area unit’s household Internet access 

rates may depend greatly on the nature of the migrant population. It is anticipated 

therefore that the coefficient value for the proportion of an area unit born outside New 

Zealand will be heavily moderated by income, education, occupation, and settlement 

type, aspects I am able to test using unit record data in chapter 6.  

4.10 Occupation 

While none of the ecological studies sited directly link a respondent’s occupation with 

Internet access, several make reference to occupation as a contributing factor in the 

differences in Internet access rates in urban and rural areas. For example, LaRose and 

Mettler (1989) make specific reference to rural residents being more likely to be 

employed in “more extractive, blue collar industries” than their urban counterparts, and 

are therefore less likely to use information technology in the course of their employment 

(LaRose & Mettler, 1989). Chris Gibson (2003) draws parallel conclusions with an 

opposite approach to LaRose and Mettler, linking high Internet use with wealthy urban 

areas with high proportions of their workforce employed in professional occupations 

(Chris Gibson, 2003).  

The hypothesis with respect to occupation is that skill levels have a positive relationship 

with the proportion of area unit households that have Internet access. The New Zealand 

data suggests that area unit occupational composition has a significant relationship with 

household Internet access. The proportion of “Legislators, Administrators, and 

Managers” and “Elementary Occupations”, respectively (Figure 4.6) the proportion of an 

area unit employed in higher skilled occupations increases, is positively related to the 

proportion of the area unit with household Internet access. Conversely, as the proportion 

of an area unit employed in elementary occupations increases, the proportion of the area 

unit with household Internet access decreases. 
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Figure 4.6 Scatter Graph of Proportion of Area Unit Households with Internet 
Access by the Proportion of the Area Unit Aged Over 15 Years, Employed in High 

and Low Skilled Occupations, 2001 
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Table 4.6 Area Unit Regression of Proportion of Households with Internet Access 
by Proportion of Population Over 15 Years of Age Employed in Level 1 NZSCO 

Occupation Categories, Weighted By Total Number of Households in Area Unit, 2001 
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS                      Number of obs =    1637 
-------------+------------------------------                   F(  8,  1628) =  809.19 
       Model |  20.3077333     8  2.53846666                   Prob > F      =  0.0000 
    Residual |  5.10713866  1628  .003137063                   R-squared     =  0.7990 
-------------+------------------------------                   Adj R-squared =  0.7981 
       Total |  25.4148719  1636  .015534763                   Root MSE      =  .05601 
 
-------------------------------------------------------------------------------------- 
    Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]       n 
-------------+------------------------------------------------------------------------ 
    managers |   1.034009   .0569135    18.17   0.000     .9223778     1.14564  216288 
professional |   .4455029   .0597464     7.46   0.000      .328315    .5626908  239535 
 technicians |   .6610898   .0943469     7.01   0.000     .4760357    .8461438  190674 
      clerks |   1.191302    .065169    18.28   0.000     1.063478    1.319126  216561 
       sales |   BASE (MOST OCCURANCES)                                         242514   
     ag&fish |   .4201782   .0367337    11.44   0.000     .3481278    .4922285  137355 
      trades |  -.0839265   .0839587    -1.00   0.318    -.2486051     .080752  145260 
machine optr |   .0015347   .0597399     0.03   0.980    -.1156404    .1187099  143853 
  elementary |  -.6106057   .0640644    -9.53   0.000    -.7362632   -.4849483  194793 
       _cons |  -.0092636   .0359653    -0.26   0.797    -.0798067    .0612796 
--------------------------------------------------------------------------------------  
Area units with fewer than 200 resident excluded. 
Source: 2001 Census of Population and Dwelling 
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The disparities in the coefficient values in Table 4.6 suggest that the nature of an 

occupation as opposed to its skill level has a greater influence on the proportion of area 

unit households that have Internet access. While there is a general decline in the 

coefficient values of household Internet access as the proportion of the area unit aged 

over 15 years employed in high skilled occupations declines (and the proportion of the 

population employed in low skilled occupations rises), there are anomalies to this 

relationship, suggesting that the link between occupation and household Internet access is 

determined more by the nature of the specific occupation, than the skills level. For 

example, the proportion of Clerical workers has strong positive slope of 1.19, while the 

proportion of Professional workers has a shallower slope of 0.45. Therefore, while the 

occupation composition of the population of an area unit does have a significant influence 

the proportion of area unit households with Internet access, the hypothesis that skill level 

and Internet access are linked can only be partially accepted. 

4.11 Settlement Type and Population Density 

Those authors that look at both the socioeconomic and the geographic determinants of 

Internet use have found that socioeconomic variables are more significant than 

geographic variables (Baker & Coleman, 2004; Mills & Whitacre, 2003). Differences in 

Internet access and use between, for example, urban and rural areas are significant, but 

most research has shown that such differences are a factor of the socioeconomic 

composition of the area’s population rather than the geographic nature of the area. Chris 

Gibson (2003) for example, finds that those LGA’s in New South Wales that consist of 

main metropolitan areas are significantly more likely to have higher rates of computer 

and Internet use than those LGA’s which are more remote rural areas. (Chris Gibson, 

2003)    

The settlement types used in this thesis were introduced in chapter 3. These consist of six 

classifications affixed to the Census Area Unit Dataset, from Main Urban Areas, 

including the urban areas of the major cities and larger provisional town; to Rural Areas, 

which are area units with no township or concentrated settlement and Wet Areas 

accounting for harbours and inland waterways. 
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A regression of the proportion of the area unit’s households that have Internet access by 

the settlement type (Table 4.7) suggest that a similar relationship to that which Gibson 

found exists in New Zealand. Main urban areas have the highest proportion reporting 

access; as an urban area unit becomes less urbanized, the coefficient value drops; 

compared to main urban areas, the probability of Internet access is 0.095 lower in 

secondary urban areas, and 0.146 lower in minor urban areas. This is likely to be a 

function of socioeconomic factors, such as urban residents having higher average 

incomes and education levels, and being employed in more information-rich occupations. 

However, this could also be due to supply factors, with urban areas with high population 

density being better served by Internet service providers.   

Table 4.7 Area Unit Regression of Proportion of Households with Internet 
Access by Area Unit Settlement Type, Weighted By Total Number of Households in 

Area Unit, 2001  
 
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS                      Number of obs =    1637 
-------------+------------------------------                   F(  5,  1631) =   59.44 
       Model |  4.08150445     5   .81630089                   Prob > F      =  0.0000 
    Residual |  22.4003816  1631   .01373414                   R-squared     =  0.1541 
-------------+------------------------------                   Adj R-squared =  0.1515 
       Total |  26.4818861  1636  .016186972                   Root MSE      =  .11719 
 
-------------------------------------------------------------------------------------- 
    Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]       n 
-------------+------------------------------------------------------------------------ 
  main urban |   BASE (MOST OCCURANCES)                                            983   
   sec urban |  -.1114249   .0120507    -9.25   0.000    -.1350614   -.0877883     120 
 minor urban |  -.1482141   .0105677   -14.03   0.000    -.1689418   -.1274864     123 
rural centre |  -.1407691   .0201835    -6.97   0.000    -.1803575   -.1011807     134 
  rural area |   -.038911   .0090343    -4.31   0.000    -.0566311    -.021191     276 
    wet area |  -.1306385   .3703382    -0.35   0.724    -.8570271    .5957501       1 
       _cons |   .3806385   .0034334   110.86   0.000     .3739042    .3873728 
--------------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 Census of Population and Dwellings  

The rural area units exhibit a comparably different distribution – as an area unit becomes 

more remote, the coefficient value increases. While the probability of having Internet 

access in a rural centre is 0.152 lower than it is in a main urban area, the probability of 

Internet access in rural areas is only 0.051 lower than main urban areas. The distribution 

of household Internet access in rural area units suggests that the communication benefits 
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that information technology brings are of greater marginal value in remote rural areas 

than it is in rural centres9.  

Another way of explaining the relationship between settlement type and Internet access is 

through population density (resident population per square kilometre). Several authors 

have cited market density as a determining factor for residential Internet service 

provision. For example, Grubesic and Murray (2002) found that the return for Internet 

service providers would be greater within high density, low income areas compared to 

medium density, wealthier areas (Grubesic & Murray, 2002). Malecki (2003) claims that 

low population density is one of the primary factors contributing to the ‘rural penalty’ 

(Malecki, 2003)  and lower market density (Malecki, 2003).  

Figure 4.7 Relationship between Area Unit Settlement Type and Population 
Density, 2001 
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Source: 2001 Census of Population and Dwellings 

                                                 
9 The harbours and inland waterway settlement type is effectively removed from this study as there is only 
one area unit classed as such with a population greater than 200 residents – Auckland’s Waitamata 
Harbour. 
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The relationship between area unit population density and settlement type is illustrated in 

Figure 4.7. This demonstrates that there is a clear relationship between area unit 

population density and settlement type; starting with main urban areas, population density 

declines as the settlement type becomes less urban.   

However, it is not simply a question of density which renders Internet access higher in 

metropolitan centres. For example, the relationship between Internet access and 

population density (Table 4.8) is weak, but statistically significant. As the population 

density of an area unit increases, the probability of area unit households likely to have 

Internet access also increases; an increase in area unit population density of 100 residents 

per square kilometre increases the probability of Internet access by only 0.0018. The low 

coefficient of determination reinforces the limited explanatory power of population 

density alone.     

Table 4.8 Regression of the Proportion of Area Unit Households that have 
Internet Access by Area Unit Population Density, Weighted by Total Number of 

Households in Area Unit, 2001 
 
 
(sum of wgt is   1.3637e+06) 
 
      Source |       SS       df       MS              Number of obs =    1637 
-------------+------------------------------           F(  1,  1635) =   55.55 
       Model |  .835085216     1  .835085216           Prob > F      =  0.0000 
    Residual |  24.5797867  1635  .015033509           R-squared     =  0.0329 
-------------+------------------------------           Adj R-squared =  0.0323 
       Total |  25.4148719  1636  .015534763           Root MSE      =  .12261 
 
------------------------------------------------------------------------------ 
        ia01 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
popn density |   .0000203   2.73e-06     7.45   0.000      .000015    .0000257 
       _cons |   .3232252   .0050082    64.54   0.000     .3134021    .3330484 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 Census of Population and Dwellings  

The literature and my own theorizing in chapter 3 suggested that settlement type will 

have a significant influence on the probability of household Internet access – densely 

populated urban area units are likely to have a greater probability of Internet access than 

sparsely populated rural area units. However, the data presented here indicates that such a 

relationship is too simplistic, and that while settlement type and population density do 

influence the probability of Internet access, probability does not always decline as the 

area unit becomes less urban and more remote. Further more, most authors found that 
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differences in Internet access in settlement types such as urban and rural areas, were more 

a factor of the socioeconomic composition of the area unit rather than the settlement type 

itself. Therefore, it is not anticipated that settlement type or population density will be 

significant determinants of Internet access in a controlled multivariate model. 

4.12 A Multivariate Ecological Model of Internet Access 

As outlined in chapter 3, the purpose of multivariate regression is to isolate the amount of 

influence each independent variable has in determining the dependent variable. So far, we 

have established the influence of each variable category has when controlling for the 

categories of the same variable (for example, one income level when controlling for other 

income variables). The remainder of this chapter will deal with variations on the full 

multivariate ecological model. 

Models 1, 2, and 3 in Table 4.9 have been constructed to test the influence of the different 

socioeconomic variables, settlement types and population density. Model 1 tests the 

influence of the socioeconomic variables without any settlement type or population 

density, and has been constructed primarily as a base of comparison for the other two 

models. Model 2 tests the influence of the settlement types over and above the influence 

of socioeconomic variables – this has been constructed to test whether urban and rural 

differences have any influence on Internet access that can not be explained by 

socioeconomic differences. Model three has been constructed to test the influence of 

population density on Internet access. This is to test whether a primary determinant of 

residential Internet service provision (the density of the market) has any influence on 

Internet access that can not be explained by socioeconomic differences. The main urban 

area and non-main urban area models have been constructed to test the differences in the 

behaviour of the socioeconomic variables and population density within different 

settlement types.   
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Table 4.9 Summary of Multivariate Ecological Regression Models 

Household Income
Zero -0.337 -0.353 -0.337 -1.258 ** 0.016
$1 - $5000 0.509 ** 0.430 * 0.509 ** 0.258 -0.292
$5,001 - $10,000 -0.495 ** -0.431 ** -0.495 ** -0.451 ** -0.242 *
$10,001 - $15,000 -0.789 ** -0.832 ** -0.790 ** -0.888 ** -0.415 **
$15,001 - $20,000 -0.343 ** -0.292 ** -0.343 ** -0.401 ** -0.109
$20,001 - $25,000 -0.009 -0.057 -0.009 0.062 -0.183
$25,001 - $30,000 -0.238 ** -0.219 ** -0.238 ** -0.413 ** 0.057
$30,001 - $40,000 0.052 0.009 0.052 -0.011 0.278 **
$40,001 - $50,000 -0.139 -0.150 * -0.139 -0.078 0.366 **
$50,001 - $70,000 (base)
$70,001 - $100,000 0.663 ** 0.662 ** 0.663 ** 0.634 ** 0.555 **
Over $100,000 ‡ ‡ ‡ ‡ 0.420 **

Highest Qualification
None ‡ ‡ ‡ ‡ ‡
School (base)
Vocational -0.002 0.002 -0.002 0.011 0.220 **
Bachelors ‡ ‡ ‡ ‡ 0.471 **

Ethnicity
European (base)
Maori -0.162 ** -0.158 ** -0.162 ** -0.172 ** -0.052 **
Pacific Peoples -0.281 ** -0.283 ** -0.281 ** -0.471 ** -0.213 **
Asian 0.159 ** 0.163 ** 0.159 ** -0.067 * -0.435 **

Country of Birth
Born in NZ (base)
Born Overseas ‡ ‡ ‡ 0.289 ** 0.310 **

Occupation
Managers 0.155 ** 0.152 ** 0.155 ** 0.057 -0.103 *
Professionals 0.285 ** 0.247 ** 0.285 ** 0.157 ** 0.048
Technicians 0.215 ** 0.107 * 0.215 ** -0.161 0.186 *
Clerks 0.186 ** 0.049 0.185 ** 0.030 0.120
Sales (base)
Ag and Fish ‡ ‡ ‡ -0.104 * -0.053
Trades -0.064 -0.074 -0.064 -0.355 -0.126 **
Machine Opperator -0.199 ** -0.190 ** -0.199 ** -0.213 ** -0.084
Elementary -0.141 ** -0.216 ** -0.141 ** ‡ ‡

Settlement Type
Main urban (base)
Secondary Urban -0.018 **
Minor Urban -0.023 **
Rural Centre -0.029 **
Rural Area -0.025 **
Wet Area -0.102

Population Density 0.000 0.000 0.000

Constant 0.376 ** 0.429 ** 0.376 ** 0.494 ** 0.140 **
R-squared 0.923 0.926 0.923 0.933 0.913

Model 1 Main Urban Not Main UrbanModel 3Model 2

 
All models are weighted by total number of households in area unit 
** Coefficient is significant at p=0.01 level 
*  Coefficient is significant at p=0.05 level 
‡  Coefficient excluded due to high multicolinearity (vif>10) 
Source: 2001 Census of Population and Dwellings 
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All five models are reasonably effective in predicting the probability of Internet access, 

with R-squared values of over 0.9. The fact that the coefficient value for population 

density is insignificant in all models that it is used and that the coefficient values for the 

socioeconomic variables in models 1 and 3 are not significantly different indicates that 

population density has very little influence on the probability of Internet access. 

The influence of settlement type is moderated severely by the presence of socioeconomic 

variables: the coefficient values for the settlement types in model 2 are all significantly 

lower than the values in the straight regression in Table 4.7. However, while all 

settlement types (except Wet Areas) remain significantly different from the base main 

urban areas p = 0.01 level, there is no significant difference between the four settlement 

types used. This suggests that the probability of Internet access is approximately 0.02 

higher in main urban areas compared to other settlement types, but that this difference 

does not vary significantly across the other settlement types. 

Before exploring the varying influence of each socioeconomic variable in the 5 models as 

outlined in Table 4.9, the predictability of the most robust full model – the model with the 

highest R-squared, Model 2 – will be accessed. The full model was run, and a predicted 

probability of Internet access was estimated for each area unit. In order to assess the 

accuracy of the model in predicting area unit probability of Internet access, the residual 

error for each area unit was calculated by subtracting the actual probability of Internet 

access away from the predicted probability. The residual error was plotted against the 

area unit’s actual probability of Internet access (Figure 4.8) producing a distribution that 

suggests that model two over predicts the probability of Internet access in those area units 

with high actual probability, and, vice versa, under predicts the probability in area units 

with low actual probability. This must be taken into consideration when viewing each of 

the variables in isolation.  
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Figure 4.8 Scatter Plot of Area Unit Residual Error for Model 2 by Proportion of 
Area Units Households with Internet Access, 2001 
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The geographic distribution of those area units of which the probability of Internet access 

is not accurately predicted10 by the full ecological regression model (Figure 4.9) suggests 

that the settlement type variables used in this model are not specific enough to accurately 

predict very remote rural areas and rural areas in close proximity to urban centres; the 

prevalence of a significant number of under predicted area units in remote areas – 

particularly the Central North Island, and West Coast of the South Island – suggests that 

the ‘tyranny of distance’ can not be assessed by using the 6 settlement type variables 

attached to the 2001 census area unit data set. The high number of over predictions for 

rural area units in close proximity to metropolitan centres concurs with this; unlike the 

remote area units which have been under predicted, these area units include a high 

proportion of commuters, yet are classified as the same settlement type.  

                                                 
10 To within ±1 standard deviation of the mean residual error. 
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Figure 4.9 Accuracy of Predicted Probability of Internet access, Full Ecological 
Regression Model, 2001 
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Within urban areas, the high number of under predicted area units that have low 

European populations suggests that significant clustering of ethnic groups influences 

Internet access to a greater degree than the full ecological model indicates; this is 

illustrated by the high prevalence of under predicted area units in South Auckland, the 

Hutt Valley, and Porirua. 

Exploring the influence of the socioeconomic variables in isolation allows us to assess the 

influence that altering each of the models slightly has on the coefficient value of the 

variables, and to test whether there is any interaction between the variable and the 

settlement type variables. 

4.13 Household Income 

Internet use shows a W-shaped relationship with the coefficient values of household 

income brackets within the full models; while the probability for zero-income households 

is not significantly different from the base, those households with incomes of less than 

$5,000 are significantly more likely to have Internet access. This is followed by negative 

dip in the values from household income levels of $5,001 to $30,000. From $30,001 the 

relationship gradually rises, until it hits a peak at the highest income bracket. 

Overall, the influence of income has been dampened by the inclusion of area unit 

socioeconomic composition. The presence of a significant number of negative values in 

the full models in Table 4.9 that are positive values in Table 4.3 indicate that the positive 

influence that household income had on the probability of Internet access in Table 4.3 is 

moderated severely by other factors in Table 4.9, such as occupation or ethnicity.  

The difference between the main urban and the not main urban models is pronounced. 

While the coefficient values for both models roughly emulate the distribution of the full 

models described above, the influence of the higher household income brackets on the 

not main urban area model is much stronger than the other models, especially the main 

urban area models; while the coefficient values for the $70,001 - $100,000 income 

bracket in the main urban area model exhibits a dramatic rise, the not main urban area 
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model has a longer tail from 0.057 for $25,001 - $30,000 increasing progressively to a 

peak of 0.555 for $70,001 - $100,000, before dropping slightly to 0.420 for over 

$100,000. The clarity of the later model suggests that income is a much stronger 

influence on the probability of Internet access in non main urban areas than it is in urban 

areas; as I hypothesised in chapter 3, Internet infrastructure is not as widely accessible as 

it is within main urban areas, requiring significantly greater household financial 

investment in order to get a household online.  

4.14 Highest Qualification 

The coefficient values for the proportion of area unit population with certain highest 

qualification levels are ambiguous; in models 1, 2, 3, and main urban areas, the 

coefficient values for having no qualifications or a bachelors degree or higher have been 

removed because of multicollinearity – most likely with income and occupation, while 

the coefficient values for having a vocational qualification are insignificantly different 

from the base. 

An indication as to the influence of highest education level on the probability of 

household Internet access can, however, be garnered from the not main urban area model, 

where the numbers of people with higher qualifications are considerably lower and 

therefore their presence within area units is more pronounced; the coefficient values rise 

steadily from the base, to 0.220 for vocational qualifications, and 0.471 for bachelors 

degree or higher. 

Assessing the degree to which highest qualification levels influence the probability of 

Internet access within area units is not reliable, highlighting a flaw in the ecological 

model. However, the not main urban area model gave us an indication as to the positive 

relationship between highest education level and the probability of Internet access.        
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4.15 Ethnicity  

The overall trend of the full models indicate that area units with high Maori or Asian 

populations have a lower probability of household Internet access with negative 

coefficient values compared to area units with high European populations (base), while 

area units with higher Asian populations have a higher probability of Internet access with 

positive coefficient values. For every 0.1 increase in the proportion of an area unit’s 

Maori population, the probability of household Internet access declines by 0.0162, while 

a 0.1 increase in the proportion of the area unit population that are leads to a decline in 

the probability of household Internet access by 0.0281. Conversely, a 0.1 increase in the 

proportion of area unit Asian population leads to an increase in the probability of 

household Internet access by 0.0159. 

The difference in the coefficient values for the three minority ethnic groups in models 1, 

2, and 3 are not significantly different from each other, indicating that while the ethnic 

variables are influenced by the other socioeconomic variables, overall the influence of 

settlement type and population density on ethnicity is insignificant. However, when the 

main urban areas and not main urban areas are regressed in isolation, the coefficient 

values are significantly different, reflecting the different ethnic compositions of these 

different settlement types; for example, there is a significant drop in the coefficient values 

for the proportion of an area unit that is Asian – unlike models 1, 2, and 3, in the main 

urban area and not main urban area models the coefficient values for the proportion of 

Asian population is a negative value. This is in part because the coefficient value for 

Born Overseas in models 1, 2, and 3 has high levels of multicolinearity with the Asian 

variable, and was therefore removed. In the main urban area and not main urban area 

models, the born overseas variable was not removed as it did not register high levels of 

multicolinearity, and therefore has a significant influence on the Asian variable.  

The differences in the coefficient values in the main urban and not main urban models 

suggest a differing ethnic population; the ethnic composition of main urban areas is 

significantly more diverse than area units that are not main urban areas. Area units 

outside main urban areas have less Pacific Peoples and Asian respondents, and more 
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Maori and European respondents, as well as fewer respondents born overseas; as was 

speculated following Figure 4.4; in smaller provincial towns and rural areas, the Asian 

population is more likely to be New Zealand-born, and therefore, exhibit similar 

characteristics to other ethnic groups, as well as being less influenced by the born 

overseas variable, hence the significant drop in the values of the Asian coefficients.       

4.16 Country of Birth 

The hypothesis for the proportion of an area unit born outside of New Zealand is that it 

would have a strong positive influence on the proportion of an area unit’s households that 

have Internet access; immigrants are more likely to access to the Internet to contact 

friends and family in home countries, and to access information and entertainment in 

their native language. Overseas literature found that areas with higher proportions of 

overseas born population also had a higher probability of Internet access, but noted that 

those areas with high immigrant populations were also more urbanised than those areas 

with low immigrant populations. 

The born overseas variable was removed from models 1, 2, and 3 due to strong 

multicolinearity with other variables, such as the proportion of an area unit population 

that identify with Asian ethnic groups, and occupation groups. The born overseas variable 

was, however, retained for the main urban areas and not main urban areas models, in 

which the coefficient values were similar; in main urban areas, an increase in the 

proportion of an area unit born overseas of 0.1 increased the probability of household 

Internet access by 0.0289, while increasing the probability in non main urban areas by 

0.031.  

4.17 Occupation 

The literature found that occupation was a significant driving force behind differences in 

Internet access in urban and rural areas, with more professional, white-collar jobs (such 

as office jobs) in urban areas, and more manual, resource extractive jobs (such as forestry 
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and agricultural jobs) in rural areas. Access and use of the Internet within a work 

environment increased the probability of having household Internet access significantly. 

Overall, model 1 exhibits the same overall relationship between occupation and Internet 

access as exhibited in Figure 4.6; while moderated significantly, positive relationships 

between managers, professionals, technicians, and clerical workers persist, as does the 

negative relationships with machine operators and elementary occupations. Model 2 

would support the general proposition that differences in some occupations contribute 

towards differences in Internet access in different settlement types; the coefficients for 

technicians, and clerical workers are significantly moderated in model 2 compared to 

model 1, suggesting that the influence that these occupations have on household Internet 

access can in part be explained by differences in settlement type. It is worth noting that 

almost 80 percent of both technicians and clerical workers live in main urban areas. 

Differences in the coefficient values in the main urban and not main urban models are 

quite pronounced; for example, while a 0.1 increase in the proportion of professional 

workers in a main urban area unit increases the probability of household Internet access 

by 0.0157, the coefficient value for professional workers outside of main urban areas is 

insignificant. Conversely, a 0.1 increase in the proportion of trades’ workers outside of 

main urban areas decreases the probability of household Internet access by 0.0126 outside 

main urban areas, while having no significant relationship within main urban areas.   

4.18 Conclusion 

This chapter set out to test whether household Internet access in New Zealand in 2001 is 

determined by socioeconomic variables of income and education, and whether ethnic 

differences in Internet access were a function of these socioeconomic variables, or due to 

the ethnic differences in themselves. I used the 2001 Census Area Unit dataset within an 

ecological multivariate regression framework, in multiple models to test the influence of 

socioeconomic variables, settlement type and population density on the probability of 

household Internet access. I found that while variables of household income had a 

significant influence on Internet access, highest education variables showed high levels of 
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colinearity, suggesting dependence upon other independent variables. The influence of 

ethnicity was shown to be robust enough to hold in a multivariate framework, suggesting 

that ethnicity has an influence in household Internet access independent from income and 

education levels. The influence of settlement type had a minor moderating influence on 

socioeconomic variables, but while the coefficient values for settlement type were 

significant, they were significantly lower in a multivariate model than they were in an 

independent regression (Table 4.7). The next chapter will build on the results of this 

chapter by assessing how the influence of the main socioeconomic variables have 

changed from 2001 to 2006. 
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Chapter 5 –Internet Access, 2001 to 2006; Mass Adoption? 

5.1 Introduction 

Chapter 4 presented the results of an ecological exploration of the relationship between 

household Internet access and the socioeconomic and geographic characteristics of area 

units. Controlling for the influence of other socioeconomic variables, chapter four 

concluded that socioeconomic variables such as median household income and ethnicity 

had a significant influence on the proportion of the area units households that had Internet 

access, even after recognizing the presence of multicollinearity. The marginal effect of 

settlement type was found to be minor; the dominant result being that main urban areas 

have a higher probability of household Internet access. However, the behaviour of 

socioeconomic variables within settlement types should be noted – variables of highest 

education level, Asian ethnicity, and born overseas had considerably higher coefficient 

values outside of main urban areas, due primarily to the lower levels of occurrence of 

these variables outside of main urban areas.  

Chapter 2 introduced the diffusion model, and how the penetration rate of new 

technologies goes through a three-stage diffusion curve. The first stage saw low uptake, 

while the technology was in an experimental or introductory phase. The second stage saw 

rapid increases in penetration rates as mass adoption of the technology took hold. The 

third stage saw penetration slow again, as adoption of the new technology reached a 

saturation point. The adoption rates of different societal groups can be traced using 

multiple diffusion models; for example, the literature suggests that a lower income group 

is going to adopt new technology later and at a significantly slower rate than a high 

income group, due mainly to the financial capital required to purchase new technology. 

This chapter will explore how the influence of area unit socioeconomic composition on 

the probability of Internet access has changed from 2001 to 2006. Applying the diffusion 

model to the New Zealand setting would suggest that area units with high median 

household income will increase their probability of Internet access by a higher proportion 

than area units with a low median income; Ethnically, area units with high Maori or 
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Pacific Peoples populations are likely to have increased their probability of household 

Internet access at a slower rate than area units with high European or Asian populations; 

and those area units with a high rate of bachelors degrees or higher will have increased 

their probability of Internet access by a greater proportion than those area units with a 

high rate of respondents with no formal qualifications.  

This chapter begins by comparing the 2001 and 2006 census results as they relate to 

household Internet access. Particular attention will be paid to those area units that have 

shown a slow rate of penetration over the period, and are therefore either in stages 1 or 3 

of the diffusion model. This will be followed by a regression analysis of the effect of area 

unit socioeconomic composition on the proportion of the area unit households with 

Internet access, which will include a dummy variable for the Census 2006 to test the 

difference in the y-intercept of the fitted line for the 2001 sample and the 2006 sample. 

The coefficient values in the pooled regressions which show significant variation with the 

results in chapter 4 will be interacted with the census 2006 dummy variable to test for 

significant difference in slope as well as intercept, giving an indication as to how the 

relationship between area unit composition and the proportion of the area unit with 

household Internet access has changed from the 2001 census to the 2006 census. 

Significant change in the slope of the fitted line would suggest that one group of area 

units is increasing its probability of Internet access at a faster or slower rate than another 

group. This can then be related to the differing points on the diffusion model to explain 

differing rates of Internet penetration.  

5.2 New Zealand 2001-2006 

The proportion of households with Internet access in New Zealand increased from 35.3 

percent in 2001 to 58 percent in 2006. This 23 percent change in household Internet 

access is closely reflected in the average access rates of area units, where the mean of the 

proportion of households increased from 33.1 percent to 56.8 percent over the five years. 

The respective histograms clearly show that the distribution also changed as the 

proportion with access grew – from a 0.319 positive skew, to a -0.317 negative skew. 
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This result is consistent with the argument presented in the diffusion model. Normal 

distribution curves included in Figure 5.1 helps to highlight the change in the skew. 

Figure 5.1 Histogram for the Proportion of Area Unit Households that have 
Internet Access, By Census 
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One of the most useful ways ecological data can contribute to an understanding of change 

in Internet penetration is by comparing the degree of change with the initial level of 

access. The question is primarily whether area units with relatively low levels of access 

‘caught up’ over the 5 years or whether they continued to lag behind. When the 

proportion of an area units households with Internet access in 2001 are compared with 

those in 2006 a curvilinear relationship emerges; Figure 4.2. The curved distribution of 

the points in Figure 5.2 is consistent with the diffusion model – the rate of change was 

lowest in those area units with very low initial Internet access and very high Internet 

access, while those area units in the middle increased the fastest. 
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Figure 5.2 Scatter Graph of the Proportion of Area Unit Households with 
Internet Access in 2006 by the Proportion of Area Unit Households with Internet 

Access in 2001. 
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Figure 5.3 illustrates the geographic distribution of change in Internet access. The high 

prevalence of area units within urban areas with low increases in rates of Internet access 

represent those area units that had either very high or very low initial probability of 

Internet access; for example area units in both Central and South Auckland have 

registered low increases in the probability of Internet access. A comparison with the 

initial probability of Internet access (Figure 1.2) shows that area units in Central 

Auckland had a higher probability, while area units in South Auckland had a lower 

probability. These trends explain – at least in part – the curve in the distribution of Figure 

5.2.  

High increases in the probability of Internet access in rural areas, particularly in Hawke’s 

Bay, Wairarapa, and South Island suggest a concerted effort to extend Internet access in 

rural communities; for example, in 2002, dairy cooperative Fonterra begun subsidising 

broadband Internet access to farms throughout New Zealand (Farmnet, 2003). The high 

increases in Internet access in rural area units could be a reflection of such initiatives.  
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Figure 5.3 Geographic Distribution of Area Unit Change in Household Internet 
Access, 2001 to 2006 Census  
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The next part of this chapter will explore the relationship between changes in Internet 

access and changes in the area unit socioeconomic composition, focusing on the three 

socioeconomic variables which the literature has documented as having an effect on the 

change in Internet access over time; most notably, income, ethnicity and highest 

education level.   

5.3 Income 

In chapter 3 I theorised that income has a non-linear relationship with Internet access; the 

probability of Internet access increases slowly amongst respondents with low income, but 

at a progressively more rapid rate as income increases. Van Dijk and Hacker (2003) 

found that the gap in household computer ownership between high and low income 

groups in the United States grew significantly as overall penetration increased from 1984 

to 2000. While the proportion of those respondents earning over $75,000 that owned a 

computer increased rapidly from 1984 to 1994 from 20 percent to 60 percent, the rate of 

increase for the same period for those respondents earning less than $25,000 was 

significantly slower, rising from 5 percent in 1984 to 15 percent in 1994. 

New Zealand’s median personal income increased from $18,500 in 2001 to $24,400 in 

2006. Adjusting for 13.41 percent inflation over the period, the median income in 2006 

was still $2,628 higher than it was in 2001. Household income followed a similar trend; 

median household income increased from $42,000 in 2001 to $51,400 in 2006, or an 

increase $2,500 accounting for inflation. The mean of the household median income of 

area units increased from $41,324 to $52,604, and became more dispersed areally with a 

significantly greater standard deviation in 2006.  

Based on the literature and my own theorizing, I expect the slope of the fitted line for the 

relationship between Internet access and household income to be steeper in 2006 

compared with 2001, indicating that the increase in the rate of Internet penetration is 

greater in area units with a higher median household income.  
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Table 5.1 Summary Statistics for Area Unit Median Household Income, 2001 
and 2006 

    Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
        2001 |      1637    41324.28     13674.9      16364     100001 
        2006 |      1692    52604.02    16800.26      20600     100000 
-------------+-------------------------------------------------------- 
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings 

A scatter plot of the probability household Internet access by the log median household 

income11 of area unit population over 15 years of age (Figure 4.4) indicates that while the 

distribution of area units has increased overall in terms of household Internet access and 

median income, the general shape of the distribution has been retained; as the proportion 

of area unit households that have Internet access increases, the median income of area 

unit population aged over 15 years also increases.  

Figure 5.4 Scatter Plot of the Area Unit Probability of Household Internet Access 
by the Median Income of Area Unit Population over 15 Years of Age, 2001 and 2006 
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11 Log median income is used to linearize the relationship with Internet access. 
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I am comparing the distribution of the two scatter graphs in Figure 5.4 to test whether the 

relationship between the probability of Internet access and log of median household 

income has changed from 2001 to 2006. Both graphs exhibit a strong positive 

relationship between Internet access and log median household income. However there is 

a significant fanning of the distribution of area units with lower probabilities of Internet 

access in 2006, which is not as pronounced in 2001. In particular, a clustering of area 

units have emerged that have a disproportionately low probability of Internet access 

compared to their log median household income, as highlighted in Figure 5.4.  These area 

units are ethnically very different from the rest of New Zealand; the mean proportion of 

Pacific Peoples for all area units in 2006 was 5.2 percent, however, for those area units in 

Figure 5.4, the mean proportion of Pacific Peoples was 59.2 percent, suggesting that the 

relationship between the ethnic composition of an area unit and the probability of Internet 

access has changed from 2001 to 2006 – this will be tested shortly. These area units are 

also geographically clustered in South Auckland, with almost 80 percent of them within 

the boundaries of Manukau City.  

The next section will statistically determine whether the distribution of the relationship 

between an area units probability of Internet access and log household median income 

has changed from 2001 to 2006. Specifically, I will test for any given level of median 

household income, whether the probability of Internet access has changed. The dataset 

used for this test consists of pooled data from the 2001 and 2006 census. The variables of 

the two datasets have been standardized, and pooled into one dataset under a common set 

of socioeconomic and settlement type variables and categories in order to test the validity 

of the diffusion model. The only variable which makes a clear distinction between the 

2001 and 2006 census data is a 2006 census dummy variable, with a (0) value for 2001 

and a (1) value for 2006, which will be used to test the interaction of variables with the 

2006 census. The pooled dataset consists of 3,709 area unit records, of which 1818 relate 

to the 2001 census, and 1891 to the 2006 census, and have a mean resident population 

size of 2093 residents and 761 households. 
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In order to test for change in the relationship between the probability of household 

Internet access and the log median household income from 2001 to 2006, change in the y-

intercept and slope of the fitted lines of the two populations will be determined. Firstly, 

household Internet access is regressed with the log of the median income and the census 

2006 dummy variable (census) to determine whether the difference in the y-intercept of 

the two fitted lines is significant; Table 5.2. The value of the dummy variable (0.195) 

indicates that the y-intercept of the 2006 population is significantly higher than the 2001 

population, suggesting that despite adjusting the 2006 data for inflation, the fitted line is 

still significantly higher in 2006. 

Table 5.2 Regression of Area Unit Probability of  Household Internet Access, 
the Log Median Household Income, and Census 2006 Dummy Variable, Weighted 

By Total Number of Households in Area Unit, 2001 and 2006  
 
(sum of wgt is   7.7442e+06) 
 
       Source |       SS       df       MS              Number of obs =    3329 
 -------------+------------------------------           F(  2,  3326) = 7879.49 
        Model |  85.6742007     2  42.8371003           Prob > F      =  0.0000 
     Residual |  18.0819003  3326   .00543653           R-squared     =  0.8257 
 -------------+------------------------------           Adj R-squared =  0.8256 
        Total |  103.756101  3328  .031176713           Root MSE      =  .07373 
 
 ------------------------------------------------------------------------------ 
     Internet |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
 -------------+---------------------------------------------------------------- 
log household |   .3546308   .0040538    87.48   0.000     .3466825     .362579 
   income     |    
       census |   .1951176   .0025874    75.41   0.000     .1900447    .2001906 
        _cons |  -3.409611   .0429217   -79.44   0.000    -3.493767   -3.325455 
 ------------------------------------------------------------------------------  
Only area units with greater than 200 usual residents included 
Source: 2001 and 2006 Census of Population and Dwellings 

However, Table 5.2 is only telling part of the story – that the fitted line for 2006 has a 

higher y-intercept than the fitted line for 2001 – it does not acknowledge that this may be 

due to a change in the slope of the fitted line. Table 5.3 includes [css_inc_int], an 

interaction term of log household median income and the Census 2006 dummy variable 

to test whether the slope of the fitted line for the 2006 population is significantly different 

from the 2001 population; a steeper line would suggest that those area units with a higher 

median household income increased their probability of household Internet access faster 

than those with a lower median income, while a shallower line suggests that lower 

median income area units increased faster. While the coefficient value of the interaction 

term in table 5.3 indicates that the fitted line for the 2006 population is slightly steeper for 

the 2006 population compared to the 2001 population, however, a low t-score (0.70) 
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indicates that the likelihood of the coefficient value being different from zero is not very 

high. These results suggest that the relationship between median household income and 

the probability of household Internet access has not changed significantly from 2001 to 

2006. 

Table 5.3 Regression of Proportion of Area Unit Households with Internet 
Access, by Area Unit Log Medium Income, Census 2006 Dummy Variable and 

Income-Census Interaction Term, Weighted By Total Number of Households in 
Area Unit, 2001 and 2006 

 
(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  3,  3325) = 4781.80 
       Model |  81.9956165     3  27.3318722           Prob > F      =  0.0000 
    Residual |  19.0050915  3325  .005715817           R-squared     =  0.8118 
-------------+------------------------------           Adj R-squared =  0.8117 
       Total |  101.000708  3328   .03034877           Root MSE      =   .0756 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
log household|   .3543882   .0061428    57.69   0.000     .3423442    .3664321 
  income     |    
 css_inc_int |  -.0009921   .0085168    -0.12   0.907    -.0176908    .0157066 
      census |   .1976028   .0907511     2.18   0.030     .0196692    .3755365 
       _cons |  -3.402314   .0651287   -52.24   0.000    -3.530011   -3.274618 
------------------------------------------------------------------------------  
Only area units with greater than 200 usual residents included 
Source: 2001 and 2006 Census of Population and Dwellings 

Based on the literature and my own theorising, I predicted that the fitted line for the 

relationship between area unit median household income and the probability of household 

Internet access would be higher and steeper in 2006 compared with 2001; this would 

indicate that those area units with a higher median household income increased their 

probability of Internet access at a faster rate than those with a lower median income. 

Based on the results of the regression in table 5.3, this prediction has turned out to be 

incorrect; rather the change in the relationship between median household income and the 

probability of household Internet access is insignificant from 2001 to 2006. 

However, Figure 5.4 highlighted the presence of a significant clustering of area units with 

a high proportion Pacific Peoples that have a disproportionately low probability of 

Internet access for their respective median household income suggests that the 

relationship between the probability of Internet access and area unit ethnic composition 

may have changed. This will now be explored. 
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5.4 Ethnic Composition 

Van Dijk and Hacker (2003) found that the gap in home computer ownership between 

white respondents and black or Hispanic respondents had grown from 1984 to 2000, with 

whites exhibiting a significantly faster rate of take up than the later ethnic groups (van 

Dijk & Hacker, 2003). Similarly, Chakraborty and Bosman (2005) found in the United 

States that while regional differences in Internet access declined over time, differences in 

access for ethnic groups persisted. In particular, the difference between African American 

and white respondents held, leading Chakraborty and Bosman to claim that access to 

information and communication technologies revolution had become “a new form of 

segregation for a greater number of African American households, with more losers than 

winners”.  (Chakraborty & Bosman, 2005) 

In chapter 4 I found that in 2001 the proportion of Maori or Pacific Peoples living in an 

area unit had a negative relationship with the probability of household Internet access 

when compared to the proportion of Europeans. Conversely, the proportion of Asian 

people living in an area unit had a positive influence on the probability of Internet access. 

Based on Van Dijk’s (2003) and Chakraborty and Bosman’s (2005) research in the 

United States and my own findings from the previous chapter, I predict that while gaps 

between the influence of the proportion of Asians and Europeans in an area unit may be 

smaller in 2006, the gap between the influence of the proportion of Maori or Pacific 

Peoples, and Europeans will be the same if not wider. 

In 2006, more people identified with multiple ethnic groups than ever before – 10.4 

percent compared with 9.0 percent in 2001. While European remained the dominant 

ethnic group in 2006 at 67.6 percent of the total population, this was a marked decrease 

from 80 percent in 200112. The Asian ethnic group grew the fastest from 2001 to 2006, 

increasing by almost 50 percent, followed closely by the Pacific Island ethnic group. 

While 30 percent of New Zealand’s total population lives in the Auckland Region, 66.8 

                                                 
12 Also of note here is the 7% of respondents who identified as ‘New Zealanders’ in 2006; these were 
included as New Zealand Europeans in 2001, but counted separately in 2006. 
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percent of those identifying as Pacific Peoples, and 63.8 percent of those identifying as 

Asian live in Auckland.  

A regression of household Internet access by area unit ethnic composition including the 

2006 Census dummy variable (census) indicates that compared to the base variable 

(proportion of area unit population that identify with European ethnic groups) the 

coefficient values for the three largest minority ethnic groups have all dropped; the 

coefficient value for the Asian ethnic group has dropped significantly in Table 5.4 

compared with the same regression in Table 4.5, suggesting that the difference between 

Asian ethnic groups and the base variable have closed significantly. At the other end of 

the spectrum, the coefficient values for Maori and Pacific Peoples ethnic groups have 

fallen further behind European. The value of the dummy variable (0.224) indicates that 

the y-intercept for the fitted lines for each minority ethnic group is .224 higher in 2006 

than it was in 2001, suggesting that overall, the probability of Internet access has 

increased. 

Table 5.4 Regression of Probability of Households Internet Access, Area Unit 
Ethnic Composition, with 2006 Census Dummy Variable, 2001 and 2006  

 
(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  4,  3324) = 2289.00 
       Model |  74.0995547     4  18.5248887           Prob > F      =  0.0000 
    Residual |  26.9011533  3324  .008093006           R-squared     =  0.7337 
-------------+------------------------------           Adj R-squared =  0.7333 
       Total |  101.000708  3328   .03034877           Root MSE      =  .08996 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       maori |  -.5177975   .0130129   -39.79   0.000    -.5433116   -.4922835 
     pacific |  -.4068898   .0135372   -30.06   0.000    -.4334318   -.3803477 
       asian |   .3253502   .0177021    18.38   0.000      .290642    .3600583 
      census |   .2243945   .0031686    70.82   0.000     .2181819    .2306071 
       _cons |   .4304488   .0031954   134.71   0.000     .4241837    .4367139 
------------------------------------------------------------------------------  
Only area units with greater than 200 usual residents included 
Source: 2001 and 2006 Census of Population and Dwellings 

The decline in the coefficient values for the minority ethnic groups in Table 5.4 compared 

with Table 4.5 suggests that the influence of the ethnic composition of area units has 

changed significantly from 2001 to 2006. This result is reinforced by the coefficient 

values of the interaction terms (maori int, pacific int, and asian int) in Table 5.5, 

all of which have significant negative values; the slope of the fitted line of the influence 
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of the proportion of an area unit that identifies as Asian on household Internet access is 

still positive, but is significantly shallower in 2006 compared with 2001, suggesting that 

those area units with a high proportion of their population identifying as Asian increased 

their probability of household Internet access at a slower rate than those area units with a 

low Asian population; relating this to the diffusion model suggests that those area units 

with high Asian populations are reaching saturation point in terms of Internet access, and 

therefore are slowing down. 

Conversely, the negative value for the interaction terms for the proportion of area unit 

population that identify as Maori or Pacific Peoples indicates that the fitted lines for these 

groups is still negative, and has got significantly steeper. This change in the slope 

indicates that those area units with a high Maori or Pacific Peoples populations have 

increased their probability of household Internet access at a significantly slower rate than 

those area units with low Maori or Pacific Peoples populations. This – in part – answers 

the question posed about the outlier area units in Figure 5.4, and suggests that even when 

taking income into consideration, area units with high Pacific Peoples populations still 

have a comparably low probability of household Internet access. 

Table 5.5 Regression of Probability of Households Internet Access, Area Unit 
Ethnic Composition, with 2006 Census Dummy Variable, and Ethnic Group 

Interaction Terms, Weighted By Total Number of Households in Area Unit , 2001 
and 2006 

(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  7,  3321) = 1402.44 
       Model |   75.470027     7  10.7814324           Prob > F      =  0.0000 
    Residual |   25.530681  3321  .007687649           R-squared     =  0.7472 
-------------+------------------------------           Adj R-squared =  0.7467 
       Total |  101.000708  3328   .03034877           Root MSE      =  .08768 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
 eth_maori06 |  -.4607457   .0188616   -24.43   0.000    -.4977271   -.4237642 
    eth_pp06 |  -.3600635   .0202847   -17.75   0.000    -.3998354   -.3202917 
 eth_asian06 |   .6306548    .032125    19.63   0.000     .5676681    .6936415 
      census |   .2744986     .00579    47.41   0.000     .2631462     .285851 
   maori int |  -.0928492   .0255071    -3.64   0.000    -.1428604   -.0428381 
 pacific int |  -.0967964   .0267384    -3.62   0.000    -.1492218    -.044371 
   asian int |  -.4274687   .0381151   -11.22   0.000    -.5022001   -.3527373 
       _cons |   .4004677   .0041582    96.31   0.000     .3923149    .4086206 
------------------------------------------------------------------------------  
Only area units with greater than 200 usual residents included 
Source: 2001 and 2006 Census of Population and Dwellings 
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The influence that ethnic composition has on an area units probability of household 

Internet access has changed significantly from 2001 to 2006; area units with high Asian 

populations have increased their probability of Internet access at a slower rate than area 

units with low Asian populations, suggesting that the former are reaching saturation point 

on the diffusion model allowing the later to catch up. However, area units with high 

populations of Maori or Pacific Peoples have increased their probability of Internet 

access at a significantly slower rate than area units with low Maori or Pacific Peoples 

populations. The trends for Maori and Pacific peoples ethnic groups concur with the 

findings of Chakraborty and Bosman , who claimed that access to information technology 

was a new form of ethnic segregation for the African American population in the United 

States; in New Zealand, not only do area units with high Maori and Pacific Peoples have 

a lower probability of household Internet access, they are increasing their probability at a 

considerably slower pace than other area units.   

5.5 Education 

Van Dijk and Hacker (2003) found that between 1984 and 1997, computer ownership for 

United States households where the household head had a bachelors degree or higher 

increased from 17 percent to almost 70 percent, while those households where the 

household head had only an elementary education saw little increase; from just above 

zero to almost 5 percent. They found that a similar trend was exhibited by household 

computer ownership in the Netherlands from 1985 to 1995, however after 1995, the 

penetration rate for those respondents with ‘high education’ begun to plateau as 

saturation point was reached. (van Dijk & Hacker, 2003) 

The previous chapter concluded that the proportion of an area unit population over the 

age of 15 that has no formal education qualifications has a significant negative influence 

on the proportion of area unit households that have Internet access. Conversely, the 

proportion of an area unit population that had any post-school qualifications had a strong 

positive influence on the proportion of an area unit that has household Internet access. 

However, the coefficient values for different education levels in the full ecological 

multivariate model exhibited high levels of multicollinearity with other variables, making 
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analyzing the influence of education when controlling for other socioeconomic variables 

difficult.  

The proportion of New Zealand residents over the age of 15 that have a formal 

educational qualification increase from 72.4 percent in 2001 to 77.6 percent in 2006, as 

New Zealand moves towards creating a more qualified workforce. While the proportion 

of New Zealand residents over the age of 15 that have no formal qualifications has 

dropped significantly between the 2001 and 2006 census, as overall household Internet 

penetration has increased, it is anticipated that those respondents will still be over 

represented amongst those respondents who do not have Internet access. Table 5.6 

indicates that the mean proportion of area unit population with no formal qualifications 

has not only declined, but has become less dispersed areally with a lower standard 

deviation. 

Table 5.6 Descriptive Statistics of the Proportion of Area Unit Population Aged 
Over 15 With No Formal Qualifications, 2001 and 2006 

    Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
        2001 |      1637    .2982682    .1145084   .0138436   .6779661 
        2006 |      1694    .2397561    .0895657    .007286   .5070422 
 
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings  

The distribution of scatter graphs of the area unit probability of household Internet access 

by the proportion of the area unit population that do not have a formal qualifications 

supports my prediction that those area units with low proportions of unqualified 

population increased their probability of Internet access faster than those area units with a 

stepper negative slope. Also of note here is the presence of a fanning of area units with a 

low probability of Internet access in the 2006 scatter graph, something which is not 

present in the 2001 scatter graph. Like Figure 5.4, these area units have high proportions 

of Pacific Peoples populations, with a mean proportion of 36 percent. The recurring trend 

of outlier area units having high Pacific Peoples populations suggests that the influence of 

ethnicity on the probability of Internet access is strong; this will be tested in the 

ecological model in chapter 6.  
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Figure 5.5 Scatter Graph of the Area Unit Probability of Household Internet 
Access by Proportion of Area Unit with no Formal Qualifications, 2001 and 2006 
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A regression of the probability of household Internet access by the proportion of an area 

unit population that have no formal qualifications including a dummy variable for the 

2006 Census (Table 5.7) indicates that the fitted line for the 2006 Census has a 

significantly higher y-intercept than a fitted line for the 2001 Census. This indicates that 

overall, the probability of household Internet access has increased. 
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Table 5.7 Regression of the Proportion of Area Unit Households with Internet 
Access, by the Proportion of Area Unit Population with no Formal Qualifications, 
and Census Dummy Variable, Weighted By Total Number of Households in Area 

Unit , 2001 and 2006 
 
(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  2,  3326) = 7196.32 
       Model |  82.0416713     2  41.0208357           Prob > F      =  0.0000 
    Residual |  18.9590367  3326  .005700252           R-squared     =  0.8123 
-------------+------------------------------           Adj R-squared =  0.8122 
       Total |  101.000708  3328   .03034877           Root MSE      =   .0755 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
no           | 
qualificat’ns|  -1.084986   .0130204   -83.33   0.000    -1.110515   -1.059458 
      census |    .163176   .0027254    59.87   0.000     .1578323    .1685196 
       _cons |   .6626538   .0041618   159.22   0.000     .6544938    .6708138 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings  

However, the gap between the fitted lines is wider than Table 5.7 suggests; the regression 

in Table 5.8 also includes the interaction term for no qualifications and the 2006 Census 

[css_no_int], the coefficient value of which indicates that the negative slope of the 

fitted for the 2006 area units is significantly steeper than the fitted line for the 2001 area 

units. This suggests that those area units with low populations with no formal 

qualifications increased their probability of Internet access faster than area units with 

high proportions of their population without qualifications. 

Table 5.8 Regression of the Proportion of Area Unit Households with Internet 
Access, by the Proportion of Area Unit Population with no Formal Qualifications, 

Census Dummy Variable and Census No Qualifications Interaction Term, Weighted 
By Total Number of Households in Area Unit, 2001 and 2006 

 
(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  3,  3325) = 4901.41 
       Model |  82.3738729     3  27.4579576           Prob > F      =  0.0000 
    Residual |  18.6268351  3325  .005602056           R-squared     =  0.8156 
-------------+------------------------------           Adj R-squared =  0.8154 
       Total |  101.000708  3328   .03034877           Root MSE      =  .07485 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
no           | 
qualificat’ns|  -1.003518   .0166894   -60.13   0.000    -1.036241   -.9707957 
      census |   .2139165   .0071215    30.04   0.000     .1999534    .2278795 
  css_no_int |  -.2027424    .026328    -7.70   0.000    -.2543631   -.1511218 
       _cons |   .6394415   .0051097   125.14   0.000     .6294231    .6494599 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings  
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A slightly different story emerges when the same regression as Table 5.8 is run but for 

the proportion of the area unit population with a bachelor’s degree or higher (Table 5.9). 

While there is a positive relationship between the probability of household Internet access 

and the proportion of area unit population with a bachelor’s degree or higher, the slope of 

the fitted line shallows significantly in 2006 compared with 2001, suggesting that those 

area units with a high proportion of their population with bachelor’s degrees or higher 

increased their probability of Internet access at a slower rate than those area units with a 

low proportion of bachelor’s degrees. This suggests that those area units with a high 

proportion of bachelor’s degrees are reaching saturation point in terms of household 

Internet access, and subsequently, the increase in the probability of household Internet 

access is slowing for these area units. 

Table 5.9 Regression of the Proportion of Area Unit Households with Internet 
Access, by the Proportion of Area Unit Population with a Bachelor’s Degree or 

Higher, Census Dummy Variable and Census No Qualifications Interaction Term, 
Weighted By Total Number of Households in Area Unit, 2001 and 2006 

 
(sum of wgt is   7.7442e+06) 
 
      Source |       SS       df       MS              Number of obs =    3329 
-------------+------------------------------           F(  3,  3325) = 2625.47 
       Model |  71.0198721     3  23.6732907           Prob > F      =  0.0000 
    Residual |   29.980836  3325  .009016793           R-squared     =  0.7032 
-------------+------------------------------           Adj R-squared =  0.7029 
       Total |  101.000708  3328   .03034877           Root MSE      =  .09496 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
   bachelors |   1.102179    .028163    39.14   0.000     1.046961    1.157398 
      census |   .2112216   .0057006    37.05   0.000     .2000445    .2223987 
css_bach_int |  -.1069911    .037398    -2.86   0.004    -.1803165   -.0336657 
       _cons |   .2300304   .0039477    58.27   0.000     .2222903    .2377705 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings  

The results in Tables 5.8 and 5.9 concur with the theory of the diffusion model for 

educational attainment; those area units with a high proportion of their population who do 

not have formal qualifications have increased their probability of Internet access at a 

slower rate than those area units with a low proportion of residents with no formal 

qualifications, suggesting that the former group of area units are at an earlier stage on the 

diffusion model than the later group. However, at the other end of the educational 

spectrum, those area units with a high proportion of residents with a bachelor’s degree or 

higher increased their probability of Internet access at a slower rate than those area units 
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with a low proportion of residents with bachelor’s degrees or higher, suggesting that the 

former group of area units are reaching the saturation point on the diffusion cycle, and are 

subsequently slowing down, while the later group of area units is catch up. 

What is especially interesting about this section is that the influence of the proportion of 

area unit population that identify with Pacific Peoples ethnic groups once again 

influences the distribution of the area units, as suggested in Figure 5.5. The influence of 

other independent variables on the slope of the fitted lines explored in this section will be 

tested in a full ecological multivariate model in the next section. 

5.6 A Multivariate Ecological Model of Change in Internet Access 

So far in this chapter we have been able to ascertain the degree of change in the 

relationship between the probability of Internet access and the area unit socioeconomic 

composition. However, several socioeconomic abnormalities in the data have already 

been highlighted – most notably, the influence that the proportion of Pacific Peoples 

living in an area unit has on relationships between the probability of household Internet 

access, median household income, and educational attainment.  

The remainder of this chapter is dedicated to determining how the relationship between 

the probability of household Internet access, and income, ethnicity and educational 

attainment, has changed in a full ecological model, similar to the model presented in the 

previous chapter; however direct comparison with the ecological regression in Table 4.9 

is not possible as the variables used are not the same; for example, the household income 

categories. All the interaction terms used in this chapter so far have been included in a 

full regression model (Table 5.10). Like the previous regressions, this allows the change 

in the relationships to be tested, however, Table 5.10 controls for the influence of other 

socioeconomic and settlement type variables.  

The first point of note in Table 5.10 relates to the negative coefficient value and low t-

score for the Census dummy variable. These results indicate that, firstly, the higher y-

intercepts for 2006 exhibited in the previous regressions in this chapter can be almost 
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entirely accounted for in differences in the influence of other socioeconomic variables; 

and secondly, when controlling for other socioeconomic differences, the difference in the 

y-intercept for 2001 and 2006 is not significant at a 99 percent confidence level. 

Table 5.10 Summary of Multivariate Ecological Regression Model for Change in 
the Probability of Household Internet Access, Weighted By Total Number of 

Households in Area Unit, 2001 and 2006 
 
(sum of wgt is   7.5646e+06) 
 
      Source |       SS       df       MS              Number of obs =    3284 
-------------+------------------------------           F( 27,  3256) = 2744.81 
       Model |  95.8915778    27  3.55153992           Prob > F      =  0.0000 
    Residual |  4.21296929  3256  .001293909           R-squared     =  0.9579 
-------------+------------------------------           Adj R-squared =  0.9576 
       Total |  100.104547  3283   .03049179           Root MSE      =  .03597 
 
------------------------------------------------------------------------------ 
        ia06 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+----------------------------------------------------------------  
  med h’hold |   
    income   |   4.57e-06   1.11e-07    41.14   0.000     4.35e-06    4.79e-06 
 
no qualif’ns |  -.2535034   .0276277    -9.18   0.000    -.3076728    -.199334 
  vocational |      .3961   .0347619    11.39   0.000     .3279426    .4642573 
   bachelors |  -.1683306   .0356586    -4.72   0.000    -.2382462    -.098415 
        
       maori |  -.0736696   .0103444    -7.12   0.000    -.0939518   -.0533874 
     pacific |  -.2949728   .0143044   -20.62   0.000    -.3230194   -.2669263 
       asian |   .0778604   .0233408     3.34   0.001     .0320963    .1236245 
 
brn overseas |   .2110283   .0190149    11.10   0.000     .1737459    .2483107 
 
     manager |  -.3759833   .0337481   -11.14   0.000     -.442153   -.3098137 
professional |    .141959   .0387909     3.66   0.000      .065902     .218016 
  technician |  -.2982173   .0480196    -6.21   0.000    -.3923689   -.2040656 
      clerks |   .2220351   .0427872     5.19   0.000     .1381425    .3059276 
 ag and fish |  -.1016906   .0227571    -4.47   0.000    -.1463103   -.0570709 
      trades |   -.303384   .0464678    -6.53   0.000     -.394493    -.212275 
     machine |  -.2052125    .035939    -5.71   0.000    -.2756779   -.1347471 
  elementary |  -.2201006   .0385916    -5.70   0.000    -.2957669   -.1444342 
 
 sec’y urban |  -.0120467   .0029408    -4.10   0.000    -.0178128   -.0062807 
 minor urban |  -.0134455   .0027994    -4.80   0.000    -.0189342   -.0079567 
  rural cent |  -.0076038   .0048021    -1.58   0.113    -.0170192    .0018116 
  rural area |   .0013604   .0038047     0.36   0.721    -.0060995    .0088202 
    wet area |  (dropped) 
  
      census |  -.1743916   .0687913    -2.54   0.011    -.3092702    -.039513 
 css_inc_int |   .0438893   .0060365     7.27   0.000     .0320536    .0557251 
    maori_ie |  -.1264669   .0129278    -9.78   0.000    -.1518144   -.1011195 
       pp_ie |  -.1324125   .0124362   -10.65   0.000    -.1567961   -.1080289 
    asian_ie |   -.166272   .0183332    -9.07   0.000    -.2022178   -.1303262 
      no_int |  -.0003686   .0334256    -0.01   0.991    -.0659059    .0651687 
     uni_int |  -.1683827   .0297527    -5.66   0.000    -.2267185   -.1100469 
       _cons |   .2471097   .0199156    12.41   0.000     .2080612    .2861581 
------------------------------------------------------------------------------  
Area units with fewer than 200 residents excluded. 
Source: 2001 and 2006 Census of Population and Dwellings  
 

The second point of note is that there is significant movement in the coefficient values for 

the seven interaction terms included in Table 5.10. This indicates that the slopes of the 

fitted lines for income, education and ethnic groups are all influenced by other 

socioeconomic variables. Its also worth noting that the influence of other socioeconomic 
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variables has not consistently influenced the interaction terms; by this I mean it hasn’t 

necessarily moderated or accentuated the coefficient values in a consistent fashion – the 

degree of movement in the interaction terms depends almost entirely on the interaction 

term in question. 

I will now spend the final part of this chapter explaining how the relationships between 

the probability of household Internet access and median household, area unit education 

and ethnic composition have changed from 2001 to 2006 according to the multivariate 

ecological regression in Table 5.10. 

The slope of the controlled fitted line for area unit median household income is positive 

and significantly steeper in 2006 compared with 2001. This indicates that those area units 

with a high median household income in 2001 increased their probability of Internet 

access at a faster rate than those area units with a low median income, even when 

controlling for the influence of other socioeconomic and settlement type variables. This 

suggests that those area units with high median incomes are at the point of rapid 

household Internet penetration, while those area units with a low median income are still 

lagging behind in the low penetration initial phase of the diffusion model, as illustrated in 

Figure 5.6. These results suggest that the income gap in terms of household Internet 

access in New Zealand is widening. 

Figure 5.6 Hypothetical Diffusion Model for High and Low Area Unit Median 
Household Income, 2001 and 2006 
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The slopes for fitted lines for the probability of household Internet access and the 

proportion of the area unit population that identified with different ethnic groups changed 

significantly depending on the ethnic group; for the proportion of the ethnic group that 

identified with Asian ethnic groups, the positive slope of the fitted line shallows 

significantly, indicating that the probability of household Internet access in area units 

with high Asian populations increased at a slower rate than those area units with a low 

Asian population.  

Conversely, the fitted line for the probability of household Internet access and the 

proportion of the area unit population that identifies as Maori and Pacific Peoples has a 

steeper negative slope in 2006 compared with 2001 This result indicates that those area 

units with high Maori or Pacific Peoples populations increased their probability of 

household Internet access at a slower rate than those area units with low Maori or Pacific 

Peoples populations. The positioning of area units on the diffusion model varies 

depending on the area unit’s ethnic composition; those area units with high Asian 

populations are close to reaching a saturation point in terms of household Internet access, 

and subsequently, they are increasing their rate of penetration slower than those area units 

with low Asian populations. However, those area units with high Maori or Pacific 

Peoples populations are still in the low uptake stage of the diffusion model, and are 

subsequently increasing their rate of penetration at a slower rate than area units with a 

low Maori or Pacific Peoples population. These differences are illustrated in Figure 5.7. 
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Figure 5.7 Hypothetical Diffusion Model for Different Area Unit Ethnic 
Compositions, 2001 and 2006 

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The slopes of the fitted lines for the probability of household Internet access by the 

educational composition of the area unit also suggests a changing relationship. The 

coefficient value for the No Qualifications interaction term is not significantly different 

from zero, indicating that the slope of the fitted line has not changed significantly. This 

suggests that while the respective fitted line is still negative, and that the probability of 

household Internet access increased at the same rate for area units with a high proportion 

of respondents with no formal qualifications as those area units with a low proportion. At 

the other end of the spectrum, the relationship between the probability of household 

Internet access and the proportion of the area unit population with a bachelor’s degree or 

higher exhibits no significant slope, indicating that the positive relationship in the 

previous chapter is no longer present in 2006. 
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Figure 5.7 Hypothetical Diffusion Model for Different Area Unit Educational 
Compositions, 2001 and 2006 

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.7 Conclusion 

This chapter set out to establish the degree to which the relationship between an area 

unit’s probability of Internet access and the socioeconomic composition of the area unit 

has changed from 2001 to 2006. The degree of change was tested using a pooled area unit 

census dataset for 2001 and 2006, with a census dummy variable to test the change in the 

y-intercept, and interaction terms for the socioeconomic variable and the census to test 

the change in the slope for a fitted line. The results indicate that income and ethnicity – 

particularly Maori and Pacific Peoples populations – are stronger determinants of the 

probability of Internet access in 2006 than they were in 2001; area units with a high 

median income, or low proportions of Maori or Pacific populations increased their 

probability of Internet access at a faster rate than area units with a low median income or 

high Maori or Pacific Peoples populations. The results of this chapter and the previous 

chapter have set up the analysis of individual unit record data in the previous chapter, 

which will link specific individual attributes to the probability of Internet access, rather 

than speculating using area unit data. 
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Chapter 6 – Internet Access 2006; Towards Saturation? 

6.1 Introduction 

The previous two chapters have provided a broad indication as to the nature of Internet 

access in New Zealand by grouping individuals into area units and describing their 

socioeconomic composition and settlement type. From the analysis conducted in these 

chapters, I have concluded that area units with higher median household incomes have a 

higher probability of household Internet access, and have increased their probability at a 

faster rate than area units with low median incomes. Area unit ethnic composition also 

exhibited a relationship with the probability of household Internet access; those area units 

with a high proportion of Asian respondents had a high probability of household Internet 

access, but increased at a slower rate than area units with a low proportion of Asian 

respondents; while those area units with a high proportion of Maori or Pacific Peoples 

populations have a lower probability of Internet access and have increased their 

probability at a slower rate than area units with low Maori and Pacific Peoples 

populations.  

However, drawing specific conclusions about respondent’s Internet access and use from 

these results is premature; analysis of area unit data provides conclusions about 

individual respondents can only be drawn from individual level data. In order to draw 

conclusions about the socioeconomic and geographic nature of Internet access and use in 

New Zealand, data relating specifically to respondents characteristics must be used. 

This chapter uses an eight percent sample of the individual unit record data set from the 

2006 census to draw conclusions about the population. This allows the influence of 

specific socioeconomic characteristics on individual Internet use to be explored in 

considerable detail, and direct conclusions to be drawn, rather than using socioeconomic 

composition of an area unit as a proxy variable. Individual Internet access in this chapter 

refers to whether the individual’s household claimed to have Internet access; this differs 

to the previous two chapters which dealt with Internet access by household not 

individual.  
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6.2 Outline 

This chapter consists of three parts. The first part will explore how individual’s Internet 

access and Internet form submission differ by their personal income, highest education 

level, ethnicity, age, occupation, place of birth, gender and settlement type. The second 

part of this chapter will explore how individual Internet access is influenced by an 

individual’s socioeconomic and settlement type characteristics in two logistic 

multivariate regression models; the first including only socioeconomic variables, and the 

second with settlement type variables added.   How well these models predict Internet 

access will be explored firstly by mapping the residual error by territorial local authority 

(TLA). The final part of this chapter will explore the sensitivity of the models when 

applied to specific settlement types, ethnic groups. 

6.3 Data 

The data used in this chapter is a sample drawn from the individual unit level 2006 

census dataset. A one percent sample was initially drawn at random using the sample 

function of Stat/Transfer 7, and consists of 38,000 respondents. Final estimates were 

computed using an eight percent sample13 of 242,412 respondents. Figures 6.1 and 6.2 

indicate that the geographic distribution of the sample group is similar to the geographic 

distribution of New Zealand’s population. Gisborne, West Coast, and Northland are the 

most over represented regions in the sample (5.9 percent, 3.1 percent and 3.0 percent, 

respectively), while the most under represented regions are Nelson (4.1 percent), Otago 

(2.9 percent), Canterbury (2.4 percent) and Wellington (2.0 percent). Just over three 

quarters of the sample live in the North Island, while 24.5 percent of the sample live in 

the South Island or Chatham Islands. The North Island is slightly under represented by 

0.6 percent.  

                                                 
13 The main restriction to the size of my sample was the operating procedure of the statistical package used 
– Stata/SE 9.0 for Windows XP. Because Stata loads all the data into the programmes memory rather than 
accessing it remotely as needed, the usability of  a dataset depends on the number of variables, the  number 
of observations, and the random access memory (‘RAM’) of the machine used. The 2 gigabyte RAM 
machines in the Statistics New Zealand Data Lab restricted our 156 variable dataset to 242,412 
observations – or eight percent of the total.  
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Figure 6.1 Eight Percent Sample and Population Distribution from the 2006 
Census, by Regional Authority  
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Source: 2006 Census of Population and Dwellings 
 
 

Of the sample respondents from the 2006 census, 62.8 percent stated that they had 

household Internet access, compared with 63 percent of households14 in the total census, 

while 7.3 percent of the sample respondents submitted their census via the Internet, 

compared with 7 percent of the population. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
14 While the data set used in this chapter links household Internet access with individual respondents, the 
telecommunications question is on the household form; therefore public release of census data refers to 
household Internet access, not individual Internet access. It is acknowledged that when I refer to individual 
Internet access in this chapter, I am actually referring to individuals who live in a household that has 
Internet access.   
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Figure 6.2 Geographical Distribution of Respondents in the 2006 Census Eight 
Percent Sample, by Territorial Local Authority  
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6.4 Summary of Internet Access and Use by Socioeconomic Variables 

This section will motivate and explore the differing rates individual Internet access and 

use, by socioeconomic characteristics. This will give an indication as to the relationship 

between Internet access and use and socioeconomic variables that will be used in a full 

logistic model later in this chapter. Each variable will be explored in isolation, with the 

percentage of the sample that had Internet access and submitted their forms via the 

Internet compared and contrasted.    

There is a recurring trend exhibited in the graphs in this section – as the rate of Internet 

access and Internet form submission increases, the lines converge, suggesting that the rate 

that Internet form submission increases is proportionately higher than the rate that 

Internet access increases – the difference between Internet access and Internet form 

submission, therefore, is smaller when both densities are higher. 

6.5 Personal Income 

In chapter 3, I theorized that the relationship between Internet access and income is 

positive and non-linear; as personal income increases, the probability of Internet access 

also increases. The probability of Internet access increases at a faster rate for those with 

higher incomes as the expenses involved in accessing the Internet are exponentially more 

affordable than those on low incomes.    

There is also a significant body of research that confirms the important role played by 

personal income in accounting for Internet access and use. For example, Stanton (2004) 

constructed three regression models for computer ownership, basic Internet access, and 

broadband Internet access. She found that the income digital divide was most significant 

in terms of computer ownership, and least significant in terms of broadband access. 

Stanton concluded that the biggest barrier towards Internet access for low-income 

respondents was the costs associated with owning a computer (Stanton, 2004). Van Dijk 

and Hacker (2003) in turn found that there were significant gaps between high income 

groups and low income groups in terms of computer access in the United States, and that 
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such gaps were widening over time. Novak et al (1998) found that higher income levels 

led to a significantly higher likelihood of computer ownership. 

Figure 6.3 indicates that for the sample population, Internet access is more common 

amongst those respondents with higher incomes, while at the same time exhibiting high 

density amongst those respondents with a personal income under $5,000 per year. The 

distribution of respondents who submitted their census forms via the Internet by personal 

income follows a similar distribution to Internet access, albeit at much lower density. The 

convergence of the lines representing Internet access and Internet use in Figure 6.3 

suggests that the probability of Internet use increases faster rate amongst higher incomes 

than Internet access. 

Figure 6.3 Internet Access and Internet Form Submission, By Personal Income 
Brackets, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings 

The strong positive relationship between Internet access and use and personal income for 

respondents earning over $10,000 is illustrated in Figure 6.4. For this selection of the 
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sample, an increase in personal income of $10,000 increases the density of Internet access 

4.6 percent and Internet use by 1.2 percent.  

Figure 6.4 Internet Access and Internet Form Submission, By Personal Income 
Brackets for Respondents Earning Over $10,000, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 
Note differing scale. 

The higher density of Internet access amongst respondents on higher incomes concurs 

with the overseas literature, while high density amongst respondents with an income loss, 

zero, or very low income levels is likely to be a factor of self-employed workers, and 

respondents over 15 that are not in the labour force (particularly students). 

6.6 Highest Education Level 

Similar to the influence of income, the literature makes a very clear link between a 

respondent’s education levels and the likelihood of Internet access. For example, 

Hoffman and Novak (1998) found that a respondent’s education level was the most 

robust determinant of Internet access, countering much of the influence which ethnicity 

had on Internet access. Baker and Coleman (2004) found that those Detroit residents with 

higher education levels were more likely to use the Internet for email to build social 

networks beyond their own family or neighbourhood. 
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Figure 6.5 Internet Access and Internet Form Submission, By Highest Education 
Level, 2006 Census Eight Percent Sample 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

N
o

Q
ua

lifi
ca

tio
ns

Le
ve

l 1
C

er
tif

ic
at

e

Le
ve

l 2
C

er
tif

ic
at

e

Le
ve

l 3
 o

r 4
C

er
tif

ic
at

e

O
ve

rs
ea

s
Sc

ho
ol

 Q
ua

l

Le
ve

l 1
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 2
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 3
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 4
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 5
D

ip
lo

m
a

Le
ve

l 6
D

ip
lo

m
a

Ba
ch

el
or

  /
Le

ve
l 7

 D
eg

Po
st

 G
ra

d 
/

H
on

ou
rs

 D
eg

M
as

te
rs

D
eg

re
e

D
oc

to
ra

te
D

eg
re

e

Highest Education Level

D
en

si
ty

 (I
nt

er
ne

t A
cc

es
s)

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

D
en

si
ty

 (I
nt

er
ne

t F
or

m
 S

ub
m

is
si

on
)

Internet Access Internet Form Submission
 

Source: 2006 Census of Population and Dwellings. 

Figure 6.5 indicates that those respondents in the sample that have a formal educational 

qualification have a higher density of Internet access than those respondents with no 

formal qualifications. The density of Internet access increases from those respondents 

with a vocational qualification through to those respondents with a university 

qualification. The high density of Internet access amongst those respondents whose 

highest qualification is a secondary school qualification is once again most likely to 

reflect respondents over 15 years of age who are still at school. Those respondents that 

submitted their census forms via the Internet have a slightly different distribution in 

Figure 6.5 to those respondents that have Internet access; the difference in density of 

Internet form submission between those respondents that have a qualification and those 

that do not is subtler, with a major jump in density instead between those with a 

vocational qualification and those with a bachelors degree or higher.  

Convergence of the two lines as density increases in a similar manner to that observed in 

Figure 6.3 is of note; this indicates that the highest qualifications has a proportionately 

higher influence on Internet form submission than Internet access. 
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6.7 Ethnic Identification  

The influence of ethnicity on Internet access is not as clear as it is for income levels or 

educational attainment. For example, Novak et al (1998) found that increasing income 

levels have a positive relationship with computer ownership, which extenuates the 

differences in access between ethnic groups. Hoffman and Novak (1998) found that a 

respondents education levels supersede almost any influence that ethnicity has on 

computer and Internet use; Fairlie (2002), and Baker and Coleman (2004) also found that 

income and education account for racial differences in computer and Internet use.  

In terms of ethnic variation in deprivation in New Zealand, Chapple and Rea (1998) 

found that there were systematic differences in the labour force participation rates of 

those respondents who ethnically identified only with Maori (‘sole Maori’), and those 

respondents who identified as Maori as well as another ethnic group (‘mixed Maori’); 

sole Maori exhibited significantly higher unemployment rates than mixed Maori. Chapple 

and Rea claim that these differences are likely to be because mixed Maori are younger, 

have higher education levels, and are more likely to live in urban areas or the South 

Island, while sole Maori are more likely to live in depressed rural areas such as 

Northland, Bay of Plenty, Gisborne, and Hawke’s Bay (Chapple & Rea, 1998). While the 

ecological dataset used in the previous chapter only recorded counts of respondents who 

identified as Maori, the individual unit level data set records multiple ethnic 

identifications for respondents, allowing the differences between mixed Maori and sole 

Maori to be studied.   

Figure 6.6 indicates that those respondents that identify with Chinese and Indian ethnic 

groups have the highest density of both Internet access and Internet form submission 

while those respondents identifying as mixed Maori and Pacific Peoples ethnic groups 

have the lowest. The density of European and sole Maori respondents’ household Internet 

access and Internet form submission is the closest to the New Zealand population. There 

is a significant difference in the rates of Internet access and Internet use between 

respondents who identify only as Maori, and respondents who identify as Maori and at 

least one other ethnic group, with the later  having significantly lower Internet access and 
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Internet form submission rates. Once again, the lines converge as density for Internet 

access and Internet form submission gets higher. 

Figure 6.6 Internet Access and Internet Form Submission, By Respondent 
Ethnic Identification, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

6.8 Occupation 

A number of authors make a tacit link between occupation and Internet access. For 

example, LaRose and Mettler (1989) link the differences in access to information 

technology to differences in the socioeconomic composition of urban and rural areas. 

They make specific reference to rural residents being more likely to be employed in 

“more extractive, blue collar industries” than their urban counterparts.   
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Figure 6.7 Internet Access and Internet Form Submission, By Respondent 
Occupation, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

Those respondents who are employed in professional occupations have the highest 

density of both Internet access and Internet form submission, while the density of Internet 

access declines from clerical workers as the skill level of the occupation classification 

declines. The distribution of respondents Internet access by occupation is similar to the 

distribution of Internet form submission, but with a noticeable spike and convergence for 

professional workers, who were the most likely occupation group to submit their census 

forms via the Internet. 

6.9 Age 

Several studies have looked at age as a determinant of Internet access, and the 

conclusions drawn from these studies is varied. For example, Van Dijk (2000) found that 

older age groups were less likely to own a computer than younger age groups. Similarly, 

LaRose and Mettler (1989) found that older respondents were less likely to have access to 

information technology than younger groups. Chinn and Fairlie (2007) found that the 

average age of a country had a positive relationship with the level of Internet penetration 
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in that country, however, they link this more to higher life expectancies in wealthier, 

developed countries than in poorer, developing counties.  

Figure 6.8 Internet Access and Internet Form Submission, By Respondent Age, 
2006 Census Eight Percent Sample 
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Figure 6.8 indicates that the distributions of Internet access and Internet form submission 

by age groups are slightly different. While Internet access peaks at the 40 to 49 year old 

age group, with a smaller peak for the youngest age group (15-19), and declines steadily 

from 40 to 49 as age increases, Internet form submission exhibits no peak at 15-19 years, 

peaks at 30-39 years, and has a small upward trend for the 90-99 group. The blip of 

Internet form submission density for the 90-99 age group is likely to be due to the low 

number of 90-99 year olds in the sample, and therefore a high level of variability. 

Once again there is a significant convergence of Internet access and Internet form 

submission amongst higher densities. However, also of note in Figure 6.8 is the 

divergence of Internet access and Internet form submission that occurred for those 

respondents aged 15 to 19; this concurs – at least in part – with the theory I presented in 

chapter 3 regarding age difference in Internet access and Internet use; while Internet 
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access may not vary greatly between teenagers and respondents in their twenties, Internet 

use shows significant variation.   

6.10 Place of Birth 

Chris Gibson (2003) found that local authorities in New South Wales that have high 

immigrant populations also had higher Internet access rates. However, Gibson suggested 

that this could be a factor of immigrants being more concentrated in urban areas that had 

higher overall Internet access. (Chris Gibson, 2003) 

In chapter 3, I theorised that area units with a high proportion of overseas-born 

respondents had a higher probability of Internet access than area units with a low 

overseas-born population. Results drawn from the individual unit record data re-enforce 

this: 71.2 percent of overseas born respondents in the eight percent sample have Internet 

access, while only 64.1 percent of respondents born in New Zealand have Internet access. 

Similar disparities are exhibited for Internet form submission: 11.0 percent of overseas 

born respondents submitted their census forms via the Internet, while only 6.6 percent of 

New Zealand born respondents did. 

Figure 6.9 Internet Access and Internet Form Submission, by Place of Birth, 
2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 
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However, Figure 6.9 suggests that determining Internet access by whether respondents 

were born in New Zealand or not is too simplistic; rates of access differ greatly 

depending on country of birth. While New Zealand born respondents do have a 

comparably low rate of Internet access and Internet form submission, respondents born in 

the Pacific Islands have the lowest rates. Internet access is highest amongst respondents 

born in developed, ‘western’ countries and Asia, while Internet form submission is 

comparably higher for North American born respondents.  The high rate of Internet 

access for respondents born in ‘Other Countries’ concurs with my theory that respondents 

who have a low compatriot communities are more likely to access the Internet to contact 

friends and family in their home countries, and find information and entertainment in 

their own languages.  

6.11 Student Status 

Hoffman and Novak (1998) found that being a student superseded almost any influence 

which ethnicity has on Internet use; in particular, amongst those students who own a 

personal computer, there was no significant difference in Internet access between African 

American and white students. However, there was a significant difference in numbers of 

students who own a personal computer – 73 percent of white students, compared to 32 

percent of African American students – a difference which persisted despite controlling 

for income. (Hoffman & Novak, 1998)  

Of the eight percent sample, 76.8 percent of students had access to the Internet, compared 

to 60.4 percent of non-students. Similar disparities were exhibited in the rates of Internet 

form submission; 8.5 percent of students submitted their census forms via the Internet, 

compared to 6.8 percent of non-students. Students are significantly more likely to have 

access to the Internet compared with non-students. 

6.12 Gender 

Technology has traditionally been a male domain – ‘a guy thing’ (Warf, 2001) – 

however, the influence of gender has been dismissed by most recent studies (Warf, 2001). 
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Bimber (2000) found that there were still gender differences in Internet access and the 

nature of Internet use. Bimber concludes differences in use can largely be explained 

through socioeconomic factors, however, differences in the nature of use reflect both 

socioeconomic factors, and ‘underlying gender-specific phenomena’ (Bimber, 2000), 

such as the content of the Internet. 

The results of the eight percent sample support the gender differences of the literature; 

63.8 percent of males have Internet access, compared to 61.8 percent of females – a 

difference that is significantly different. This gap is also present in terms of Internet form 

submission; 7.4 percent of males submitted their census forms via the Internet, while 6.7 

percent of females did. While these differences are not great, they are statistically 

significant, suggesting that technological stereotypes still exist in New Zealand. 

6.13 Settlement Type 

Those authors that look at both the socioeconomic and the geographic determinants of 

Internet use have found that socioeconomic variables have a greater quantitative are more 

significant than geographic variables. Specifically, LaRose and Mettler (1989) found that 

rural areas had older, less educated residents, who were employed in more extractive, 

‘blue collar’ occupations – all of which contributed more significantly towards access to 

information technology, creating a divide between urban and rural areas. Mills and 

Whitacre (2003) also found that people living in a metropolitan area were significantly 

more likely to have access to the Internet than people living in non-metropolitan areas. 

They also link this to wider social aspects of the digital divide, such as income and 

education levels, which generally tend to be lower in non-metropolitan areas than in 

metropolitan areas. 

Figure 6.10 indicates that those respondents that live in ‘main urban areas’ have a highest 

density of Internet access, followed closely by ‘rural areas’, with a significant dip in the 

density of the other three land settlement types. Respondents living in ‘wet areas’ 

(harbours and inland waterways) have a significantly lower Internet access rates, but are 
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likely to be subject to high levels of variability as the sample living in ‘wet areas’ is very 

small. 

In contrast to Internet access, the distribution of Internet form submission is substantially 

different; those respondents living in main urban areas have the highest density of 

Internet form submission, with little difference in the density of the other four settlement 

types.   

Figure 6.10 Internet Access and Internet Form Submission by Respondent 
Settlement Type Location, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

6.14 Internet Access Logistic Regression Model  

The previous section outlined the relationship between Internet access and Internet form 

submission and socioeconomic and settlement type variables. However, as was found in 

chapter 4, socioeconomic variables have a significant level of collinearly, whereby the 

degree of influence that a socioeconomic variable has on Internet access can in part 

explained by another socioeconomic variable. 

This section will now explore the socioeconomic influences on Internet access in series of 

controlled logistic regression models. Similar to chapter 4, the first models test the degree 
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to which settlement type influences Internet access – model 1 controls for socioeconomic 

variables, while model 2 tests the influence of geography by including settlement type 

variables as well. The degree to which these models alter the influence of the 

socioeconomic and settlement type variables will be compared with ‘uncontrolled’ 

logistic regressions. The degree of accuracy that the full socioeconomic and settlement 

type model (model 2) predicts Internet access will be assessed with by an l-fit test, and 

the mean residual error will be mapped and analyzed by territorial local authority.  

The influence of socioeconomic variables on Internet access will then be tested within 

population subgroups in a similar nature to how Mills and Whitacre explore the 

differences between metropolitan and non-metropolitan areas. I have taken this method a 

step further to explore the interaction of socioeconomic and settlement type variables 

within different ethnic groups, and between men and women. This allows the influence of 

quite specific socioeconomic groups to be tested – for example, the difference between 

Maori men and women. 

Note that for the remainder of this chapter, Internet form submission will not be used as a 

dependent variable. As outlined earlier, the size of the sample is constrained by the 

memory capabilities of Stata, and the Statistics New Zealand Data Lab computers, giving 

me a maximum workable sample of eight percent of the full census data set; this sample 

is sizable enough to allow detailed analysis of the 62.7 percent or 152,367 respondents 

who have Internet access. However, is not big enough to analyze the seven percent or 

17,028 respondents who submitted their census forms via the Internet at a robust 

confidence interval.  

Over all, the controlled models moderate the odds ratio values of most socioeconomic 

variables and settlement types – the influence of socioeconomic variables in the 

controlled models is significantly less than in the uncontrolled models. The differences in 

odd ratio values in models 1 and 2 are not significant, suggesting that compared to the 

influence that respondent’s socioeconomic characteristics, the influence of settlement 

type is not great. 
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Table 6.1 Internet Access, Full Logistic Regression Model, 2006 Census Eight 
Percent Sample,  

Uncontrolled Model 1 Model 2
Personal Income Loss 1.967 ** 1.286 ** 1.276 **

Zero 2.721 ** 1.797 ** 1.788 **
Base: $1 - $5,000 2.898 ** 1.537 ** 1.535 **
$10,001 - $15,000 $5,001 - $10,000 1.489 ** 1.095 ** 1.093 **

$15,001 - $20,000 1.172 ** 1.016 1.013
$20,001 - $25,000 1.528 ** 1.102 ** 1.097 **
$25,001 - $30,000 1.830 ** 1.228 ** 1.221 **
$30,001 - $35,000 2.124 ** 1.277 ** 1.269 **
$35,001 - $40,000 2.559 ** 1.413 ** 1.403 **
$40,001 - $50,000 3.231 ** 1.543 ** 1.530 **
$50,001 - $70,000 4.815 ** 1.898 ** 1.879 **
$70,001 - $100,000 6.375 ** 2.156 ** 2.123 **
Over $100,000 8.758 ** 2.721 ** 2.666 **
Level 1 Certificate 2.122 ** 1.548 ** 1.545 **
Level 2 Certificate 3.090 ** 1.996 ** 1.983 **

Base: Level 3 or 4 Certificate 3.544 ** 2.247 ** 2.217 **
No Qualifications Overseas School Qual 2.458 ** 1.558 ** 1.547 **

Level 1 Cert  Post School 2.059 ** 1.670 ** 1.663 **
Level 2 Cert  Post School 2.077 ** 1.576 ** 1.566 **
Level 3 Cert  Post School 2.271 ** 1.681 ** 1.673 **
Level 4 Cert  Post School 2.796 ** 1.878 ** 1.874 **
Level 5 Diploma 4.258 ** 2.521 ** 2.503 **
Level 6 Diploma 4.116 ** 2.672 ** 2.657 **
Bachelor  / Level 7 Deg 6.476 ** 3.158 ** 3.119 **
Post Grad / Honours Deg 7.050 ** 2.986 ** 2.955 **
Masters Degree 8.303 ** 3.386 ** 3.337 **
Doctorate Degree 8.081 ** 2.888 ** 2.832 **

Ethnic Identification New Zealand Maori (Sole) 0.790 ** 0.364 ** 0.367 **
New Zealand Maori (Mixed) 0.337 ** 0.668 ** 0.672 **

Base: Samoan 0.350 ** 0.458 ** 0.448 **
New Zealand European Cook Island Maori 0.354 ** 0.480 ** 0.473 **

Tongan 0.311 ** 0.451 ** 0.444 **
Niuean 0.452 ** 0.538 ** 0.528 **
Chinese 2.239 ** 1.577 ** 1.562 **
Indian 1.495 ** 1.171 ** 1.162 **
Other 1.914 ** 1.372 ** 1.373 **

Occupation Managers 4.359 ** 1.823 ** 1.817 **
Professionals 6.249 ** 1.857 ** 1.853 **

Base: Techicians and Trades Workers 2.419 ** 1.323 ** 1.328 **
Residual Categories (Inc NCommunity and Personal Workers 2.527 ** 1.498 ** 1.503 **

Clerical and Administrative Workers 3.836 ** 2.005 ** 1.993 **
Sales Workers 3.355 ** 1.760 ** 1.761 **
Machinary Operators and Drivers 1.479 ** 1.184 ** 1.190 **
Labourers 1.404 ** 1.072 ** 1.086 **

Age 15 - 19 0.859 ** 1.152 ** 1.147 **
20 - 29 0.628 ** 0.628 ** 0.624 **

Base: 30 - 39 0.847 ** 0.813 ** 0.812 **
40 - 49 50 - 59 0.883 ** 0.931 ** 0.933 **

60 - 69 0.525 ** 0.724 ** 0.728 **
70 - 79 0.229 ** 0.404 ** 0.407 **
80 - 89 0.105 ** 0.189 ** 0.189 **
90 - 99 0.069 ** 0.126 ** 0.126 **
100 and Over 0.166 ** 0.211 ** 0.212 **

Country of Birth UK/Ireland 1.657 ** 1.443 ** 1.434 **
Asia 2.211 ** 1.153 ** 1.129 **

Base: Pacific Islands 0.406 ** 0.606 ** 0.595 **

New Zealand Europe 1.703 ** 1.276 ** 1.261 **
Australia 1.644 ** 1.108 * 1.106 *
North America 3.084 ** 1.507 ** 1.499 **
Other country 2.893 ** 1.463 ** 1.435 **

Gender, Base: Female Male 1.089 ** 1.013 * 1.014 *
Studying Status Currently Studying 2.169 ** 1.647 ** 1.638 **
Settlement Type Secondary Urban Area 0.685 ** 0.852 **

Minor Urban Area 0.612 ** 0.804 **
Rural Centre 0.617 ** 0.773 **
Rural Area 1.007 0.999  

** Odds ratio is significant at P=0.01 level 
*  Odds ratio is significant at P=0.05 level 
Source: 2006 Census of Population and Dwellings 
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In order to assess the success of the predictability of the full logistic regression model 

(model 2), a Pearson’s chi-squared goodness-of-fit test was conducted (Table 6.2). The 

goodness-of-fit test concluded that success was more accurately predicted than failure – 

the logistic regression model accurately predicted Internet access for 86.6 percent of the 

respondents who actually had Internet access, while accurately predicting no Internet 

access for 70.4 percent of those respondents who did not have Internet access. The 

overall the full logistic regression model predicted whether or not a respondent had 

Internet access for 74.4 percent of the eight percent sample.  

Table 6.2 Goodness-of-Fit Full Logistic Regression Model (Model 2), 2006 
Census Eight Percent Sample  

 
 
              -------- True -------- 
Classified |         D            ~D  |      Total 
-----------+--------------------------+----------- 
     +     |    131796         41742  |     173538 
     -     |     20394         48477  |      68871 
-----------+--------------------------+----------- 
   Total   |    152190         90219  |     242409 
 
Classified + if predicted Pr(D) >= .5 
True D defined as IntHH != 0 
-------------------------------------------------- 
Sensitivity                     Pr( +| D)   86.60% 
Specificity                     Pr( -|~D)   53.73% 
Positive predictive value       Pr( D| +)   75.95% 
Negative predictive value       Pr(~D| -)   70.39% 
-------------------------------------------------- 
False + rate for true ~D        Pr( +|~D)   46.27% 
False - rate for true D         Pr( -| D)   13.40% 
False + rate for classified +   Pr(~D| +)   24.05% 
False - rate for classified -   Pr( D| -)   29.61% 
-------------------------------------------------- 
Correctly classified                        74.37% 
--------------------------------------------------  

The influence of models 1 and 2 on the odds ratio values of the socioeconomic variables 

will be dealt with independently, followed by settlement type. Predicted Internet access 

for all respondents within the sample will be estimated using the full logistic regression 

model, the mean residual error of which will be pooled by territorial local authority and 

assessed. 
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Figure 6.11 Probability of Internet Access, by Personal Income Brackets, Full 
Logistic Regression Models, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

The controlled models significantly moderate the probability of Internet access for the 

personal income brackets. While both models 1 and 2 still exhibit a similar distribution to 

the uncontrolled model, with a node at zero income and a significant upward slope as the 

income brackets get higher. The probability of Internet access in the controlled models is 

significantly moderated for higher income brackets, suggesting that the influence of other 

variables (such as income and occupation) on Internet access is stronger for high income 

respondents than lower income respondents. As Figure 6.11 indicates, there is no 

significant difference between the probability of Internet access in models 1 and 2. 
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Figure 6.12 Probability of Internet Access, by Highest Qualification, Full Model, 
2006 Census 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

N
o

Q
ua

lifi
ca

tio
ns

Le
ve

l 1
C

er
tif

ic
at

e

Le
ve

l 2
C

er
tif

ic
at

e

Le
ve

l 3
 o

r 4
C

er
tif

ic
at

e

O
ve

rs
ea

s
Sc

ho
ol

 Q
ua

l

Le
ve

l 1
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 2
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 3
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 4
 C

er
t 

Po
st

 S
ch

oo
l

Le
ve

l 5
D

ip
lo

m
a

Le
ve

l 6
D

ip
lo

m
a

Ba
ch

el
or

  /
Le

ve
l 7

 D
eg

Po
st

 G
ra

d 
/

H
on

ou
rs

 D
eg

M
as

te
rs

D
eg

re
e

D
oc

to
ra

te
D

eg
re

e

Highest Education Level

Pr
ob

ab
ilit

y 
of

 In
te

rn
et

 A
cc

es
s

Uncontrolled Model 1 Model 2
 

Source: 2006 Census of Population and Dwellings. 

The controlled models significantly moderate the probability of Internet access for 

respondent’s highest education level. However, the distributions of the controlled model 

and models 1 and 2 are similar; there is still a noticeable node of a probability of 0.78 for 

respondents with a Level 3 or 4 Certificate, and an upward slope from Level 1 Certificate 

Gained Post-School to higher qualifications. There is a noticeable deviation in the 

probability of Internet access between the uncontrolled model and models 1 and 2 for the 

highest qualification levels; in particular, in the uncontrolled model, the difference in the 

probability of Internet access for respondents with a Masters degree or a Doctorate is not 

significant, however, for models 1 and 2, there is a marked decline in the probability of 

Internet access for respondents with a Doctorate. This indicates that, similar to the case of 

high income brackets, there is a stronger external influence on the probability of Internet 

access for respondents with a Doctorate, compared to respondents with a Masters degree. 
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Figure 6.13 Probability of Internet Access, by Ethnic Group, Full Logistic 
Regression Model, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

Figure 6.13 indicates that while the probability of Internet access for those respondents 

who identify as either Chinese, Indian, or mixed Maori have been moderated by other 

variables in models 1 and 2, the probability of Internet access for the Pacific Peoples 

ethnic groups have increased. This is likely to be influenced by generally lower income 

and education levels amongst Pacific Peoples respondents (and therefore increased their 

probability) and comparably higher income and education levels amongst Chinese, Indian 

and mixed Maori respondents (and therefore moderating their probability). Also of note 

here is the relatively minor movement in the probability of Internet access for 

respondents that identify as sole Maori; while the probability of Internet access is 

statistically different in the uncontrolled model compared with models 1 and 2, the 

comparably small difference suggests that the influence of ethnicity is especially strong 

for sole Maori.   
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Figure 6.14 Probability of Internet Access, by Respondent Occupation, Full 
Model, 2006 Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

Figure 6.14 indicates that the probability of Internet access is significantly moderated for 

high-skilled occupations, but that there is significant convergence of the models for lower 

skilled occupations; for example, the probability of Internet access for ‘Professionals’ is 

moderated from 0.86 in the uncontrolled model to 0.65 in models 1 and 2, however, the 

movement in probability for ‘Labourers’ decreases from 0.58 to 0.52. Education, income 

and age are likely to influence to probability of Internet access for different occupations. 
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Figure 6.15 Probability of Internet Access, by Age Brackets, Full Model, 2006 
Census Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

Figure 6.15 indicates that the probability of Internet access for respondents aged 20 to 49 

does not change significantly from the controlled model to models 1 and 2, however, for 

the older age brackets there is significant probability movement. The probability of 

Internet access increases significantly in models 1 and 2 for respondents aged over 50, 

suggesting that these age brackets are influenced more by other socioeconomic variables 

than probability of Internet access for younger respondents. 

 

 

 

 

 

 



  140 

Figure 6.16 Probability of Internet Access, by Country of Birth, Full Model, 2006 
Census Eight Percent Sample 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

New  Zealand UK/Ireland Asia Pacif ic Islands Europe Australia North America Other country

Country of Birth

Pr
ob

ab
ilit

y 
of

 In
te

rn
et

 A
cc

es
s

Uncontrolled Model 1 Model 2
 

Source: 2006 Census of Population and Dwellings. 

Moderation of the rate of Internet access for foreign born respondents brings all the 

probability values (except those born in the Pacific Islands) to between 0.5 and 0.6. This 

narrow range of values suggests that country of birth in itself is not a significant influence 

of Internet access; rather it is likely that the differences in socioeconomic characteristics 

of respondents born in other countries that influences Internet access. The significant 

moderation of the probability of Internet access for Australian born respondents to similar 

level as New Zealand born respondents brings the results here into line with Chris Gibson 

(2003), who found that while local government authorities with high foreign born 

populations had a significantly higher Internet access rate, there was very little difference 

between local government authorities with high Australian and New Zealand born 

respondents. However, Chris Gibson’s assumption that the high Internet access rates 

among foreign born respondents can be rejected in Figure 6.16; the probability values of 

models 1 and 2 are not significantly different. 

While males have a significantly higher probability of Internet access compared to 

females, there is no significant difference in models 1 and 2. This indicates that any 

difference in the rates of Internet access for males and females can be explained in 
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differences in other variables; in controlled models, gender in itself does not influence the 

probability of Internet access.  

Without controlling for other socioeconomic characteristics, students are 2.2 times more 

likely to have Internet access than non-students, but within the controlled models, this 

odds ratio drops substantially to 1.6. The settlement type variables have a minor influence 

on the gap between students and non-students decreasing the odds ratio value slightly. 

Figure 6.17 Probability of Internet Access, by Settlement Type, Full Model, 2006 
Census 
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Source: 2006 Census of Population and Dwellings. 

The probability of Internet access by settlement type is significantly moderated in model 

2. The likelihood of respondents that live in rural centres and rural areas having Internet 

access is not significantly different from main urban areas in the uncontrolled or model 2, 

however respondents living in secondary or minor urban areas are significantly less likely 

to have Internet access. The results of both the uncontrolled model and model 2 suggest 

that the benefits of Internet access are greatest in main urban areas, and more remote rural 

areas. 
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6.13 Post-Estimation 

The goodness-of-fit test conducted earlier concluded that the full logistic regression 

model accurately predicted whether a respondent had Internet access or not for 74.4 

percent of the respondents in the eight percent sample; the model more accurately 

predicts success (86.6 percent) than it predicts failure (70.4 percent). The next section of 

this chapter will determine whether those cases which are not accurately predicted are 

systematically or randomly inaccurate. First, the predicted probability of Internet access 

is calculated using the full logistic regression model, of which the distribution of the 

residual error is assessed as to whether it is randomly distributed around a mean of 

approximately zero. Second, the mean residual error will be mapped by territorial local 

authority, and the geographic distribution of under and over predictions will be assessed. 

Confidentiality restrictions on statistical output from the Statistics New Zealand Data Lab 

dictate the post estimation methods used. The confidential checking process does not 

allow any output in which individual cases can be identified to be released. While 

producing a scatter graph for residual error of predicted probability of Internet access by 

the actual probability of Internet access was useful for analyzing the distribution of 

predictions in chapter 4, a similar graph would allow outliers to be identified, and 

therefore breaches the confidentiality rules. Similarly, while individual cases are 

allocated a randomly generated code that represents their area unit of residence, aligning 

codes with actual area units is deliberately ambiguous. The smallest geographic unit to 

which cases can be identified and pooled are territorial local authorities; while this means 

that a lot of the detail is lost (for example, the level of variation within the 24,849 sample 

respondents that reside in Auckland City could be very high) broad geographic 

differences such as metropolitan and non-metropolitan authorities can be accessed. 
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Figure 6.18 Dot-plot of Residual Error of Predicted Internet Access, 2006 Census 
Eight Percent Sample 
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Source: 2006 Census of Population and Dwellings. 

The mean residual error of predicted Internet access by territorial local authority suggests 

that model 2 is under predicting Internet access. Of the 75 territorial local authorities15, 

model 2 significantly (± 1 standard deviation from the mean) under predicts 11 territorial 

local authorities, while over predicting 10.  Of note here is that most metropolitan 

territorial local authorities are accurately predicted (the exception being North Shore City 

which is over predicted), while the more remote, sparsely populated territorial local 

authorities are less accurately predicted. This concurs with the results of chapter 4 (in 

particular, Figure 4.9), which suggested that the six settlement types are not specific 

enough to accurately reflect the differences in rural areas. 

 

 
                                                 
15 Including the Chatham Islands, which are under the administrative jurisdiction of Christchurch City. 
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Figure 6.19 Accuracy of Model 2, Predicted Internet Access by Territorial Local 
Authority, 2006 Census 
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6.15 Internet Access by Settlement Type 

So far this chapter, the influence of settlement type has shown little influence in the 

probability of Internet access in a full logistic regression model; the difference in the 

probability of Internet access for each socioeconomic variable exhibited very little 

variation between models 1 and 2. However, this does not mean that other socioeconomic 

variables behave in a consistent manner within the different settlement types. The next 

section of this chapter will explore the interaction of socioeconomic variables with 

different settlement types; in particular, the differences in the probability of Internet 

access for respondents living in ‘main urban area’ and those living outside these areas. 

The distinction between living in main urban areas or not was made on the basis that 72.1 

of the sample live in main urban areas. 

Mills and Whitacre’s (2003) study of Internet use in metropolitan and non-metropolitan 

areas in the United States found that not only did metropolitan areas have higher rates of 

Internet use than non-metropolitan areas, but the influence of respondent socioeconomic 

characteristics on Internet access behaved differently, depending on whether the 

respondent lived in a metropolitan or non-metropolitan area. For example, they find that 

the likelihood of Internet access increases as the age of respondents increases, but at a 

much faster rate in non-metropolitan areas compared with metropolitan areas. 

Overall, the differences in the probability of Internet access between main urban areas 

and the rest of the country are not large; most odds ratio values in the logistic regression 

model for respondents in main urban areas in Table 6.3 are within the confidence interval 

of the odds ratio values of those respondents who live outside main urban areas. The 

major exceptions to this are the probabilities of Internet access for respondents who 

identify with Pacific Island and Asian ethnic groups, and respondents born in Asia and 

Australia. These differences will be explored now. 
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Table 6.3 Logistic Regression of Internet Access by Settlement Type, 2006 
Census 

Main Urban Area Not Main Urban Area
Personal Income Loss 1.199 * 1.450 **

Zero 1.779 ** 1.790 **
Base: $1 - $5,000 1.484 ** 1.654 **
$10,001 - $15,000 $5,001 - $10,000 1.086 ** 1.103 *

$15,001 - $20,000 0.999 1.049
$20,001 - $25,000 1.091 ** 1.115 **
$25,001 - $30,000 1.222 ** 1.234 **
$30,001 - $35,000 1.248 ** 1.332 **
$35,001 - $40,000 1.385 ** 1.462 **
$40,001 - $50,000 1.505 ** 1.611 **
$50,001 - $70,000 1.788 ** 2.148 **
$70,001 - $100,000 2.076 ** 2.279 **
Over $100,000 2.682 ** 2.697 **
Level 1 Certificate 1.578 ** 1.483 **
Level 2 Certificate 2.024 ** 1.916 **

Base: Level 3 or 4 Certificate 2.303 ** 1.951 **
No Qualifications Overseas School Qual 1.566 ** 1.514 **

Level 1 Cert  Post School 1.796 ** 1.392 *
Level 2 Cert  Post School 1.622 ** 1.459 **
Level 3 Cert  Post School 1.723 ** 1.570 **
Level 4 Cert  Post School 1.870 ** 1.883 **
Level 5 Diploma 2.608 ** 2.311 **
Level 6 Diploma 2.660 ** 2.661 **
Bachelor  / Level 7 Deg 3.164 ** 3.054 **
Post Grad / Honours Deg 3.070 ** 2.633 **
Masters Degree 3.458 ** 2.954 **
Doctorate Degree 2.900 ** 2.703 **

Ethnic Identification New Zealand Maori (Sole) 0.367 ** 0.363 **
New Zealand Maori (Mixed) 0.678 ** 0.651 **

Base: Samoan 0.433 ** 0.830
New Zealand European Cook Island Maori 0.466 ** 0.506 **

Tongan 0.431 ** 0.582 **
Niuean 0.496 ** 1.108
Chinese 1.561 ** 0.895
Indian 1.169 ** 0.874
Other 1.326 ** 1.491 **

Occupation Managers 1.811 ** 1.943 **
Professionals 1.842 ** 1.884 **

Base: Techicians and Trades Workers 1.320 ** 1.340 **
Residual Categories (Inc Non-Skilled) Community and Personal Workers 1.497 ** 1.490 **

Clerical and Administrative Workers 1.926 ** 2.224 **
Sales Workers 1.726 ** 1.815 **
Machinary Operators and Drivers 1.131 ** 1.319 **
Labourers 1.089 ** 1.108 **

Age 15 - 19 1.173 ** 1.108 *
20 - 29 0.649 ** 0.547 **

Base: 30 - 39 0.798 ** 0.850 **
40 - 49 50 - 59 0.960 ** 0.878 **

60 - 69 0.752 ** 0.677 **
70 - 79 0.419 ** 0.374 **
80 - 89 0.192 ** 0.176 **
90 - 99 0.132 ** 0.107 **
100 and Over 0.131 ** 0.577

Country of Birth UK/Ireland 1.388 ** 1.565 **
Asia 1.161 ** 0.932

Base: Pacific Islands 0.603 ** 0.597 **
New Zealand Europe 1.287 ** 1.213 *

Australia 1.170 ** 0.964
North America 1.525 ** 1.454 **
Other country 1.424 ** 1.701 **

Gender, Base: Female Male 1.039 ** 0.951 *
Studying Status Currently Studying 1.605 ** 1.696 **
** Odds ratio is significant at P=0.01 level 
*  Odds ratio is significant at P=0.05 level 
‡  Dropped as predicts failure perfectly. 
Source: 2006 Census of Population and Dwellings 
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Of the sample population, 72.1 percent live in main urban areas, while 27.9 percent live 

outside of main urban areas. The rate of Internet access is significantly higher in main 

urban areas at 64.5 percent, compared with 58.3 percent for respondents outside main 

urban areas. 

There is a substantial deviation in the odds ratios values for those respondents who earn 

between $30,000 and $100,000; those respondents within these income brackets that live 

outside of main urban areas have a significantly higher likelihood of Internet access 

compared with those respondents living in main urban areas. For example, a respondent 

that lives in a main urban area and has a personal income of between $50,001-$70,000 is 

1.79 times more likely to have Internet access than a respondent with a personal income 

of $10,001-$15,000; however, a respondent that has a personal income of $50,001-

$70,000 and does not live in a main urban area 2.15 times more likely to have Internet 

access than a respondent with a personal income of $10,001-$15,000. This disparity is 

likely to be caused by higher connections costs outside of main urban areas, therefore the 

probability of Internet access for higher income respondents is comparably higher than 

low income respondents. The gaps in the probability of Internet access of low income 

respondents in main urban areas and non-main urban areas are illustrated in the median 

spine graph of respondent personal income, Figure 6.20. 
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Figure 6.20 Median Spline of Probability of Internet Access, by Personal Income 
for Main Urban Area and Non-Main Urban Area Settlement Types, Eight Percent 

Sample 2008 Census 

0
.1

.2
.3

.4
.5

.6
.7

.8
.9

1

P
ro

ba
bi

lit
y 

of
 In

te
rn

et
 A

cc
es

s
(M

ed
ia

n 
S

pl
in

e)

0 25000 50000 75000 100000 125000 150000
Personal Income

Main Urban Area Rest of New Zealand

Respodents Under 15 Years Not Included
Sources: 2006 Census of Population and Dwellings

 

Respondents with a secondary school qualification or a bachelor’s degree or higher and 

live in a main urban area are comparably more likely to have Internet access than 

respondents with the same qualifications living outside of main urban areas. For example, 

the probability of Internet access in urban areas progressively increases when a 

respondents highest qualification is a bachelor’s degree through to a masters degree, and 

tails off for doctorates. However, the likelihood of Internet access tails off earlier for 

respondents living outside main urban areas; the probability of Internet access falls from 

0.75 for a respondent with a bachelor’s degree to 0.72 for a respondents with a 

postgraduate or honours degree. These deviations in the probability of Internet access are 

likely to be influenced by the different occupations of less qualified and more qualified 

respondents; respondents in main urban areas whose highest qualification is from 

secondary school is more likely to be employed in basic clerical occupations, while the 

same qualification outside of main urban areas is likely to see someone employed in 

labouring or non-skilled occupations. 



 

  149 

While the two Maori ethnic groups exhibit little variation in the probability of Internet 

access, the Samoan, Niuean, Chinese, and Indian ethnic groups are not significantly 

different from the New Zealand European base outside main urban areas. The change in 

the Samoan and Niuean probability is likely to be a reflection on the low numbers of 

these ethnic groups outside of main urban areas; only 4 percent of Samoan respondents, 

and 7 percent of Niuean respondents live outside main urban areas. The density of 

Samoan and Niuean respondents therefore has resulted in an significant coefficient value. 

The difference in the Chinese and Indian probability of Internet access supports my 

prediction in chapter 4 that Asian respondents outside of main urban areas were less 

likely to be recent migrants than Asian respondents in main urban areas, and therefore, 

were more likely to have an Internet access rate closer to the dominant European 

population. 

The probability values of Internet access for different occupation groups suggests that 

there are greater disparities in Internet access between the occupation categories outside 

of main urban areas compared with main urban areas; the probability of Internet access 

for all occupation classifications outside of main urban areas is higher than the 

probability with main urban areas. The most substantial difference is exhibited in the 

probability of Internet access for Machinery Operators and Drivers. 

The probability values of Internet access for respondents born in Asia once again concur 

with the predictions made in chapter 4; a significantly larger Asian-born population 

within main urban areas registers a significant odds ratio value that indicates that their 

rate of Internet access is 1.16 times higher than the base New Zealand born respondents, 

however, a much smaller Asian born population fails to register any significant difference 

from New Zealand born outside of main urban areas. Moderation of other places of birth 

is likely to reflect a lower overall rate of Internet access outside of main urban areas. The 

exception to this are those respondents born in ‘other’ countries; this group is 

significantly smaller outside of main urban areas than it is within main urban areas, 

therefore is less likely to have a significant compatriot community for support, making 

long distance communication and gaining information in their native tongue much more 
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important than it would be if their native population was larger and their such a support 

community did exist. The importance of communication is compounded by the relative 

remoteness outside of main urban areas. 

Males are more likely to have Internet access in main urban areas than females, but this is 

reversed outside of main urban areas. Similar to the findings of DiMaggio et al, (2004), 

the trend in main urban areas is likely to be a hangover from a former male-dominance of 

computers, the Internet, and technology in general, while the females being more likely to 

have Internet access than males outside of main urban areas reflects the differing gender 

roles in more rural areas.  

6.16 Internet Access by Ethnic Group 

Many authors have found that the influence of ethnic identification on Internet access 

often supersedes other the influence of other socioeconomic variables. For example, 

Novak et al (1998) found that black respondents were significantly less likely to own a 

personal computer than white respondents on the same income level. Fairlie (2002) 

however, found that any racial differences in Internet access could be almost entirely 

accounted for in differences in education and income. 

This section will explore the interaction of the socioeconomic and settlement type 

variables with the dominant and largest minority ethnic groups; New Zealand European 

and New Maori, and will determine the differing levels of influence that socioeconomic 

and settlement type variables have for the different ethnic groups.  

Similar to the labour force participation research of Chapple and Rea (1998), I have 

already concluded that there are two quite distinct groups within the Maori ethnic group - 

those that only identify as Maori (sole Maori), and those that identify as Maori and at 

least one other ethnic group (mixed Maori) – mixed Maori have a significantly higher 

rate of Internet access than mixed Maori, therefore distinction is made between these two 

groups in the regressions in this section. Of the sample who identify as New Zealand 
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European, 65.1 percent had Internet access, compared to 56.8 percent of mixed Maori, 

and 35.8 percent of sole Maori. 

Table 6.4 Logistic Regression of Household Internet Access, by Respondent 
Ethnic Group Identification, 2006 Census 

Personal Income Loss 1.469 ** 0.963 0.954
Zero 2.159 ** 1.766 ** 1.405 **

Base: $1 - $5,000 1.701 ** 1.657 ** 1.247 *
$10,001 - $15,000 $5,001 - $10,000 1.071 * 1.158 1.051

$15,001 - $20,000 1.033 1.115 1.053
$20,001 - $25,000 1.105 ** 1.114 0.975
$25,001 - $30,000 1.217 ** 1.152 1.399 **
$30,001 - $35,000 1.281 ** 1.405 ** 1.471 **
$35,001 - $40,000 1.390 ** 1.459 ** 2.169 **
$40,001 - $50,000 1.467 ** 1.714 ** 2.319 **
$50,001 - $70,000 1.788 ** 2.271 ** 3.608 **
$70,001 - $100,000 1.967 ** 3.106 ** 4.819 **
Over $100,000 2.687 ** 3.931 ** 5.832 **

Highest Education Level Level 1 Certificate 1.543 ** 1.437 ** 1.551 **
Level 2 Certificate 2.007 ** 1.923 ** 1.986 **

Base: Level 3 or 4 Certificate 2.289 ** 2.995 ** 1.870 **
No Qualifications Overseas School Qual 1.753 ** 1.475 1.014

Level 1 Cert  Post School 1.645 ** 1.089 1.716 *
Level 2 Cert  Post School 1.605 ** 1.181 0.983
Level 3 Cert  Post School 1.727 ** 1.336 ** 1.518 **
Level 4 Cert  Post School 1.890 ** 1.868 ** 1.632 **
Level 5 Diploma 2.470 ** 2.195 ** 2.037 **
Level 6 Diploma 2.851 ** 2.649 ** 2.230 **
Bachelor  / Level 7 Deg 3.307 ** 3.294 ** 2.723 **
Post Grad / Honours Deg 3.147 ** 3.016 ** 2.865 **
Masters Degree 3.872 ** 4.123 ** 2.534 **
Doctorate Degree 3.803 ** 1.749 2.205

Occupation Managers 1.832 ** 1.939 ** 2.257 **
Professionals 1.899 ** 1.729 ** 2.116 **

Base: Techicians and Trades Workers 1.312 ** 1.364 ** 1.634 **
Residual Categories (Inc Non-Skilled) Community and Personal Workers 1.450 ** 1.373 ** 1.928 **

Clerical and Administrative Workers 2.007 ** 1.910 ** 2.156 **
Sales Workers 1.790 ** 2.073 ** 2.488 **
Machinary Operators and Drivers 1.141 ** 1.227 * 1.423 **
Labourers 1.079 ** 1.177 * 1.147 *

Age 15 - 19 1.044 1.024 1.310 **
20 - 29 0.567 ** 0.649 ** 0.858 **

Base: 30 - 39 0.815 ** 0.833 ** 0.966
40 - 49 50 - 59 0.902 ** 0.994 1.031

60 - 69 0.663 ** 1.057 1.022
70 - 79 0.355 ** 0.487 ** 0.995
80 - 89 0.159 ** 0.328 ** 1.140
90 - 99 0.112 ** 1.105 0.430
100 and Over 0.430 # ‡

Country of Birth UK/Ireland 1.602 ** 5.172 ** 1.424
Asia 1.040 2.041 ‡

Base: Pacific Islands 0.879 ** 1.632 2.691
New Zealand Europe 1.192 ** 0.312 #

Australia 1.035 1.028 1.220
North America 1.741 ** 0.784 1.984
Other country 2.387 ** ‡ #

Gender, Base: Female Male 1.044 ** 1.097 * 1.115 **
Studying Status Currently Studying 1.818 ** 1.756 ** 1.428 **
Settlement Type Secondary Urban Areas 0.824 ** 0.925 0.902

Minor Urban Areas 0.796 ** 0.798 ** 0.806
Base: Rural Centres 0.755814 ** 0.8678 0.83252
Main Urban Areas Rural Areas 0.998688 1.0235 0.95929

Wet Areas 0.319193 ** ‡ ‡

Sole MaoriMixed MaoriNZ European

 
** Odds ratio is significant at P=0.01 level 
*  Odds ratio is significant at P=0.05 level 
†  Dropped as predicts success perfectly 
‡  Dropped as predicts failure perfectly 
#  Dropped due to collunearity 
Source: 2006 Census of Population and Dwellings 
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There are three main areas where the probability of Internet access vary for different 

ethnic groups; the influence of personal income, highest education level, age, and gender. 

The gaps in the probability of Internet access between respondents with high incomes and 

respondents with comparably lower incomes is more pronounced for respondents who 

identified only with Maori ethnic groups. As Figure 6.21 illustrates, the probability of 

Internet access by personal income levels has a similar distribution for the three ethnic 

groups with an early peak for low income levels, followed by a through and a curved 

upward slope until the probability starts to plateau a personal income level of 

approximately $75,000. However, the probability of Internet access for sole Maori starts 

at a lower point, has a significantly lower early peak, but increases at a significantly faster 

rate, until the spline converges with the European and Mixed Maori ethnic groups – a 

sole Maori respondent who earns over $100,000 is almost 6 times more likely to have 

Internet access than a sole Maori respondent who earns $10,001 - $15,000, however, the 

same income gap for a European respondent makes Internet access only 2.7 times more 

likely. This suggests that the costs associated with Internet access are a significantly 

lower priority within a personal or household budget for sole Maori respondents on lower 

income levels, but that the differences in priority decline substantially as income 

increases.     
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Figure 6.21 Median Spline of Probability of Internet Access, by Personal Income 
for Main Ethnic Groups, Eight Percent Sample 2008 Census 
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Contrary to the influence of income, the gap between the probability of Internet access 

for respondents with high education levels and respondents with low income levels is 

significantly greater for European and mixed Maori respondents compared with sole 

Maori respondents; a sole Maori respondent whose highest qualification is a Masters 

degree is 2.5 times more likely to have Internet access than a sole Maori respondent with 

no formal qualifications. However, if the respondent was European they would be 3.9 

times more likely, and mixed Maori they would be 4.1 times more likely. 

The differences in the probability of Internet access by age reflect differing household 

structures of Maori and non-Maori; a Maori household is considerably more likely to 

have more than two generations in residence compared to non-Maori households. As all 

respondents within a household are either counted as having Internet or not, the gap 

between the probability of Internet access between older and younger Maori respondents 

is smaller than the gap between older and younger European respondents as older Maori 
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respondents are more likely to live in a with family members of younger generations, and 

therefore have a similar rate of Internet access.  

Sole Maori men are 1.14 times more likely to have Internet access than sole Maori 

women, compared to European men, who are only 1.04 times more likely to have Internet 

access than European women. Gender differences in Internet access between European 

and Maori reflect wider social deprivation issues surrounding Maori women; Chapple 

(2000) and MaGee (2001) state that Maori women are over represented in low income 

groups, low educational attainment groups, and unemployment figures, but that these 

gaps are closing slowly. However, the regression results in Table 6.4 suggest that the 

gaps are still significant. 

6.17 Conclusion 

This chapter undertook an individual unit level analysis of Internet access in New 

Zealand, setting out to establish the degree to which socioeconomic and settlement type 

variables influence the probability of individual Internet access. Many of the results of 

the area unit analysis from chapters 4 and 5 were tested and subsequently confirmed 

within the 8-percent sample used in this chapter. Density rates of Internet access by 

individual’s socioeconomic categories provided a platform for a logistic multivariate 

regression. The interaction of different socioeconomic variables was tested using multiple 

logistic regression models in the final part of this chapter. In particular, the results of this 

chapter confirmed the presence of ethnic gaps in Internet access; a respondent that 

identifies as sole Maori is 3 times less likely to have Internet access than a New Zealand 

European respondent, while a respondent that identifies with a Pacific Peoples ethnic 

group is two times less likely to have Internet access than a European respondent. The 

difference between sole Maori and European income compound differences in Internet 

access; the probability of Internet access for a sole Maori on a low income is substantially 

lower than a European respondent on the same income, however, these gaps close as 

personal income increases.    
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Chapter 7 – Conclusion  

7.1 Introduction  

The advent and proliferation of the Internet over the past two decades has paved the way 

for numerous social research projects exploring what the Internet is used for and how, 

who has access to it and – arguably more importantly - who does not have access. Despite 

New Zealand’s relatively high levels of Internet access – 58 percent of households in 

2006 – there is significant dearth in research specifically looking at the way access is 

distributed across the population – the digital divide. This thesis draws on the results of 

the 2001 and 2006 Census of Population and Dwellings to better understand who has 

access to the Internet in New Zealand, and who does not. 

Variations in Internet access have been attributed to differences in income, highest 

education level, ethnicity, and age, as well as geographic location and settlement type. 

The aim of this thesis was to estimate the magnitude and relative contribution of 

socioeconomic and geographic factors are in accounting for differences in Internet access 

in New Zealand. Each of these arguments, as well as less commonly documented factors 

were found to be correlated with household Internet access. 

7.2 Key Findings 

My analysis at the level of the individual census respondent revealed that socioeconomic 

factors were considerably more significant in determining household Internet access than 

location factors, such as settlement type. The multivariate ecological regression models 

estimating the probability of household Internet access  in area units showed that 

settlement type coefficient values in the second model were significant, but were reduced 

substantially once the socioeconomic controls were introduced. This concurs with the 

majority literature (eg. Mills & Whitacre, 2003) which found that while rural areas had a 

lower rate of Internet access than urban areas for example, these differences were due 

primarily to differing socioeconomic composition rather than differences associated 

directly with the settlement type.  
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The second main finding has been that Maori and Pacific Peoples ethnic group 

identifications are robust enough to withstand the influence of controlling for other 

socioeconomic determinants, such as income and education. This runs in direct contrast 

to the findings of Hoffman and Novak (1998), Fairlie (2002), and Baker and Coleman 

(2004), all of whom found that the influence that ethnicity had on Internet access was 

largely moderated by other socioeconomic determinants. My analysis found that the 

influence of ethnic identification is significant even within a controlled model; a 

European respondent is more than twice as likely to have access to the Internet than a 

Maori, Samoan, Cook Island or Tongan respondent, despite controlling for the influence 

of other socioeconomic, demographic, or geographic factors. Differences within ethnic 

sub-groups was also significant; in a controlled model, those respondents that identified 

solely as Maori were almost half as likely to have access to the Internet than respondents 

that identified as Maori as well as at least one other ethnic group. On top of these ethnic 

differences, the rate of Internet adoption from 2001 to 2006 in areas units with high 

Maori and Pacific populations is significantly slower, compared to those area units with 

low Maori and Pacific populations. This result suggests that not only are Maori and 

Pacific Peoples less likely to have access to the Internet compared to European and Asian 

respondents, but they are not likely to catch up to those ethnic groups that have high rates 

of household Internet access, creating a significant and growing ethnic digital divide in 

New Zealand. 

The third finding was that the level to which an area unit’s households had access to the 

Internet in 2006 was very much determined by the level of household Internet in 2001; 

those area units with a low proportion of households with Internet access in 2001 

increased their penetration rate more slowly than those area units with a high  initial level 

of household Internet access in 2001. This result suggests that there are areas in New 

Zealand that are getting ‘left behind’ in terms of access to the Internet. 

7.3 Contribution of this Thesis 

This thesis is also the first in-depth study into the geography of Internet access in New 

Zealand. Previous studies on Internet access in New Zealand have relied on market 
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research or specific survey data to examine a few specific questions regarding Internet 

access, often within specific groups; in contrast, this thesis has used individual unit record 

data and area unit composition data from the 2001 and 2006 census’ to draw specific 

conclusions about the socioeconomic, ethnic, demographic and geographic nature of 

Internet access in New Zealand. Like previous studies, I have analysed the behaviour of 

factors such as income level and education within societal groups, but unlike other 

studies, this has not been the limit of this research; a full socioeconomic, demographic, 

ethnic and geographic model has been constructed to determine a respondent’s 

probability of Internet access.  

This thesis makes a valuable contribution to geographic digital divide literature through 

exploring the role that geography (in the form of settlement type) plays in estimating a 

respondent’s probability of Internet access, while controlling for socioeconomic and 

ethnic differences. Early geographic literature talked about technology bringing about an 

‘end of geography’ (Graham, 1998; p. 166) or a ‘post city age’ (Webber, 1968), whereby 

geographic location would no longer determine the degree of interaction someone had 

with the rest of the world. More recently, qualitative geographic digital divide studies 

have looked at differences between urban and rural areas; LaRose and Mettler (1989) 

found that Internet access was higher in urban areas due to differences in occupation with 

urban respondents more likely to be employed in professional occupations  (LaRose & 

Mettler, 1989), while Chris Gibson (2003) found that Internet access was higher in New 

South Wales as local government authorities got closer to the Sydney metropolitan area 

(Chris Gibson, 2003). Grubesic and Murray (2002) found that in terms of market 

penetration,  population density was not an effective indicator of likely return for Internet 

service providers (Grubesic & Murray, 2002). Goolsbee and Klenow (2002) explored the 

contagion or ‘local spill-over’ effects on computer ownership, which they found can at 

least in part explain the geographic distribution of ownership (Goolsbee & Klenow, 

2002). My research found that, despite looking important in Figure 1.1, the geographic 

distribution of Internet access is influenced more by the geographic distribution of 

respondents with Internet access enhancing or detracting characteristics than by 

geography per se. Further to this, population density exhibited no significant influence on 
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Internet access in a multivariate model. The degree to which contagion effects influence 

Internet access was limited by the size of the sample, and has been highlighted as an 

agenda for future research. 

The general consensus of overseas literature in terms of access by ethnicity is that ethnic 

differences are insignificant when controlling for socioeconomic factors such as income 

and education level. The results presented in this thesis conclude that this is not the case 

in New Zealand; on the contrary, individual unit level analysis indicates that ethnic 

differences in household Internet access in New Zealand are robust enough to withstand 

socioeconomic differences; despite controlling for differing socioeconomic 

characteristics such as income and education levels, respondents who identify as Maori 

and Pacific Peoples are significantly less likely to have Internet access compared to New 

Zealand European or Asia respondents. 

Finally, this thesis feeds into wider research on indicators of socioeconomic deprivation 

in New Zealand. Trends in household Internet access have broadly followed other lines of 

social deprivation – low income, low educated, and ethnic minority respondents are 

significantly less likely to have household Internet access when compared to high 

income, highly educated European or Asian respondents. 

7.4 Limitation of this Research  

The primary limitation of this thesis relate to the data that has been used. While census 

data does provide a most complete survey of a population, the broad nature of questions, 

the self defined nature of responses, and undercount or over count of residents can create 

inaccuracies in data and results. 

While census data provides a unique insight into the entire population, in order to cater 

for the plethora of research interests that will use the data, script questions are left 

deliberately broad and brief. This is especially true for the dependent variable of this 

chapter – household Internet access. The census collects information on Internet access at 

the household level only – all household members are counted as either having Internet 
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access or not. This ignores variations in personal Internet use according to an individual 

respondent’s motivation, skills and time. At the other end of the spectrum, a respondent 

who has the skills, the financial means, time and motivation to use the Internet, and has 

regular access to the Internet at another location (such as a place of work, school, or 

municipal facilities), but does not have access within their home, is therefore counted as 

‘offline’. This is unlikely in practice. The Australian Census partially alleviates these 

irregularities with a more comprehensive two-fold Internet access and use question, 

asking about Internet use within the last week, and where the Internet was accessed from 

(Australian Bureau of Statistics, 2001; Heitjan & Rubin, 1991). A similar system of 

questioning in future New Zealand census would allow future research to explore Internet 

access in greater detail.  

Figure 7.1 ‘Age Stacking’ within Eight Percent Sample, 2006 Census 
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Source: 2006 Census of Population and Dwellings 

Census data also relies on respondents giving accurate, correct information, while 

interpreting the questions as the script architect had intended. However, this is not always 

the case, and the 2006 census provides two excellent examples. The first of these is the 
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existence of age heaping, whereby respondents intentionally or unintentionally round 

their age to the nearest 5 or 10 years, creating spikes in a demographic histogram (Heitjan 

& Rubin, 1991). Figure 7.1 suggests that age stacking existed in the 2006 eight percent 

sample. However, the influence of age stacking in chapter 6 was significantly mitigated 

through the use of discrete age brackets in testing.  

Responses to the ethnicity question for the 2006 census encountered interpretation issues, 

particularly around a well-publicized campaign encouraging respondents to state their 

ethnicity is New Zealander, rather than New Zealand European. New Zealander was 

advocated as a relevant ethnic option for respondents who were not recent migrants and 

“felt uncomfortable with the problematic terms New Zealand European and Pākehā, and 

who may have seen New Zealander as a more appropriate way of describing themselves” 

(Statistics New Zealand, 2007b). This resulted in approximately 11 percent of the 

population identifying as ‘New Zealanders’ at the 2006 census, compared to negligible 

figures in 1996 and 2001 (Figure 7.2). This created a level of inaccuracy when testing 

how much influence ethnicity had on the changing levels of Internet access from 2001 to 

2006 as the categories are not consistent.  

Figure 7.2 Ethnic Group Identification as a Percent of Total Population, 1996-
2006 Census 
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Under-count and over-count occur in census data when respondents are either missed or 

counted as being in two places at once. The 2006 census post enumeration survey found a 

2.0 percent undercount for the general population – slightly lower than the 2.2 percent 

undercount of the 2001 census. However, this undercount is not evenly distributed across 

the population, with Asian, Maori and Pacific Peoples having undercounts of 5.2 percent, 

3.1 percent, and 2.3 percent, respectively, and respondents aged between 15 and 29 

having an undercount of 4.1 percent.     

While this thesis has touched on the supply of Internet in the literature review, the 

influence of supply was seen as beyond the scope of what is essentially a demographic 

analysis. The supply of Internet infrastructure (such as free access to a Point of Presence 

server allowing toll free analogue Internet access, and ready access to a broadband 

network) has been analyzed in rural areas (Malecki, 2003) and urban areas (Grubesic & 

O'Kelly, 2002), as well as analysis of Internet service provider market efficiencies 

(Grubesic & Murray, 2002). It is likely that infrastructural constrains to Internet exist in 

New Zealand as well – for example, Butt (2000) makes reference to magnetic fields 

produced by farmer’s electric fences as being a significant hindrance to Internet access in 

rural areas (Butt, 2000). Such infrastructural limitation is an area for future research. 

7.5 Further Research 

There are multiple dimensions to which the research undertaken in this thesis could be 

extended. Firstly, as mentioned above, research into the impact of Internet infrastructure 

on access and use would be a useful segue way and would complement the analysis done 

in this thesis. This thesis used socioeconomic, ethnic, demographic, and geographic 

characteristics to determine the likelihood of Internet access. It is likely that not having 

the infrastructural means to access the Internet is also a significant factor.  

This thesis has taken a primarily quantitative, positivist approach to the subject matter 

because the data came most extensively in this form. My exploration of the underlying 

causes of statistical differences in Internet access is undertaken through the testing of 

statistical models in which a range of variables are specified as playing particular roles. A 
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qualitative analysis into the underlying arguments lies beyond the scope of this study, but 

would be a worthwhile extension.  

The use of Internet census form submission as a dependent variable was underutilised in 

the course of this thesis. While uptake of the Internet form submission option was not 

high (approximately 7 percent), it creates a proxy for Internet use on top of household 

Internet access. Access and use are not the same – Internet form submission may create 

new, complimentary perspective on Internet use in New Zealand. 

The next New Zealand Census in 2011 will provide researchers with a third set of 

household Internet access census data. Data from the 2011 Census – and subsequent 

census’ – will allow a comprehensive longitudinal statistical history of household Internet 

access in New Zealand to be developed as an ongoing research project. 

Finally, issues surrounding Maori and Pacific People’s low Internet access rates raise 

several wider issues of greater importance; as Internet access moves from being a luxury 

to a necessity for life in 21st century New Zealand, full participation across all groups is 

essential. Public and social policy surrounding these low participation rates, and how it is 

affecting Maori and Pacific Peoples in other arenas (such as education and civic 

engagement) needs attention immediately before Maori and Pacific Peoples fall further 

behind.  
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