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ABSTRACT 1 
Connectivity has become a major issue in socio-economic growth in today’s world. A 2 

significant pressure exists on individuals to be connected to society, especially in terms of mobility 3 
and technology. This paper examines trends in connectivity in Ireland in the context of accessibility to 4 
transport, computer availability and access to broadband. The paper identifies whether certain areas 5 
suffer from lack of connectivity and where this inequity exists. Though literature and media exist on 6 
certain types of connectivity inequity, few studies have examined whether multiple forms of inequity 7 
are interrelated. 8 

The study uses Multinomial Logistic (MNL) regression analysis to analyse Irish census data. 9 
Inequity was found in transport, broadband and computer access and there appeared to be a degree of 10 
interrelatedness between them.  How the different levels of access related to deprivation of an area 11 
was a key focus of the work.  As expected, the proportion of households with broadband and 12 
computer access is higher in cities. There are a higher proportion of private transport users in rural 13 
areas and a higher mean number of cars per households. Private transport users are more likely to 14 
have a long commute time. The proportion of working higher and lower professionals is an indicator 15 
of whether broadband and computer access are common in an area.  Broadband access is more likely 16 
in areas where male unemployment is low, while the affluence of an area affects the likelihood of 17 
homes having computer access.  18 
 19 
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INTRODUCTION 1 
Connectivity is an increasingly important requirement today. Locations that suffer from a lack 2 

of connectivity can also suffer from consequent social exclusion (1) and this can have a very 3 
detrimental impact on the life of an individual. Understanding the need for transport, computer and 4 
broadband access and, their interrelatedness is important to help identify how failures in the supply of 5 
these crucial infrastructures can impact on living standards. 6 

The need for access to public transport has been well documented (2) and governments have 7 
put significant measures in place in recent years to encourage its use (3).  The rise in the use of, and 8 
indeed dependency on, computers and latterly broadband has been revolutionary to the point where 9 
access to both has become not a luxury but a fundamental necessity in recent years. There is now a 10 
key requirement for people to be literate in a technological context (4) due to an increase in the use of 11 
computers and internet features in every aspect of daily life. 12 

  13 
Transport 14 

Lack of accessibility to transport is a barrier to opportunity and one which can exacerbate 15 
social exclusion in many rural areas. Publically available online resources for GIS assessment can be 16 
utilized to promote distributive justice, as transportation practitioners design, analyze alternatives, and 17 
assess community impacts of transportation projects (5). Despite a prosperous economy in Ireland, 18 
there has been a lack of commitment to rural infrastructural deficiencies particularly in terms of public 19 
transport (6).  Other research found that respondents in a younger age bracket were more likely to be 20 
less satisfied with public transport than older respondents (7). This was despite the fact that the 21 
younger respondents reported a more frequent use of public transport. Another study identified 22 
hotspots in Ireland where forced car ownership is most prevalent and is more likely to be in cases 23 
where citizens have low public transport accessibility and have a lower income than the national 24 
average (8).  25 

Studies have also shown that satisfaction with their commute can have a direct impact on 26 
subjective well-being and quality of life of individuals (9). With passengers becoming increasingly 27 
environmentally conscious, and valuing sustainability more, their behaviours become more eco-28 
friendly (10). A transportation app was used to collect data about transportation behaviours among 29 
underserved population members to ensure equitable transportation planning (11). Overall 30 
accessibility and equity level of the highway network were found to be higher than that of the railway, 31 
and temporal accessibility in some regions was significantly different, whereas the spatial 32 
accessibility in others indicated the most unfair distribution (12). 33 

   34 
Computer and Broadband Access 35 

Remote connectivity is becoming increasingly important as shown during the COVID-19 36 
pandemic. Computer and internet access have revolutionized the amount of information available to 37 
the average person that has the means and interest to explore it (13). An experiment conducted (4) 38 
found that differences in access to home computers translate into disparities in computer skills, which 39 
may have negative consequences for future educational, labour market and other economic outcomes.  40 

Previous research has shown that digital inequalities still exist (4, 13, 14). Low-income 41 
communities have struggled with gaining access to computers and internet technology due to a lack of 42 
resources and opportunities. Another study (15) found that computer access has a different effect on 43 
certain individuals, depending on their resources and social categories, these being gender, age, and 44 
education.  45 

Broadband offers unlimited opportunities such as improving education using distance 46 
learning, working from home or starting independent businesses, making better-informed health 47 
decisions and finding lower-priced goods and services (16). Broadband access in an area has also 48 
been shown to positively impact income growth and negatively influence unemployment growth (17). 49 
These impacts have a strong effect on attracting business to an area and increasing income generation 50 
(18), among the other advantages of broadband access outlined above. Other research (19) used a new 51 
measure of broadband adoption to study community-level education impacts and found that 52 
broadband adoption is related to higher test scores at the county level; the effect is greatest for Black, 53 
Latino, and low-income students.   54 
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The geography of broadband infrastructure and investments was found to result in variable 1 
service provision, and therefore, large disparities exist in access and performance within different 2 
geographical locations (20). Although average broadband speeds have improved over time, inequity 3 
was found to emerge between different societal groups and locations. This inequity especially exists 4 
in rural areas as these areas lag urban areas in terms of broadband availability and speed (21).  5 

The Irish Central Statistics Office (CSO) data indicated that 91% of households in the country 6 
had an internet connection (22). Fixed broadband connection was highest in the Dublin region at 92%, 7 
compared with the Border and Midland regions, at 71% and 69% respectively.  Other data from the 8 
CSO (23) indicated that internet usage in the previous three months was extremely high in the 16 to 9 
29 years age group, with 96% of these users using the internet daily. Despite availability of 10 
broadband, a study (24) found that Ireland was slower than many other developed countries to 11 
introduce the fastest forms of broadband access.  12 

With these points in mind, the first objective of the research was to study and analyse Irish 13 
census data to gain insight into local levels of connectivity to transport, broadband and computers in 14 
Ireland.  A further objective is to determine whether relationships exist between the level of 15 
deprivation in an area and the levels of connectivity in that area across the three key platforms of 16 
transport, computer and broadband. A wide range of socio-economic variables will be investigated to 17 
assess their importance to accessibility to the three platforms.  The final objective was to explore how 18 
transport, computer and broadband access may be interrelated. 19 

  20 
METHODS 21 
 22 
Data 23 

Data for the 2016 National Census Small Area Population Statistics (SAPS) was provided by 24 
the Central Statistics Office (CSO) (25).  This SAPS dataset divides Ireland into over 3,409 regions 25 
and the focus of the research presented here was on the answers to census questions on commuting, 26 
motor car availability, person computer (PC) ownership and internet access themes.   27 

Another dataset used in the analysis was the 2016 Census Deprivation Index database (26) as 28 
the data outlines several key factors when investigating inequity.  It examines the comparative 29 
deprivation of each small area in Ireland based on certain factors.  30 

The factors considered in the analysis what they measure are:  31 
• Total population of an area. 32 
• Age dependency ratio: the percentage of people in an area outside the working age of 15-33 

64. 34 
• Lone parent ratio: the percentage of lone parent households in an area. 35 
• Proportion with third level education: the percentage of population in an area with a third 36 

level degree. 37 
• Male and female unemployment rate: the percentage of each gender within the working 38 

age in an area without a job. 39 
• Proportion of owner-occupied households: the percentage of households in an area 40 

occupied by the legal owner of the household. 41 
• Absolute Deprivation Index (ADI) score: allocated deprivation rating of an area based on 42 

a relative scoring system developed by (26). 43 
• Proportion of higher and lower professionals: the percentage of people in an area 44 

employed as qualified professionals and qualified associate professionals or technicians. 45 
 46 

Modelling Method 47 
Multinomial logistic (MNL) regression, where an outcome (dependent) variable that is 48 

categorical can be predicted using predictor (independent) variables that are continuous or categorical, 49 
was used in the analysis (27).  It is possible to compare a reference category to several different 50 
categories rather than just one by breaking the dependent variable down into a series of comparisons 51 
between two categories. Mathematically, MNL regression can be represented in the following form 52 
(27): 53 
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𝑃(𝑌) =
1

1 + 𝑒−(𝑏0+𝑏1𝑋1+…+𝑏𝑛𝑋𝑛+𝜀)
 1 

• P(Y) = Probability of Y occurring, in this case that the area falls into one of the 2 
categories examined 3 

• b = Regression coefficient 4 
• X = Predictor/Independent variable 5 
• Ɛ = Random error term 6 

 7 
Modelling Scenarios 8 
 9 

The relationship between connectivity and deprivation of an area was the first analysis 10 
conducted.  Several models were set up to examine this as shown in Table 1.  Each model used a 11 
specific set of independent variables selected based on their potential contribution in helping predict 12 
the dependent variable (see Table 1).  The first three models examined the relationship between 13 
deprivation and access. The following three were used to examine commuters’ habits in terms of the 14 
method of commute, the time of their commute and the deprivation index score for the area in which 15 
they lived. The dependent variable and its categories are presented in Table 1 along with the 16 
independent variables with explanations as to why they were chosen.   17 
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TABLE 1.  Connectivity and deprivation model description (note Ref: means reference category) 

 

Model Independent Variables Why

1. Broadband Access Total Population Well documented that lower population areas have less access to broadband.

<40% households  - very low access Male Unemployment Lower household income may result in a lower chance of having broadband.

40-54% households  - low access Lone Parent Ratio A lone parent household often has a lower income.

55-69% households - medium access Proportion with third level education Households with college students may require broadband.

70-85% households - high access Proportion of higher and lower professionalsHouseholds with working professionals may require broadband.

>85% households - very high access (Ref) Absolute Deprivation Index Score Examine whether lack of broadband is a factor in deprivation.

2. Computer Access Male Unemployment Lower household income may result in a lower chance of owning a computer.

<55% households - very low access (Ref) Lone Parent Ratio A lone parent household often has a lower income.

55-64% households - low access Proportion with third level education Households with college students may require computer access.

65-75% households - high access Proportion of higher and lower professionalsHouseholds with working professionals may require computer access.

>75% households - very high access Absolute Deprivation Index Score Examine whether lack of computer access is a factor in deprivation.

3. Number of Cars Total Population More populated places tend to have more access to public transport.

<1.2 cars / household - very low #cars (Ref) Male Unemployment Lower household income may result in less cars bought.

1.2-1.382 cars / household - low #cars Female Unemployment Lower household income may result in less cars bought.

1.383-1.565 cars / household - medim #cars Lone Parent Ratio A lone parent household may require a fewer number of cars.

1.565-1.749 cars / household - high #cars Proportion of owner occupied households Rented households may be less likely to own a number of cars than owned households.

>1.75 cars / household - very high #cars Absolute Deprivation Index Score Examine whether the number of cars/household is a factor in deprivation.

4. Commute Type – Private Transport Total Population More populated places tend to have more access to public transport.

<53% commuters using private transport - very low PrivateT (Ref) Age Dependency Ratio Areas with a lower age dependency ratio more likely to commute to school and work.

53-61% commuters using private transport - low PrivateT Proportion of owner occupied households Rented households may be less likely to use cars for commute than owned households.

62-70% commuters using private transport - medium PrivateT Proportion of higher and lower professionalsAreas with a high number of professionals more likely to have higher commuting times.

71-79% commuters using private transport - high PrivateT Absolute Deprivation Index Score Examine whether the mode of commute is a factor in deprivation.

>80% commuters using private transport - very high PrivateT

5. Commute Type - Public Transport Total Population More populated places tend to have more access to public transport.

<5% commuters using public transport - very low PublicT (Ref) Age Dependency Ratio Areas with a lower age dependency ratio more likely to commute to school and work.

5-9% commuters using public transport - low PublicT Proportion of owner occupied households Rented households may be less likely to use cars for commute than owned households.

10-14% commuters using public transport - medium PublicT Proportion of higher and lower professionalsAreas with a high number of professionals more likely to have higher commuting.

15-19% commuters using public transport - high PublicT Absolute Deprivation Index Score Examine whether the mode of commute is a factor in deprivation.

>20% commuters using public transport - very high Public T

6. Commute Type - On foot/Bicycle Total Population More populated places tend to have a shorter commute.

<3% commuters walking/cycling - very low Walk_Cycle (Ref) Age Dependency Ratio Areas with a lower age dependency ratio more likely to commute to school and work.

3-5% commuters walking/cycling - low Walk_Cycle Proportion of owner occupied households Rented households may be less likely to use cars for commute than owned households.

6-8% commuters walking/cycling - medium Walk-Cycle Proportion of higher and lower professionalsAreas with a high number of professionals more likely to have higher commuting.

9-11% commuters walking/cycling - high Walk-Cycle Absolute Deprivation Index Score Examine whether the mode of commute is a factor in deprivation.

12% commuters walking/cycling - very high Walk_Cycle
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Once the models in Table 1 had been completed, connectivity was further examined, again 1 
using MNL regression, to identify which areas in Ireland suffer from lack of connectivity and whether 2 
some of these areas suffer from multiple forms of connectivity deprivation. The locations were 3 
examined at two levels, (i) city and rural areas, and (ii) Regional Authority (RA) areas.  Analysis was 4 
also conducted to determine whether an area’s deprivation score was related in the same way to 5 
different forms of connectivity. How these relationships were modelled and analysed is outlined 6 
below.  7 
 8 
Broadband and Computer Access vs Number of Cars in a Household 9 

Two separate models were used to obtain a relationship between broadband access and the 10 
number of cars in a household and computer access and the number of cars in a household. The car 11 
ownership variable was the proportion of houses in an area with no cars, 1 car and 2 cars, 12 
respectively. These variables, labelled NoCarPop, OneCarPop and TwoCarPop, were then used as the 13 
independent variables.  A similar method was used to set up the computer access / car ownership 14 
model. 15 

 16 
Commute Type vs Commute Time 17 

To examine more fully transport inequity, three further models were run focusing on 18 
commuter habits and to examine the mode of commuting and the time taken for that trip. The forms of 19 
transport examined were private transport, public transport and active modes. The dependent variables 20 
and categories for all models remained the same as outlined earlier.  The independent variables were 21 
defined by finding the proportion of commuters with a commute time of under 30 minutes 22 
(U30minProp), 30  to 59 minutes (U60minProp) and an hour or more (60+minProp) respectively in an 23 
area.  24 

 25 
Connectivity vs Location 26 

Location and its relationship with connectivity was examined at two levels (i) city and rural 27 
areas and (ii) RA areas.  All areas within cities were defined as urban and all other areas were defined 28 
as rural.  These designations were dictated by the census data, and it was not possible to work at a 29 
more granular level.  It should be noted, on this basis, that large towns in rural areas would have been 30 
classed as rural in the analysis.   31 

There were eight RAs in Ireland in 2016, which covered several counties in most cases.  32 
Using the two different geographical levels mentioned above the influence of where an area is situated 33 
on its connectivity could be measured. The factors of connectivity that were analysed for MNL 34 
regression were very similar to the first round of MNL regression analysis, but commute time was 35 
also examined.  36 
 37 
Deprivation Score as a Dependent Variable 38 

Modelling the Deprivation Score as a dependent variable was the final model examined (26). 39 
Areas were given a deprivation rating based on their score relative to all other area’s scores. The areas 40 
were then categorised by their rating to obtain a dependent variable. The categories for this variable 41 
were: less than -10 = Very Deprived (Ref), Deprivation score of -10 – -6.1 = Deprived, Deprivation 42 
score of -6.1 – -2.1 = Medium, Deprivation score of -2.1 – 1.9 = Prosperous, Deprivation score of 2 or 43 
more = Very Prosperous. The proportion of houses in an area with no cars, 1 car and 2 cars were 44 
again used as independent variables. The proportion of computer and broadband access that had 45 
previously been used to categorise areas based on their connectivity were also used as continuous 46 
independent variables. 47 
 48 

 49 
RESULTS 50 

The MNL results table for the model examining broadband access and deprivation is provided 51 
in Table 2. The Nagelkerke R2 value of 0.388 indicates a model of acceptable level of significance.  52 
The reference category is very high broadband access and shading in the table indicates statistical 53 
significance at the p < 0.05 level. 54 
 55 
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TABLE 2. MNL parameter estimates for the Model 1: broadband access vs deprivation 1 

Broadband Access vs Deprivation 

Area Accessa         95% Confidence Interval for 
Exp(B) 

    B Std. 
Error 

Sig. Exp(B) Lower 
Bound 

Upper 
Bound 

                

Very Low Access Intercept 12.745 1.594 0.000       

  LoneParent -0.115 0.029 0.000 0.891 0.843 0.943 

  HighEducation -0.050 0.038 0.190 0.951 0.883 1.025 

  MaleUnemploy 0.216 0.087 0.013 1.241 1.047 1.471 

  TotalPopulation -0.002 0.000 0.000 0.998 0.998 0.999 

  DeprivationScore 0.027 0.112 0.809 1.027 0.825 1.279 

  HighLowPro -0.175 0.028 0.000 0.840 0.795 0.887 

                

Low Access Intercept 14.677 1.482 0.000       

  LoneParent -0.104 0.028 0.000 0.901 0.854 0.952 

  HighEducation -0.077 0.035 0.029 0.926 0.864 0.992 

  MaleUnemploy 0.244 0.085 0.004 1.276 1.080 1.509 

  TotalPopulation -0.001 0.000 0.000 0.999 0.999 0.999 

  DeprivationScore 0.132 0.108 0.221 1.141 0.924 1.408 

  HighLowPro -0.206 0.030 0.000 0.814 0.768 0.862 

                

Medium Access Intercept 14.215 1.437 0.000       

  LoneParent -0.090 0.027 0.001 0.914 0.866 0.965 

  HighEducation -0.049 0.034 0.153 0.952 0.891 1.018 

  MaleUnemploy 0.233 0.085 0.006 1.263 1.069 1.491 

  TotalPopulation -0.001 0.000 0.000 0.999 0.999 0.999 

  DeprivationScore 0.135 0.106 0.205 1.144 0.929 1.408 

  HighLowPro -0.212 0.029 0.000 0.809 0.765 0.856 

                

High Access Intercept 9.757 1.383 0.000       

  LoneParent -0.061 0.027 0.026 0.941 0.892 0.993 

  HighEducation 0.008 0.033 0.812 1.008 0.945 1.075 

  MaleUnemploy 0.176 0.085 0.037 1.192 1.010 1.407 

  TotalPopulation 0.000 0.000 0.000 1.000 1.000 1.000 

  DeprivationScore 0.096 0.105 0.359 1.101 0.896 1.351 

  HighLowPro -0.175 0.028 0.000 0.840 0.795 0.887 

a. The reference category is: Very High Access 
R2 = .388 (Nagelkerke) 

     

Note: The variable names explained as: LoneParent – lone parents’ ratio, HighEducation – proportion with third 2 
level education, MaleUnemploy – male unemployment rate, FemaleUnemploy – female unemployment rate, TotalPopulation 3 
– An area’s total population, DeprivationScore – Absolute Deprivation Index score, HighLowPro – Proportion of higher and 4 
lower professionals, AgeDependency – Age dependency ratio, OwnersHouse – Proportion of owner-occupied households 5 

 6 
When the B coefficients or odds ratios (Exp(B)) are examined, the following conclusions can 7 

be drawn. 8 
• An area with a high proportion of male unemployment is less likely to be an area with 9 

very high broadband access. 10 
• An area with a high proportion of higher and lower professionals is more likely to be an 11 

area with very high broadband access. 12 
• An area with a high lone parent ratio is more likely to be an area with high broadband 13 

access than low and very low access. 14 
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Results for Model 2, the computer access vs deprivation model resulted in a model with a 1 
Nagelkerke R2 value of 0.422 and this exceeded the required threshold for model significance of 0.25 2 
(27). The table of result outputs are not included due to space limitations.  It was found that the lone 3 
parent, higher education and male unemployment variables were not significant. The reference 4 
category in this case was the low access category.  Deprivation score and the number of professionals 5 
in an area were found to be statistically significant variables for this model.  If an area’s deprivation 6 
score is increased by a unit of 1 (deprivation is decreased), the change in odds (CIO) of the area being 7 
in the high rather than low access category is 1.163 and in the very high rather than low access 8 
category is 1.205; indicating that an area that is affluent is less likely to be an area with low computer 9 
access.  If the proportion of higher and lower professionals in area is increased by 1, the CIO of the 10 
area being in the high rather than low access category is 1.112 and in the very high access category 11 
rather than the low access category is 1.218; indicating that an area that has a high proportion of 12 
higher and lower professionals is less likely to be an area with low computer access than high and 13 
very high access. 14 

The results for Model 3, number of cars per household (CPH) vs deprivation, are shown in 15 
Table 3. This model was also found to be substantively significant, with a Nagelkerke R2 value of 16 
0.495.   17 

Examining the B and/or the Exp(B) values in the table, the following conclusions can be 18 
drawn. 19 

• An area with a high lone parent ratio is more likely to be an area with a very low mean 20 
number of CPH. 21 

• An area with a high proportion of male unemployment is more likely to be an area with a 22 
very low mean number of CPH than an area with a high and very high mean number of 23 
CPH. 24 

• An area that is affluent is less likely to be an area with a very low mean number of CPH 25 
than an area with a very high mean number of CPH. 26 

• An area with a high proportion of owner-occupied households is less likely to be an area 27 
with a very low mean number of CPH than an area with a high and very high mean 28 
number of CPH. 29 

Table 4 shows the results found for the relationships between private transport and 30 
deprivation (Model 4). The Nagelkerke R2 value, of 0.306, showed sufficient significance in the 31 
model and the results have been interpreted below. 32 

 33 
 34 
 35 

 36 

 37 

 38 

 39 

 40 

 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 
 50 
 51 
 52 
 53 
 54 
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TABLE 3. MNL parameter estimates for the car ownership vs deprivation model. 1 

No. of Cars vs Deprivation 

#Carsa         
95% Confidence Interval for 

Exp(B) 

    B 
Std. 

Error Sig. Exp(B) 
Lower 
Bound 

Upper 
Bound 

Low #Cars Intercept -1.987 0.942 0.035       

  LoneParent -0.101 0.013 0.000 0.904 0.882 0.927 

  MaleUnemploy -0.072 0.025 0.003 0.930 0.886 0.976 

  FemaleUnemploy 0.058 0.026 0.025 1.060 1.007 1.114 

  TotalPopulation 0.000 0.000 0.147 1.000 1.000 1.000 

  DeprivationScore -0.070 0.030 0.019 0.933 0.880 0.988 

  OwnersInHouse 0.058 0.009 0.000 1.059 1.041 1.078 

                

Medium #Cars Intercept -3.637 0.960 0.000       

  LoneParent -0.116 0.012 0.000 0.891 0.869 0.913 

  MaleUnemploy -0.104 0.024 0.000 0.901 0.860 0.945 

  FemaleUnemploy 0.066 0.025 0.009 1.068 1.016 1.122 

  TotalPopulation 0.000 0.000 0.151 1.000 1.000 1.000 

  DeprivationScore -0.064 0.028 0.024 0.938 0.887 0.992 

  OwnersInHouse 0.095 0.009 0.000 1.099 1.080 1.120 

                

High #Cars Intercept -6.118 1.025 0.000       

  LoneParent -0.117 0.013 0.000 0.889 0.868 0.912 

  MaleUnemploy -0.120 0.025 0.000 0.887 0.845 0.931 

  FemaleUnemploy 0.090 0.025 0.000 1.094 1.041 1.150 

  TotalPopulation 0.000 0.000 0.004 1.000 1.000 1.000 

  DeprivationScore 0.002 0.029 0.938 1.002 0.947 1.060 

  OwnersInHouse 0.134 0.010 0.000 1.143 1.121 1.166 

                

Very High #Cars Intercept -10.635 1.255 0.000       

  LoneParent -0.125 0.014 0.000 0.882 0.858 0.908 

  MaleUnemploy -0.091 0.028 0.001 0.913 0.865 0.964 

  FemaleUnemploy 0.092 0.028 0.001 1.097 1.038 1.158 

  TotalPopulation 0.000 0.000 0.004 1.000 1.000 1.000 

  DeprivationScore 0.122 0.031 0.000 1.130 1.062 1.201 

  OwnersInHouse 0.181 0.012 0.000 1.198 1.169 1.227 

a. The reference category is: Very Low #Cars 
R2 = .495 (Nagelkerke)      
      

 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
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TABLE 4. MNL parameter estimates for the private transport vs deprivation model. (Model 4) 1 

Private Transport vs Deprivation 

PrivateT Ratinga         
95% Confidence Interval for 

Exp(B) 

    B Std. Error Sig. Exp(B) 
Lower 
Bound 

Upper 
Bound 

Low PrivateT Intercept -5.279 0.786 0.000       

  AgeDependency 0.142 0.025 0.000 1.153 1.098 1.211 

  OwnersInHouse 0.059 0.007 0.000 1.061 1.047 1.075 

  HighLowPro -0.092 0.019 0.000 0.912 0.879 0.946 

  DeprivationScore 0.111 0.029 0.000 1.118 1.055 1.184 

                

Medium PrivateT Intercept -7.018 0.765 0.000       

  AgeDependency 0.169 0.023 0.000 1.184 1.132 1.239 

  OwnersInHouse 0.096 0.006 0.000 1.101 1.087 1.114 

  HighLowPro -0.124 0.017 0.000 0.884 0.854 0.914 

  DeprivationScore 0.140 0.027 0.000 1.151 1.092 1.213 

                

High PrivateT Intercept -6.925 0.759 0.000       

  AgeDependency 0.161 0.023 0.000 1.175 1.124 1.229 

  OwnersInHouse 0.114 0.007 0.000 1.121 1.107 1.135 

  HighLowPro -0.145 0.017 0.000 0.865 0.837 0.894 

  DeprivationScore 0.200 0.027 0.000 1.221 1.159 1.288 

                

Very High 
PrivateT 

Intercept -9.720 1.081 0.000       

  AgeDependency 0.152 0.027 0.000 1.164 1.104 1.227 

  OwnersInHouse 0.137 0.009 0.000 1.147 1.127 1.168 

  HighLowPro -0.145 0.020 0.000 0.865 0.833 0.899 

  DeprivationScore 0.247 0.032 0.000 1.280 1.202 1.363 

a. The reference category is: Very Low PrivateT. 
R2 = .306 (Nagelkerke)      

 2 
The main findings include: 3 
• An area with a high age dependency is less likely to be an area with very low private 4 

transport use. 5 
• An area with a high proportion of owner-occupied households is less likely to be an area 6 

with very low private transport use than high and very high transport use. 7 
• An area with a high proportion of higher and lower professionals is more likely to be an 8 

area with very low private transport use than high, very high and medium transport use. 9 
• An area that is affluent is less likely to be an area with very low private transport use 10 

compared with other categories. 11 
Model 5 examined the relationship between public transport and deprivation, but this model 12 

resulted in very few significant variables.  While the Nagelkerke R2 value of 0.287 showed an 13 
acceptable level of significance, the only variable showing significance was the deprivation score. The 14 
main finding was that an affluent area is more likely to be an area with very low public transport use. 15 

Model 6 explored the relationship between a walking or cycling commute and deprivation and 16 
had a Nagelkerke R2 value of 0.347 but only one statistically significant variable. The main 17 
conclusion was that a high proportion of owner-occupied households is more likely to be an area with 18 
very low walk/cycle commuting than high and very high walk/cycle commuting categories. 19 



Gardiner, D. and O’Mahony, M. 

 

12 

 

Further Investigation 1 
As mentioned earlier another set of models were run to further investigate other factors.  2 

Location was tested as an independent variable in each of the models constructed. In most of these 3 
cases, there were two levels of location tested separately (i) city and rural areas and (ii) Regional 4 
Authority areas. This resulted in two sets of results for each model. In all models tested, it was found 5 
that the results were consistent in both models for the other independent variables tested (number of 6 
cars per household and commute time), but regression coefficients and adjusted odds ratio values 7 
differed slightly. Due to paper length restrictions, the parameter estimates tables are not presented but 8 
the main conclusions from each model are discussed below. Both sets of results are considered, 9 
however, interpretation has only been shown for one set of results in each case. This does not apply to 10 
the models where location was the only independent variable or where location was not tested, which 11 
have only one set of results. 12 
 13 
Broadband and computer access vs car ownership model results 14 

The first model examined was used to test the relationship between the proportion of houses 15 
with broadband access in an area and the proportion of households with zero, one and two cars 16 
respectively. The model also examined the relationship between broadband access and the location of 17 
an area. The model where the location variable examined rural and city areas had a Nagelkerke R2 18 
value of 0.3, while the model where the location variable examined RA areas had a Nagelkerke R-19 
square value of 0.316. Both values suggested that each model was substantively significant. Due to 20 
the higher significance of the RA model, its results will be the focus on the discussion below.  The 21 
following conclusions can be drawn from the model. 22 

• An area with a high proportion of households with no car is more likely to be an area 23 
with very low broadband access than very high broadband access but is less likely to be 24 
an area with very low broadband access than medium and low broadband access. 25 

• An area with a high proportion of households with one car is less likely to be an area 26 
with very low broadband access than very high broadband access but is more likely to be 27 
an area with very low broadband access than medium and low broadband access. 28 

• No useful conclusions could be drawn from the results regarding which RA an area was 29 
in.  However, in the city/rural model, the results suggest that an area that is in a city is 30 
significantly more likely to not be in the very low broadband access category than a rural 31 
area. 32 

 33 
Computer Access vs Number of Cars per Household (CPH) and Location 34 

 35 
The results from the model examining the relationship between computer access and CPH as 36 

well as the relationship between computer access and location resulted in the following conclusions.   37 
• An area with a high proportion of households with one car is more likely to be an area 38 

with very low computer access than high and very high computer access. 39 
• An area with a high proportion of households with two cars is less likely to be an area 40 

with very low computer access. 41 
• An area that is in a city is more likely to be in the high and very high computer access 42 

categories compared to the very low access category than a rural area. 43 
• An area that is in the Border RA is more likely to be an area with very low computer 44 

access than very high computer access. 45 
• An area that is in a rural area is more likely to have a higher mean number of CPH than a 46 

city area. 47 
• An area that is in the Border RA is more likely to have a very low mean number of cars 48 

per household than a high mean number of CPH. 49 
 50 
Commute Type vs Commute Time and Location 51 

Three modes of commute were examined for their relationship with commute time and 52 
location. Each mode generated two sets of results as the location variables were tested separately in all 53 
cases. The first mode of commute examined was private transport. The results suggest the following: 54 
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• An area with a high proportion of commuters with a commute time under 30 minutes is 1 
less likely to be an area with very low private transport use than high, very high and 2 
medium use. 3 

• An area with a high proportion of commuters with a commute time of an hour or more is 4 
less likely to be an area with very low private transport use. 5 

• An area that is in a rural area is more likely to be an area where private transport use is 6 
high than a city area. 7 

• An area that is in the Border RA is less likely to be an area where there is a very low use 8 
of private transport for commuting. 9 

 10 
The results from the models focused on public transport suggest the following: 11 
• An area with a high proportion of commuters with a commute time under 30 minutes is 12 

more likely to be an area with very low public transport use. 13 
• An area with a high proportion of commuters with a commute time of 30 to 59 minutes is 14 

less likely to be an area with very low public transport use. 15 
• An area with a high proportion of commuters with a commute time of an hour or more is 16 

less likely to be an area with very low public transport use than high, very high and 17 
medium use. 18 

• An area that is in the Border RA is less likely to be an area where there is a very low use 19 
of public transport for commuting than high, very high and medium use. 20 

• An area that is in the Dublin RA, Mid-East RA or Midlands RA is less likely to be an 21 
area where there is a very low use of public transport for commuting. 22 

• An area that is in the Mid-West RA is more likely to be an area where there is a very low 23 
use of public transport for commuting. 24 

• An area that is in a rural area is less likely to be an area where there is a high or very high 25 
use of public transport for commuting than a city area. 26 

 27 
The final commuting model focused on the walk or cycle mode of commute, the conclusions 28 

from which are as follows:  29 
• An area with a high proportion of commuters with a commute time under 30 minutes is 30 

less likely to be an area with a very low proportion of people walking or cycling on their 31 
commute. 32 

• An area with a high proportion of commuters with a commute time of 30 to 59 minutes is 33 
more likely to be an area with a very low proportion of people walking or cycling on 34 
their commute. 35 

• A rural area is more likely to be an area with a very low proportion of people walking or 36 
cycling on their commute than a city area. 37 
 38 

Model to examine interrelatedness of broadband access, computer access, transport access and 39 
deprivation. 40 

The final set of model results examined deprivation as the dependent variable and 41 
investigated the interrelatedness of broadband and computer access and number of cars per household. 42 
The results for this model are shown in Table 5. A Nagelkerke R2 value of 0.434 indicated sufficient 43 
substantive significance of the model. 44 

 45 
 46 
 47 
 48 
 49 
 50 
 51 
 52 
 53 
 54 
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TABLE 5. MNL parameter estimates for deprivation and connectivity. 1 

Deprivation vs Connectivity 

Deprivation 
Ratinga         95% Confidence Interval for Exp(B) 

    B 
Std. 

Error Sig. Exp(B) Lower Bound Upper Bound 

Deprived Intercept -5.280 0.643 0.000       

  BbandAccess -0.027 0.007 0.000 0.973 0.960 0.986 

  CompAccess 0.118 0.013 0.000 1.125 1.096 1.155 

  NoCarPop 0.300 0.801 0.708 1.350 0.281 6.484 

  OneCarPop -2.055 0.615 0.001 0.128 0.038 0.428 

  TwoCarPop 1.348 0.423 0.001 3.850 1.682 8.815 

                

Medium Intercept -8.363 0.792 0.000       

  BbandAccess -0.028 0.007 0.000 0.973 0.959 0.986 

  CompAccess 0.170 0.014 0.000 1.185 1.152 1.218 

  NoCarPop 1.687 0.975 0.084 5.401 0.799 36.497 

  OneCarPop -5.227 0.750 0.000 0.005 0.001 0.023 

  TwoCarPop 3.196 0.564 0.000 24.430 8.093 73.744 

                

Prosperous Intercept -14.032 0.798 0.000       

  BbandAccess -0.041 0.008 0.000 0.960 0.945 0.975 

  CompAccess 0.255 0.016 0.000 1.290 1.250 1.331 

  NoCarPop 7.014 0.844 0.000 1112.348 212.875 5812.407 

  OneCarPop -6.674 0.665 0.000 0.001 0.000 0.005 

  TwoCarPop 3.895 0.446 0.000 49.167 20.496 117.949 

                

Very Prosperous Intercept -23.318 1.541 0.000       

  BbandAccess -0.018 0.01 0.065 0.982 0.964 1.001 

  CompAccess 0.374 0.02 0.000 1.453 1.398 1.510 

  NoCarPop 10.004 1.602 0.000 22118.915 956.835 511317.255 

  OneCarPop -7.821 1.382 0.000 0.0004 2.671E-05 0.006 

  TwoCarPop 1.937 1.289 0.133 6.937 0.555 86.739 

a. The reference category is: Very Deprived 
R2 = .434 (Nagelkerke)      

 2 
The results in Table 5 suggest the following: 3 
• An area with a high proportion of home computer access is less likely to be a very 4 

deprived area. 5 
• The coefficients for broadband access were very small and so not much weight can be 6 

given to any conclusions drawn but they suggest that an area with a high broadband 7 
access is marginally more likely to be a very deprived area. 8 

• An area with a high proportion of households with no car is less likely to be a very 9 
deprived area than a prosperous and very prosperous area. 10 

• An area with a high proportion of households with one car is more likely to be a very 11 
deprived area. 12 

• An area with a high proportion of houses with two cars is less likely to be a very 13 
deprived area than a prosperous, medium and deprived area. 14 
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 1 
Results Summary 2 

A summary of the variables of influence of all models considered are presented in Table 6.  3 
Location is influential in all models and deprivation score is influential in many excluding the 4 
broadband access models and the walking/cycling model.  Commute time and proportion of owner-5 
occupied households influence widely in the transport access models.  The proportion of higher/lower 6 
professionals in the population influence both the broadband and computer access models but only 7 
one of the transport access models – private transport use. 8 

 9 
TABLE 6.  Summary of variables of influence in the models. 10 

 11 

DISCUSSION 12 
Inequity is seen to exist in Ireland in the forms of connectivity examined. Rural areas were 13 

found to be the most negatively affected by the inequity, with less broadband, computer and transport 14 
access existing in these areas. Demographics such as employment and household status and affluence 15 
of an area are influencing parts in many forms of connectivity.  The results were found to concur with 16 
other research (28) that shows that geographical disparities and socio-economic factors play a role in 17 
the digital divide. They are also aligned with findings (29) which show that high levels of broadband 18 
adoption in rural areas positively impact income growth and negatively influence unemployment 19 
growth.  Meanwhile, access to information and communications technology at home is influenced by 20 
the family's socio-economic-status (30). 21 

The results noted that those in rural areas are more reliant on cars. They also show that people 22 
who use private transport have a longer commute. Time spent commuting is a significant factor for 23 
the mental wellbeing (9). The results also show that deprivation is an influencing factor for car access 24 
and the mode of transport used by commuters. It was concluded elsewhere that the priorities of the 25 
Irish government are fixed on transport issues within the Greater Dublin Region, with rural 26 
transportation issues largely passed to local communities (6). Both rural and suburban residents rely 27 
on private cars to commute to work because this transport option is more available and more 28 
convenient (31). Inequality was found to influence overall household transport expenditure, and more 29 
specifically on purchase of vehicles and operation of private transport equipment (32). It should be 30 
noted however, that private transport use is still by far the highest used mode of commute in most 31 
regions of Ireland (25). This is likely due to the perceived higher reliability of private transport (33).  32 
 33 
Strengths and Weaknesses 34 

An advantage of using census data was the accessibility and comprehensiveness of the 35 
datasets. A thorough testing programme employed was also a strength of the project.  Many 36 
independent variables tested did not return significant results or may have reduced the substantive 37 
significance of a model. Through a process of elimination, models that provided significant results 38 
were found.  39 

Weaknesses of the work include the possibility that insufficient granularity of the data may 40 
have resulted in some areas being incorrectly designated as urban and rural but the impact of this is 41 
likely to be limited.  Another potential weakness is that broadband speed was not accounted for as this 42 

Broadband access Computer Access

Car ownership Private transport use Walking/Cycling Public transport 

Male 

unemployment

Deprivation Score Male unemployment Age dependency ratio Prop. of owner 

occupied households

Deprivation 

score

Prop. of 

higher/lower prof.

Prop. of 

higher/lower prof.

Prop. of owner 

occupied households

Prop. of owner 

occupied households

Commute time Commute time

Lone parent ratio Location Lone parent ratio Prop. of higher/lower 

prof.

Location Location

Location Deprivation score Deprivation score

Location Commute time

Location

Transport Access
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information was not available. Most broadband connections in Ireland range from 24Mbps to 1 
100Mbps (34).  Another potential weakness is the age of the datasets but the most recent data 2 
available (the last census) was not available at the time of the research because of delays due to 3 
COVID.   4 
 5 
CONCLUSIONS 6 

The results of the research provide valuable insights into connectivity inequity, using Irish 7 
data for the analyses.  8 

The following key findings were conclusions of the work:  9 
• Inequity exists in Ireland in transport, broadband and computer access and there appears 10 

to be a degree of interrelatedness between the access inequity.  11 
• As expected, the proportion of households with broadband and computer access is higher 12 

in city areas. 13 
• There are a higher proportion of private transport users in rural areas and a higher mean 14 

number of cars per household due to a lack of available infrastructure. 15 
• The proportion of working higher and lower professionals is an indicator in whether 16 

broadband and computer access are common in an area.  17 
• Broadband access is more likely in areas where male unemployment is low, while the 18 

affluence of an area affects the likelihood of homes having computer access.  19 
• Private transport users are more likely to have a long commute time. 20 
 21 
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