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Abstract 

The purpose of this study is to investigate accessibility of primary health care services for 

Aboriginal people in Alberta in two dimensions: spatial and non-spatial. The spatial 

dimension is represented by travel time and geographical distance to health services. The 

non-spatial dimension is based on a number of different economic and socio

demographic factors and emphasizes the importance of non-geographic barriers between 

consumers and providers of health care.  An integrated approach consisting of both 

quantitative and qualitative methods is employed in order to better assess spatial 

accessibility; this is measured by travel time from reserves to the nearest health care 

provider using GIS (Geographic Information Systems) techniques. Finally, a spatial 

regression model is estimated in order to explore the correlation between population 

health status and accessibility to health care provision -as measured through the above 

method-, in conjunction with a set of relevant socio-economic and demographic factors. 
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Chapter One: Introduction 

1.1 Rationale for the study 

The role of accessibility to primary health care is known to be one of the most 

significant factors of population health and well-being. Accessibility itself, as well as 

health care utilization, is highly dependent on various characteristics of population as 

people have different abilities in terms of overcoming distance (Cromley and McLafferty 

2002). Awareness of accessible sources affects individual decision making in terms of 

utilizing health care. Certain demographic and socio-economic factors such as income, 

age, gender and ethnicity have a strong effect on personal mobility. 

Aboriginal peoples in Canada tend to have increased levels of chronic diseases 

prevalence especially those who are living outside large metropolitan areas (Bruce and 

Kue 2008, Health Canada 2003); moreover, they also have reduced access to health care 

services (Reading and Wien 2009, Statistics Canada 2006). Limited access to health care 

becomes a dominant factor in chronic disease distribution within rural Aboriginal 

communities and reserves in Canada (Newbold 1997). There are several factors that may 

affect health care access: location, level of education, language barriers, financial 

problems and ethnicity (Kwan et al. 2003, Joseph and Phillips 1984). Newbold (1997) 

found that geographical location, level of formal education and primary spoken language1 

are the most significant factors in Aboriginal peoples' choice to visit a physician in 

Canada. 

Factors are listed in order of significance. 
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Identifying shortage areas of limited accessibility is essential for developing and 

improving health delivery in Alberta, for regional planning and for conducting social 

work within Aboriginal communities. Barriers that Aboriginal people experience in 

accessing health care require changes in the health care delivery system and the 

development of human resources within Aboriginal communities to better assist 

communication between physicians and community residents. This project can contribute 

significantly to these goals, by (1) identifying Aboriginal communities that require 

immediate attention due to their inability to access primary health care, and (2) 

developing an innovative approach that can be employed in health planning and decision 

making. 

1.2 Research purpose 

The problem of effective access to health care includes different geographical and 

social aspects that need to be examined from different perspectives. 

The purpose of this study is to investigate accessibility to primary health services 

for Aboriginal people in Alberta in two dimensions: spatial and non-spatial. The spatial 

(or geographical) dimension is represented by travel time and geographical distance to 

health services. The non-spatial dimension is based on a number of different socio

economic and demographic factors and emphasizes the importance of non-geographic 

barriers between people using primary health care services (consumers of health care) 

and people who offer these services to the population in need (providers of health care). 

Considering the complexity and importance of the issue, understanding how both 

of these dimensions of accessibility influence Aboriginal health and, in addition, 
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understanding the barriers to health care that Aboriginal people experience there is a need 

for an innovative approach create an integrated model of primary health care 

accessibility. Such a model ideally includes quantitative measures such as provider-to

population ratio or travel time to the nearest provider and is supported by information 

related to reserves' view of the accessibility issues. Spatial and non-spatial barriers must 

be considered simultaneously in order to provide better decision-making and health 

delivery. For this reason a new approach is proposed consisting of both quantitative and 

qualitative methods. Quantitative analysis alone does not provide a complete explanation 

of why certain communities have lower accessibility than others: for example, some 

communities may have good access to physicians but do not visit them because of 

language barriers. Qualitative methods provide a thorough explanation of the social 

factors influencing health care accessibility and individual attitudes toward health care 

utilization, but do not produce replicable models that can be applied to other situations or 

geographical areas. Combining both methods will allow creation of a quantitative model 

of health care accessibility that has strong connection with rich social data. 

The combination of these two approaches allows exploration of research problems 

from different perspectives. Mixed method design allows integration of various 

techniques that can be used for investigating potential accessibility to health care in 

different areas and communities. A geographical model of health care accessibility built 

with qualitative methods assists in the pre-selection of high-risk communities where 

people have a lack of health care providers. Qualitative analysis, on the other hand, 

assists in validating quantitative accessibility models. The proposed approach provides an 

understanding of weaknesses within the modern health care delivery system in 

-




Aboriginal communities, allowing for the suggestion of essential improvements in 

community health planning and in health promotion system. 

1.3 Objectives 

The main objective of this research is to create and examine an integrated model 

of potential accessibility to primary health care in Alberta. This will involve a new 

approach that combines both quantitative and qualitative evaluation of accessibility. 

There are six main objectives of this project: 

1. To calculate geographical accessibility for each dissemination area (DA) 

within the province of Alberta based on the two-step floating catchment area 

method (2SFCA). 

2. To compare access to health care across Alberta. 

3. To estimate health needs of the population and test for the correlation with 

regional accessibility. 

4. To identify factors with greater impact on health needs of the population. 

5. To interview the representatives of Aboriginal reserves in order to validate 

travel time estimates and thus test the reliability of the accessibility model. 

6. To apply an integrated model, identifying health shortage areas in 

province of Alberta. 



Chapter Two: Background 

2.1 Medical and Health geography 

Medical geography has its origin in Ancient Greece where it was focused on 

observing and documenting spatial patterns of health problems (Meade and Earickson 

2000). Hippocrates (460-377 B.C), for example, noted the importance of the interaction 

between social and physical environment as a key component of human health (Jones and 

Moon 1987). Contemporary medical geography continues to focus on identifying spatial 

aspects of health and disease. 

Recently, one of the major debates in the field concerned terminological issues as 

there are two terms that exist sequentially and are often used interchangeably: medical 

and health geography. However, most of the authors insist on conceptual differences 

between two terms. Essential distinction lies in historical origin of these terms. The term 

health geography is relatively new and best describe by Kearns (1993) as a recent turn in 

medical geography that he called "post-medical geography" that occurred when the social 

dimension of health became a central concern. Major difference between medical and 

health geography rests on different perspectives on three major objectives: health, place 

and methodology. Kearns (1993) noted that a new reformed medical geography changed 

its focus from disease and illness to a central idea of health and wellness. In addition, The 

Dictionary of the human geography emphasizes that medical geography is based on a 

biomedical model of the health while health geography relies on the World Health 

Organization's (WHO) definition of health as "state of complete physical, mental and 

social well-being, and not merely the absence of disease or infirmity" (Johnston and 

Credo Reference (Firm) 2000). 
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Place in health geography is a focus as opposed to medical geography where 

place is a part of the critique (Kearns and Moon 2002). Another important distinction lies 

in the methodological area. Primary difference here lies in terms of a subject of study. In 

medical geography, the main focus is on biomedical modeling and people are seen as 

patients or as hosts to a disease, so methodologically it employs quantitative methods. 

Health geography, on the other hand, focuses on socio-ecological model of health 

involving personal experience and people are active participants (Johnston and Credo 

Reference (Firm) 2000, Kearns and Moon 2002). This implies significant methodological 

differences: health geography employs mainly qualitative studies or a mixed method 

approach, where medical geography traditionally employs quantitative approach. 

Nevertheless, despite all the arguments regarding epistemological and methodological 

differences medical and health geography still have common theoretical strengths and 

weaknesses (Rosenberg 1998). 

Considering that both medical and health geography authors acknowledge the 

importance of accessibility studies (Rosenberg 1998, Joseph and Phillips 1984, Litva and 

Eyles 1995), it is still unclear whether accessibility studies should be related to medical 

or health geography. Medical geographers argue that studies regarding provision to and 

accessibility of health care mostly employ modeling techniques and spatial analysis that 

traditionally belong to quantitative approach. Moreover, accessibility studies not only 

focus on indicating patterns of health care distribution but also identify features of 

containing areas (Litva and Eyles 1995). Health geographers, on the other hand, insist 

that the issue of accessibility is highly dependent on health policy and health-related 

behaviour of individuals (Luginaah 2009). For example, accessibility studies in Canada 
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focus on health inequalities between rural, urban and remote areas such as reserves due to 

uneven distribution of health practitioners in those areas (Pong 2000, Newbold 1997, 

Schuurman et al. 2006). Health disparities between urban and rural population often 

reflect weaknesses of health delivery planning and policy. Improving access to health 

care services from this perspective requires some changes in the current health delivery 

policy. Another subject of the health care studies in Canada is accessibility to health care 

with respect to the diversity of population group. There are many studies focusing on the 

health care accessibility by various age groups such as elderly or children (Nemet and 

Bailey 2000, Mobley et al. 2006); women's health care is also an important issue as it 

requires access to breast screening and prenatal care (Meininger 1986, Ross, Rosenberg 

and Pross 1994). 

Many studies revealed that people with different ethnical and cultural background 

experience difficulties in accessing health care. Such situations require careful planning 

of health delivery in order to make it accessible to everyone. Many immigrants and their 

families experience language barriers in accessing health care (Wang 2007, McDonald 

2006); therefore,attitude toward health is also an important issue and may be significantly 

improved with health promotion where needed. Aboriginal peoples also often experience 

language, economic and geographic barriers accessing health care especially those who 

are living in remote reserves (Young 2003, Waldram, Herring and Young 2006, Couzos 

and Murray 2008, Wilson and Rosenberg 2002, Shestowsky 1993). This diversity in 

population groups should be considered in planning health care delivery and health 

promotion as everyone has a right to receive health care services when needed as stated 

in The Canadian Health Act (Health Canada 2010). 
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2.2 Accessibility 

Accessibility to primary health care is known to be a major determinant of overall 

population health; yet, at the same time it is not clear how barriers that people face 

accessing health care affect utilization rate and population health status (Guagliardo et al. 

2004). 

Accessibility has many definitions. Webster's dictionary, for example, defines 

access as "permission, liberty, or ability to enter, to approach or communicate with or 

pass to and from; freedom or ability to obtain or make use of; ability or means to 

participate in, work in, or gain insight into" (Merriam-Webster.., 2009). A Dictionary of 

Geography (Johnston and Credo Reference (Firm) 2000) defines accessibility as "the 

ease with which one place can be reached from another. It may be measured in terms of 

geodetic distance, topological distance, journey distance, journey time or monetary cost". 

"Access" is also the most commonly used word in discussion of health care 

delivery (Penchansky and Thomas 1981); however, there is no clear and commonly 

accepted definition of health care accessibility (Joseph and Phillips 1984, Aday and 

Andersen 1975). The Discursive Dictionary of Health Care published by the  U . S. House 

of Representatives (cited in Penchamsky & Thomas, 1981) states that it is hard to define 

health care accessibility and to differentiate it from availability and acceptability. A 

variety of definitions of health care accessibility have been suggested by different 

authors; Aday and Anderson (1975) define access in terms of barriers to needed services. 

Freeborn and Greenlik (1973) define accessibility as the availability of health care related 

services if there is a need of such services. Several authors define access simply as the 
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entry point into the health care system (Fox 1972, Salkever 1976). Accessibility can also 

be described as the potential link between the consumer and the provider of health care 

(Meade, Florin and Gesler 1988). Penchansky and Thomas (1981) gave a following 

definition of accessibility: 

"the relationship between the location of a health care 
supply and the location of clients, taking account of 
transportation resources, travel time, distance, and travel 
cost" 

The last definition describes accessibility not just as a spatial link between 

consumer and provider but also takes into consideration non-spatial factors influencing 

access to health care. This is the definition employed for this project. 

Penchansky and Thomas (1981) also summarized all the potential barriers to 

health care into five groups: availability, accessibility, affordability, acceptability and 

accommodation. The last three are not the primary focus of health geographers as these 

characteristics are non-spatial in their nature. On the other hand, accessibility and 

availability have geographical basis: availability refers to the amount of services that 

consumer of health care can choose from; accessibility is the geographic relationship 

between providers and consumers of health care (travel distance or time). Guagliardo 

(2004) also mentioned that in the case of urban areas these two characteristics should be 

considered simultaneously since multiple providers are common. It is also acknowledged 

by other authors with the combination of accessibility and availability known in the 

geography literature as "spatial accessibility" (Guagliardo 2004, Luo and Wang 2003, 

Khan and Bhardwaj 1994, Gesler 1986). 
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2.2.1 Dimension 

The essence of accessibility, uneven distribution of medical services and 

population across space and inequity of people's lives implies that there are several 

dimensions of accessibility that require different approaches for investigation. These 

dimensions can be categorized in the following way: 

Spatial and Non-spatial (aspatial) access. Spatial access emphasizes the 

importance of geographical factors such as distance and travel time between consumer 

and provider of health care services; non-spatial access takes into consideration non

geographical barriers such as social class, income, ethnicity, age, gender, etc. (Joseph and 

Phillips 1984, Aday, Andersen and Fleming 1980). 

Effective and Efficient. Effective access is established when utilization of health 

services improves the health status of population or satisfaction with medical services. 

Efficient access occurs when the level of health status or satisfaction with services 

increases relative to the amount of health care services consumed (Andersen 1995, 

Gulzar 1999). 

Realized (revealed) and Potential access. Potential access is the presence of 

enabling resources (Joseph and Phillips 1984, Khan and Bhardwaj 1994, Andersen 1995). 

It signifies probable entry point into the health care system (Khan and Bhardwaj 1994). 

Realized access is the actual use of the services (Andersen 1995). 

Most studies focus on one of the dimensions when studying accessibility; mainly 

the spatial dimension of access (Thouez, Bodson and Joseph 1988, Joseph and Bantock 

1982, Khan 1992, K im and Kwan 2003, Shannon and Bashshur 1982). Such studies 

-
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predominantly involve quantitative methods and are based on measuring provider-to

population ratio within certain areas. 

Other studies are dedicated to non-spatial factors of accessibility and involve 

investigation of peoples' behaviour in terms of utilizing health care (Salkever 1976, 

Meininger 1986, Carr-Hill et al. 1994, Field and Briggs 2001). Finally, only a few studies 

investigate accessibility from both spatial and non-spatial perspectives (Wang and Luo 

2005, Newbold 1997). However, these studies mainly use quantitative methods based on 

spatial analysis of accessibility. The main goal of this project is to create a model of 

potential accessibility involving spatial and non-spatial factors based on both quantitative 

assessment and qualitative methods. 

2.2.2 Measures 

Distance to the health care providers is a significant barrier in seeking health 

services. Importantly, spatial factors of access can vary significantly in urban and rural 

areas. With regards to this concern accurate measures of accessibility become a primary 

issue within health geography. This is particularly important in terms of health delivery 

planning within large areas like Canadian provinces. Many authors agree that there is a 

social inequality in geographical distribution of health care providers (Christie and Fone 

2003, Joseph and Phillips 1984, Brabyn and Skelly 2002, Curtis and Leitner 2006). 

Choice of accessibility measures varies among different studies depending on the 

characteristics of the area under study such as urban or rural character of the territory, 

ethnic composition, economic status and level of health care (primary, secondary, 

tertiary). Evaluation and modeling of spatial accessibility is based on a quantitative 

-
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assessment of the transportation options with respect to potential use of specific locations 

(Skov  Petersen 2001). 

There are two main approaches to measuring accessibility: (1) measures of 

realized accessibility through analysis of utilization data; (2) measurement of potential 

spatial accessibility based on the location of population relative to that of health 

practitioners (Joseph and Bantock 1982, Guagliardo 2004). As this project focuses on 

potential accessibility only, the following section discusses measuring techniques related 

to this dimension. 

A variety of techniques for measuring spatial accessibility were developed over 

the years, with most of them classified into four categories by Guagliardo (2004): 

provider-to-population ratio, distance to nearest provider, average distance to a set of 

providers and gravitational models of provider influence. 

Provider-to population ratio (supply ratio) is the most popular measure of 

accessibility that is computed for bordered areas such as census tracts (Meade et al. 

1988). According to Joseph and Phillips (1984), provider-to-population ratio is a good 

indicator of regional availability. Previously this method was used by the US Department 

of Health and Human Services for locating shortage areas of medical services and it 

measures the distribution of providers versus requests for health care within a region, 

reflecting the variation of the ratio within that region (Guagliardo 2004, Thouez et al. 

1988). A major limitation is that this method uses artificial boundaries and does not 

account for patients crossing these boundaries. Another issue is an inability to measure 

variations of accessibility within bordered areas. Consequently, the results are highly 
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dependent on scale of the study area and its configuration. This issue is known in 

geography as the modifiable areal unit problem (Openshaw 1984). The modifiable areal 

unit problem ( M A U P ) is a potential source of error that can affect results of an analysis 

that is based on aggregated data sources such as census units (Openshaw 1984, Unwin 

1996). Two major components of this problem are the scale effect and the zoning effect 

(Fotheringham, Brunsdon and Charlton 2000). The scale effect suggests that different 

results can be received from the same analysis when data is aggregated on different 

levels. The zoning effect implies that different results can be a consequence of the zones 

or units regrouping at a given scale. 

Measures of travel distance or time to the nearest provider is also a common 

measure of accessibility (Brabyn and Skelly 2002, Christie and Fone 2003, Jordan et al. 

2004, Schuurman et al. 2006). Travel can be measured in several ways: straight-line 

distance (Euclidian distance), travel distance along a road or travel time (Kohli et al. 

1995, Guagliardo 2004). Straight-line distance method is based on setting buffers with 

different radius intervals around providers of health care, and comparing population 

within and outside of these buffers (Phibbs and Luft 1995, Jordan et al. 2004). A similar 

method inspects service areas around health providers such as general practitioners (GPs) 

based on travel time along a road network (Fyer et al. 1999, Dutt et al. 1986, Brabyn and 

Skelly 2002, Ohta et al. 2007). This technique is proven to be a good measure of spatial 

accessibility (Guagliardo 2004), however, it does not account for availability of the health 

care resources in the area. 
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Average travel time to a set of providers is a combined estimate of both 

accessibility and availability. Travel time (or distance) to all providers within an area is 

summarized and averaged. A major shortcoming here is that priority is given to providers 

located near the edge of the study area (Guagliardo 2004), and also has the same issue as 

provider-to-population ratio: the modifiable areal unit problem. 

A gravity model is a more sophisticated measure of access. This method also 

accounts for accessibility and availability of the resources in both urban and rural areas. 

Gravity models are modified versions of Newton's Law of Gravitation (Guptill 1975, 

Joseph and Phillips 1984, Congdon 2000). These models represent a potential interaction 

between all the consumers and all the providers within reasonable distance. One of the 

major challenges here is the importance of a distance decay function (travel friction): 

distance decay is usually unknown and difficult to define (Talen and Anselin 1998). 

Moreover, gravity models require providers data to be of very high quality such as 

number of health practitioners in the facility, their hours of work and how many patients 

they are able to serve each day (Guagliardo 2004). 

The techniques outlined above mainly focus on the location of the health 

provider; however, consumers of primary care are also important components in spatial 

accessibility analysis. In order to make consumers a part of a measurement algorithm, the 

two-step floating catchment area (2SFCA) method was developed by Wang and Luo 

(2005). This method considers the interaction between health suppliers and health 

demanders, links these two aspects of spatial accessibility together and generates the 

accessibility ratio for each study region (Wang and Luo 2005, Peng 1997). This method 
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also accounts for the patients' border-crossing and thus M A U P is no longer an issue. 

Taking into consideration that 2SFCA method measures accessibility from both 

perspectives it will be used for calculating spatial accessibility. Details of this technique 

will be further discussed in Chapter 3.2.1. 

2.3 Population health 

Within health geography studies regarding population health, health status, health 

needs and outcomes vary from global scale to local scale, from health of the country to 

assessing health needs of a certain community.  As mentioned above most of these studies 

concern population groups and not individuals. Various characteristics of these groups 

such as geographical location, socio-economic, demographic and cultural backgrounds 

can differ significantly among groups. Because of these differences there is a need for 

standard health determinants that can be applied to each population group and based on 

which a clear picture of health needs can be obtained. Such determinants are not always 

obvious when studies have focused on individuals rather than on groups (Evans and 

Stoddart 1994). Defining and understanding health determinants, how they reflect health 

needs and what effects they have on health outcomes is critical in health delivery 

planning and promotion. 

Contemporary health care delivery systems are based on two main determinants 

of health need: the health status of the population and accessibility to health services 

(Field 2000). 
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Determination of health need is usually associated with clinical or self-rated 

health status, and variations in health status are usually associated with a set of socio

economic and demographic factors. 

Accessibility is primarily a geographical determinant of health needs; however, 

this factor does not only include travel to health care provider but also takes into account 

personal mobility of patients such as availability of a transportation network (Field 2000). 

In order to assess health care needs more accurately both health and accessibility 

statuses need to be taken into account. 

2.3.1 Health determinants 

Accurate measure of population health is mainly a conceptual problem (Etches et 

al. 2006, Murray 2002). Several attempts were made to identify factors that contribute to 

health. For example, the Federal, Provincial, and Territorial Advisory Committee on 

Population Health (ACPH) (Conference of Deputy Ministers of Health (Canada) 1994) 

identified the following key health determinants: physical environment, working 

conditions, education, social network support, income and social status, genetic 

endowment and health care provided. Authors Evans and Stoddart (1994) gave a more 

comprehensive model of health measures that included both physical and social 

environment along with genetic endowment and the health care system. Special attention 

was paid to social and personal factors that influence health. 

The above determinants are common measures of health and correspond to 

contemporary determinants that are also identified by Health Canada (Canadian Centre 

for Health Information 2008, Federal/Provincial/Territorial Advisory Committee on 

Population Health 1999). A l l of these measures are successfully employed in modern 
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studies of population health (Barnard and Hu 2005, Odoi et al. 2005, Reading and Wien 

2009, Wilson and Rosenberg 2002). Conversely, studies concerning ethnic groups such 

as Aboriginal peoples may require different approaches due to cultural traits. Wilson and 

Rosenberg (2002) attempted to build a new framework for studying health determinants 

among First Nations. They did so by developing a new model that included previously 

known determinants of health: demographic and socio-economic status, utilization of 

health care services and place of residence. In addition, they included measures of the 

attachment to traditional activities that include three factors: participation in traditional 

activities, time spent on the land and food acquired through hunting, trapping of fishing. 

Wilson and Rosenberg found that the health of First Nations peoples relies on similar 

determinants of health as for the general Canadian population.  At the same time, their 

study revealed that traditional activities are not important determinants of health. Based 

on their results some measures can be applied to the Aboriginal population as can be 

applied for general Canadian population. 

Self-rated health or clinical health status is a major determinant of the need for 

primary health care. Ideally, self-rated health status is used when assessing need for 

health care (Newbold 1997, Field 2000). Other measures are more indirect and usually 

based on morbidity data; however, due to privacy concerns, this type of data is usually 

available on smaller aggregation levels, such as postal codes or dissemination blocks only 

for large cities. For this reason the analysis of diverse territories, such as Canadian 

provinces, is impractical. In the absence of these indicators, proxy measures can be used 

such as age and gender (Field 2000). Joseph and Phillips (Joseph and Phillips 1984) 

suggest that the number of elderly persons and females in an area is a good indicator of 
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the health needs of a the region. Normally, proportion of the population of age over 65 is 

considered as a proxy measure of health needs; unfortunately, when a study involves 

Aboriginal peoples this measure is not suitable as the Aboriginal population is generally 

younger than general Canadian population. 

Field (2000) classified the determinants of health care need and accessibility in 

the following categories: 

Health status. 

Three major indicators in this category are number of children aged 0-4, number 

of people aged 65 or over and the number of females aged 16-44. Significant presence of 

people in these age groups indicates higher health needs in the area as they need to access 

primary health care more frequently. 

Socio-economic status. 

Single-parent households, working social class and unemployment rate are listed 

as being predictors of ill-health. 

Environment. 

The conditions in which people live include the following categories: proportion 

of houses that are publicly owned, proportion of properties that lack or share basic 

amenities and number of households with more than 1 person per room. 

Transport availability. 

Transport availability is proven to be a valuable determinant of health care 

accessibility. The proportion of households without car and the proportion of areas with 

no access to public transportation are traditionally included in this category. 
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Personal mobility. 

This category includes the number of people less than the age of 15 and the 

number of people more than 80 years old. 

Service awareness. 

In this category measures relating to the attitude towards health and health literacy 

are included. Considering that data on this subject is rarely available as a direct measure 

several proxy indicators were recognised: number of ethnic minority people and number 

of people without higher education. 

In this project attempt is made to include at least one indicator from each category 

to assess health needs of the population in Alberta. 

2.4 Canadian health care provision 

In Canada, as with everywhere, health care is unequally distributed across space; 

easily illustrated by the physician-to-population ratio, and there is a significant difference 

in ratio among various regions of the country (Meade et al. 1988). 

The health care system can be divided into primary, secondary and tertiary care. 

Measures of access depend highly on the type of care provided. This project only focuses 

on primary care, and, while there is no commonly accepted definition of primary care, the 

definition of primary health care by Rosenblatt and Moscovice (1982) was employed: 

"the level of entry into the health care system that includes 
diagnosis and treatment of common illness and disease, 
preventive services, home care services, and uncomplicated 
minor surgery and emergency care" 
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Primary care delivery is essential for the health care system, especially in rural 

areas. It is the first level of personal health services. A l l such services need to be offered 

locally because they are accessed frequently (Gatrell 2002). 

Primary health care providers are represented in this project by general 

practitioners (GPs) and health care centres (HCR) which include hospitals, clinics, 

community health centers and nursing stations. Formally, nurses and midwives can also 

be considered as sources of primary care, and because of lower availability of physicians 

in rural areas, they are sometimes the only available source of medical assistance 

(Shestowsky 1993, National Aboriginal Health Organization 2004, Waldram et al. 2006). 

However, a registered nurses dataset is unavailable at this time; moreover, often 

midwives and nurses are not attached to certain health facilities with permanent postal 

codes (a primary location reference in accessibility measures) and circulate around 

several remote communities. For these reasons, nurses and midwives have not been 

included in the model. However, the H C R dataset includes information regarding the 

presence of nursing stations.  By simply comparing results based on information found in 

both  GP and H C R datasets it is possible to identify where health providers are presented 

by health practitioners other than doctors. In order to deal with this limitation, qualitative 

interviews were conducted to identify who the major providers of health care are on 

reserves and how this reflects accessibility. Thus, qualitative analysis wil l be performed 

to support quantitative assessment of health care accessibility. 
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2.5 Aboriginal peoples in Canada 

Aboriginal peoples are a collective term that refers to all the original inhabitants 

of Canada and their descendants and includes three groups of individuals: Indian, Inuit 

and Métis. The term First Nations has been used to replace the term Indian since the 

1970s and refers to both Status and Non-status Indians (Communications Branch Indian 

and Northern Affairs Canada 2002). There are two legal categories of Aboriginal 

peoples: those with Indian status, and those without. "Status" or "registered" Indians are 

individuals that are recognized by Canadian federal government to be "Indian". Every 

registered Indian has a unique registration number (Waldram et al. 2006). 

Figure la-b is adapted from profile of Aboriginal peoples (Statistics Canada 

2008) and demonstrates a proportion of Aboriginal Identity population compared to Non

Aboriginal. According to the 2006 Census Canada Aboriginal peoples represent 3.8% of 

total population of Canada (Figure la). Among all Aboriginal peoples 59.5 % are First 

Nations, 33.2% Métis and 4.3% Inuit (Figure lb). 

-
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Figure 1. a. Aboriginal peoples as a proportion of total population in Canada, b. 
Aboriginal Identity by groups (Source: Statistics Canada: census of population, 
2006) 

Of the western provinces, Alberta, British Columbia and Manitoba possess the highest 

proportion of Aboriginal population (Figure 2). 
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Aboriginal population by provinces 
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Figure 2. Aboriginal Identity population by provinces (Source: Statistics Canada: 
census of population, 2006). 

In Alberta, Aboriginal peoples represent 5.8% of total population with First 

Nations comprising 51.6 %, Métis 45.4 % and Inuit 0.9% (Figure 3a-b). 
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Figure 3. a. Aboriginal identity population as a proportion of total population in 
Alberta, b. Aboriginal Identity by groups in Alberta (Source: Statistics Canada: 
census of population, 2006) 

Census Canada indicated that there are a total of 188,365 Aboriginal Identity 

people in Alberta; 41,275 of them live on-reserves (Statistics Canada 2008). 

Communication Branch Indian and Northern Affairs Canada (2002) describes the term 

reserve as a "tract of land, the legal title to which is held by the Crown, set apart for the 

use and benefit of an Indian band". First Nations prefer the term "First Nation 

community" (Communications Branch Indian and Northern Affairs Canada 2002). 

2.5.1 Aboriginal people, health status and access to health care 

Health of Aboriginal peoples remains an important concern for both provincial 

health care in Alberta and national health care in Canada. There are significant disparities 
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between Aboriginal and Non-Aboriginal population in Canada (Frohlich, Ross and 

Richmond 2006). According to the First Nations Regional Longitudinal Health Survey 

and the Canadian Community Health Survey (Health Canada 2009), First Nation peoples 

living on-reserves tend to rate their health status as fair or poor twice as often when 

compared to the general Canadian population (see Figure 4). 

Self-rated Health Status 
• First Nation On-reserve • General Canadian 

39.8 

Excellent VeryGood Good Fair Poor 

Figure 4. Self-rated health status of First Nation people on-reserves compared to the 
general Canadian population (Source: Health Canada) 

In addition, the Aboriginal population is usually younger compared to the general 

Canadian population as life expectancy for Aboriginal peoples is lower (Figure 5). 

Despite a general improvement of Aboriginal health over past decades (Young 2003, 

MacMil lan et al. 1996) it still remains lower than the general Canadian population. 
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Median Age 
• Aboriginal • Non-aboriginal 
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Figure 5. Aboriginal and Non-Aboriginal identity population by median age, 2006 
counts for both sexes for Canada and the province of Alberta (source: Statistics 
Canada, 2008) 

Results of the Canadian Community Health Survey (Figure 6) also indicate that 

less than 80% of Aboriginal peoples living off-reserve have a regular doctor or have 

contacted medical professional in last 12 months (Statistics Canada). It should be noted, 

however, that the province of Alberta experiences shortage of family doctors that result in 

low acceptability of new patients and longer wait time and this may discourage people 

from having regular check-ups (Canadian Institute for Health Information 2005). In 

addition, remote and isolated reserves have a smaller range of health care providers. 

Medical services in these communities is often provided only by nurses and midwives 

(Nagarajan 2004). 
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Health utilization in Canada vs. Alberta (%) 
• Canada Aboriginal • Alberta Aboriginal 

• Canada Non-Aboriginal • Alberta Non-Aboriginal 

85.7 

Has a regular doctor Contact with doctor in last 12 months 

Figure 6. Comparison of health-related indicators between Aboriginal and Non
Aboriginal population in Canada and Alberta (Source: Statistics Canada) 

As has been discussed in Section 2.3 lower median age of the population is an 

indirect measure of the health status. Demographically, the Aboriginal population is 

younger than Non-Aboriginal; this is true both over all of Canada and in Alberta 

specifically as seen in Figure 7. It indicates that health status of Aboriginal peoples is 

lower compared to the general Canadian population. 

-
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Figure 7. Median age of Aboriginal and Non-Aboriginal populations in Canada and 
by province (Source: Statistics Canada 2006) 

It is also known that Aboriginal people traditionally had a lower prevalence of 

chronic diseases such as type 2 diabetes, chronic kidney disease, cardiovascular disease 

and cancer (Reading and Wien 2009, Waldram et al. 2006). However, recently due to 

economic, social and cultural changes health status of Aboriginal peoples was radically 

transformed and prevalence of these chronic diseases became notably higher compared to 

the general Canadian population (Health Canada 2009). Social determinants of health 

indicate that Aboriginal people are also significantly disadvantaged in terms of education, 

housing and income (Statistics Canada 2008). Figure 8 (adapted from Statistics Canada 

(2008)) demonstrates selected socio-economic determinants of Aboriginal people health in 

Alberta compared to Non-Aboriginal population. 
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Figure 8. Selected socio-economic indicators of Aboriginal population compared to 
Non-Aboriginal population in Alberta (Source: Statistics Canada) 

Aboriginal people are less likely to obtain higher education; in addition, their 

unemployment rate is significantly higher while median income is lower than the Canadian 

average (Statistics Canada 2008). Living conditions such as crowded living spaces also tend 

to prevail among Aboriginal population. 
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2.5.2 Impacts of Ethnicity 

Ethnicity is a concept that refers to a shared culture and a way of life (Byrd and 

Clayton 2003). Factors of Aboriginal ethnicity that influence health care use have not been 

well studied; however, it is well-known that social and demographic factors that define 

ethnicity also shape differences in health status among ethnic groups (Cooper 2002). 

Referring to health determinants, ethnicity defines main two factors: societal and 

cultural/ethnic. Societal factors represent factors that are external to the individual and 

cultural/ethnic factors represent individual-level behaviour (LaVeist 2002). 

However, as mentioned above, recent studies indicated that health determinants 

for the Aboriginal peoples in Canada are the same as for the general Canadian population 

(Wilson and Rosenberg 2002). On the other hand, in a multi-cultural place such as 

Canada the presence of ethnic minorities should be taking into account (Field 2000) when 

studying health needs of the population. Factors specific to Aboriginal peoples, including 

rural location of residence, lower education and health literacy and higher unemployment 

rate, may impact Aboriginal peoples' use of health services, and are known to be barriers for 

use of health services in Canada (Newbold 1997). From a cultural perspective, factors such as 

patients' beliefs, personal experience and social networks also known to be influential to 

decision making in seeking health care (Minore and Katt 2007, Waldram et al. 2006). 
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ChapterThree: Methodology 

3.1 Research Design 

Studies concerning health, illness, and access to medical care are dominantly 

conducted within a framework of a postpositivist worldview (Creswell 2009), which is 

based on a strong quantitative approach that explores which variables contribute to the 

inability to access health care facilities. For example, Gesler & Ricketts (1992) relate this 

issue to both the physical distance from home to health care facilities and the average 

travel time. On the other hand, social constructivism suggests that the individual 

perspective on the issue is the most important (Creswell 2009, Hay 2005). From the 

positivist perspective, a quantitative model can be used to explain different levels of 

accessibility to health services for Aboriginal peoples. According to social 

constructivism, researchers must rely on the participants' views of the situation or 

phenomenon under study. This worldview usually employs a qualitative approach in 

order to obtain a broader overview of the problem that would include personal experience 

with the phenomenon or situation. However, to accomplish all objectives of this project, a 

qualitative-only perspective is not sufficient as it does not provide a reliable tool to 

measure accessibility that can be used in health planning. 

Since this project concerns one of the marginalized groups in Alberta and 

addresses an important social issue, there is a possibility to conduct this research within 

an advocacy approach. This form of inquiry is focused on bringing changes in practice 

(Creswell 2009) such as changes in health delivery system, improvement of health 

promotion to reduce health illiteracy. One of the goals of this project is to assist in 

improving the health delivery system in Alberta.  An advocacy approach requires 
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involving the researched population as an active participant in the project. Taking into 

consideration large numbers of Aboriginal people (over 150,000 people living in 137 

reserves and communities) and variety of different nations this worldview will not be 

applied within this research project. However, this project intends to create a tool that can 

assist an informed decision making, assisting health planning and thus partially employ 

an advocacy approach. 

The relatively new worldview  pragmatism  focuses on the research problem 

itself and allows for the application of mixed method research to study the research 

problem (Creswell 2009, Hesse-Biber and Leavy 2006). Creswell (2009) describes the 

mixed method approach as the collection of both quantitative and qualitative data 

sequentially or concurrently. Moreover, Hesse-Biber and Leavy (2006) suggest that a 

pragmatic worldview allows moving in the direction of multiple interpretations with 

mixed method data; this is the preferred approach for this project. With this type of 

research design, different kinds of information can be obtained and integrated into the 

research design, allowing for the establishment of a more complex view of the problem 

under study. 

Mixed method design has been chosen for this project. Both qualitative and 

quantitative methods were applied sequentially. This project contains two major 

quantitative stages: an analysis stage involving qualitative methods, and a final stage of 

interpretation. 

Successful integration of geographical and non-geographical factors is essential to 

create an effective and efficient model of health care accessibility. There are four main 

methodological challenges in this project: (1) implementing the measure of spatial 

 - 
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accessibility in a reasonably simple procedure; (2) selecting the most significant factors 

representing non-spatial access; (3) integrating spatial and non-spatial factors into one 

model for assessing primary health care shortage areas; and (4) validating the 

accessibility model with qualitative studies. 

This research intends to address the above issues and involves the following steps: 

1. 2SFCA method used to measure geographical accessibility based 

on travel times between residents and physicians. This method is 

implemented in ArcGIS 9.3. 

2. Spatial regression applied to assess demographic and socio

economic variables that represent health needs of the population. Access 

rate was included in the regression analysis in order to assess its 

contribution toward health status. 

3. Combining spatial and non-spatial variables into one framework 

and locating the physician shortage areas. 

4. Applying qualitative methodology to confirm findings from the 

accessibility model and thus validate the model. 

3.2 Quantitative stage I. Accessibility model. 

3.2.1 Measuring access. Two-step floating catchment area method 

One of the fundamental effects of health care utilization is a tendency to decrease 

with increasing distance or distance decay effect (Cromley and McLafferty 2002, Joseph 

and Phillips 1984). The distance decay effect is more important in primary health care 

and is less significant in the case of serious medical conditions when hospitalization is 
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required (Goodman et al. 1997). Defining distance the that individuals are willing to 

travel to seek primary medical care is one of the key moments in evaluating accessibility 

as people differ in their ability to overcome a distance. Gesler and Meade (1988) found 

that distance is a more important factor for people living in the inner-city areas than for 

people living in the suburbs. 

Measuring geographical accessibility by distance between service provider and 

consumer is not always accurate: recent studies proved that travel time is a better measure 

of spatial accessibility (Jordan et al. 2004), especially in rural areas where choices of 

provider are very limited and people usually choose the nearest provider (Fyer et al. 

1999). 

Joseph and Phillips (1984) stated that measures of spatial accessibility must be 

based on regional availability and regional accessibility. Regional availability is 

represented by the provider-to-population ration within a certain region. The major 

shortcoming of the regional availability approach is that it does not account for 

interaction across regional boundaries that are artificially created; moreover, the 

population in general does not consider them. Thus, spatial variability within a studied 

region is not revealed (Wing and Reynolds 1988); however, it should be noted that in the 

case of Canada this shortcoming is less important as, based on the provincial nature of 

health insurance, people are unlikely to seek medical services out of province.  At the 

same time, scale of the area under study (province of Alberta) requires division into 

smaller sub-regions to take into account a population that is unequally distributed across 

space. Normally, such studies are conducted at the level of census tracts (CT) or 
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dissemination areas (DA) that are relatively small; therefore, accounting for border 

crossing is required (Joseph and Phillips 1984). Luo and Wang (2005) attempted to 

address this issue by improving the floating catchment area (FCA) method first used by 

Peng (1997) to assess urban job accessibility. In the earlier version of F C A a circle is 

drawn around a residential tract as its catchment area. The radius of the circle is an 

assumed threshold travel distance for medical care. The circle then "floats" from the 

centroid of one tract to another and the provider-to-population ration is calculated for 

each tract and accessibility is defined based on this ratio (Luo 2004). A major issue with 

this method is the assumption that services within the catchment area are fully available 

to population within this area. However, not all the health care facilities within the 

catchment area are available and sometimes they may serve residents from nearby 

catchment areas.  A n improved F C A method by Wang and Luo (2005) solves the above 

issue: the new two-step floating catchment area method repeats the process twice; once 

on physician locations and then for residents location, thus accounting for both demand 

and supply of the health care resources. 

2SFCA is performed by the following procedure: 

1. For each physician location j, search all population locations (k) that are 

within a threshold travel time (d0) from location j (catchment area j), and calculate the 

physician-to-population ratio Rj, within the catchment area: 
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Where is the population of tract k whose centroid falls within the catchment 

area (that is, d¡k < d0), Sj is the number of physicians at location j, and dy is travel time 

between k and j. 

within the threshold travel time (do) from location i (catchment area i), and sum up 

physician-to-population ratios, Rj, at these locations: 

Where A ¡ represents the accessibility at resident location i based on the two-step 

F C A method, Rj is the physician-to-population ratio at physician location j whose 

centroids falls within the catchment area centered at  i , and d¡¡ is the travel time between i 

and j. A larger value of A indicates a better accessibility at location (Luo & Wang, 2003). 

Figure 9 illustrates the 2SFCA method (adapted from (Luo 2004)). A small circle 

(catchment) drawn around each census tract centroid is used as the basic unit to calculate 

the physician to population ratio. The radius of each catchment area is the reasonable 

distance a person is willing to travel to see a physician. It can be represented by 

geographical distance or travel time of certain threshold. This circle moves from tract to 

tract, thus shortage variation from place to place can be identified. R is the physician-to

population ratio that indicates a level of geographical accessibility (Luo 2004). 

2. For each population location i, search all physician locations (j) that are 

-
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Figure 9. The two-step floating catchment area method (adapted from Luo and 
Wang (2003)) 

The main advantage of this method is that it takes into account patients' geo

administrative border-crossing and thus evaluates accessibility more precisely. 

The 2SFCA method, however, has its limitations. Spatial accessibility remains the 

same within catchment area's borders; access near the edge of the catchment area is the 

same as in the center and becomes zero over the border. Luo and Wang (2003) also 

determined that longer drive time produces less variation in spatial accessibility. 

Considering the size of the study area and the spatial variation in population 

density one travel time threshold is not suitable for the entire area. Normally, a 30 minute 

-
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threshold is chosen for urban areas (Lee 1991) and 50-60 minutes for rural (McGrail and 

Humphreys 2009). In order to obtain a more accurate picture of spatial accessibility in 

this project this method was applied with several travel time thresholds: starting with 30 

minutes and increasing the threshold by 10 minutes until variation in spatial accessibility 

has no further change. 

The measurements of spatial accessibility using the 2SFCA were implemented 

using ArcMap 9.3 and its Network Analysis module. The "Closest Facility" tool was 

used to identify proximity to health care providers within several travel time thresholds. 

3.3 Qualitative measures. Validating accessibility model 

The main focus of this project is to build a quantitative model that can assist 

informed decision making and be suitable for health planning. A qualitative approach is 

employed here to validatate the accessibility model built in the previous stage of the 

project. In order to confirm the model's travel time estimates and accessibility score, 

representatives of the Aboriginal reserves were interviewed; furthermore, to capture 

major differences in terms of health care accessibility among communities, two reserves 

with different accessibility scores were chosen. 

The qualitative portion of this project is intended to obtain data regarding health 

care accessibility, medical services delivery and health promotion in Aboriginal 

communities. It is important to providing careful analysis of accessibility estimates, as 

sometimes quantitative information does not reflect the real situation in the best way; for 

example, calculating spatial accessibility via road network while in some reserves people 

need to use other types of transportation to reach the road. The accessibility model can be 
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adjusted to different transportation needs, but those needs must be specified by those 

living in the reserves. Another example is that even in the presence of accessible health 

services utilization of those resources is very low due to cultural experience with health 

such as preference of traditional healing practices as opposed to western medicine 

specialists. Such situations needs clarification from people who are familiar with issues 

associated with health care provision in Aboriginal communities. 

This research employs phenomenological approach that focuses on studying the 

lived experience of several individuals or groups of a phenomenon under study (Creswell 

2007). The main goal of this approach is to understand several individuals' common or 

shared experience of a certain phenomenon. In this case it is a shared experience of health 

care accessibility among Aboriginal reserves. Understanding the lived experience of the 

phenomenon is crucial in order to develop new practices and policies that allow 

improving current health promotion; knowing a common experience of accessibility is 

valuable for health planners and policymakers. 

The main purpose of the qualitative study within this project is the assessment of 

spatial accessibility to health care services among the Aboriginal population based on 

their perceptions. Two participants were interviewed and audio tape recorded. The goal 

of gathering qualitative information regarding access to health care is to validate the 

quantitative model that was built in the previous stage of the project. Collecting 

information regarding travel time to the nearest health care provider helps to identify if 

quantitative estimates were accurate. Information about presence of traditional healing 

practices on-reserves is meant to help identify if there are alternative health providers 
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when regular providers are unavailable. A l l the data for this stage of the project was 

obtained from recorder interviews with reserves representatives. 

3.3.1 Interviews. Participants 

According to Creswell (2007), the participants in the phenomenological study 

should be chosen carefully as they need to be individuals who have full understanding 

and significant experience of the phenomenon. Longhurst (2010) also noted that under 

the scope of the qualitative approach, the main goal of the interviews is not to be 

replicable or representative as in quantitative methods but provide better understanding of 

an individual's experience. Selecting participants for the interviews is one of the major 

concerns as it requires planning the recruiting strategies ahead and careful identification 

of the participants that can provide a full picture of the phenomenon under study. As the 

primary goal of the phenomenological research is the experience of the individuals it is 

important to identify participants that have a full experience of the phenomenon 

(Carpenter, Dyck and Hammell 2000). 

In this project the phenomenon under study is accessibility to primary health care 

and it is important to understand how Aboriginal reserves experience this phenomenon. 

To obtain the best picture of accessibility for the reserves the primary selection criteria 

for participants is for them to be the official representatives of the reserves such as the 

elders or band representatives. Participants selected for the study are the official 

representatives of two different reserves in Alberta who currently live on reserves. They 

have the best understanding of the problems that community faces in terms of 

transportation system, connections with cities, other communities and with health care 

facilities. Their participation is important since they represent the interests of the whole 
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community. They provide information concerning presence of health providers within the 

community and weaknesses of the health delivery system in the community. 

Participant recruitment started by engaging with a member of the Aboriginal 

community and discussing issues of accessibility for Aboriginal peoples and the best 

strategy for recruiting participants. The advisor from the Aboriginal community 

suggested contacting reserve officials by writing a letter explaining the goals of the 

project and how it would benefit the community.  An initial access to a network of 

prospective participants was also gained through the advisor from the Aboriginal 

community. 

There were several constraints during the qualitative part of the study. The study 

author herself does not belong to Aboriginal community and establishing social networks 

with participants is challenging; hereby, it limits a number of participants that can be 

recruited for the interviews. As mentioned above, most of the contacts were established 

with assistance of Aboriginal advisor, however, several reserves' representatives who 

originally were interested in participating decided to withdraw from the study. 

Participation was completely voluntarily and in many cases recruitment letters were 

unanswered. Reserves were chosen to represent areas with the lowest or zero accessibility 

and areas with average or good accessibility scores. Recruitment was performed via 

telephone and e-mail. 

Flick et al. (2004) suggested several types of interview formats that can be used 

for retrieving information from participants. In the beginning of the interviews there are 

many questions that have to be addressed to participants in order to receive information 

for the analysis. 
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Interviews with participants are structured in order to obtain information essential 

to validate the accessibility model and for qualitative interpretation of the model results. 

The following questions were addressed to participants: 

1. Is there at least one health provider on reserve? 

2. Time you spend travelling to health provider (in minutes) 

3. Who are the major providers of primary health care in your community 

(family doctors, nurses, midwives, other)? 

4. If there are no health providers in your community, where do you look for 

primary medical services (indicate town, city or community)? 

5. Travel time to this primary health provider (in minutes)? 

6. What role do traditional healing practices take in your community? Is it a 

preferred choice of health service? 

7. If your community has no health providers and no road connection to the 

neighborhood areas where health providers are located what alternative 

transportation is used for traveling to health providers? In this case how 

much time does it take to travel from your residence to nearest primary 

health provider (in minutes)? 

As mentioned above, these interviews are mainly structured. However, the 

researcher asks participants to provide some explanation of their answers if necessarily. 
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Participants' answers were audio taped and securely stored in a locked cabinet for 

five years whereupon they will be destroyed. 

3.3.2 Ethics concerns 

A l l research regarding health care, especially when they are related to a specific 

ethnic context, contains sensitive ethical issues. There are a number of publications that 

refer to methods of dealing with this problem. For example, Creswell (2009) states that 

ethical issues exist in each step of the research process and it is essential to carefully 

define them at the beginning of the study. However, there may also be some unexpected 

ethical issues that could not be defined in the beginning of the research, especially in the 

mixed method type of the research, where intermediate results can lead to new research 

directions. According to Creswell (2009), every researcher needs to acknowledge his or 

her impact on the participants and the place being studied. 

One of the ethical issues of the project concerned defining appropriate words 

addressing ethnicity. The word "Aboriginal" and not "Native" or "Indigenous" is used in 

this research project since it is more commonly used in health related studies and also an 

accepted collective named suggested by Communication Branch of Indian and Northern 

Affairs Canada (2002). Within certain communities, people are addressed according to 

the local name of their ethnicity. 

Interviews were conducted in a sensitive manner to ensure that no participants are 

caused harm. Each participant was required to sign an informed consent form. 

Confidentiality of participation was guaranteed. Recorded interviews and transcripts were 

securely stored; names of participants or their reserves wil l never appear in any reports. 
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Reciprocity is another ethical issue of this study project. A reciprocity or 

reciprocal relationship is defined as "whereby the researcher and the researched are in 

comparable social positions and have relatively equal benefits and costs from 

participating in the research" (Dowling 2005). Participants shared their time assisting our 

research and their attention should be paid back. This problem can be solved by assisting 

in developing and improving health delivery system in the Aboriginal community. In this 

case, participants become not just an object of investigation but the part of the research 

ream as well. 

In addition, critical reflexivity that is defined as a "process of constant, self

conscious, scrutiny of the self as researcher and of the research process" (Dowling 2005) 

was applied at each stage of the research project. 

3.3.3 Ethics approval 

The study was approved by the Conjoint Faculties Research Ethics Board of 

University of Calgary. 

The interview began with explaining the identity and affiliation of the researcher 

and a purpose of the study. A l l participants were informed that participating is voluntary 

and that confidentiality and anonymity is guaranteed. Approximate length of the 

interview was also given to participants. The respondents were also informed regarding 

potential risks and benefits before the interview. A l l participants had the opportunity to 

ask questions before the interview and then asked to sign a consent form (see Appendix 

1).  An example of the interview script can be found in Appendix 2. 

-
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3.4 Quantitative stage IL Assessing population health needs. Regression analysis 

The second stage of the project involves the assessment of factors that contribute 

to the health status of the population. This part of the project focuses on exploring an 

association between health status and related socio-economic and demographic factors. 

Due to data availability constraints, the variable "health status" is replaced by the proxy 

variable "median age" in this model. Dependent and independent variables are presented 

and discussed in details in Chapter 2.3.1. Multivariate linear regression is one of the 

commonly employed techniques to study the relationship between a dependant variable 

(health status) and a set of independent or explanatory variables (socio-economic and 

demographic factors). Linear regression, assuming that there is a linear relationship 

between dependant and explanatory variables fits a straight line to the set of observed 

data and explores effects of independent variables on the dependent. The major outcome 

of the linear regression model is an equation that allows prediction of values of dependant 

variable from values of independent variable (Rogerson 2006). 

The general form of the linear regression is (Waller and Gotway 2004): 

y  B0 +B1X1 +B2X2 +  +BXi +e 

where, 

y  dependent variable 

X i , X2,... X¡  explanatory variable 

Pi, P2,... Pi  regression coefficients 

Po  constant assigned by the multiple regression algorithm 

 =   i

 = 

=

 = 

= 
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e  error term 

In linear regression modelling it is also assumed that there is no multicollinearity 

among the explanatory variables. Multicollinearity is a phenomenon that can be described 

as a presence of two or more explanatory variables that are highly correlated (Miller 

1990). In the case of two or more variables being perfectly correlated, estimating the 

coefficients is not possible. In the other case when correlation between variables is high 

but not perfect, the coefficients in the regression become sensitive to individual 

observation and any changes in the data such as addition or deletion of any observations 

can change the coefficients estimates significantly. In the presence of multicollinearity 

insignificant explanatory variable may become significant (Rogerson 2006). To reduce 

the risk of multicollinearity, cross-correlation among explanatory variables is examined 

and only variables that are correlated below a certain threshold (0.7) are used in the 

model. 

One of the major issues in the regression modeling is the selection of variables. In 

order to select relevant variables from a set of possible explanatory variables stepwise 

procedure is typically used. There are two versions of this procedure: forward and 

backward as discussed in Rogerson (2006). 

Forward stepwise regression analysis starts with entering the most highly 

correlated explanatory variables into the model. Linear regression of a dependent variable 

is applied in order to select another explanatory variable with the highest correlation with 

the residual errors from the first regression. This process is repeated until there are no 

more statistically significant variables to include. 

 =
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In backward stepwise regression method, all of the explanatory variables are 

initially entered into the model. The procedure eliminates those variables that are not 

significant. Usually, the significance level used in valuation modeling for selecting and 

eliminating explanatory variables is 0.05 (95% confidence level). 

Backward stepwise regression wil l be applied to the standard regression model in 

this project. 

3.4.1 Spatial autocorrelation 

Linear regression models are only valid when there is no spatial dependency 

among observations. Spatial dependence is best defined by the first law of geography: 

"Everything is related to everything else, but near things 
are more related than far things" (Tobler 1970). 

The measure of spatial dependence is a spatial autocorrelation index. It consists of 

a test for similarity in location and attribute (Waller and Gotway 2004). 

Spatial autocorrelation measures based on the Moran's I metric are commonly 

used to test the clustering tendency of health data (Getis 2008). 

Low or non-significant values of spatial autocorrelation indicate that a spatial 

model is not required. If spatial autocorrelation is present in the data a spatial 

autoregressive model wil l be specified. The two most commonly used techniques for 

testing spatial autocorrelation are Moran's I and Geary's. For the purpose of this research 

project Moran's I is chosen due to its simplicity: 

S2Tl

1IIl^iWiJ 
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Where S2 2 w ( * í  x)2, x¡ is the observed value at location  i , x is the average 

of x¡, and  w i ;  spatial weight matrix (Waller & Gotway 2004). The value of Moran's I 

ranges from 1 (perfect negative autocorrelation) to +1 (perfect positive autocorrelation). 

Perfect positive autocorrelation means that the value of an independent variable X¡ tends 

to be similar to neighbouring values. Perfect negative autocorrelation means that 

neighbouring values are more independent. Presence of significant spatial autocorrelation 

in the regression residuals usually means that model is incomplete (there may be a 

missing variable). It can also indicate that model specification is incorrect and that there 

is a need for a spatially autoregressive model which integrates a spatial lag operator into 

the regression computation (Getis 2008). When there is a spatial autocorrelation, the 

assumption of linear regression is violated and there is a need for an alternative 

regression equation. The common approach is to apply a spatial regression model that 

captures spatial dependency in regression analysis and provides information on spatial 

relationships between variables. 

The spatial regression model can be described by following equation: 

Y  XP + pWY + e 

Where p is an unknown autoregressive parameter (scalar) and W is the spatial 

weights or contiguity matrix which represents the spatial structure of the data (Miller 

1990, Waller and Gotway 2004). Specification of the contiguity matrix is an important 

step in the spatial regression analysis. Getis and Aldstadt (2004) suggested several 

methods for specifying this matrix: nearest neighbours, spatially contiguous neighbours, 

ranked distance, inverse distance and, semivariogram. 

 =  —

 =

 

=
 



3.5 Data source 

A l l the spatial data was retrieved from the "Maps, Academic Data and 

Geographic Information Centre ( M A D G I C ) " at the University of Calgary. These spatial 

data include the provincial boundary, dissemination areas and blocks boundary, national 

postal code and Postal Code Conversion File, provincial road network. The population 

data extracted from the 2006 Census at the dissemination area and at the dissemination 

block level were also provided by M A D G I C . 

The primary health care providers in this project are presented by general 

practitioners (GPs) and Health care facilities (HCR). The GPs data set included postal 

codes and was obtained from the College of Physicians and Surgeons of Alberta (CPSA) 

website (www.cpsa.ab.ca). A l l the locations of GPs were manual copied from the 

website's Medical Directory which is a listing of all doctors available in Alberta. This 

website contains the most updated database of all physicians in the province (updated 

daily). H C R dataset was obtained from the M A D G I C desk at University of Calgary. It is 

an A R C I N F O shapefile that contains all the locations of the health care facilities in 

Alberta. This dataset includes the name of each health care facility and coordinates of its 

location. Health care facilities in this file presented by hospitals, long-term care centers, 

nursing stations, outpatient clinics and community health centers. 

Accessibility was measured using both datasets of medical providers sequentially 

and results are compared. 

http://www.cpsa.ab.ca
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The Aboriginal reserves dataset containing 137 reserves location was obtained 

from GeoBase website . The main attributes of this dataset are a name of each reserve 

along with its geographic coordinates. 

For the regression modeling of health needs explanatory variables were extracted 

from the 2006 Census data at the dissemination area level. 

2 http://www.geobase.ca/geobase/en/search.do?produit=alta&language=en 

http://www.geobase.ca/geobase/en/search.do?produit=alta&language=en
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Chapter Four: Results 

4.1 Accessibility level 

The focus of this project is to create a model that allows identifying accessibility 

rate for Aboriginal reserves in province of Alberta. The study site includes urban, 

suburban and rural areas totalling in 5,357 Dissemination areas and 65,071 Dissemination 

blocks. The geographical distribution of general practitioners appears clustered within the 

province with higher concentration in metropolitan and urban areas (Figure 10a). A 

similar pattern is observed with the distribution of health care facilities; however, there 

are more health care facilities presented in the rural areas as opposed to GPs as seen on 

Figure 10b. 

« U ^ A A 

» A 

 I*  A J 

Tr 

*  * . A 

A RESERVES 
 POPULATED PLACES 

• GPs LOCATION 
HEALTH REGIONS 
PROVINCIAL BOUNDARY 

A. 
Prq«cW NAOS3 'OTM  

55 COO HO OOP ZMOX 330 000 WQOO 

A 

A A t B' 

A r 

Sl 

* of 

Sl HEALTH CARE FACILITIES 
A RESERVES 
• POPULATED PLACES 

HEALTH REGIONS 
PROVINCIAL BOUNDARY 

B. 
i 

P-qMtron NACT3 tQTM  

SÌA « A  * * 

. " M

A 

S I * £ 
A . A . Sl B JF 

*0 S l S l U L J s l B S l L J A 

 Bl si 

 Bl fflSlB 

A si m 
Bl . I M M M B r 

 O B 
aro no oro 3)0000  w « 

Figure 10. Distribution of health care providers in Alberta: a. General practitioners 
b. Health care facilities 

-

1 3  0 

0 1 

-

. 

r

. 



4 



52 

The  D A level data was selected for this study as it is the lowest aggregation level 

available for entire province. A l l the demographic and socio-economic data used to 

determine health needs is also available at the  D A level. The census tract level that is 

usually employed in floating catchment area method (Luo 2004, Wang and Luo 2005) is 

only available for metropolitan areas. Ideally,  GP locations should be represented at the 

postal code level; however, due to unavailability of health-related data on this level, the 

next best aggregation level (DB or dissemination block) was chosen. Using this 

aggregation level does not affect the quality of the results as units are small enough to 

provide adequate resolution of the data (Luo 2004). Location of both GPs and HCRs was 

taken at the centroid of DBs. Following Luo (2004), GPs with the same  D B are assumed 

to work at the  D B centroid location. 

The reasonable time patients are willing to travel to seek health care varies 

significantly according to age, race, ethnicity, social and economic status (Cromley and 

McLafferty 2002, Meade et al. 1988). Several travel time thresholds ranging between 15 

and 60 min were applied in the 2SFCA with incrementation of 10 minutes starting at 

threshold of 20 minutes. Only thresholds of 30, 50 and 60 minutes demonstrated 

significant difference in accessibility. Figure l l a -c demonstrates spatial variation of 

primary health care accessibility to GPs within three different thresholds and Figure 12a

c for H C R in Alberta. The accessibility levels are based on natural breaks grouping that 

minimizes the sum of variance within each of the classes (Luo and Wang 2003). Lower 

score represents lower accessibility, zero score means that primary health care is 

inaccessible within this threshold. . 

-




53 

N 

Grandje Prairie 

A RESERVES OUT OF A C C E S S (100/137) 
• RESERVES 
* POPULATED PLACES 

SPATIAL ACCESSIBILITY 30 MIN 
0.0001 -0.0011 
0.0012  0.0041 
0.0042-0.0119 

 0.0120-0.0300 
H i 0.0301  0.0567 
I I PROVINCIAL BOUNDARY 

Projection: NAD83 10TM 

Figure 11a. Accessibility to GPs score within 30 minutes threshold 

 

—
 



54 

N 

A A 

Grande Prairie 

•A a I A A 

A 

* A A 

A  l à Aa 
* ^ a a 

Í * A A  

k ^ A 

f 

A 

Fort Sasl^teheyiw 

ted Deer 

Lluvdminster 

A R E S E R V E S OUT OF A C C E S S (80/137) 
A R E S E R V E S 
• POPULATED P L A C E S 

SPATIAL ACCESSIBILITY S C O R E 50 MIN 
0.0001 -0.0118 
0.0119  0.0372 

• i 0.0373-0.1061 
 0.1062  0 2558 
 0.2559  2 0000 

I I PROVINCIAL BOUNDARY 

Calgl i 

LetlArid^e 

V A
0 55,000110.000 

Medicine Hat 

330.000 

Projection: NAD83 10TM 

440,000 
• Meters 

Figure l ib . Accessibility to GPs score within 50 minutes threshold 

t 



—  
—  





55 

N 

AA¿¡k A A 

A 

* A A 

4P A . 
A A 

Grande Prairie 

Fort Sas^thvyiM 
Fdniontffi 

^ed Deer 

f 

A 

A 
A 

A4 
A 

Ik A 

Llovdminster J 

A R E S E R V E S OUT OF A C C E S S (75/137) 
A R E S E R V E S 
• POPULATED P L A C E S 

SPATIAL ACCESSIBILITY S C O R E 60 MIN 
0.0001 -0.0014 
0.0015  0.0045 
0.0046-0.0119 

H i 0.0120  0.0300 
H i 0.0301  0.0567 
I ¡ PROVINCIAL B O U N D A R Y 

Projection: NAD83 10TM 

CaIgAt

LetlArid^e 

55,000110,000 220.000 

Medicine Mat 

330.000 ),000 
• Meters 

Figure l ie . Accessibility to GPs score within 60 minutes threshold 

-








56 

• RESERVES OUT OF ACCESS (88/137) 

• RESERVES 

• POPULATED PLACES 

SPATIAL ACCESSIBILITY SCORE 30 MIN 

0.0001  0.0002 

0.0003  0.0006 

0.0007  0.0014 

0.0015-0.0026 

B H 0.0027  0.0059 

I ! PROVINCIAL BOUNDARY 

Projection: NAD83 10TM 
0 55,000110,000 220,000 330,000 440,000 

• Meters 

Figure 12a. Accessibility to HCR score within 30 minutes threshold 

 









N * 

A 

' . * r 

Grande Prairie 

A RESERVES OUT OF ACCESS (48/137) 
A RESERVES 
• POPULATED PLACES 

SPATIAL ACCESSIBILITY SCORE 50 MIN 
0.0001  0.0002 
0.0003  0.0005 
0.0006-0.0013 

• 1 0.0014  0.0028 
 0.0029  0.0043 

I PROVINCIAL BOUNDARY 

Medicine Hat 

LelArii Jojge 

Projection: NAD83 10TM 

V .A
0 55,000110,000 220,000 330.000 440.000 

• Meters 

Figure 12b. Accessibility to H CR score within 50 minutes threshold 

 



—  





58 

N 

i 

A 

A 

A A i ^ A a 

A 

A RESERVES OUT OF ACCESS (44/137) 
A RESERVES 
• POPULATED PLACES 

SPATIAL ACCESSIBILITY SCORE 60 MIN 
0.0001 -0.0002 
0.0003  0.0005 
0.0006-0.0013 

• B 0 0014  0 0028 
• I 0.0029  0.0043 
i ¡ PROVINCIAL BOUNDARY 

Projection: NAD83 10TM 
55.000110,000 440,000 

I Meters 

Figure 12c. Accessibility to HCR score within 60 minutes threshold 

 






59 

The accessibility score indicates the spatial variation of access among DAs. 

Several observations can be made from Figures l l a -c and 12a-c. It should be noted that 

the accessibility score to  GP is generally lower compared to HCR. Clusters with higher 

accessibility locate mostly in centre and south-west of the province. With H C R data 

clusters with higher scores are located in the north and central parts of Alberta. Similar 

areas on the Figures l l a -c have zero access suggesting that doctors are not the health care 

providers in these areas and health supply is mostly presented by other practitioners such 

as nurses and midwives, which agrees with findings from the literature review (see 

Section 2.5.1), thus providing a more realistic picture of spatial accessibility. Overall, in 

the case of GPs more reserves remain underserved (75) even within the longest travel 

time of 60 minutes. In contrast, accessibility to H C R tends to have a significantly higher 

score and better access especially in more rural areas that include reserves. Even within 

the 60 minutes threshold only one third (44 out of 137) of the reserves remains 

underserved. Considering such a significant difference in the result, the H C R model is 

considered to be more reliable when studying Aboriginal population and further analysis 

is built on accessibility to H C R (Figures 12a-c). 

Accessibility within the 30 minute threshold is very clustered among the province 

(which is normal considering the relatively short travel time) and mostly present within 

larger urban areas; this result agrees with other studies that admitted a 30 minute 

threshold (Figure 12a) to be an ideal travel time threshold within metropolitan areas 

(Lovett et al. 2002, Lee 1991). As the majority of the reserves tend to be located in rural 

3 It may not be the case when study area is metropolitan as doctors are the preferred choice of health 
provider. 
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areas most of them gained zero accessibility score (88/137) within this threshold (Figure 

12a). However, there are clusters of higher accessibility score within this threshold that 

are located on the north of the province (Figure 12a) indicating the presence of multiple 

providers. 

Maps representing the higher thresholds of 50 and 60 minutes (Figures 12b, c) 

look much smoother and do not reveal much difference in accessibility coverage. 

However, it should be noted that within the 50 minutes threshold the accessibility score is 

higher compared to the 60 minutes threshold; compared with the 30 minutes threshold, 

more areas are indicated as having access to health care. These areas are mostly rural in 

the central and southern parts of the province. Overall, even with the 60 minutes travel 

time there are underserved areas. There are two major clusters of zero accessibility in the 

western part of Alberta as seen on Figure 13. Also, there is a large cluster that is located 

in the north-eastern part and several smaller areas in the southern part. 

It is also noticeable that the provider-to-population ratio increases from urban 

centers toward rural areas which reflect a decrease in population density (Figure 14). 

Based on Figure 11 people living off-reserves have better access to H C R than people on

reserve. The majority of underserved areas correspond to the location of the reserves. 

-
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For 44 reserves even 60 minutes is not enough time to reach the nearest health 

provider. These communities also often do not even have road access which increases 

travel impedance. Figure 15 demonstrates the example of such a situation. For the 

purpose of accessibility analysis location of these reserves were shifted to the nearest 

available road. This limitation should be taken into consideration when drawing 

conclusion regarding accessibility level for these reserves. 
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Figure 13. Areas with accessibility to HC R within various thresholds 
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Figure 14. Population density in Alberta based on 2006 Census 
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The model of accessibility created within this study provides a powerful tool that 

can be used for the health planning and to support decision making in health policy. The 

maps constructed based on this model reveal important spatial characteristics about 

potential accessibility and demonstrate areas where geographical barriers to health 

providers are presented. Various dataseis of health providers can be used to assess 

accessibility depending on the specification of the area under study and availability of the 

data. For example, within this stage of the project two data sets were compared in order 

to evaluate which of them would produce more accurate results. It should be noted that 

H C R data set provides better accessibility for reserves especially for the isolated ones in 

the north of the province. This situation is a result of the uneven spatial distribution of the 

reserves in both rural and urban areas. Very often general practitioners may not be 

present in the remote areas. 

Cartographic visualization is also important for identifying clusters of various 

levels of accessibility. It is the best way to locate underserved areas within such a large 

territory like the province of Alberta. 

Overall, this model is a good measure of potential accessibility; it provides 

accurate results of provider-to-population ration from both supply and demand 

perspectives. The accessibility coverage created by the model also correlates with the 

picture of access drawn in the literature review. 
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4.2 Qualitative measures. Validation of accessibility model 

The qualitative part of the project employed a phenomenological study (see 

Chapter 3.3 for reference) to evaluate health care accessibility on reserves in Alberta. The 

major goal of this stage is to test the model, validate the travel time estimates and gather 

additional information that can improve the accessibility model. 

Aboriginal people are a vulnerable minority population. In order to protect their 

identity unique identifiers are used. There were two participants from different reserves. 

With respect to participants' anonymity reserves are assigned with code names: Reserve 1 

and Reserve 2. 

Each participant was asked the same set of questions (see Appendix 2). Based on 

their responses, both of these reserves have a good access to health providers when travel 

time does not exceed 30 min. This information was compared with the results provided 

by the accessibility model by placing the respondent's reserves on the map of 

accessibility to HCR. Results are provided on Figure 16. 
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Figure 16. Location of participant reserves on the map of accessibility to HCR 
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Based on the estimation, as seen on Figure 16, Reserve 1 has zero accessibility to 

health care facilities, and for Reserve 2 health providers are accessible within 30 minutes 

travel time. The respondent from Reserve 2 indicated that average travel time to the 

providers (some of them located on reserve) is between 5 and 15 minutes. A health care 

provider is present in the health care center. This information perfectly agrees with model 

estimation. On the other hand, respondent form Reserve 1 also indicated that there is a 

health provider nearby with approximate travel time between 10 and 30 minutes. 

However, based on model's estimates this reserve has zero accessibility. Considering that 

accessibility score is measured as provider-to-population ratio, absence of accessibility 

means that either there are no providers within 30 minutes threshold or denominator 

(population in the area) is zero. The dataset that was used for estimating travel time 

indicated that there are several providers within proximity to reserve thus suggesting that 

population data is incorrect. Very often due to ethical issues population counts of 

Aboriginal communities are rounded to zero hereby affecting any qualitative estimation 

based on this information; Reserve 2 seems to be the case of such rounding (see Figure 

17). 
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As Census Canada is the only provider of population counts there is no other 

information that can fulfil this gap and provide a better estimate for accessibility. 

Both respondents also indicated that there are several providers nearby that should 

increase the accessibility score. Reserves were placed on the map of accessibility to H C R 

within 30 minutes (see Figure 18). 

" 
' 

http://-u.-kj.nal
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Figure 18. Accessibility score for participating reserves 

 







71 

In this case Reserve 2 has a higher score than surrounding areas (A=0.0008). The 

conclusion here is that model's estimates represent a real situation with health care 

accessibility from a reserve. The Reserve 1 representative also indicated availability of 

several providers; however, due to the above mentioned issue it cannot be confirmed. 

Based on model estimation there are at least six providers within 30 minutes drive from 

the centre of the reserve, which with available population data would provide higher 

provider-to-population ratio and thus a better accessibility score. 

Integrating data obtained through qualitative interviews into the quantitative 

model is one of the strategies of validating the research (Creswell 2009). Total reserve 

population data can be obtained from the official reserve representative during the 

interview and, thus, gaps in population data can be filled and accessibility score re

estimated. Comparison of this map with the map from the first stage of the project allows 

the analysis of differences between estimated geographical accessibility and real 

accessibility to health care services. 

Based on information from the participant, Reserve 1 should be marked as having 

non-zero accessibility. During the interview the participant was asked what the 

approximate number of people living on reserve is and this answer was entered in the 

accessibility model. A new accessibility score was re-estimated and mapped. Figure 19 

demonstrates a new map of accessibility for this area. As seen on the map, a picture of 

accessibility is now changed to represent the real situation. Missing population 

information was simply entered in the model and the new accessibility score perfectly 

correlates with the participant's response. 

-
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Figure 19. New map of accessibility based on information provided by participants 
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Notably, entering missing information regarding total population into the 

accessibility model changed provider-to-population ration not only for Reserve 1 but also 

for nearby DAs. Respondents also indicated that traditional healing practice is often a 

preferred choice of health services. Many people rely on healing practice more that 

western medicine specialists even when they are geographically available. 

Overall, estimates of the travel impedance between residence location and health 

provider were correct for both participating communities. It suggests that the accessibility 

model provides accurate assessment of the travel time. The difference in accessibility 

score for Reserve 1 is only due to gaps in initial population database and can easily be 

fixed by replacing population counts by correct numbers.  By entering the correct number, 

accessibility changes to a score that is also confirmed by qualitative interviews with 

reserve representative. This case is an example that combining quantitative and 

qualitative methods provides more accurate results. 

The conclusion can be made here that the mixed method approach provides more 

detailed information compared to a quantitative-only approach. The information obtained 

through qualitative interviews improves the model, linking it to real situation, and can be 

used to support decision making in health planning. Integrating both quantitative and 

qualitative methods is suitable when studying an area for which census data is missing. 

Inclusion of participants' responses does not only fill the missing information providing 

more accurate estimates but also validates the quantitative model by linking it to real life. 
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4.3 Health care needs 

The evaluation of the health needs was tested at the  D A level to make the results 

comparable with the accessibility score. The dependent variable chosen for the regression 

analysis is median age of the population. The median age of the population indirectly 

represents health status (see Section 2.3): the higher the median age, the longer people 

live in the certain area. Longer life is typically associated with higher health status. 

Replacing direct measures of health status with indirect is a common practice when direct 

measures are unavailable (Field 2000). 

Self-rated health status of the population currently is not available on the desirable 

aggregation level (DA or DB) and currently only exists on the health region level (Figure 

20) that is not suitable for spatial analysis. Figure 21 represents the median age of the 

population in DAs. Considering that data is aggregated on a different level, it is still 

notable that there are similar patterns in distribution of the health status rated as good and 

higher median age of the population. Clusters of lower median age in the central, western 

and southern parts of the province correspond with the areas where smaller proportion of 

people rates their health as good. Higher median age in the urban areas also agrees with 

higher proportion of people who rated their health as good. Provided maps give 

confidence that self-rated health status as an indicator of health needs can be replaced 

with a less direct measure such as median age. 



Figure 20. Self-rated health status of the population (%) by Alberta Health 

(Source: Statistics Canada) 

regions 



Figure 21. Median age of the population by Dissemination Areas (Source: Statistics 

Canada) 
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The selection of explanatory variables is guided by the literature review (see 

Section 2.3.1) and includes proportion of female and Aboriginal population, proportion of 

people with education less than grade 13, number of families with children, number of 

single parents and unemployment rate. In addition, accessibility scores of each area were 

included in the regression model. Summary of all the variables is shown in Table 1. 

Table 1. Summary of the variables used in the regression analysis. 

Name Description 

Medianage median age of population in DA 

Female proportion of females 

Aboriginal proportion of people with Aboriginal identity by 

Unemp unemployment rate 

No. diploma proportion of people with education grade 13 or less 

Families proportion of families with children 

Lone.parent proportion of single parents 

Access accessibility to health provider score 

A l l the explanatory variables obtained from the Census are represented by raw 

numbers except for unemployment rate. A l l the variables except for accessibility and 

unemployment rates (as they already represent ratios) were normalized by total 

population of the  D A aged 20 and over to make measures comparables across DAs. In 

order to normalize the variables the following formula was applied: 

# people with no diploma 
/Vo .Diploma

D A total population age 20 and older 
• X 1000 

A similar formula was applied to the rest of the variables. 

 = 
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Selected descriptive statistics (Table 2) shows that most of the variables can be 

considered normally distributed (see also Appendix 3 for distribution histograms). 

However, it is harder to consider the variable aboriginal to be normally distributed due to 

its clustered distribution in the province.  As seen on the histogram most values are zero. 

It indicates that there are clusters of Aboriginal identity population and in other areas 

absence of Aboriginal identity population is observed. Another reason is that data 

regarding Aboriginal identity is often incomplete (for example Reserve 1 in the previous 

section) thus missing values increase positive skew. When a distribution is positively 

skewed, the mean is greater than the median. It indicates that the mean is sensitive to 

each value in the distribution. Presence of the skewness reduces reliability of the 

inferential tests. 

Table 2. Selected descriptive statistics for census data variables used in 
regression models 

MEDIANAGE FEMALE ABORIGINAL UNEMP NO.DIPLOMA FAMILIES LONE.PARENT ACCESS 

Mean: 37.78 498.47 62.36 4.02 194.92 271.87 39.90 0.70 

Median: 37.60 497.70 28.25 3.70 183.49 280.70 35.29 0.68 

Variance: 51.33 1063.22 18451.60 12.57 9074.34 2317.94 890.18 0.15 

Std Dev.: 7.16 32.61 135.84 3.53 95.26 48.14 29.84 0.39 

SE Mean: 0.10 0.45 1.88 0.07 1.32 0.67 0.41 0.00 

Skewness: 0.92 -0.32 5.51 1.01 0.66 -2.29 0.88 0.97 

Kurtosis: 4.18 11.22 33.47 1.53 0.62 9.45 0.95 3.31 

Traditionally, some transformation should be applied such as taking the logarithm 

of positively skewed data (Osborne 2002). Several transformations were applied to the 

variables; however, the major problem with data transformation is the interpretation of 

the results afterwards. It is especially important when variables consist of both counts and 
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rates, and log transformation leads to the difficulties in explaining results of the 

regression or misinterpretation. Another option is removing all of the zero values from 

the variable aboriginal. However, in many cases zero value is not necessarily a gap in the 

data; it can also indicate the lowest value of this variable: absence of Aboriginal identity 

population in a particular D A . A l l the advantages and disadvantages of data 

transformations, removing observations or simply leaving variable in the regression 

model were carefully considered. The decision is to leave this variable in the model 

without any modifications as the presence of this variable in the model is too valuable for 

the assessment of the health needs. However, the significance of this variable in the 

regression model should be carefully examined. 

The cross-correlation analysis among variables provides an informative picture of 

the socio-demographic structure of Alberta. Table 3 highlights the level of correlation 

between variables which is relatively low and does not indicated serious constraints upon 

the choice of variables for the regression model. 

Table 3. Cross-correlation among variable used in the regression models 

MEDIANAGE FEMALE ABORIGINAL UNEMP NO.DIPLOMA FAMILIES LONE.PARENT ACCESS 

MEDIANAGE 1.00 0.69 -0.18 -0.03 0.22 0.51 -0.04 0.01 

FEMALE 0.69 1.00 0.05 0.13 0.28 0.64 0.23 0.00 

ABORIGINAL -0.18 0.05 1.00 0.56 0.40 0.01 0.32 0.26 

UNEMP -0.03 0.13 0.56 1.00 0.30 0.04 0.28 0.15 

NO.DIPLOMA 0.22 0.28 0.40 0.30 1.00 0.26 0.28 0.24 

FAMILIES 0.51 0.64 0.01 0.04 0.26 1.00 0.27 -0.06 

LONE.PARENT -0.04 0.23 0.32 0.28 0.28 0.27 1.00 -0.04 

ACCESS 0.01 0.00 0.26 0.15 0.24 -0.06 -0.04 1.00 

Regression modelling starts with a simple linear regression model to obtain a 

picture of relationship between the dependent variable (medianage) and a set of 
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explanatory variables. Accessibility score at this stage was not entered into the model. 

Table 4 summarize the results of the linear regression model. 

Table 4. Linear regression results for explaining median age  access variable is not 
included 

Value St. error t value Pr(>|t|) 

(Intercept) 0.0156 0.4741 0.0330 0.9737 

FEMALE 0.0662 0.0013 52.6274 0.0000 

ABORIGINAL -0.0152 0.0008 -18.8561 0.0000 

UNEMP 0.0195 0.0208 0.9390 0.3478 

NO.DIPLOMA 0.0144 0.0010 14.7776 0.0000 

FAMILIES 0.0194 0.0017 11.3563 0.0000 

LONE.PARENT -0.0615 0.0031 -19.8886 0.0000 

R-Squared Res.Std.Error Res.Moran 

0.5762 0.0155 0.3830 

A l l the variables except for the unemployment rate resulted to be significant. 

Unemployment rate does not influence median age in this regression model. Notably, 

variables aboriginal and lone.parent are negatively correlated with median age. It means 

that higher proportions of Aboriginal peoples and single parents in the area are associated 

with the lower median age of population in this area. However, knowing that the variable 

aboriginal is not normally distributed the t-value cannot be trusted. On the other hand, 

high t-value (one of the highest in the model) gives a confidence that this variable is 

significant. Other variables: females, no.diploma, and families positively contribute to the 

higher median age. Females variable has the highest t-value in the regression model and 

it is the most highly correlated with median age. Such a situation can be explained 

 



81 

because life expectancy for women is higher according to census information (see Figure 

22); thus, higher median age is associated with higher proportion of a female population. 

Life expectancy at birth 

• Males • Females 

82 82 

Alberta Canada 

Figure 22. Life expectancy at birth by sex in Alberta and Canada (Source: Statistics 

Canada) 

The second linear regression model includes the same variables with the addition 

of accessibility rate for each area in order to explore how this factor wil l contribute to 

median age. Table 5 demonstrates the result of this regression. Entering a new variable 

does not change the situation dramatically. A l l the socio-demographic variables remain 

on the same significance level.  On the other hand, t-value of these variables experienced 

a minor decrease. Access score has one of the lowest t-values in this model and thus less 

important than variables representing socio-demographic status of the population. 

However, it still remains significant in predicting median age. Unemployment rate 

remains insignificant and following the stepwise procedure was removed from further 

analysis. 
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Table 5. Linear regression results for explaining median age  access score is 
included as an explanatory variable 

Value Std. Error t value Pr(>|t|) 

(Intercept) -0.1006 0.4751 -0.2118 0.8323 

FEMALE 0.0661 0.0013 52.6024 0.0000 

ABORIGINAL -0.0156 0.0008 -19.1353 0.0000 

UNEMP 0.0194 0.0208 0.9335 0.3506 

NO.DIPLOMA 0.0138 0.001 13.9415 0.0000 

FAMILIES 0.0198 0.0017 11.5592 0.0000 

LONE.PARENT -0.0601 0.0031 -19.2299 0.0000 

ACCESS 1.1471 0.3601 3.1854 0.0015 

R-Squared Res.Std.Error Res.Moran 
0.383 0.016 0.58 

The final linear regression model contains only those variables that are significant 

in previous models. Table 6 summarize the results of this regression. 

Table 6. Linear regression results for explaining median age with an insignificant 
variable removed 

Value Std.Error t t value Pr(>|t|) 

(Intercept) -0.093 0.4751 -0.1959 0.8447 

FEMALE 0.0663 0.0012 53.0691 0.0000 

ABORIGINAL -0.0153 0.0007 -21.1331 0.0000 

NO.DIPLOMA 0.0138 0.001 14.0213 0.0000 

FAMILIES 0.0196 0.0017 11.5216 0.0000 

LONE.PARENT -0.0597 0.0031 -19.2457 0.0000 

ACCESS 1.1478 0.3601 3.1873 0.0014 

R-Squared Res.Std.Error Res.Moran 

0.384 0.016 0.58 

By removing unemployment rate, the t-value of the other variables demonstrated 

a minor increase, especially variable aboriginal. Notably, these two variables have the 

highest cross-correlation (see Table 3). Accessibility rate remains significant in this 
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model. Based on this model higher median age is associated with a higher concentration 

of females, people with no higher education, families, and higher accessibility to health 

providers. Higher proportion of Aboriginal people and single parents are associated with 

lower median age. 

Each linear regression model has to be tested for spatial autocorrelation as 

discussed in section 3.4.1. Presence of spatial autocorrelation violates the linear 

regression and requires specification of the spatial regression model to account for spatial 

dependency. Moran's I was calculated for the dependent variable and all the independent 

variables. Results of the Moran's I test that was used to identify presence of 

autocorrelation are highlighted in Table 7. 

Table 7. Spatial correlation for census data variables 

MEDIAN 
AGE FEMALE ABORIGINAL UNEMP NO.DIPLOMA FAMILIES 

LONE. 
PARENT ACCESS 

Correlation 0.41 0.38 0.44 0.11 0.42 0.39 0.26 0.50 

Variance 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Std. Error 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
Normal 
statistic 26.53 24.27 28.46 7.34 27.35 25.29 16.64 32.05 
p-value 
(2-sided) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

As seen from the table most of the variables revealed spatial dependence which is 

a good indicator of spatial clustering (Waller and Gotway 2004). The variables displaying 

the highest spatial autocorrelation are aboriginal ethnicity, no education and female 

gender, however their values are still below 0.5. The highest spatial autocorrelation is 

revealed in accessibility score which is not surprising considering the spatial nature of 

this phenomenon. 
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Presence of spatial autocorrelation suggests that the linear regression model is 

mis-specified, and consequently results from the linear regression model are unreliable 

(as discussed in Section 3.4.1). Common practice is to specify a spatial regression model 

that accounts for the spatial dependency (see also Section 3.4). Table 8 summarize the 

results of the spatial regression analysis. 

Table 8. Spatial regression results for explaining median age with independent 
variables 

Value Std. Error t value Pr(>|t|) 

(Intercept) -0.4027 0.4796 -0.8398 0.4011 

FEMALE 0.0681 0.0012 55.9947 0.0000 

ABORIGINAL -0.0147 0.0007 -19.9975 0.0000 

NO.DIPLOMA 0.0136 0.0010 13.5375 0.0000 

FAMILIES 0.0179 0.0017 10.7531 0.0000 

LONE.PARENT -0.0602 0.0030 -20.2875 0.0000 

ACCESS 0.8822 0.3666 2.4066 0.0161 

Log. Likelihood Pseudo-RA2 Rho Res. Std. Error Res. Moran 

-32420.00 0.58 0.26 0.02 -0.02 

Pseudo-R helps to identify how well the estimates capture the variability in the 

data. Values can range from 0 to 1. The higher the value the better the model predicts 

outcomes (Veney, Kros and Rosenthal 2009). The spatial regression model has a 

reasonably high pseudo-R (0.58) that confirms the very well known relationship between 

chosen explanatory variables and health outcomes which are, in this case, presented by 

median age of population. The order of variables' significance remains the same. The 

variable aboriginal also has one of the highest t-value.  As was discussed earlier in the 

linear model results, the variable aboriginal is not normally distributed and the t-value 

cannot be trusted. On the other hand, in the spatial regression model, as well as in the 
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linear regression model, a high t-value (one of the highest in the model) gives confidence 

that this variable is significant. The accessibility score as well has a positive association 

with health outcomes; however remains less significant than the socio-economic factors. 

Overall, the analysis presented in this section strongly support the idea derived 

from the literature review that health needs of the population group is a reflection of the 

socio-economic and demographic characteristics of this group. A l l the variables selected 

from the literature in order to assess health needs demonstrated high correlation with 

median age that represents here the health outcomes. The level of accessibility as an 

explanatory variable is less significant than variables related to social and demographic 

factors; however, it is a significant factor in predicting the population health and thus an 

important determinant of health needs. It should be noted that this variable alone does not 

provide a reliable estimate of possible health outcomes in the region, but needs to be 

included in the analysis along with traditional health indicators. 

As was discussed in Section 2.3 health delivery is defined by two factors: health 

needs and accessibility. In order to identify health care shortage areas, DAs with the 

lower values of medianage and access were mapped (Figures 23-24). Lower values are 

traditionally considered to be below the median value; in this case, is 37.6 for the 

medianage and 0.68 for access (see Table 2). Zones where lowest values overlap are 

considered to have health care shortage. 

Interestingly, clusters of lower median age located mainly in rural areas with the 

largest regions on the north where a majority of the Aboriginal reserves are located. In 

addition, number of reserves falling into lower median age regions was calculated; 85 out 

of 137 reserves, which is over half located in these areas. 
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Figure 23. Areas with lower median (< 37.6) age with reserves 
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Figure 24. Areas with lowest access (<0.68) score with reserves 
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Figure 25. Health care shortage areas. 
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Figure 25 demonstrates the final map that indicates health shortage areas. 

Notably, the majority of the shortage areas are located close to provincial borders and 

mostly in the rural areas. Overall, 19 reserves were indicated in these areas, most of them 

located in the remote northern and central rural areas. Almost half of them are known to 

have limited road connectivity. In addition, there are several rural non-reserve areas that 

also show health care shortage. This indicates that not only are Aboriginal reserves in 

disadvantageous situation in terms of health care provision, but there are also rural areas 

that require attention as health status of the population there is very low. 

4.4 Limitations 

The results of this project should be interpreted in the context of study limitations. 

First of all, there is always a possibility of inaccuracies in the datasets used in the study. 

The physicians' dataset is based on postal codes which are the only location reference; 

any mistakes or presence of non-updated information causes inaccuracies in the results 

and interpretation; the same problem exists for census data.  As was demonstrated in 

Chapter 4.2, absence of information or potential error can lead to misinterpretation. 

For estimating travel time to nearest health provider, a road network was used. 

However, as was mentioned in Chapter 3.2.1 there are several reserves that have no road 

connectivity and for the purpose of analysis their location was shifted to the nearest road 

which makes travel time estimates and accessibility scores less accurate for these 

communities. 

Another limitation is the lack of a universal standard to measure access to care. 

Most access measuring techniques use points' locations to represent areas (census tract or 
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postal code centroids) which make changes in spatial scale and hence affect analytical 

results. Several methods of spatial accessibility measures were described in Chapter 2.2.2 

and the 2SFCA method was chosen to minimize aggregation error and provide more 

accurate results. 

Inability to access the information regarding self-rated health status on a suitable 

aggregation level was another limitation for this study.  An attempt, however, was made 

to replace this variable with a more indirect measure of health needs  median age. 

Regression modelling with explanatory variables that traditionally explain health status 

were correlated with median age as well suggesting that it is a suitable measure of 

population health needs when a more direct measure is not available. 

In the qualitative stage, one of major limitations is the difficulty in establishing 

connections with Aboriginal reserves in order to obtain additional information regarding 

accessibility on reserves. Volunteered reserves, however, provided information that is a 

good support for the quantitative model. 

4.5 Conclusion 

Overall, the results of this project provide some confidence to the design of 

integrated approach in order to analyse health care accessibility. Spatial accessibility was 

measured using several travel time thresholds to account for both urban and rural areas. 

Each dissemination area was assigned an accessibility score. Qualitative interviews then 

were conducted to validate the measures and fulfil the gaps in the data. Accessibility rate 

was tested in spatial statistical modelling in order to find its significance toward median 

age of the population that represented health status. Based on the results higher spatial 
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accessibility reflected in higher median age of the population; thus, suggesting that the 

access score needs to be considered in health planning along with traditional health 

indicators. Health care shortage areas then were identified based on a combination of 

lower median age and lower accessibility. A total of 19 Aboriginal reserves are located in 

these health care shortage areas. Highlighting reserves within shortage areas is essential 

for developing and improving health delivery, regional planning and conducting social 

work within Aboriginal communities. 

Future research in this area should be headed in the direction of improving 

accessibility measures such as including the presence of nurses and midwives on reserves 

as main health providers, dividing such a large territory as the province of Alberta into 

subsets of the area (urban, suburb and rural) in order to better estimate distance decay 

function and thus improve measures of accessibility for each of the sub-areas. 

Owing to its innovative methodological approach, this research provided an 

effective decision support tool that can be used in regional health planning. The proposed 

methodology developed around primary health care on reserves is applicable to other 

types of health care, population groups and geographical areas. Obtained results provide a 

better understanding of weaknesses within the current health delivery system in 

Aboriginal communities, allowing suggestion of essential improvements in community 

health planning and the health promotion system. In addition, this project provides a 

novel research contribution in conducting mixed methods research. 
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If you have any concerns about the way you've been treated as a participant, please contact the Senior 
Ethics Resource Officer, Research Services Office, University of Calgary al (403) 220-7782; email 
rbui rows & u cal y ary. ca. 

A copy of this consent form has been given to you to keep for your records and reference. The 
investigator has kept a copy of the consent form. 

mailto:odetik.an@ucatgary.ca
mailto:bortazzs@ucatgary.ca
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Appendix 2. Interview script 

Hello, my name is and I'm calling on behalf of a research team 

at the University of Calgary that is conducting interviews to evaluate accessibility to the 

primary health care on reserves in Alberta. 

Would you be interested in participating in this study? 

If 'NO'—Sorry to bother you. Good bye. 

If 'YES'—Continue 

By participating in this survey, you will contribute to research that may help more 

precisely evaluate accessibility to primary health care on reserves. The interview will last 

about 15-20 minutes. Your participation is completely voluntary and any information you 

provide will be kept anonymous. If there are questions that you do not wish to answer, or 

if you would like to end the interview at any time, you can simply let me know. 

Would you be willing to share your opinions and participate in this survey? 

Before we conduct this interview please sign a consent form. 

If telephone interview 1 wil l mail I e-mail you the consent form. We ' l l continue the 

interview once you receive it. Please let me know you availability for the phone interview 

by phone 403-.. . . . . . or e-mail once you receive a consent form. {Arrange follow-up) 

Thank you for your time. 
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After participant receives a consent form another call for the actual interview is made. 

Our interview is audio recording. Please state your name. 

Did you read the consent form? Did you understand that your participation is completely 

voluntary and any information you provide will be kept anonymous. Audio tape of this 

interview wil l be securely stored. If there are questions that you do not wish to answer, or 

if you would like to end the interview at any time, you can simply let me know. Do you 

have any questions regarding the consent form? Are you agreed to participate under the 

conditions stated in the consent form? Please sign and mail or e-mail this consent form to 

me. 

Please answer the following questions: 

Name of you reserve? 

Is there at least one health provider on reserve? 

Time you spend travelling to health provider (in minutes) 

Who are the major providers of primary health care in your community (family doctors, 

nurses, midwives, other)? 

If there are no health providers in your community, where do you look for primary 

medical services (indicate town, city or community)? 

Travel time to this primary health provider (in minutes)? 
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What role do traditional healing practices take in your community? Is it a preferred 

choice of health service? 

If your community has no health providers and no road connection to the neighbourhood 

areas where health providers are located what alternative transportation is used for 

traveling to health provider? 

In this case how much time does it take to travel from your residence to nearest primary 

health provider (in minutes)? 

Is the anything else you would like to say regarding accessibility to primary health care 

on your reserve? 



Appendix 3. Distribution histograms for the regression variables 
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