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II 

The deregulation of New Zealand's retail energy markets was expected to provide energy 

efficiency gains through increased competition between demand-side and supply-side options. 

This has lead to energy efficiency gains in the commercial and industrial sectors, but there have 
, 

been no substantial energy efficiency improvements in the domestic sector. This thesis uses a 

diffusion theory framework to investigate the rate of diffusion of energy efficiency innovations 

among residential consumers in New Zealand, and makes recommendations on how the rate of 

diffusion may be increased. Four models were developed to compare potential adopters of two 

. energy saving innovations at two stages of the adoption process. These models allowed 

comparison to be made with respect to the roles of the perceived attribute~. of the innovations, 

the communication channels through which information disseminated and a range of 

contextual variables. The models were given logit specifications and maximum likelihood 

estimates were obtained using cross-sectional data from Christchurch households. A key 

finding was that the perceived attributes were important in problem recognition, but that it was 

the nature and number of the communication channels which differentiated adopters from 

rejectors. It was recommended that energy efficiency programmes centre on the development 

of inter-personal communication strategies and increased feedback on energy use, rather than 

price subsidies, to increase the rate of diffusion of energy efficiency innovations among 

residential consumers. 

Keywords: Energy efficiency, diffusion, adoption, residential. 
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1. INTRODUCTION 

1.1 Background 

Sustainability requires the integration of economic and social needs with the ecological limits 

of the natural environment. For energy use, this requires a shift to renewable energy sources, 

energy conservation and improved energy efficiency (piddington, 1995a). The focus of this 

thesis is improved energy efficiency. 

1 

New Zealand's poor record on energy efficiency is well documented and has been the focus of 

many environmental and economic concerns since the 1970's (Ministry of Energy, 1978; 

Environment Council, 1983; IEA, 1993). The level of interest in energy efficiency has been 

heightened by the energy sector reforms which, through corporatisation, deregulation and 

privatisation, have curtailed the large scale, tax payer funded, supply-side expansions that have 

historically characterised the development of New Zealand's energy resources. At the retail 

level, the reforms have created a deregulated market structure. In this new environment 

demand-side options, such as energy efficiency, are expected to compete with supply 

expansion to bring about a least cost energy future (Lear, 1992; Luxton, 1993). 

The competitive approach, with support from the Government's Energy Efficiency and 

Conservation Authority (EECA), has lead to substantial energy efficiency improvements in 

industry and commerce. But the residential sector has been slow to respond. Studies completed 

overseas and in New Zealand have shown that many demand-side options, like energy 

efficiency, are rarely adopted among domestic consumers, even when there are clear financial 

benefits from doing so (Stern & Aronson, 1984; Harris et aI, 1993). Such anomalies in 

observed behaviour have traditionally been explained by economists as due to the existence of 

barriers such as lack of information, high transaction costs or the non-appropriability of 

benefits (Gale, 1989; Warmington, 1992). These explanations have been found to be wanting 

with regards to domestic energy use (Stern & Aronson, 1984; Dennis et ai, 1990; Warmington, 
1992) and alternative explanations should therefore be sought. 



1.2 Research Objectives 

This research investigates the rate of diffusion for energy efficiency innovations within the 

residential sector. The dual objectives are: 

1. To identify the major determinants of the rate of diffusion for energy efficiency 

innovations in the residential sector. 
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2. To offer recon;tinendations as to how the rate of diffusion of these innovations could 

be increased. 

Energy efficiency means obtaining the same energy service using less primary energy. While 

this can include behaviours like switching off lights or washing clothes in cold water, this 

research is concerned with energy efficiency technologies. The process of technological change 

involves invention, diffusion and impact (Stoneman, 1983). Invention is not examined because 

the devices are already commercially available. Moreover, leading experts, such as Williamson 

(1993), Sutton (1994) and Piddington (1993), have expressed the opinion that while 

technology will continue to be developed and refined, the widespread provision of energy 

efficiency technologies in New Zealand is constrained primarily by the low level of demand; 

not by the absence of technological solutions. By investigating the diffusion process, this 

research seeks to provide suggestions that may be used by suppliers or other change agents to 

increase demand, and in doing so improve the energy efficiency of New Zealand homes. The 

impact of widespread use of these technologies is assumed to be desirable. 

Diffusion should be distinguished from adoption. Diffusion refers to the spread of an 

innovation through a population of potential innovators. Adoption refers to the process that 

individuals go through from recognition of a need, to the acceptance, rejection, or even post-

decision evaluation of the innovation. It is diffusion that is the area of principle interest in this 

thesis but as this is the cumulative result of individual decisions, elements of both are 

contemplated. 

i-.-:;. "-
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1.3 Theoretical Foundations 

Dinan (1987) provides a review of research into the consumer decision process for residential 

energy consumers. Dinan concludes that: energy efficiency models and programmes based 

purely on financial gains have achieved disappointing results; and that a more comprehensive 

framework, incorporating aspects of several models, is needed to improve policy formulation. 

3 

A diffusion theory approach was used in this research· because overseas studies, such as Darley 

(1977; 1981) and Dinan (1987), have found that it enhances the explanatory and predictive 

capacity of models of consumers' energy related behaviours. Diffusion theory is compatible 

with traditional economic explanations of energy behaviour, but offers further insights through 

its emphasis on the communication and adoption processes. 

1.4 Methodology 

A general theoretical model is developed from past research into the diffusion of innovations 

and the adoption of energy efficiency devices. This general model - which centres on 

consumers perceptions of the innovations, the communication channels through which 

consumers gained knowledge of the innovation and a range of contextual variables - was then 

adapted to investigate the diffusion of two specific devices: compact flu-brescent light-bulbs 

(CFL's) and hot water cylinder wraps (HCW's). 

For both devices, cross-sectional data was used to compare potential adopters at two separate 

stages of the adoption process. Data was collected from Christchurch households using a mail 

questionnaire and used to estimate the four separate models, using logit specifications. The 

estimation results revealed substantial changes in the role of the explanatory variables between 

the problem recognition and decision stages of the adoption process. In particular, the 

perceived benefits were important in leading to consideration of the innovations, but the 

communication channels differentiated adopters from rejectors. From this, policy implications 

and recommendations are discussed. 
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1.5 Overview of this Research 

Chapter Two examines the New Zealand context, outlining the benefits of improved energy 

efficiency and the forces that will change current energy use patterns. The literature review, 

given in Chapter Three, covers general findings from past research into the diffusion of 

innovations as well as more specific studies into the diffusion of energy efficiency innovations, 

with particular emphasis on the determinants of the rate of diffusion. Chapter Four details the 

methodology-and covers the development of the theoretical model, the collection of data, 

general model specificatipfl, and estimation procedures. The four specific models are given in 

Chapter Five, along with the results of data collection, estimation and hypothesis testing. A 

discussion of these results is also provided in Chapter Five. Chapter Six concludes this research 

by outlining its implications for energy efficiency policies, and provides recommendations on 

how the rate of diffusion of energy efficient innovations among residential households could be 

increased. 



2. THE NEW ZEALAND CONTEXT 

2.1 Introduction 

Changes are afoot for energy use in New Zealand: economic growth is increasing demand\ 

New Zealand gas reserves, which currently supply 30 percent of New Zealand's primary 

energy, will start to runout around 2005 (IEA, 1993; Ministry of Commerce, 1992; Collins, 

1993); and New Zealand has committed itself to reducing carbon emissions - most of which 

stem from energy use. With pressures such as these, improved energy efficiency can provide 

economic, environmental, social and strategic benefits. 

2.2 Economic Benefits 

5 

Economic efficiency implies cost minimisation. Table 2.1 shows that the marginal costs of 

energy efficiency gains are less than both the current domestic price and the cost of new 

generation capacity in the electricity sector - the predominant energy form for domestic 

consumption. While additional capacity may be required to meet future energy demands, 

improved energy efficiency is a component of any least cost energy future (piddington, 1995b). 

Table 2.1 New Zealand Electricity Costs 

ECNZ Average Generating Costs 

New Generation Capacity 

Wind, Biomass 

Large Scale Hydro 

Retail (Domestic) Price 

Marginal Cost of Energy Efficiency Gains 

Cents per kWh 

3-5 

4-9 

12+ 

9-11 

2.5-4.5 

(Sources: ESA, 1993; Arnoux, 1994; White, 1994; Harris, 1993; Wright & Baines, 1986) 

I This has been the New Zealand experience to date and is an assumption offorecasts such as those by the 
Ministry of Commerce (1992) and ECNZ (1994), but the German experience has shown that increased energy 
consumption is not a necessary requirement for economic growth (Hansen, 1990). 



2.3 Environmental Benefits 

The environmental impacts of energy use are substantial and widespread. At the global level 

the 1992 Framework Convention on Climate Change illustrates the increasing concern over 

CO2 emissions. At the local level issues such as air pollution, the flooding of river valleys and 

the visual impacts of wind farms, have all been prominent in recent years. The efficient use of 

energy can help to minimise these environmental impacts. 

2.4 Social Benefits 

6 

The compulsory displacement of a community to make way for a hydro lake will incur soCial 

costs. But Stem & Aronson (1984) suggest that social impacts of energy use are more 

widespread than such localised effects. The basis of their argument is that access to affordable 

energy services is a necessity in modem life: warmth and light are almost as essential as food 

and shelter. This is reflected in the objectives of New Zealand Government's energy policies, 

where a stated goal is "Access to basic energy services for all members of New Zealand 

society" (IEA, 1993; Smith, 1994). Energy efficiency, when pursued as a least cost option, can 

assist in the delivery of universal access to energy services at minimum cost. 

2.5 Strategic Benefits 

Stem & Aronson (1984) also point to the strategic importance of energy resources. For fossil 

fuels this was illustrated by the oil crises of the 1970's and 1980's, and the Gulf Crisis of the 

early 1990's. In New Zealand, the 1992 electricity crisis demonstrated the consequences of 

supply disruption in the electricity sector. Improved energy efficiency reduces the dependence 

on supply-side options, reducing the adverse impacts from human induced and natural shocks. 

The synopsis of this discussion is that there are substantial benefits to be gained from the 

efficient use of energy; and considerable costs associated with its inefficient use. The next 

section outlines the scope for energy efficiency improvements in New Zealand's domestic 

energy sector. 

~.~ .,- .•. ~.,,:,.~:. -'. --:... 
~;:::':!":;::~:::.~';:-:'':': 
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2.6 The Potential for Savings 

Between 1973 and 1990 the average energy intensity2 for the OECD countries decreased by 29 

percent; during the same period New Zealand's energy intensity increased by the same amount 

(lEA, 1993). These figures are indicative of New Zealand's past record on energy efficiency 

(lEA, 1993; Peterson et ai, 1992; Terry, 1991), and although the 1994 figures suggest this 

trend may have plateaued (Bertram, 1995), New Zealand's energy intensity remains well above 

that of most other Western nations (lEA, 1993). 

Residential consumption makes up 13 percent of total New Zealand energy use (Sylvia, 1994) 

and offers considerable scope for savings. Wright and Baines (1986) estimated that 24 percent 

of domestic energy use could be saved by the year 2000 for an average cost of 4.5 cents/kWh3
. 

Cameron (1989) estimated that potential savings of up to 57 percent of electricity use could be 

made without compromising the levels of services, with savings of 20 percent being readily 

achievable. The Electricity Supply Association (ESA) estimated that between 23 and 85 

percent of domestic consumption could be economically saved depending on the state of the 

house, the number of hours of occupancy during the day and the extent of changes to the 

structure of the house4 (cited in Harris et ai, 1993). 

However, overseas experiences suggest that actual savings are frequently less than anticipated 

due to technological uncertainty, behavioural changes and low participation rates (Vine & 

Crawley, 1991; Verhallen & Van Raaij, 1983b). Harris et al (1993) compensate for these 

factors and offer minimum expected savings from a range of policies. They found that if a 

comprehensive package of those measures with clear financial rewards was implemented for 

the domestic sector, savings of 5PJ5 per annum - five percent of total electricity demand -

could be expected by 2008. The 1993 present value cost of these measures was estimated as 

$35m but the economic benefits alone had a present value of at least $1 05m6
. It can therefore 

be concluded that there are significant, and economic, energy savings to be made from 

increased energy efficiency in the domestic sector. In most cases the potential for energy 

savings has existed for many years but the opportunities have not been taken up by consumers. 

2 Energy intensity is commonly measured as the ratio of total primary energy consumption to GDP. 
3 Based on a discount rate of 10%. 
4 Based on a discount rate of 5%. 
5 One PJ equals 1015 joules. 
6 These calculations use a discount rate of 10% and an opportunity cost of $0.065lkWh based on the marginal 
cost of additional generation capacity. 

I"""',""""':'," 
~-:;~:-=,:::....-,.:;.::-:-:-:.:~.~ 
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2.7 Energy Efficiency Policies 

This thesis looks in detail at the energy efficiency decisions of individual households. But 

household adoption decisions do not occur in a vacuum; it is important to consider the context 

in which these decisions occur, and the role of Government policy. The relevance of 

Government policy for this work is illustrated by the following quote from Bertram (1995, 

p30): 

"Individuals can certainly change their personal lifestyles. Regions can adopt plans and 

impose local regulations that may improve energy efficiency within a defined area. But 

the real payoff to these innovations will be missing unless energy markets give price 

signals that support and reinforce local initiative, and unless the national Government 

creates a policy framework that enables the benefits from improved energy efficiency to 

be captured by the people who do the innovating." 

Lonergan & Cocklin (1990) found that New Zealand had one of the weakest conservation 

programmes of any country in the developed world. Shortages - real or perceived - have 

resulted in the expansion of supply, rather than demand-side management; at times consumers 

have even been encouraged to use more energy, rather than less (Martin, 1991). Historically, 

the provision of energy to households was largely the responsibility of b-ureaucratic agencies 

such as the New Zealand Electricity Department (NZED) and municipal utilities. Since 1987 

this structure has been radically altered by the ongoing energy sector reforms. 

2.8 The Energy Sector Reforms 

The energy sector reforms consisted of corporatisation, deregulation and, in some cases, 

privatisation of energy supply. A chronology of the major reforms up to the end of 1992 is 

given in the IEA (1993) review. Since then attention has focused on wholesale electricity 

supply and has resulted in the decision to split ECNZ into two competing units7
. 

7 Transport energy use has been under scrutiny with the Land Transport Pricing Study (LTPS) but this is 
beyond the scope of this thesis. 

i "... .. ~ 
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The objectives of the reforms were not demand-side energy efficiency (Cochlin, 1990; Gunn, 

1995); they were to reduce the high economic costs historically associated with energy supply 

and supply variation (Cochlin, 1990; Lear, 1992; Luxton, 1993). Consumers were still 

expected to adopt energy efficiency when financially viable to do so, without any special 

encouragement from the Government (Luxton, 1993; Lear, 1992). In theory, inter-fuel and 

intra-fuel competition were to provide incentives for energy suppliers to encourage energy 

efficiencl (Luxton, 1993). In practice, this has not occurred (Sutton, 1994; McChesney, 1994; 

Melhuish, 1995). Inter-fuel competition for households is limited by the expense of changing 

capital stocks. Intra-fuel competition was expected to force energy companies to change from 

an energy sales perspective to a more customer orientated energy services approach (Luxton, 

1993). An energy services approach includes the provision of energy efficiency options where 

appropriate. This has yet to happen on a significant scale (McChesney, 1994; Melhuish,1995). 

There are, however, financial incentives for energy suppliers to use demand-side management 

(DSM) to smooth loads, thereby minimising expenditure on distribution networks (Sutton, 

1994). These incentives for DSM are likely to increase as wholesale energy markets open up 

and spot prices become more volatile (Melhuish, 1995). 

2.9 Continuing Obstacles to Energy Efficiency 

Even with financial incentives to adopt energy efficiency a number of impediments persist9
. A 

major obstacle is that electricity is cheap in New Zealand. Current prices are well below 

marginal cost lO 
- as shown in Table 2.1 - and exclude considerable externalitiesll

. High fixed 

charges also apply in some areas. These factors erode the financial rewards of energy efficiency 

and mislead customers as to the true costs of electricity supply. 

8 Inter-fuel competition refers to competition between type offuels, such as gas and electricity. Intra-fuel 
competition refers to competition between suppliers of a particular energy type. 
9 For a more comprehensive discussion of these impediment see Jochem & Gruber, 1990; Fitzsimons, 1990; 
Harris et aI, 1993; Peterson et aI, 1992; White, 1995; Warmington, 1993; or Roxburgh, 1993. 
10 ECNZ's 1989 Annual Report implies political pressure has constrained price increases; sources such as 
McChesney (1994), Noble (1994) and Krammler, Melhuish and Moxon (1994) also confirm the political 
nature of electricity pricing. 
liThe magnitude of environmental externalities was demonstrated by the recommendation of Williams, Elms 
and Johnston (1995) that a proposed gas-fired power station in Taranaki be subjected to a condition to mitigate 
carbon dioxide emissions .. 

I:··· ..... 
I ~': " . 
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There are currently high transaction costs associated with the adoption of energy efficiency 

innovations due to the historic reliance on supply-side optionsl2
. For instance, both energy 

consumers and energy suppliers lack information, knowledge and experience with energy 

efficiency. This is also reflected in housing and rental markets where the energy efficiency of a 

home is rarely reflected in its price. Principle-agent problems may exist with the services of 

architects, builders, plumbers and shop assistants, who frequently make energy use related 

decisions on behalf of consumers. 

Finance is another obstacle. Limited access to financial resources constrains some consumers, 

even when energy efficiency has net economic benefits. Moreover, the discount rates applied 

by consumers to energy efficiency expenditure are typically very much higher than the rates 

applied by supply-side investors (Fitzsimons, 1990; Sioshansi, 1991; Hassett & Gilbert, 1993). 

This discrepancy means supply-side expansions may go ahead while consumers tacitly reject 

energy efficiency options with considerably higher rates of return. The persistence of obstacles 

such as these, despite the reforms, means that the competitive market alone is unlikely to 

realise the full gains of improved energy efficiency. 

2.10 The Establishment of ECCA 

In October, 1992, the Energy Efficiency and Conservation Authority (EECA) was established 

with a mandate for the promotion of energy efficiency and conservation. This marked an 

official recognition of the continuing barriers to energy efficiency - although its initial funding 

of $2.5m was less than one percent ofECNZ's profits for the same year (Roxburgh, 1993). 

With its limited funds EECA initially targeted industrial energy efficiency. Since then ECCA's 

budget has progressively expanded and in 1995 additional funds were made available for the 

promotion of residential energy efficiency. 

2.11 Criticisms of the Current Policies 

The energy sector reforms were based on theories of Government failure, such as neo-classical 

economics, agency theory, transaction cost analysis and New Public Management (Boston, 

12See Gale (1989) for a discussion of a transaction approach to energy. 

I I' . ,'" 
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1991; Gunn, 1995). The application of these theories to residential energy decisions has been 

characterised by heavy emphasis on financial incentives and the sovereignty of consumer 

choices (Warmington, 1992; Luxton, 1993; Lear, 1992; Peterson et aI, 1992). It is the reliance 

on financial incentives for improvements in energy efficiency that has led, either directly or 

indirectly, to most of the criticisms of the reforms with respect to domestic energy efficiency13. 

An obvious criticism of the emphasis on financial incentives is that current prices do not reflect 

the true costs of electricity and there are many barriers to the adoption of energy saving 

innovations - as already outlined. International agencies such as the lEA (1993) criticised this 

aspect ofthe New Zealand energy sector reforms and highlighted their failure to create a 

favourable framework for the promotion of energy efficiency by consumer organisations. 

The reliance on price mechanisms also gives rise to equity concerns. Yates & Aronson (1983) 

state that increases in energy prices are economically regressive. Van Raaij & Verhallen 

(1983a) suggest energy use by low income groups is less discretionary than higher income 

groups and that low income groups have less access to finance for energy efficiency and energy 

conservation measures. Similarly, lower levels of home ownership may increase the likelihood 

of landlord-tenant 14 problems for low income adopters of energy efficiency devices (Van Raaij 

& Verhallen, 1983b). Such concerns have been expressed by numerous consumer advocates in 

New Zealand. 

The reliance on financial rewards also underrates other influences on consumer behaviour 

(Stern & Aronson, 1984; Yates & Aronson, 1983; Archer et aI, 1987; Heberlein & Warriner, 

1983). Consumers act in response to a wide range of influences and change their behaviour 

without changes in prices or other monetary aspects of adoption. lfthe objective is to increase 

energy efficiency to obtain the benefits outlined earlier, then non-financial measures can be 

more cost effective in changing consumer behaviour, and less economically damaging than 

price increases (Heberlein & Warriner, 1983; Vine & Crawley, 1991). This is supported by 

13 The lack of real competition in both wholesale and domestic energy markets has been the basis of criticisms 
from Power for Our Future, Grey Power and the Consumers' Institute (Melhuish, 1995), as well as other 
informed commentators such as McChesney (1994) and Noble (1994). While such criticisms are justifiable, 
they are only peripherally related to energy efficiency. 

14 The landlord-tenant problem is where tenants are unlikely to purchase energy saving devices which are not 
transferable to other premises. Similarly, landlords may not install energy saving devices unless they can 
recover the costs through higher rentals. 
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evidence that suggests energy price and income elasticities are low and that price changes are 

slow to change behaviour (Van Raaij & Verhallen, 1983b; Eden et aI, 1980). 

Overseas researchers have found non-financial factors to be significant in the adoption of 

energy efficiency innovations and that models based solely on financial rewards are limited in 

their ability to either explain or predict residential energy behaviour (Stem & Aronson, 1984; 

Archer et aI, 1987; Winett & Ester, 1983; Dennis et aI, 1990; Warmington, 1992; Dinan, 1987; 

Eden et aI, 1981). In particular, behavioural researchers have found that several assumptions 

underlying the energy sector reforms may be seriously challenged. Instead of assuming 

maximising behaviour and focusing on financial rewards, behavioural researchers have 

concentrated on the decision process itself. To quote Dinan (1987, p354): 

"The primary value of the findings by behavioural decision researchers is that they 

emphasise the need to explore the process underlying conservation decisions. Decision 

research findings reveal that individuals may not' perceive and process information, and 

compare and choose among alternatives, in the manner assumed by expected utility 

theory." 

There has been limited primary research into the determinants of energy efficiency behaviour in 

New Zealand from an economic perspective. The diffusion theory framework used in this 

research allows for the inclusion of both financial and behavioural findings. 

2.12 Summary 

The New Zealand energy sector reforms of the last ten years have resulted in a dramatic shift 

from a public utility supply to a retail market structure, where demand and supply-side options 

are expected to compete to bring about economically efficient outcomes. Past research has 

shown that even when energy efficiency offers clear financial benefits, domestic consumers 

have been slow to respond. Explanations such as lack of information, high transaction costs or 

the non-appropriability of benefits, have been found to be wanting with regard to the adoption 

of energy efficiency devices, and alternative explanations should therefore be sought. 
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3. THE DIFFUSION OF INNOVATIONS 

3.1 Introduction 

The diffusion of innovations refers to the spread of new products, practices or ideas through a 

population of potential adopters. Diffusion theory stems from the study of agricultural 

extension services of the American Mid-west, where researchers such as Ryan & Cross (1943) 

and Griliches (1957) investigated the diffusion of hybrid corn varieties. Since then thousands of 

studies have been completed, extending to virtually every type of innovation. This chapter 

reviews some of the major findings of diffusion research with particular emphasis on the rate of 

diffusion and adoption of energy efficiency innovations. 

3.2 The Nature of Diffusion 

The diffusion process is time related and usually follows a sigmoid ('S' shaped) pattern15
. This 

is shown in Figure 3.1, where N is the number of potential adopters. The rate of diffusion 

varies widely, both between groups of potential adopters a'1d between innovations. Most 

diffusion research has sought to explain one or more of these observations using either time-

series or cross-sectional data. 

Kelly & Kranzberg (1978) identified three traditions in diffusion research which they called the 

geographical, technological and behavioural approaches. The technological and behavioural 

traditions appear to have most relevance to the diffusion of energy efficiency innovations. The 

geographical tradition, which stems from the work of Hager strand (1952), and more recently 

Brown (1981), will not be reviewed here as the diffusion of energy efficiency innovations 

follows communication networks rather than spatial or geographical networks (Darley, -1977; 

Darley & Beniger, 1981; Costanzo et ai, 1986; Foster, 1993). 

15 This observation does not apply universally to all innovations. Fourt & Woodlock (1960) developed a model 
which follows an exponential path and used it to model the diffusion of perishable goods such as grocery items. 
But the sigmoid pattern appears to be relevant for consumer durables (Bass, 1969; Blackman, 1974) and energy 
related purchases (Teotia & Raju, 1987; Philipson, 1978; Warren, 1980). 
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Figure 3.1 The Sigmoid Pattern of Diffusion 

Number 

of 

Adopters 

N 

3.3 The Technological Approach 

Time 

The technical substitution models (TSM's) typify the technological approach to diffusion. 

These models are reviewed by Hurter & Rubenstein (1978), and their application to energy 

innovations is discussed by Philipson (1978) and Teotia & Raju (1987). Most TSM's use 

longitudinal data to mathematically estimate diffusion patterns, based on the model proposed 

by Mansfield (1961) and a subsequent modification by Blackman (1974). 

14 

Mansfield's initial work found that profitability and purchase price were both significant 

determinants of the rate of diffusion. Since then TSM's have examined many other explanatory 

variables. For example, Fisher & Pry (1971) extended the model to include the effects of the 

introduction of subsequent innovations16
. Mahajan & Peterson (1978) allowed for variations in 

the number of potential adopters to account for the a~aptation of the innovation to uses other 
\ 

than those for which it was originally intended. Mahajan & Peterson (1980), added an 

l/ipor an application of this model to world energy sources see Marchetti & Nakicenovic (1979); this work has 
also been applied to New Zealand by Bodger & May (1992). 



additional term to provide a spatial dimension to diffusion17
. Dobson & Mueller (1978) 

incorporated the effects of advertising by adding two additional terms. Peterson & Mahajan 

(1978) incorporated the influence of other products already in the marketplace, which they 

categorised as independent, complementary, contingent, or substitute products. Further 

examples are provided in the review by Hurter & Rubenstein (1978). 

Another prominent TSM was developed by Bass (1969). The Bass model, and subsequent 

variations, has been applied to a range of products, including consumer durables, with 

considerable success. 

15 

Technological models provide strong support for the sigmoid pattern of diffusion and have 

used a range of functional forms to very successfully approximate diffusion patterns based on 

historical data18
. The behavioural foundation of these models is that an innovation is first 

adopted by a few people, the innovators, who then influence others, the imitators, to adopt it 

(Teotia & Raju, 1986; Stoneman, 1983). There are relatively few innovators and the 

communication process is essentially one of epidemic learning (Stoneman, 1983). Both the 

Mansfield-Blackman and Bass models rely on the dominance of imitation over innovation for 

the sigmoid cumulative adoption curves. Stoneman (1983; 1987) labels this explanation of the 

pattern of diffusion as the 'information approach', as it emphasises the role of the 

communication channels in creating awareness of the innovation and reducing uncertainty. 

An alternative is the 'difference approach' (Stoneman, 1983; 1987), where the pattern of 

diffusion reflects real differences in the economic rewards of adoption or the economic 

circumstances of potential adopters. The difference approach suggests that diffusion is an 

economic equilibrium process, with the difference in adoption times reflecting variations 

between potential adopters with respect to the level of economic benefits of adoption or the 

thresholds of economic benefits above which potential adopters will adopt. While this may 

explain differences between innovations, or between groups of innovators, this author found no 

empirical evidence to support its use as an explanation of the sigmoid pattern of diffusion for 

energy related devices. Although Hassett & Metcalf (1993) use such an approach the required 

distribution was assumed and no justification was given. 

17This was based on the 'network' effect developed by Hagerstrand (1952). 
lsThere appears to be no a priori reason for selecting any particular functional form and the log, log-normal 
and Gompertz functions are all commonly used (Stoneman 1983; Lakhani, 1979). For a discussion of the 
implications of these functional forms see Lakhani (1979). 
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Despite its considerable success in approximating the diffusion process, the technological 

approach has been criticised as behaviourally simplistic and lacking explanatory capability 

(Warren, 1980; Hurter & Rubenstein, 1978). Sahal (cited in Hurter & Rubenstein, 1978, p21O) 

concluded that: 

"The descriptive power of the technological forecasting models, based on the 

Mansfield-Blackman work, is in some ways often very good; but their explanatory 

power is close to zero. These models provide neither any justification of the functional 

form employed nor any information on the determinants of social change - let alone the 

relative importance of the various determinants." 

Warren (1980) comes to similar conclusions in his review of solar energy market penetration 

models: 

"Thus, it is the general conclusion of this paper that, in their present form, solar energy 

market penetration models are not science but number mysticism. Their primary defect 

is their market penetration analyses, which are grounded on only a very simple 

behavioural theory." (Warren, 1980, p1l7) 

Warren suggests the lack of the behavioural theory underlying TSM's is hidden by their 

mathematical accuracy. The behavioural approach complements the findings of the 

technological literature by providing additional explanations of the differences in individual 

adoption times (Warren, 1980; Hurter & Rubenstein, 1978; Rogers, 1983). 

3.4 The Behavioural Approach 

Even when an innovation offers clear advantages to potential adopters it is rarely adopted 

immediately, even by the most innovative individuals. Instead, potential adopters go through an 

adoption-decision process. This process is itself a determinant of adoption and is the focus of 

behavioural research into the diffusion of innovations. 

1-·,·,"'--,- .',~:~ -<-~~-. 
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The adoption-decision process outlined here comes from Loudon & Della Bitta (1988). It 

views consumers as problem solvers rather than maximisers, and involves four stages: problem 

recognition, information search and evaluation, decision and implementation, and post-

purchase behaviour. 

3.4.1 Problem Recognition 

Problem recognition occurs when the perceived difference between the desired state of affairs 

and the actual state of affairs reaches sufficient magnitude to activate some purposeful 

adoption-decision activity (Loudon & Della Bitta, 1988). This discrepancy between desired 

and actual states may come about through changes in either or both of these states. Engel, 

Blackwell & Miniard (1993) suggest that among the more important determinants of problem 

recognition are the depletion of previous solutions, dissatisfaction with the present solution, 

changing family characteristics, changing financial status, financial expectations, recognition of 

other problems, changing reference groups, desire for novelty and the marketing efforts of 

suppliers. Awareness of the innovation may be part of problem recognition but is neither 

necessary, nor sufficient, for it to occur (Engel, Blackwell & Miniard, 1993). 

3.4.2 Information Search and Evaluation 

The reduction of uncertainty is the principal reason for information search and evaluation 

(Rogers, 1983). The amount of search that takes place is determined by factors such as 

perceived complexity, the urgency of the decision, the amount of planning required, the 

importance of the decision and the level of existing knowledge (Loudon & Della Bitta, 1988). 

The selection and processing of information is highly selective (Rogers, 1983). For example, 

Tversky & Kahneman (1981) found that framing effects can alter the way a problem is 

perceived, evaluated and solved. Dennis (1990) found that simplifying rules are applied when 

interpreting information on energy use - some of which lead to systematic errors. The source 

of information is also important - as will be discussed in section 3.5.3. For reasons such as 

these, the same information can be perceived and interpreted in many different ways. 

I 
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For most products very little information is sought from external sources (Loudon & Della 

Bitta, 1988). Instead, potential adopters rely on an internal search, recalling past knowledge or 

experiences and applying it to the problem at hand. This reliance on existing information means 

that it is frequently difficult to change a belief about an innovation once it has been formed 

(Loudon & Della Bitta, 1988). 

3.4.3 Decision and Implementation 

The principal outcome of information search and evaluation is the formation of attitudes 

towards the innovation (Rogers, 1983). However, adoption does not automatically follow the 

creation of favourable attitudes. There may be moderating influences or potential adopters may 

be constrained by circumstances or discover unforeseen difficulties with implementation19
. 

Even the way in which the decision is made may lead to different outcomes. For instance, the 

outcomes of compensatory decision making can differ from those of non-compensatory 

methods20
. 

The decision stage may result in adoption, active rejection or passive rejection of the 

innovation (Rogers, 1983). Active rejection is where a potential adopter clearly decides that 

the innovation is not a suitable solution to their problem. Passive rejecti~.n is where a firm 

decision is never really made, possibly reflecting changes in perceived need or a decline in 

motivation to solve the problem. 

3.4.4 Post-decision evaluation 

Attitudes towards the innovation continue to develop and change after the adoption or 

rejection decision has taken place. For example, Festinger's (1957) theory of cognitive 

dissonance suggests that people engage in post-decision rationalisation, whereby greater 

weight is given to information that supports their decision or devalues unchosen alternatives21 . 

19 The frequently disappointing results of attitude based models, such as the Ajzen-Fishbein (1980) model, have 
lead to attempts to identify moderating variables. Examples with respect to the adoption of energy related 
innovations include Black, Stern & Elworth (1985) and Berger, Ratchford & Haines (1994). 
20 Earl (1995) gives a discussion of these aspects of consumer decision making. 
21 This may also occur prior to decision making as attitudes are formed (Earl, 1995). 
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Post-decision evaluation can also affect the consumers' willingness to adopt other related 

innovations. This 'foot-in-the-door' phenomenon was demonstrated by Freedman & Fraser 

(1966) who found that someone who has made a small commitment is more likely to make 

further, larger commitments. This implies that consumers who already engage in some form of 

energy saving behaviour are more likely to adopt further energy saving devices (Darley, 1977; 

Yates & Aronson, 1983; Stern & Aronson 1984; Costanzo et aI, 1986; Dennis, 1990). 

Conversely, an individual who has made a firm decision not to adopt a device is more likely to 

reject subsequent innovations. 

3.5 The Rate of DifTusion 

Rogers (1983) provides a framework for investigating the rate of diffusion which has been 

widely cited and successfully applied to the adoption of energy efficiency innovations; it also 

spans the findings of both the behavioural and technological literature. Rogers divides the 

determinants of the rate of diffusion into five categories: perceived attributes, decision type, 

communication channels, nature of the social system and the actions of change agents. 

3.5.1 Perceived Attributes 

It is the attributes as perceived by potential adopters, not the attributes as perceived by change 

agents or experts, that determine adoption (Blackman, 1974; Rogers, 1983). Although the 

actual attributes can be important, they may vary greatly from the perceived attributes. 

Perceived attributes consist of two components: the degree to which an innovation is 

perceived to possess the attribute, and the importance that the potential adopter places on the 

perceived attribute (Rogers, 1983; Stern, Ayers & Shapanka, 1975)22. Both components need 

to be assessed to predict behaviour. For example, a household may believe that insulating their 

hot water cylinder with a cylinder wrap would save energy, but may not care about saving 

energy as it is only a small part of their household expenditure. Conversely, a household may 

rate saving energy very highly, but believe their cylinder is already efficient and would not be 

22 This is analogous to the attitude component of the Ajzen & Fishbein (1980) model where the components are 
described as (1) the person's beliefs that the behaviour leads to certain outcomes and (2) the person's evaluation 
of these outcomes. 
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improved by further insulation. In either case, adoption of a cylinder wrap is unlikely to occur; 

but the reasons for non-adoption are quite different. In the first case the household believes 

the innovation does possess the attribute, but they do not rate that attribute highly. In the 

second case they do rate the attribute highly but do not believe that the innovation possesses 

that attribute. To predict and explain behaviour both components need to be assessed and 

integrated into a single attribute through multiplication of the respective component scores 

(Ajzen & Fishbein, 1980). 

Rogers (1983) divides the perceived attributes into five categories. Relative Advantage is the 

degree to which the innovation is superior to current or alternative products. Compatibility 

refers to the product's compatibility with beliefs and values, life styles, needs and past 

experience. Complexity is the ease with which potential innovators are able to understarid and 

use the innovation. Trialability describes the degree to which consumers can experience the 

innovation on a trial basis without having to commit significant resources to it. Observability 

refers to how easily the innovation can be observed by others. 

Relative advantage, compatibility, trialability and observability all exert a positive influence on 

adoption. Complexity generally acts against the adoption of the innovation. The five 

dimensions interact or overlap with the distinction between compatibility and relative 

advantage being particularly hazy at times (Rogers, 1983). 

Some authors, such as Mansfield (1961), explicitly include risk as an attribute. Rogers (1983) 

recognises the importance of risk in the diffusion process but appears to treat it as implicit in 

the attributes already outlined. 

3.5.2 Decision Type 

Decisions are classified as optional, authoritative, collective or contingent in the Rogers' 

framework. The type of decision for energy efficiency innovations among households may fall 

into any of these categories. This research will not directly investigate decision types but will 

analyse related factors such as home ownership. 
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3.5.3 Communication Channels 

The highest adoption rates are usually associated with inter-personal communication either 

through respected experts or social networks. For many innovations it seems that mass-media 

campaigns or mail-outs are good for increasing awareness but that personal communication is 

more important in the formation of attitudes (Rogers, 1983). Research such as Darley & 

Beniger (1981), Costanzo et al (1986), Vine & Crawley (1991) and Foster (1993) have 

reached similar conclusions for energy related purchases. 

There are many reasons why personal communication can be more effective than mass media 

information sources. Unlike mass-media channels or mail outs, social interactions permit two-

way communication, allowing the exchange of ideas and clarification of new information 

(Dennis, 1990). Personal communication can be more vivid than mass-media communication 

(Yates & Aronson, 1983). Costanzo et al (1986) suggest that credibility is a factor and that 

this is a function of expertise and trust; in this respect sources with no financial interest in the 

outcome, such as friends and social contacts, may be perceived as more trustworthy (Dennis, 

1990). Desire for social approval can also lead to a greater weight being given to personal 

communication. Dennis (1990) gives an example where in the case of energy efficient cars the 

desire for social approval dominated over economic benefits. Midden & Ritsema (1983) found 

that although household energy behaviour is very heterogenous and no g-eneral norms exist, 

there was still a strong motivation to comply with both institutional and intimate reference 

groups. 

3.5.4 Nature of the Social System 

The nature of the social system has many dimensions. Some dimensions, such as Government 

policies, can affect all members of society, while others, such as the frequency of social 

interactions, will vary between individuals. 

Since Ryan & Cross (1943) numerous studies have confirmed the variation in the economic, 

social, and psychological characteristics between early and late adopters. Those who adopt 

earlier are likely to have greater education, higher incomes, higher standards of living, more 

knowledge, a positive attitude to change, stronger achievement motivation, stronger 

.... 
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aspirations for children, more cosmopolitan interests, greater exposure to mass media, greater 

tendency to deviate from group norms, greater tendency to participate in groups, greater 

exposure to inter-personal communication, greater tendency to be opinion leaders and to have 

attitudes, needs and behaviour patterns that are compatible with the innovation (Engel, Kollart 

& Blackwell, 1973). 

Numerous diffusion researchers have used these characteristics of potential adopters to predict 

individual adoption times and the rate of diffusion of a given innovation through a population. 

However, an importantfincling by Ostlund (1974) limits the value of this approach. For 

innovations that represent major advances in available technology or practices, the 

characteristics above have been useful predictors of adoption. But most innovations are of a 

more continuous nature: they represent only incremental advances and require only slight 

changes in existing consumer practices. Ostlund found that for continuous innovations the 

social, economic and psychological characteristics of potential adopters gave low prediction 

rates as to the time of adoption. In other words, for continuous innovations there does not 

appear to be a general pattern to describe who is likely to be an innovator or early adopter 

(Ostlund, 1974; Wilkie, 1994). Early adoption for these types of innovations is more likely to 

reflect a specific interest in a particular product category (Wilkie, 1994). 

Some diffusion of innovation studies have focused on social norms, values and general 

attitudes. General attitudes towards energy efficiency include attitudes towards the 

environmental, economic and social aspects of energy saving. Attitudinal studies in the United 

States and Europe suggest that general attitudes give poor predictions of adoption or intention 

to adopt energy efficiency innovations (Dinan, 1987; Stern & Aronson, 1984; Costanzo et aI, 

1986; Van Raaij & Verhallen, 1983a; Archer et aI, 1987). For example, Olsen (1981) cites 

eight studies which found little or no relationship between general attitudes and reported 

energy conservation practices. Archer et al (1987) found that 85 per cent of respondents 

believed there was a serious energy crisis and 54 per cent of respondents thought that the crisis 

would remain the same or become worse23
; but no widespread conservation behaviours were 

observed. Such results appear to be due to the lack of perceived norms regarding energy 

23 Archer et al (1987) conducted their surveys during 1981 and 1982. 
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behaviour rather than a lack of motivation to comply (Midden & Ritsema, 1983; Stem & 

Aronson, 1984; Van Raaij & Verhallen, 1983a; Dinan, 1987)24. 

23 

Research in New Zealand has given similar conclusions. Most New Zealanders have favourable 

attitudes towards energy efficiency at both the national and personal levels (Phillips, 1975; 

MRL, 1993), but despite this at least 40 percent still regard their homes as 'less than quite 

energy efficient', with the most common energy efficiency behaviours being actions such as 

turning off lights or washing laundry in cold water, rather than the purchase of energy 

efficiency devices or appliances (MRL, 1993). Phillips (1975) found no significant relationship 

between energy resource beliefs and consumer behaviour. 

3.5.5 The Efforts of Change Agents 

A change agent is an individual or organisation that attempts to influence the adoption decision 

of potential innovators. With energy efficiency products change agents may include a wide 

range of groups such as retailers, manufacturers, Government agencies and pressure groups. 

This study will not directly focus on the efforts of change agents but will provide feedback on 

their actions by determining the perceptions of the innovations and the means of 

communication. It also hopes to make recommendations that may be of.use to change agents. 

3.6 The Diffusion of Energy Efficiency Innovations 

Rogers' framework will be used in this research to investigate the rate of diffusion of energy 

efficiency innovations. However, the framework is a general one and needs to be adapted to 

the innovations being studied. The remainder of this chapter looks specifically at the past 

research into the adoption of energy efficiency innovations. 

24 Changes in norms may be an explanation of energy efficiency behaviour during New Zealand's 1992 
electricity crisis. During the crisis the saving of electricity was promoted as of national importance by all levels 
of Government, as well as by energy suppliers and other groups. During this period sales of energy efficiency 
devices soared (Barret;1995; Warmington, 1992) and surveys of people's intentions to purchase energy 
efficiency devices suggested that this would continue (Warmington, 1992). However, at the end of the crisis 
sales of electricity saving devices returned to their pre-crisis levels (Barret, 1995). While other factors, such as 
price, make it difficult to attribute the sales variations solely to changes in social norms, the coincidental 
adoption of other energy saving behaviours, such as using extra blankets and clothing for warmth, would at 
least be consistent with changes in norms regarding energy use during the crisis. 
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The innovations being studied are not major technological advances: they are incremental 

advances. For these types of innovations the perceived attributes have more explanatory and 

predictive capacity than the characteristics of potential adopters (Ostlund, 1974; Rogers, 

1983)~ This is strongly supported by energy efficiency researchers (Darley & Beniger, 1981; 

Karnes & Khera, 1983; Dinan, 1987; Foster, 1993). 

24 

However, Ostlund (1974) suggested that the relationship between perceptions and adopter 

characteristics should be examined in greater depth. Black, Stern & Elworth (1985) and Van 

Raaij & Verhallen (1983) found that combining perceptions with other variables gave better 

predictions and understanding of consumer decisions for energy efficiency innovations. On this 

basis, the impact of sources of information and a selection of contextual variables will be 

investigated. The contextual variables consist mainly of demographic factors such as income, 

house ownership and age, as well as items more directly related to the adoption of the energy 

effichmcy innovations, such as compatibility with existing capital stock. 

3.6.1 Salient Attributes 

Financial attributes appear to be salient for energy efficiency products \\.'!.th perceived savings 

and certainty of savings being particularly relevant (Darley & Beniger, 1981; Vine & Crawley, 

1991; Van Raaij & Verhallen, 1983a; Dinan, 1987). Capital cost is also important, in 

conjunction with other dimensions such as energy savings or product life (Darley & Beniger, 

1981). Capital cost may also affect compatibility and trialability. 

In addition to financial savings, lower energy use per se may be regarded as desirable, to avoid 

future power shortages or due to concern over environmental impacts (MRL, 1993; Van Raaij 

& Verhallen, 1983a). The individuals' beliefs as to the effectiveness of individual action in 

achieving environmental and resource related outcomes may determine the degree to which 

these considerations influence adoption decisions (Van Raaij & Verhallen, 1983a). 

Quality of energy selvices is an important aspect of the adoption of energy efficiency 

innovations. For instance, perceived changes in comfort have been cited as reasons for both 

accepting and rejecting energy efficiency innovations (MRL, 1993; Van Raaij & Verhallen, 



25 

1983a). The quality of light from energy efficiency bulbs or the quantity of available hot water 

from new cylinders may influence the adoption of these products. 

Loss of convenience has been found to be significant as a perceived disadvantage of energy 

efficiency behaviour. MRL (1993) found that thirteen percent of those surveyed believed 

energy efficiency involved a loss of convenience. This may relate to purchase, installation or 

use of energy efficiency devices. 

Several overseas studies have found control to be important, even if that control is not 

exercised (Yates & Aronson, 1983; Stem & Aronson, 1984; Van Raaij & Verhallen, 1983a). 

For example, thermostats and timers with override switches were regarded as more desirable 

than those without override functions. New Zealand research has also found control to be 

significant (Eyre, 1994). 

3.6.2 Information Sources 

External information sources are particularly important for adoption of energy efficiency 

innovations because there is very little direct feedback on energy consumption. Modem energy 

use lacks visibility and requires a low level of interaction, obscuring the need for energy 

efficiency and reducing feedback on energy efficiency behaviours (Monier, 1983; Stem & 

Aronson, 1984). This is especially the case for electricity, which does not require collection, 

chopping and feeding into a fire like wood; nor does electricity use require the refilling of 

bottles, as do gas and liquid fuels25
. Electricity bills are a poor form of feedback as they do not 

distinguish between appliances; nor do they distinguish between savings from conservation 

behaviours and exogenous influences such as climate changes (Dennis, 1990)'. The monthly 

billing period delays feedback, further hindering the adoption of energy efficiency actions 

(Winnet & Ester, 1983). With so little direct feedback on energy use, both problem recognition 

and the evaluation of behaviours rely heavily on other information sources. 

With many innovations the decision to adopt the innovation is followed by a limited trial 

(Rogers, 1983; Wilkie, 1994). With innovations such as hot water cylinder wraps, purchase is 

frequently a one-off event. In such cases the experiences of others may be a substitute for trial; 

25 There is no reticulated gas supply in the area being studied. 
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this 'trial by others' increases the importance of personal communications on adoption 

(Rogers, 1983). 

3.6.3 Contextual Variables 

There are a massive range of influences on consumer behaviour. The contextual variables 

outlined here are ones that have been found to be particularly salient for the adoption of energy 

efficiency devices. 

Problem Recognition 

A degree of problem recognition is necessary for adoption to occur. Problem recognition 

requires dissatisfaction with the existing state and a belief that it is possible to change the 

existing state (Darley, 1977). MRL (1993) found that 18 percent of those surveyed believed 

they were already doing all they could to be energy efficient. Such individuals are unlikely to 

adopt further energy efficiency innovations until this belief is altered. This research will inquire 

as to the perceived efficiency of the current residence and the perceived ease with which it 

could be improved. 

Income 

Income appears to be an important determinant in the adoption of energy efficiency 

innovations (Costanzo et ai, 1986; Dennis, 1990; Van Raaij & Verhallen, 1983a). Van Raaij & 

Verhallen (1983a) suggest middle income households are the most likely to adopt, due to the 

low income groups being unable to afford such devices and those on higher incomes being less 

interested in saving energy. 

Knowledge 

Van Raaij & Verhallen (1983a) suggest a lack of knowledge can prevent behavioural intention 

being carried through into actual behaviour. Berger, Ratchford & Haines (1994) found 

subjective knowledge moderated the relationship between attitudes and behaviour, particularly 

in the adoption of high involvement, high risk, search product categories - such as the adoption 
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of energy related innovations. Knowledge may also reflect a specific interest in the product 

type, which Wilkie (1994) suggests is a characteristic of early adopters of continuous 

innovations. 

Existing Capital Stock 

27 

The age and design of the existing capital stock of the residence will have a significant impact 

on both the relative advantage and compatibility of the innovation (Darley, 1981). For 

example, "A" Grade hot water cylinders have been made since 1988; a home with such a 

cylinder would not benefit from a cylinder wrap. In some houses the position of the cylinder 

may prevent the fitting of a wrap. 

The adoption of similar innovations may reflect compatibility with the interests, values and 

beliefs of potential adopters. For example, Dinan (1987) and Yates & Aronson (1983) suggest 

that self-esteem may be an important factor for potential' adopters. If people define their self-

worth by their levels of consumption, and perceive energy efficiency as miserly or associate it 

with not being able to afford greater energy use, it is unlikely that they will adopt. Other people 

may associate energy efficiency with comfort and be more likely to adopt. 

The adoption of related innovations can also reflect innovativeness with respect to that 

category of product or behaviour. This may indicate a predisposition towards the device, due 

to a specific interest in that type of innovation, or alternatively it may reflect the capacity to 

innovate, illustrating the potential adopter is not constrained by circumstance or personal 

abilities. 

There is also a significant correlation between home ownership and the adoption of energy 

efficiency innovations (Costanzo et ai, 1986; Van Raaij & Verhallen, 1983a). The significance 

of home ownership may be a result of the tenant-landlord problem. Alternatively, home 

ownership may reflect income, age or lifestyle (Van Raaij & Verhallen, 1983a). 

Age and Lifestyle 

Age has been found to have a significant impact on energy use but may reflect lifestyles rather 

than age per se (Van Raaij & Verhallen, 1983a; MRL, 1993). By comparison to younger 
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people, older people are likely to be more settled, own the home they live in, and have greater 

wealth. 

Age may also reflect compatibility with values. For example, during the 1992 electricity crisis 

the elderly were reported to have made greater savings than other groups (Warmington, 1992). 

This was attributed to their past experiences with shortages during times of national crisis, 

such as during world wars. 

MRL (1993) also found that older retired people dominated those who believed that they were 

doing all they could to be energy efficient. It is uncertain as to whether the actual and 

perceived states of their residence coincide. 

Education and Occupation 

The evidence on education and occupation is mixed. Higher occupational status and higher 

levels of education are generally characteristics of innovators (Rogers, 1983; Engel, Kollart & 

Blackwell, 1973). Black, Stern and Elworth found these to be a significant influence on the 

adoption of energy efficiency innovations, but Van Raaij & Verhallen (1983a) outline research 

which concluded these factors were not significant. Occupation, which may partly reflect 

education, is investigated in this research. 

3.7 Summary 

Considerable research effort has been applied to the diffusion of innovations from both 

technological and behavioural perspectives. Rogers (1983) provides a framework for 

investigation of the rate of diffusion which may be adapted to energy efficiency innovations. 

This research will look specifically at perceived attributes, sources of information and a range 

of contextual variables. 
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4. METHODOLOGY 

4.1 Introduction 

A set of theoretical models were constructed to allow comparisons to be made both between 

energy efficiency devi.ces and between stages of the adoption-decision process. This chapter 

outlines the methodology.used to develop, estimate and test these models. 

4.2 Research Population 
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The research population consisted of 130,000 households in and around Christchurch. The 

households were predominantly urban but included some rural dwellings from surrounding 

areas such as Ohoka, Darfield, and Banks Peninsula. This population was selected primarily for 

practical reasons, such as the availability of mailing lists and the author's knowledge of the 

area. The results may not be indicative of other New Zealand cities due to differences in 

,economic factors, such as income distributions, and social factors, such as age and ethnic mix. 

Energy use patterns may also differ from other locations due to factors such as climatic 

conditions and the absence of a reticulated gas supply. 

4.3 Selection of Innovations to be Studied 

Data on more than one device was sought so that the results could be compared between 

devices. While numerous devices are available for study, resource limitations restricted the 

research to only two: compact fluorescent light bulbs (CFL's) and hot water cylinder wraps 

(HCW's). These were selected because it was judged that they were: widely applicable to 

households in the area; offered considerable potential for energy savings if widely adopted; and 

provided contrast in terms of type of use, attributes and awareness. Both devices may be 

described as discretionary purchases and both had adoption rates of less than 10 percent. 
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4.4 Development of the Models 

The general model was determined by the research objectives and the theoretical foundations 

of diffusion research. Given the low adoption levels for energy efficiency devices, a simple 

comparison of adopters and non-adopters was considered unlikely to shed much light on why 

90 percent of the population had not adopted these devices. A two stage approach was 

therefore used. The first stage compared those who had considered adoption with those who 

had not. The second stage took only those who had considered adoption and compared 

adopters with non-adopters. This method allowed comparisons to be made between these two 

different stages of the decision process. As only those who had considered adoption were 

included in the second stage, non-adopters were interpreted as rejecters, rather than non-

considerers. 

The dependent variables (consideration of the devices and adoption of the devices) represented 

dichotomous choices and were coded as 0-1 dummy variables. The explanatory components 

were: the set of perceived attributes (PA), the type and number of information sources (IS) and 

a set of contextual variables (C). The general model may therefore be stated as: 

Yij = (pAi,ISi,C) (4.1) 

where i = 1, 2 (CFL's or HCW's) and j = 1,2 (Consideration, Adoption) 

A set of variables specific for each device were then obtained by reference to past research, 

further qualitative research and model estimation and re-specification. The relevant past 

research was outlined in Chapter Three. The qualitative research consisted of semi-structured 

interviews with both energy experts and laymen. These interviews were used to identify 

relevant variables and to test the understanding of concepts and wording for the questionnaire. 

While the use of past research and qualitative findings is quite legitimate, the use of estimation 

and re-specification opens the door to accusations of 'data mining' - a dubious practice in 

economic research. In this case the investigation of alternative specifications is justified by the 

fact that all variables and specifications had a priori foundations26
. For many variables past 

26 A core group with the strongest a priori foundations were included in all estimations. 
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research had been inconclusive with respect to either their relevance, measurement or 

functional form. Investigation into these aspects adds to the body of knowledge available. The 

outcomes of the alternative specifications are reported in the results and appendices. 

4.5 Data Collection 

Cross-sectional data was collected· for .this research.· While the diffusion of innovations is a time 

related phenomena, time series data was not available, and the study period available 

prohibited its collection. Moreover, the use of cross-sectional data is widely accepted in 

diffusion research, where it has been used extensively since Ryan & Cross (1943). 

Data was collected by mail questionnaire. This was preferred to telephone or personal 

interviews because of the low monetary and time cost per response, the accuracy of responses, 

and the ability to provide visual cues in a questionnaire. As a mail questionnaire is completed at 

the respondent's discretion, the replies are likely to be more thoughtful and other people may 

be consulted for necessary information. This is important for the research as persons other than 

the respondent may be involved in the adoption decision. Sensitive information, such as 

income, is also more likely to be provided with mail questionnaires. For these reasons 

responses from mail questionnaires are likely to be more accurate than tll'pse from personal or 

telephone interviews (Aaker & Day, 1986). The ability to use visual cues was important for 

CFL's where a picture was used to distinguish CFL's from other types of energy saving light-

bulbs. 

There are disadvantages with mail questionnaires. These include limitations on the amount of 

data that can be collected, a lack of flexibility, potentially low response rates and difficulties 

associated with absence of an interviewer - such as the opportunity for respondents to seek 

clarification of confusing questions or terms. However, on balance mail questionnaires were 

preferred over other data collection methods. 

The questionnaire was developed based on past research and qualitative investigations into the 

salient variables for the specific innovations being studied. After pretesting, the questionnaire 

was mailed to 1047 households randomly selected from a database provided by the local 

electricity distributor, Southpower. The Southpower database was used because it covered 

:,~~:<P:.';c:.:_;_ ;.:< .~, 
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virtually every household in the research area and was available for this research project at 

minimal cost. There were however two disadvantages. First, the house addresses were 

frequently incomplete so the billing addresses were used. Approximately seven percent of the 

initial sample were removed from the mailing list prior to mailing because either, the addressee 

was not a household (i.e. it was a business or other organisation), or the billing address did not 

match the street address27
. 

The second concern was that the person to whom the bill was addressed may not have been the 

decision maker with respect to the household's adoption of one or both of the devices. No 

robust solution was apparent to overcome this difficulty and it was assumed that the person 

who completed the questionnaire had at least some participation in the decision. 

The sample size was determined by the financial constraints of the research. As both CFL's and 

HCW's have low rates of adoption (around 10 percent or less) several hundred observations 

were required to allow rigorous comparisons to be made between adopters and non-adopters. 

On this basis the decision was made to send out as many questionnaires as the research funds 

permitted. 

As mail questionnaires can suffer from low response rates a number of actions were taken to 

ensure a high response rate. These were: 

• attention to the layout and wording of the questionnaire. 

• a letter from Southpower, sent out 10 days prior to the questionnaire, advising the 

sample population that they had been randomly selected to take part in the research. 

• informing the sample population that the research was a joint project between 

Lincoln University and Southpower to increase the credibility of the questionnaire. 

• provision of a covering letter, outlining the purpose and importance of the research 

and giving a guarantee of anonymity, to persuade potential respondents to 

participate. 

• offering eligibility to enter a prize draw worth $200 for all completed questionnaires 

returned within four weeks. 

• a postage-paid reply envelope was supplied with the questionnaire. 

• the mailing of a reminder letter to all those who had not responded after 10 days. 

27 The locations and electricity use levels suggested that some of those deleted may be holiday homes rather 
than permanent households. 
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No control groups were maintained to assess the effectiveness of these actions. A copy of all 

correspondence with the sample group is contained in Appendix 2. 

4.6 Treatment of Missing Data 
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Qualitative choice models require observations to be complete for all variables: there can be no 

gaps in the data. In practice, gaps in survey data are common. The treatment of these gaps is 

discussed in detail by Hair et al (1995). 

In some cases, data gaps occurred because the design of the questionnaire deliberately allowed 

respondents to skip inapplicable sections. If, for instance, the respondent had never heard of 

the device - either a CFL or HCW - questions regarding the perceived attributes and 

communication channels were not applicable. Similarly, if a respondent did not have a hot 

water cylinder they were not regarded as potential adopters of a HCW. 

Missing data also occurred when applicable questions were simply not answered. Data gaps of 

this nature occur for a variety ofreasons28
, but regardless of the cause, all incomplete 

observations had to either be put aside or have the data gaps filled, befo~e estimation of the 

model could take place. 

The removal of an observation for one model did not prohibit its use in the estimation of the 

other three. For each model observations were deleted if: some variables were inapplicable (as 

outlined above); the dependent variable was missing; or if more than three of the independent 

variables were missing. Where the deleted observations had significantly different 

characteristics from those retained - as was the case with those who had never heard of the 

devices - these differences were noted in the results. If any remaining observations had missing 

variables these were substituted with the mean response29
. 

28 See Hair et al (1995). 
29 The reduction of variance was not regarded as a significant problem as the non-response rates for individual 
variables were typically around three percent. 



4.7 Models for Binary Dependent Variables 

Logit models were used in this research, but discriminant analysis, linear probability models 

(LPM's) and probit models are also widely used with binary dependent variables. A brief 

mention of these alternatives is therefore warranted. 
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A detailed but non-technical review of discriminant analysis and its application is provided by 

Hair et al (1995). Most studies have concluded that logit is superior for classification, primarily 

because discriminant analysis requires an assumption of multivariate normality (Kennedy, 

1992; Capps, 1983). This assumption is not generally tenable if some of the independent 

variables are qualitative - as is the case in this research (Kennedy, 1992; Capps, 1983). 

Probability models are also widely used with binary dependent variables; the most common 

being the logit, probit and LPM models30
. Ordinary Least Squares (OLS) estimation ofLPM's 

violates the Gauss-Markov assumption of constant variance; but this hetroskedasticity problem 

can be corrected using a weighted estimator. More serious concerns arise from the linearity 

assumption ofLPM's. Since the estimated dependent variable is interpreted as a probability it 

must lie between a and 1. Without this restriction estimates of greater than one or less than 

zero may be obtained, which are not meaningful. A further objection to the linear specification 

is that the marginal effects of the exogenous variables are constant. As Aldrich and Nelson 

(1984) point out, this may be unreasonable when modeling the effect of variables such as 

income on consumer decisions. 

A number of non-linear specifications satisfy the 0-1 constraints on the dependent variable, 

without restricting the independent variables or their coefficients. The logit and probit models, 

which are based on the logistic and normal functions respectively, are the best developed. 

There is little to guide the choice between logit and probit, and for most applications the 

results are similar (Greene, 1993; Kennedy, 1992; Aldrich and Nelson, 1984). In practice, logit 

is more commonly used as it requires less computational cost (Kennedy, 1992). Greene (1993) 

also notes that as the tails are thicker on the logistic distribution, different predictions could be 

30 Unless otherwise referenced, the following summary of probability models, including the discussion on 
logits, is based on the detailed treatment provided in Aldrich & Nelson (1984). Alternative discussions are 
given in Chapter 21 of Greene (1993) and Maddala (1983). Readers wanting either confirmation or a more in 
depth discussion should refer to those works. 
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expected when there are very few responses (Y=I) or non-responses (Y=O). With the low 

levels of adoption, this provides further justification for the use of logit in this research. 

4.8 Logit Models 

The logit model may be expressed mathematicaul 1 as: 

where: 

log[PJ (1- Pi)] = L bkXik , i = 1, ... , Nand k = 1, ... , K 

P is the probability that Y equals one, P(Y=1) 

(1 - P) is the probability that Y equals zero, P(Y=O) 

Xk for k = 2, ... , K are the independent variables 

bk are the estimated coefficients 

N is the number of observations 

Solving for P gives: 

e<r. bkXik) 

Pi = ----:::-:-:-:---:-1 + e<r. bkXik) 

which gives 

and 

1 
P(Y = 0) = 1- Pi = <r.bkXk) l+e ' 

K 
31 To avoid cumbersome notation the term L is used instead of the full notation, L 

k=l 

(4.2) 

(4.3) 

(4.4) 

(4.5) 
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Probability models, such as logit, probit and LPM's, do not estimate the dependent variable 

directly. Instead, the dependent variable, Y, is determined by a latent or unobserved variable, 

Y*, where Y*=f(:LbiXik) and f(.) is a transformation of the independent variables and their 

coefficients (in the case oflogit this transformation is the logistic one shown above). IfY* is 

greater than zero, Y equals one; otherwise Y equals zero. Unlike Y, y* is not constrained to 

equal zero or one. The error term, ~, may therefore be assumed to take on a continuous 

distribution. If the cumulative density function for ~ is assumed to be logistic, the logit model 

is given; a normal cumulative density function gives the probit model. 

4.8.1 Estimation of Log it Models 

The parameters of the logit are usually estimated using Maximum Likelihood Estimation 

(MLE). The objective ofMLE is to pick the parameter estimates that give the highest 

probability or likelihood of having obtained the observed values of Y, given the X values. 

Taking logarithms and substituting in Pi from equation 4.4 this objective function may be 

expressed as: 

N 
logL(YIX, b) = ~]YilogPi+ (1- Vi) 10g(1- Pi)] (4.6) 

1=1 

While the objective function differs from that of OLS estimation, the procedure used to derive 

the estimates is much the same: first derivatives with respect to each of the coefficients are 

computed and set equal to zero; the solution of these equations then yields the MLE 

estimators. The set offirst derivatives, called the likelihood equations, for the logit model can 

be written as: 

N 
I[Yi-P(Yi = lIXi,b)]Xij = 0 (4.7) 
i=1 

A minor hindrance to the application ofMLE to logit models is that the likelihood equations 

are non-linear in the parameters, which makes algebraic solutions unobtainable. Iterative 

algorithms are therefore used, requiring extra computational effort. However, with modern 

computers this is not a large problem and the algorithms used in the econometrics programme 



37 

Shazam, which was used in this research, usually converge in four or five iterations (Shazam, 

1993). 

4.8.2 Marginal Effects 

Due to the non-linear specification, the marginal effects of changes in Xk on P(Y=l) are not 

constant. While the signs of the bk coefficients give-the direction of the effects, the magnitudes 

depend upon the values of all the Xk's and is given by: 

dP(Y = 1) = L bkXik bk 
[1+ LbkXikY dXk 

(4.8) 
= P(Y = 1)[1- P(Y = l)]bk 

4.8.3 Statistical Inference 

For large samples MLE exhibits the desirable properties of unbiased ness, efficiency and 

normality. Much of the inference from MLE is therefore analogous to - but not the same as-

OLS. 

4.8.3.1 Coefficient Estimates 

The t-test was used to test the null hypothesis that an individual coefficient, bk, is zero. For 

joint hypotheses regarding subsets of coefficients t-tests are not suitable. For instance, if a set 

of dummy variables are used to indicate household types, the hypothesis that all the coefficients 

for these dummy variables are equal to zero should not be tested with a t-test. Instead, a Wald 

test was used. The Wald test statistic, which is given in Shazam (1993, p97), asymptotically 

follows a chi-squared distribution under the null Ho: Bj = 0, where j = 1, ... , Rand R equals 

the number of restrictions (Ward, 1995). 
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4.8.3.2 Goodness of Fit Measures 

There are no universally accepted goodness offit measures for MLE estimates of the logit 

model. Those given here are all commonly used. 

Likelihood Ratio Statistic 
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This is analogous to the F statistic for OLS models and can be used to test the null that all the 

coefficients except the intercept term are equal to zero. The test statistic follows a chi-square 

distribution with degrees offreedom equal to the number of restrictions, and is calculated by: 

where Lo = the value of the likelihood function for the restricted model 

Ll = the value of the likelihood function for the unrestricted model 

R-Square Measures 

(4.9) 

The usual R2 measures are not applicable to MLE. Instead, a number of pseudo R 2 measures 

have been suggested32
. The Cragg-Uhler R2 was used in this research as-It is bounded by zero 

and one, allowing ready interpretation. The test statistic is given in Shazam (1993, p253). 

Prediction Success Tables 

A prediction success table, as shown below, is frequently provided as a summary of the 

models' predictive ability. Greene (1993) recommends the use of success tables but advises 

caution when interpreting them: an apparently poor prediction rate can reflect the weakness of 

the measure of fit rather than a flaw in the model - particularly if the sample has many more 

ones than zeros or vice versa. 

32 See Shazam (1993); Aldrich and Nelson (1984); Greene (1993), 
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Predicted 

4.9 Summary 

Prediction Success Table 

Actual 

O's l's 

O's Noo NOl 

l's NIO Nll 

Four theoretical models were developed to cover the consideration and adoption stages of 

CFL's and HCW's. These models were given logit specifications and MLE estimates were 

obtained using cross-sectional data from households in the Christchurch area. The results are 

given in Chapter Five. 
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5. RESULTS 

5.1 Introduction 

The general model in Chapter Four, gave the consideration and adoption of energy efficiency 

devices as functions of the perceived attributes, information sources and a range of contextual 

variables. From this general model, four specific models were developed to cover consideration 

and adoption ofCFL's and HCW's. The development and estimation results of these models 

are discussed in this chapter. 

5.2 Model Development 

While the four models are similar, the specifications of the models reflects the unique 

characteristics of each device. In presenting the models here the names of the variables are 

identified by placing them in capital letters. 

5.2.1 Perceived Attributes 

The two components of perceived attributes were measured individually and combined by 

multiplication to create a single variable for each attribute of each device (see section 3.5.1). 

The salient attributes common to both devices were: financial savings (SAVINGS); avoiding 

waste on energy (WASTE); control over energy use (CONTROL); cost of purchase and 

installation (COST); the convenience of purchase (CONVEN); and the ease of installation 

(INSTALL). Additional attributes for the CFL models were the quality of light (LIGHT) and 

the length oflife of the device (LIFE). The quantity of hot water available (HOTWATER) and 

the perceived change in the effectiveness of the hot airing cupboard (AIRCB) were relevant for 

the HCW models. The effect on the airing cupboard is due to the reduction of heat loss from 

the hot water cylinder. 

r: : ~-_.: .. ". . 
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5.2.2 Information Sources 

Mass information sources, such as television, newspapers or inserts with electricity bills, are 

less likely to lead to adoption than are personal communication sources. The reliance on mass 

communication was measured by the variable MASSCOM, which is the number of mass 

communication information sources the respondent rated as important. 

SUMCOM is the total number of information sources that the respondent rated as important. 

This includes personal communication and information from shops or displays, in addition to 

mass communication sources. It was expected that a greater number of information sources 

would increase the likelihood of consideration and adoption, as problem recognition is more 

likely to have occurred. The number of information sources may also reflect the level of 

knowledge of respondents. 

5.2.3 Contextual Variables 

Two components of problem recognition, the recognition ofa need and a belief that that need 

can be fulfilled, were contained in the variable DISSAT (dissatisfaction with the existing 

situation). This variable is the product of the perceived efficiency of the hot water or lighting 

system and the ease with which the efficiency of the respective system could be improved. A 

high level of dissatisfaction was expected to increase the likelihood of both consideration and 

adoption. However, as data was not available on adopters' levels of dissatisfaction prior to 

adoption, this variable was only included in the two models which compared those who had 

considered adoption versus those who had not considered adoption. 

The existence of related behaviours and the purchase of similar products reflects compatibility 

with values and circumstances, and were expected to exert a positive influence on 

consideration and adoption. The average frequency of related behaviours, such as turning off 

lights or washing in cold water, is given by BEHAV. Similarly, DEVICES is a measure of the 

number of related energy efficiency devices in the home. Examples of such devices are thermal 

drapes, enclosed fireplaces and low flow shower heads. 
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Self-rated knowledge is shown in the variable KNOWL and is expected to have a positive 

influence on both consideration and adoption. As households proceed through the adoption 

process their level of knowledge is likely to increase, suggesting that to some extent the level 

of knowledge may be endogenous to the adoption process. However, knowledge can also 

reflect exogenous influences concerning problem recognition, such as a greater interest in such 

innovations or dissatisfaction with existing circumstances. These factors can lead potential 

adopters to seek, and be more receptive to, information about the devices. 

HCW's are not compatible with all hot water cylinders. Many HCW's made since 1988 have 

additional insulation already included, which makes HCW unnecessary. In addition, there must 

be a space of at least 50 mm around the outside of the hot water cylinder in which to fit a 

HCW. Compatibility with both of these factors is shown through the binary variable 

SPACEAGE. 

HCW's are not readily transferable. Consequently, home ownership and the intended length of 

stay in the home were judged relevant to the HCW's models. The variable OWNSTA Y gives 

the length of the intended stay in the home for home-owners. If the house was not owned by a 

member of the household, OWNSTA Y acted as a binary variable and was coded as zero to 

reflect the probable occurrence of the landlord-tenant problem. 

The age of the respondent can influence consideration and adoption of energy efficiency 

devices, reflecting compatibility with lifestyle, wealth, home ownership and values, as outlined 

in section 3.6.3. These effects are captured by the variable AGE 

The sex of the respondent is indicated by the binary variable SEX. In the interviews conducted 

during survey development, it was suggested that females are more receptive to energy 

efficiency, but are more likely to be constrained by a lack of technical ability to install such 

innovations. As the adoption ofCFL's requires minimal technical ability, females are expected 

to be more likely to adopt than males. The opposite is true ofHCW's, which require more 

technical ability to install. 

Total household income is given by the variable INCOME. The hypothesised relationship 

between income and the dependent variables is non-linear, with middle income groups being 

the most likely to adopt. The lower probability of adoption among low income groups is 

i· 
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believed to reflect financial constraints on behaviour. High income groups are expected to be 

more concerned about the quality of energy services, such as comfort, availability of hot water, 

and lighting, than they are about ability to pay energy bills. This parabolic relationship between 

income and adoption was modelled by re-coding the middle income group to zero, the groups 

to either side of the middle income group to one, and the highest and lowest income groups to 

two. 

5.3 The Models 

The variables described above make up the independent variables for the four models. These 

models are given below, where Y; is the dependant variable and i ranges from one to four, 

denoting the respective dependent variables. The functionf(.) is the logistic transformation 

given in equation 4.3, and J.! is the stochastic error term. These models and the anticipated 

signs of the variable coefficients are summarised in Table 5.1. 

Model One - Consideration of CFL 's 

Y;=J = f(SA VINGS, WASTE, LIGHT, CONTROL, COST, CONVEN, INSTALL, LIFE, 

MASSCOM, SUMCOM, BEHAV, DEVICES, DISSAT, KNOWL, AGE, SEX, 

INCOME) + J.! 

Model Two - Adoption of CFL 's 

Y;=2 = f(SAVINGS, WASTE, LIGHT, CONTROL, COST, CONVEN, INSTALL, LIFE, 

MASSCOM, SUMCOM, BEHA V, DEVICES, KNOWL, AGE, SEX, INCOME) + J.! 

Model Three - Consideration of HCW's 

Y;=3 = f(SAVINGS, WASTE, HOTWATER, CONTROL, COST, CONVEN, INSTALL, 

AIRCB, MASSCOM, SUMCOM, BEHAV, DEVICES, DISSAT, SPACEAGE, 

OWNSTAY, KNOWL, AGE, SEX, INCOME) + J.! 

Model Four - Adoption of HCW's 

Y;=4 = f(SAVINGS, WASTE, HOTWATER, CONTROL, COST, CONVEN, INSTALL, 

AIRCB, MASSCOM, SUMCOM, BEHAV, DEVICES, SPACEAGE, OWNSTAY, 

KNOWL, AGE, SEX, INCOME) + J.! 
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Table 5.1 Summary of Models 

Variable Description Modell ~odel2 ~odel3 ~odel4 

CFL CFL HCW HCW 

consider adopt consider adopt 
.......................................................................................................................................................................................................................................................... 

SAVINGS Saves Money + + + + 

WASTE 

HOTWATER 

LIGHT 

CONTROL 

COST· 

CONVEN 

INSTALL 

AIRCB· 

LIFE 

MASSCOM 

SUMCOM 

BEHAV 

DEVICES 

DIS SAT 

SPACEAGE 

OWNSTAY 

KNOWL 

AGE 

SEX 

INCOME 

A voids Waste on Energy 

Availability of Hot Water 

Quality of Light From CFL's 

Control Over Energy Use 

Price and Installation Costs 

Convenience of Purchase 

Ease of Installation 

Loss of Airing Cupboard 

Length of Life ofCFL's 

Mass Communication Sources 

Number ofInformation Sources 

Related Behaviours 

Purchase of Similar Devices 

Dissatisfaction with situation 

Compatible with HCW cylinder. 

Home ownership and length of 

stay in home 

Self-rated Knowledge 

Age 

Sex (male) 

Gross Household Income 

Note: NA = Not Applicable 

+ + + + 
NA NA + + 
+ + NA NA 

+ + + + 
+ + + + 
+ + + + 

+ + + + 
NA NA + + 

+ + NA NA 

+ + + + 

+ + + + 

+ + + + 
+ NA + NA 

NA NA + + 
NA NA + + 

+ + + + 
+ + + + 

+ + 
Non-Linear 

Middle Incomes More Likely To Adopt 

• All perceived attributes were coded so that a high rating increased the probability of adoption. This was done 
so that multi-attribute ratings could be explored - as discussed later. But in the cases of COST and AIRCB the 
signs of the coefficients may appear to be opposite to that expected. A high cost and increased loss of airing 
cupboard effectiveness are expected to decrease the likelihood of adoption. 
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5.4 Response Rate Analysis 

The overall response rate to the mail questionnaire was 71 percent, as shown in Table 5.2. As 

no control groups were maintained it was not possible to assess the effects of the measures 

taken to increase the response rate. Other contributing factors Ill.JlY have been the generally 

favourable attitudes towards energy efficiency - which fhil~ips (1?~) and MRL (1993) have 

shown to exist - and the fact that the questionnaire was sent out during winter, a time when 

consumers may be more energy conscious. 

Table 5.2 Response Rate Analysis 

Initial Mailing Sample 

Less the Number Returned Due to Incorrect Mailing Addresses 

Reduced Sample Number After Accounting for Incorrect Mailing 

Addresses 

Total Number of Returned Questionnaires 

Less Blank or Late Returns 

Completed Questionaries Returned On Time 

Overall Response Rate (705 / 992 x 100) 

5.5 Descriptive Statistics 

1047 

(55) 

992 

718 

(13) 

705 

71% 

The number of useable observations varied between models, due to their individual 

specifications. For each model, approximately 10 percent of all responses were unusable 

because of missing variables. Of the total 705 observations, 244 were inapplicable to CFL's 

because the respondents had not previously heard of the innovation; 49 were inapplicable to 

the HCW models for the same reason. A further 12 respondents indicated they did not have a 

hot water cylinder, making them ineligible for the HCW models. The summary statistics for the 

CFL models and the Hew models are shown in Table 5.3 and Table 5.4, respectively. 
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The characteristics of the deleted observations can be seen by comparing the statistics for all 

respondents with those for Models One and Three. Such comparisons should not be made 

using Models Two and Four, as only those who had previously considered adoption were 

included in these models. Comparisons of respondent characteristics between the CFL and 

HCW models are limited as only BEHA V, DEVICES, AGE, SEX and INCOME are common 

to both devices. All other variables relate specifically to one or other of the innovations. 

Table 5.3 Summary Statistics for CFL Models 

Variable All Responses Model One Model Two 

N=705 N=407 N=165 

Mean Std Dev Mean Std Dev Mean Std Dev 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• u •• 

SAVINGS 

WASTE 

LIGHT 

CONTROL 

COST 

CONVEN 

INSTALL 

LIFE 

MASSCOM 

SUMCOM 

BEHAV 

DEVICES 

DISSAT 

KNOWL 

AGE 

SEX 

Income (prior to re-

coding) 

INCOME 

8.52 

3.96 

l.51 

3.57 

0.27 

-2.68 

0.49 

l.80 

1.38 

1.73 

3.85 

3.16 

12.42 

1.95 

4.45 

0.55 

2.71 

1.08 

3.86 

3.69 

3.53 

3.54 

3.35 

3.58 

3.78 

2.97 

2.04 

0.91 

0.59 

1.45 

5.92 

0.82 

1.66 

0.51 

l.32 

0.81 

8.58 

3.95 

l.54 

3.56 

0.21 

-2.64 

0.53 

l.82 

1.09 

1.74 

3.86 

3.30 

10.95 

1.97 

4.31 

0.66 

2.84 

l.02 

3.84 

3.68 

3.50 

3.53 

3.28 

3.53 

3.74 

2.94 

0.88 

0.91 

0.56 

1.49 

5.66 

0.79 

1.56 

0.50 

l.29 

0.81 

- .. 

10.35 

5.15 

2.12 

4.73 

0.12 

-3.56 

.75 

2.88 

1.21 

2.00 

3.88 

3.53 

10.46 

2.37 

4.46 

0.64 

2.92 

0.95 

3.85 

3.82 

3.93 

3.65 

3.80 

3.68 

4.45 

3.52 

0.96 

l.03 

0.58 

1.42 

5.07 

0.76 

l.52 

0.47 

l.24 

0.79 

I·· i' .. :.···· 
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Variable 

Table 5.4 Summary Statistics for HeW Models 

All 

N=705 

Model One 

N=570 
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Model Two 

N=247 

Mean Std Dev Mean Std Dev Mean Std Dev 
............................................................................................................................................................................................................................................... 

SAVINGS 

WASTE 

HOTWATER 

CONTROL 

COST 

CONVEN 

INSTALL 

AIRCB 

MASSCOM 

SUMCOM 

BEHAV 

DEVICES 

DIS SAT 

SPACEAGE 

OWNSTAY 

KNOWL 

AGE 

SEX 

Income (prior to re-

coding) 

INCOME 

5.39 

5.04 

2.30 

0.94 

-0.05 

1.29 

-0.41 

-0.47 

1.24 

l.75 

3.85 

3.18 

11.27 

0.41 

3.17 

2.25 

4.45 

0.55 

2.71 

l.08 

3.35 

3.49 

3.97 

4.83 

3.82 

3.34 

4.77 

4.52 

1.90 

1.05 

0.59 

1.49 

6.42 

0.49 

1.81 

0.81 

l.66 

0.51 

1.32 

0.81 

5.40 

5.10 

2.25 

0.80 

-.04 

1.28 

-0.35 

-0.25 

1.29 

1.80 

3.85 

3.19 

11.10 

0.41 

3.11 

2.27 

4.26 

0.58 

2.83 

1.02 

3.33 

3.47 

3.93 

4.76 

3.76 

3.28 

4.67 

4.31 

0.89 

1.03 

0.57 

1.46 

6.27 

0.49 

1.81 

0.81 

l.56 

0.51 

1.29 

0.81 

-.-

6.59 

6.10 

3.00 

1.26 

0.59 

1.72 

-0.44 

-0.14 

1.39 

1.97 

3.91 

3.38 

10.77 

0.41 

3.22 

2.47 

4.22 

0.56 

2.83 

0.93 

2.97 

3.16 

4.22 

5.03 

4.20 

3.68 

4.89 

4.40 

0.93 

l.15 

0.57 

1.44 

6.25 

0.49 

1.75 

0.79 

1.51 

0.50 

1.21 

0.79 

A distinguishing feature of the incomplete questionnaires was that the respondents tended to be 

older than those whose questionnaires were complete. As older people are more likely to be 

retired, the age differences were reflected in the income statistics. For CFL's, females were less 

likely to have heard of CFL' s than males. 

f _ 
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5.6 Model Estimates 

MLE estimates of the logistic regression models were obtained using the econometrics 

programme Shazam. The full results of these estimations are shown in Tables 5.5 to 5.8. As 

the important implications of this research stem from comparisons between the models, Table 

5.9 contains a summary of results covering all four models and the discussion is separated from 

the hypothesis reporting for individual models. 

5.6.1 Goodness of Fit Results 

The null hypothesis for the likelihood ratio test is that all the variable coefficients are equal to 

zero. These are stated as: 

HOi: fA = 0 and HM /3;j :;:. 0 

where i = model 1 to 4 

j = variable number in the ith model 

p = the variable coefficient 

For all of the four models, the null hypothesis was rejected at a 0.01 significance level. The 

Cragg-Uhler R-squares and percentage of right predictions support this result. 

5.6.2 Hypothesis tests for Individual Coefficients 

The significance of the individual coefficients was tested with t-tests, under the null hypothesis 

that the relevant coefficient was equal to zero. Using the same notation as above, the 

hypotheses for all variables, in all four models are: 

Hou: /3;j = 0 and fui;: fli)" :;:. 0 

For the sake of brevity only those cases where the null hypotheses was rejected are reported 

here. In other words, the results given here are where the coefficients were found to be 

significantly different from zero. For all other cases, the null was not rejected. In all models, 

the constant terms were significant at the 0.1 level or greater. 



Model One - Consideration of CFL's 

The hypotheses for age, financial savings, cost and income were all rejected at the 0.1 

significance level for the consideration ofCFL's. The null hypotheses for convenience of 

purchase and for the sex of respondents were rejected at the 0.05 level, with self-rated 

knowledge and the perceived length oflife ofCFL's being rejected at the 0.01 level. 

Model Two - Adoption of CFL's 

49 

Only four hypotheses were rejected in Model Two. The null for the number of information 

sources was rejected at the 0.1 level; the adoption of related devices and knowledge were 

rejected at the 0.05 level; and the reliance on mass communication sources was rejected at the 

0.01 level. All the significant coefficients had the anticipated signs. 

Model Three - Consideration of HCW's 

In Model Three the null hypotheses for age and sex were rejected at the 0.1 level. Income was 

rejected at the 0.05 significance level; knowledge, perceived savings and perceived costs were 

rejected at the 0.01 level. The coefficient on age was negative, indicating that older people 

were less likely to have considered adoption than younger people. 

Model Four - Adoption of HCW's 

The null hypothesis for age was significant at the 0.1 level for adoption ofHCW's - although 

unlike Model Three, the coefficient was positive. The null hypotheses for knowledge, reliance 

on mass communication, avoidance of waste, ease of installation and loss of the hot airing 

cupboard were all rejected at the 0.05 level of significance. 

I 
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Table 5.5 Estimation Results for Model One 

N = 407, 158 Observations At One, 249 Observations At Zero 

Variable Estimated Standard Asymptotic At Means 

Coefficient Error T-Ratio Elasticity 

SAVINGS -0.0116 0.0688 -0.1690 -0.0639 

WASTE 0.0557 0.0478 1.1635 0.1412 

LIGHT 0.0596 0.0506 l.1768 0.1361 

CONTROL '0.0071 0.0401 0.1790 0.0071 

COST -0.0737 0.0387 -l.9031 -0.0097 

CONVEN -0.0928 0.0361 -2.5674 0.l575 

INSTALL -0.0347 0.0353 -0.9824 -0.0117 

LIFE 0.1550 0.0481 3.2185 0.1810 

MASSCOM -0.1287 0.1910 -0.6740 -0.0902 

SUMCOM 0.4065 0.1879 2.1633 0.4547 

BEHAV -0.3190 0.2252 -l.4166 -0.7911 

DEVICES 0.1054 0.0820 l.2856 0.2232 

DISSAT -0.0069 0.0224 -0.3108 -0.0490 

KNOWL 0.8631 0.3322 2.5978 l.0909 

AGE 0.1437 0.0824 1.7440 0.3978 ---

SEX -0.7022 0.2770 -2.5349 -0.2986 ! 
INCOME -0.2860 0.1531 -1.8684 -0.1874 

CONSTANT -2.5887 0.9994 -2.5900 -l.6594 --'--. 

Likelihood Ratio Test 124.374 (17 df) 

Cragg-Uhler R-Square 0.3572 

Right Predictions 74.2% 

Prediction Success Table 

Actual 

o 1 

o 209 65 
Predicted 

1 40 93 
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Table 5.6 Estimation Results for Model Two 

N = 165, 55 Observations at One, 110 Observations at Zero 

Variable Name Estimated Standard Asymptotic Elasticity 

Coefficient Error T-Ratio At Means 
.............................................................................................................................................................................................................. 
SAVINGS -0,0266 0,0994 -0,2675 -0,1982 

WASTE 0,0943 0,0747 1,2620 0,3497 

LIGHT 0,0255 0,0835 0,3054 0,0869 

CONTROL 0,0081 0,0619 0,1310 0,0123 

COST -0,0415 0,0584 -0,7103 -0,0034 

CONVEN 0,0916 0,0564 1.6238 -0,2351 

INSTALL -0,0216 0,0471 -0.4599 -0,0117 

LIFE 0,0586 0,0575 1.0198 0,1216 

MASSCOM -1.1255 0,3086 -3,6466 -0,9771 

SUMCOM 0,5234 0,2799 l.~701 0,7559 

BEHAV -0,0657 0,3814 -0,1723 -0,1834 

DEVICES 0,3326 0,1484 2,2413 0,8475 

KNOWL 0,9981 0,5079 1.9650 1. 7081 

AGE -0,1446 0,1446 -l.0004 -0.4646 

SEX -0,5049 0.4682 -l.0785 -0,2357 
---

INCOME 0,2115 0,2574 0,8217 0,1450 

CONSTANT -3,3299 l.6879 -l.9728 -2,3972 

Likelihood Ratio Test 50,2675 (16 df) 

Cragg-Uhler R-Square 0,3647 

Right Predictions 77,5% 

Prediction Success Table 
1 __ - __ .-,,' 

Actual 

0 1 

0 96 23 
Predicted 

1 14 32 
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Table 5.7 Estimation Results for Model Three 

N = 570, 240 Observations at One, 330 Observations at Zero 

Variable Estimated Standard Asymptotic Elasticity At 

Coefficient Error T-Ratio Means 
................................................................................................................................................................................................................................................. 
SAVINGS 0.1746 0.0463 3.7642 0.5597 

WASTE 0.0081 0.0431 0.1888 0.0244 

HOTWATER 0.0066 0.0224 0.2973 0.0031 

CONTROL 0:0259 0.0284 0.9119 0.0347 

COST 0.0773 0.0267 2.8890 -0.0019 

CONVEN 0.0121 0.0312 0.3899 0.0092 

INSTALL -0.0319 0.0230 -1.3851 0.0066 

AIRCB 0.0058 0.0222 0.2631 -0.0008 

MASSCOM -0.0711 0.1655 -0.4294 -0.0542 

SUMCOM 0.1803 0.1460 1.2348 0.1909 

BEHAV 0.1139 0.1713 0.6653 0.2607 

DEVICES 0.1097 0.0686 1.5982 0.2083 

DIS SAT -0.0112 0.0159 -0.7071 -0.0741 

SPACEAGE 0.2867 0.2088 1.3732 0.0693 

OWNSTAY 0.0721 0.0580 1.2443 0.1334 

KNOWL 0.3663 0.1311 2.7931 0.4935 

AGE -0.1285 0.0711 -1.8054 -0.3250 

SEX -0.3853 0.1979 -1.9470 -0.1333 

INCOME -0.2750 0.1207 -2.2784 -0.1661 

CONSTANT -2.4655 0.7589 -3.2485 -1.4641 

Likelihood Ratio Test 102.631 (19 df) 

Cragg-Uhler R-Square 0.2215 

Right Predictions 69.2% 

Prediction Success Table 

Actual 

o 1 

Predicted o 267 112 

1 63 128 

f·>-~--·,--,·c':;,.--,. 
f',·;"'··>" ~-;;::": 
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Table 5.8 Estimation Results for Model Four 

N= 247, 40 Observations at One, 207 Observations at Zero 

Variable Estimated Standard Asymptotic Elasticity 

Name Coefficient Error T-Ratio 

SAVINGS 

WASTE 

HOTWATER 

CONTROL 

COST 

CONVEN 

INSTALL 

AIRCB 

MASSCOM 

SUMCOM 

BEHAV 

DEVICES 

SPACEAGE 

OWNSTAY 

KNOWL 

AGE 

SEX 

INCOME 

CONSTANT 

Likelihood Ratio Test 

-0.1577 

0.2639 

-0.0463 

-0.0121 

0.0670 

-0.0029 

0.1195 

0.1039 

-0.8393 

0.2293 

0.0727 

0.1185 

0.6979 

0.0678 

0.6921 

0.3140 

-0.2716 

-0.0077 

-6.0883 

52.34 

Cragg-Uhler R-Square 0.3250 

Right Predictions 88.2 % 

Predicted 

0.1134 

0.1212 

0.0469 

0.0518 

0.0566 

0.0703 

0.0528 

0.0521 

0.3569 

0.2802 

0.4147 

0.1491 

0.4723 

0.1335 

0.2774 

0.1684 

0.4489 

0.2677 

l.8799 

(18 df) 

, 

-l.3903 

2.1773 

-0.9874 

-0.2350 

l.1825 

-0.0422 

2.2598 

l.9928 

-2.3513 

0.8184 

0.1754 

0.7951 

l.4776 

0.5076 

2.4950 

l.8651 

-0.6051 

-0.0291 

-3.2386 

Prediction Success Table 

Actual 

o 1 

o 203 25 

1 4 15 

At Means 

-0.9439 

l.4623 

-0.0519 

-0.0331 

0.0360 

-0.0046 

-0.0480 

-0.0133 

-l.06U 

0.4113 

0.2583 

0.3639 

0.2641 

0.1982 

l.5573 

1.2022 

-0.1397 

-0.0066 

-5.5265 
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Table 5.9 Summary of Model Estimates I;::~~:~;t~~~;i 

Variable Parameter Estimates 

Model One Model Two Model Three Model Four 

SAVINGS -0.0116 -0.0266 0.l746 *** -0.1577 

WASTE 0.0557 0.0943 0.0081 0.2639 ** -~:~~~~~:: - . c 

o:~::':'-=-::C::X~S:,- ,_.»_ 
•• -_-.~_"z-''i'_''_-' -_ 

HOTWATER NA NA 0.0066 -0.0463 ~:::.;:~:~.,>: 
.~-=-~--, 

LIGHT 0:0071 0.0081 NA NA 

CONTROL 0.0596 0.0255 0.0259 -0.0121 

COST -0.0737 * -0.0415 0.0773 *** 0.0670 

CONVEN -0.0928 ** 0.0916 0.0121 -0.0029 

INSTALL -0.0347 -0.0216 -0.0319 0.1195 ** 
AIRCB NA NA 0.0058 0.1039 ** 
LIFE 0.1550 ** 0.0586 NA NA 

MASSCOM -0.1287 -1.1255 *** -0.071 -0.8393 ** 
SUMCOM 0.4065 ** 0.5234 * 0.1803 0.2293 ** 
BEHAV -0.3190 -0.0657 0.1139 0.0727 

DEVICES 0.1054 0.33261 ** 0.1097 0.1185 

DIS SAT -0.0069 NA -0.0112 NA 

SPACEAGE NA NA 0.2867 0.6979 

OWNSTAY NA NA 0.0721 0.06781 

KNOWL 0.8631 *** 0.9981 ** 0.3663 ** 0.6921 t-.:..;r __ - ___ . 
~-~. --":'~~~ 

AGE 0.1437 * -0.1446 -0.12852 * 0.3140 * 
SEX -0.7022 ** -0.5049 -0.38538 * -0.2716 

INCOME -0.2860 * 0.2115 -0.27502 ** -0.0077 

CONSTANT -2.5887 *** -3.3299 ** -2.4655 *** -6.0883 *** 

Likelihood Ratio 124.37 50.56 102.63 52.34 

Test (17 df) (16 df) (19 df) (I8df) 

Cragg-Uhler R2 0.3572 0.3647 0.2215 .3250 

Prediction Rate 74.2% 77.5% 69.2% 88.2% 

* significant at the 0.1 level 

** significant at the 0.05 level 

"'** significant at the 0.01 level 



55 

5.7 Discussion 

The major conclusions of this research are derived from comparisons between the four models. 

Comparing the consideration models with the adoption models illustrates the changes in the 

role of the variables during the adoption process. By comparing the results of the HCW models 

with those of the CFL models - two quite different types of energy efficiency innovations - the 

generality of the results is assessed. To facilitate such comparisons a summary of the 

estimation results is provid~d in Table 5.9. 

5.7.1 Perceived attributes 

As CFL's and HCW's are quite different in their nature and use, it is not surprising that there 

were few similarities with respect to the significance of individual perceived attributes. The 

financial attributes were more significant for the consideration of HCW's than for CFL's. The 

length of life ofCFL's, relative to ordinary light-bulbs, was a distinguishing feature in the 

consideration of these innovations. For CFL's the signs of the coefficients on cost and 

convenience of purchase were opposite to those expected, suggesting that those who had 

considered adoption believed the products to be more expensive and less convenient to 

purchase than those who had not considered. 

For both devices the significance, and in some cases the signs, of the coefficients changed 

between the consideration and adoption stages. For adoption, the financial attributes were not 

significant for either device, suggesting that financial attributes lead to consideration of the 

device but are not a barrier at the adoption stage. For HCW's resource concerns and the ease 

with which they are installed were significant in distinguishing adopters and rejectors. None of 

the coefficients on the perceived attributes were significant in the CFL adoption model. 

As the perceived attributes were made up of two components, the relative contribution -of each 

component to the overall differences in perceived attitudes was examined. This was done by 

comparing the responses of all observations with those who had considered adoption and with 

those who had adopted, with respect to each of the components of each variable. These 

statistics are shown iri tablesS 10, 5.11 and 5.12. 

f--.'·-.-·-.':':;·:,'.-.--
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These tables reveal that the perceived importance of the individual attributes varies little between 

the groups, but that there are significant differences between groups in the extent to which the 

devices are perceived to possess the attributes. This means that considerers and adopters give a 

similar rating to the importance of the attributes as non-considerers, but it is more likely that 

adopters will perceive the devices as possessing the respective attribute. 

With the increasing prominence of environmental issues this result can be used to assess whether 

resource concerns are being carried through into the purchase of energy efficiency innovations. 

Resource concerns were .represented by the variable WASTE, whose coefficient was positive in all 

models but was only significant in Model Four. The statistics given in tables 5.l0 to 5.l2, reveal 

that on average the importance component for the variable WASTE was not significantly different 

between any of the groups of respondents. In contrast, there were significant between-group. 

differences with respect to the possession of this attribute. It therefore appears that the differences 

with respect to resource concerns were principally due to the degree to which the innovation was 

perceived to possess the attribute, rather than attribute impqrtance. This implies that where the 

device is perceived to possess the resource concern attribute, this was being carried through into 

behaviour. A caveat on this finding is that although avoidance of waste is highly rated by all groups, 

it is by no means the only salient attribute, nor are perved attributes the only determinants of 

consumer behaviour. 

Table 5.10 Importance of Perceived Attributes" 

All CFL CFL HCW HCW 
Considered Adopted Considered Adopted 

................................................................................................................................................................................................................................................. 
Variable Mean Std Mean Std Mean Std Mean Std Mean Std 

Dey Dey Dey Dev Dev 

SAVINGS 4.44 0.76 4.38 0.8 4.25 0.88 4.5 0.7 4.41 0.76 

WASTE 4.35 0.77 4.39 0.74 4.38 0.88 4.46 0.71 4.35 0.81 

HOTWATER 4.23 0.89 NA NA NA NA 4.33 0.86 4.43 0.86 

LIGHT 4.45 0.76 4.41 0.78 4.42 0.83 NA NA NA NA 

CONTROL 4.02 0.96 4.02 0.92 3.8 0.95 3.91 0.97 3.98 0.87 

COST 4.12 0.94 4.11 0.85 4.08 0.97 4.25 0.82 4.42 0.73 

CONVEN 3.76 1.06 3.67 0.99 3.64 l.16 3.83 1.02 3.9 l.01 

INSTALL 3.86 l.05 3.84 0.94 3.87 0.91 3.96 0.97 4 l.05 

AIRCB 3.85 1.29 NA NA NA NA 3.92 1.24 3.77 l.26 

LIFE 3.06 1.29 3.l7 l.17 3.61 1.04 NA NA NA NA 

r:'··~..o::..·:·=*~··-···-··---· 
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Variable 

SAVINGS 

WASTE 

HOTWATER 

CONTROL 

COST 

CONVEN 

INSTALL 

AIRCB 

Variable 

SAVINGS 

WASTE 

LIGHT 

CONTROL 

COST 

CONVEN 

INSTALL 

LIFE 

Table 5.11: Possession of Perceived Attributes By HCW's 

All HCW HCW 

Considered Adopted 

Mean Std Dev Mean Std Dev Mean Std Dev 

1.22 0.71 1.46 0.61 1.63 0.62 

1.16 0.75 1.37 0.65 1.67 0.52 

0.53 0.91 0.70 0.95 0.80 0.99 

0.20 1.08 0.31 1.13 0.52 1.32 

0.00 0.90 0.11 0.99 0.51 1.05 

0.35 0.86 0.43 0.95 0.80 0.97 

-0.12 1.21 -0.15 1.23 0.58 1.26 

-0.12 1.08 -0.07 1.09 0.17 1.34 

Table 5.12: Possession of Perceived Attributes By CFL's 

All CFL 

Considered 

Mean Std Dev Mean Std Dev 

0.91 0.81 1.18 0.83 

0.84 0.80 1.10 0.85 

0.36 0.85 0.54 1.00 

0.07 0.81 0.01 0.95 

-0.75 0.91 -1.08 0.87 

0.14 0.94 0.16 1.12 

0.61 0.87 0.93 0.90 

-0.89 0.85 -1.14 0.90 

CFL 

Adopt 

Mean Std Dev 

1.42 0.78 

1.35 0.75 

0.73 1.13 

0.00 1.15 

-0.96 l.09 

0.29 1.20 

1.11 1.06 

-1.19 1.09 
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5.7.2 Communication Channels 

SUMCOM was significant in the consideration ofCFL's but not in the consideration of 

HCW's. MASSCOM was not significant to the consideration of either device. In contrast, 

both variables were significant in both adoption models. The significant negative coefficient on 

MASSCOM implies that a reliance on mass communication decreases the likelihood of 

adoption, while the positive coefficient of SUMCOM suggests a greater number of information 

sources increases the probability of adoption. 

These findings provide two important results. First, personal communication is more likely to 

lead to adoption than is mass communication. Second, the differences between the 

consideration and adoption models suggest that the role of the communication channels 

changes during the adoption process. Mass communication may lead to awareness and even 

consideration, but personal communication is more important than mass communication at the 

adoption stage. These findings support diffusion theory's emphasis on imitation, rather than 

innovation. It is not that personal communication is a more common form of communication 

with respect to energy efficiency innovations, but that personal communication is more 

effective than mass-media in getting potential adopters from the consideration stage to 

adoption. 

5.7.3 Contextual Variables 

BEHA V did not appear to be related to the consideration or adoption of either device; indeed, 

the coefficient was negative in two models. This suggests that energy efficiency behaviours, 

such as turning off lights or washing in cold water, are not related to the purchase of energy 

devices. 

DEVICES was only significant in Model Two at the 0.1 level, but was significant in all others 

at 0.25 or above. This supports the hypothesis of innovative behaviour for this type of device 

following specific interest lines. But the significance of other demographic variables, such as 

age, income and sex, suggests that specific interest is not the only distinguishing characteristic 

of innovators, and DEVICES may mirror a more general compatibility than a specific interest 

I· 
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in that type of innovation. Indeed, although both knowledge and the adoption of related 

devices were correlated to adoption, no strong conclusions can be drawn regarding the 

hypothesis that innovation of this type of device followed lines of specific interest, as no clear 

distinction was made between true innovators and early adopters. In other words, innovation 

for these devices may in fact follow specific interests, but this has been clouded by the 

assumption that all those who have already adopted are innovators, rather than some being 

imitators. 

DISSAT sought to measure problem recognition by assessing the magnitude of the discrepancy 

between the desired and actual states with respect to the efficiency of the appropriate energy 

system. The fact that it was not found to be significant may reflect a flaw in the measurement 

of this discrepancy, not the irrelevance of problem recognition. For instance, the adoption of 

CFL's or HCW's is likely to have reduced the discrepancy between actual and desired states. 

However, with adopters DISSAT was only measured after adoption had occurred, not prior to 

adoption. With both adopters and rejectors being combined into a single group in the 

·consideration models, the differences between those who had considered and those who had 

not, may have been diminished by the fact that some of the considerers had already adopted. 

This would have reduced the significance of DIS SAT. 

A second possible reason for DISSAT not being significant is that it did-not incorporate the 

importance of energy efficiency to the household. DIS SAT measured the perceived efficiency 

of the home and the ease with which the efficiency could be improved, but not the sUbjective 

importance of energy efficiency to the household. The absence of this third component may 

have also decreased the significance of the coefficient for DISSAT. 

SPACEAGE and OWNSTAY were included in the HCW models to assess the compatibility 

with existing capital stock and living circumstances. Neither of these variables were found to 

be significant. This result may have been due to compatibility with these factors already being 

reflected in variables such as age, income and the perceived attributes. For instance, insufficient 

space around the hot water cylinder may have been reflected in the ease of installation, or 

home ownership may have been reflected in age and income. 

Even though SP ACEAGE and OWNST A Y were not significant in predicting the 

consideration or adoption of HCW' s, they still shed light on the relative rate of adoption of 
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HCW's. As outlined in Chapter Three, the mathematical functions of the technological 

literature suggest that the rate of diffusion is a function of three factors: the total number of 

potential adopters; the ratio of potential adopters to the total population; and the rate of 

communication between individuals within the population (Stoneman, 1983). As the total 

number of households is readily obtained, compatibility with circumstance and capital stock 

can give estimates of the ceiling of the potential adopters and the ratio of potential adopters to 

total population. Over 80 percent of all respondents indicated that they or another individual in 

the household owned the home they lived in, but only 41 percent of respondents indicated that 

there was both space in which to fit a HCW and that their hot water cylinder was made prior to 

1988. This low rate of compatibility with the existing capital stock suggests that, ceteris 

paribus, the rate of adoption for HCW' s will be considerably less than for innovations such as 

CFL's, which are applicable to all households and can be removed if the household shifts to a 

different home. 

Subjective knowledge was significant in all models except Model Four. This supports the 

hypothesis that knowledge is an important factor inthe adoption process. However, the 

constraints on the volume of data able to be collected prevented analysis of whether 

knowledge was endogenous or exogenous to the adoption process - or both. 

Age, sex and income were significant for the two consideration models. The negative 

coefficients on SEX support the hypothesis that females are more likely to consider adoption, 

possibly because they are more receptive to such devices. The negative sign for INCOME 

implies middle income groups are the most likely to adopt. 

The influence of age on consideration and adoption is less clear. The coefficients for age were 

significant in three out of the four models, but the signs for CFL's were opposite to those for 

HCW's. Moreover, the signs changed, for both devices, between the consideration and 

adoption models. The reasons for the variations of the sign for the age coefficient were not 

able to be determined. 

5.8 Alternative specifications 

Alternative specifications were used to investigate areas where past research had been 

inconclusive. These alternative specifications were: the inclusion of job types; the inclusion of 
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household types; a linear specification for income; and combining the perceived attributes into 

one multi-attribute rating. The results of these alternative specifications were mixed, with the 

inclusion of job types and household types usually giving slight increases in prediction rates, 

and the linear income and multi-attribute rating models giving lower prediction rates. The full 

estimation results for all these alternative specifications are given in Appendix Four, but the 

main conclusions are discussed below. 

5.8.1 Job Types 

Table 5.13 shows the occupational categories used and the percentages of total respondents 

within each category. These categories were modelled by the inclusion of four dummy 

variables. Category five was a heterogenous mixture consisting of unskilled or semi-skilled 

(five percent of total), students (three percent) and all others (three percent). The majority of 

category four were retired or not working (31 percent), rather than housewives or 

househusbands (eight percent). 

Table 5.13 Job Types 

Category Variable Description 

One 

Two 

Three 

Four 

Five 

Name 

MANPRO Management or Professional 

CLERSALE Clerical, Sales or Service 

TRADFARM Skilled Manual (Trades and Farmers) 

RETHWIF 

OTHERJ 

Retired, Not Working, Housewife or 

Househusband 

Other 

Percentage Of Total 

Respondents 

22--

15 

13 

39 

11 

Most measures of overall fit, including prediction rates, increased slightly with the inclusion of 

job types. A Wald test was used to test the significance of the individual coefficients under the 

null that the coefficients for the four dummy variables were all equal to zero. This was only 

rejected for the consideration ofCFL's. 
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5.8.2 Household Types 

The seven mutually exclusive household types, summarised in Table 5.14, were also modelled 

using dummy variables. Category six, which was described in the questionnaire as "Flat - not a 

family home", appeared to cause confusion among some respondents, particularly the elderly. 

These respondents marked category six in addition to one of the other categories. This 

problem was unique to category six, possibly due to "Flat" being interpreted as the type of 

building, rather than the type of household. Where this occurred the respondents were 

recorded as the other category indicated, rather than category six. 

Category 

Number 

One 

Two 

Three 

Four 

Five 

Six 

Seven 

Table 5.14 Household Categories 

Variable 

Name 

UNDER5 

UNDER15 

OVERlS 

NOKIDS 

SINGLEP 

FLAT 

OTHERHT 

Description 

Youngest child at Home 

under 5 

Youngest child at home 

under 15 

Youngest child at home 

over 15 

No children at home or 

no children 

Single person household 

Flat - not a family home 

Other 

Percentage Of Total 

Respondents 

l3 

15 

12 

32 

18 

8 

2 

For each model the null hypothesis for hometype was that the coefficients for all the hometype 

dummy variables were equal to zero. Using a Wald test at the 0.1 level of significance this was 

only rejected for the consideration ofHCW's. In all other cases hometype was not found to be 

significant. In all four cases, there were only marginal improvements in predictive capacity and 

other measures of overall fit, possibly because much of the information contained within the 

household type variables was already contained by age and home ownership. 
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5.8.3 Income as a Linear Relationship 

Modelling income as a linear relationship decreased the goodness offit measures when 

compared to models One and Three, and had small but mixed effects on these measures for 

models Two and Four. The t-tests, at the 0.1 level of significance, did not reject the null that 

the true value of the coefficient for income was zero in any of the four models. These findings 

support the non-linear specification for income. 

5.8.4 Multi-attributeRating 

Some models, such as that given in Ajzen & Fishbein (1980), combine perceived attributes into 

one multi-attribute variable, usually by adding or multiplying the individual attributes together. 

The theoretical implications of combining attributes in this way is that there is a significant 

degree of interaction between the attributes. However, if the attributes influence decisions or 

outcomes independently they should be modelled separately. The author was not aware of any 

research to suggest which was the appropriate specification in this case. In the absence of a 

priori guidance, the choice of specification was determined by the relative success of the 

models with respect to predictive and explanatory capacity. On this basis, modelling the 

attributes individually gave better predictions and increased the explanatory capacity of the 

models by making the effects of individual attributes more apparent. Ho~ever, the multi-

attribute rating was also explored, using an additive specification. 

For all models, the multi-attribute rating decreased the goodness Qffit measures. The 

significance Qfthe cQefficients Qn the multi-attribute ratings were tested using t-tests, under the 

null hypotheses that each cQefficient equalled zero. With respect to the consideratiQn and 

adoptiQn ofHCW's, the coefficients were significantly different from zero at the 0.01 level. 

For CFL's the null was nQt rejected for either consideration Qr adoption at the 0.1 level, 

suggesting that the cQefficients were not significantly different from zero at this level. 

5.9 Summary 

The model estimation results allQwed comparisons to be made between stages of the 

innQvation-adoptiQn process and between the two devices. These cQmparisQns SUPPQrt the 

framework Qffered by past research into the diffusiQn of innQvatiQns and lead to SQme strong 

, , 
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conclusions regarding the roles of the perceived attributes, communication channels, age, sex 

and income. A particularly notable finding was that while perceived attributes lead to adoption, 

the type and number of the communications were more significant in distinguishing adopters 

from rejecters. The lack of specificity decreased the strength of the results for some contextual 

variables. Four alternative specifications were also explored but these did not greatly increase 

either the predictive or explanatory capacities of the model. Chapter Six discusses the 

implications of these results and provides recommendations on how to increase the rate of 

diffusion. 
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6. CONCLUSION 

6.1 Policy Implications 

Ever since the early research into the diffusion of hybrid corn in the 1940's and 1950's there 

has been debate over the relative influence of economic benefits versus the communication 

process in the diffusionofiimovations. Stoneman (1987) outlines the policy implications of this 

debate from an economic perspective through his discussion of the 'information' and 

'difference' approaches. As outlined in Chapter Three, the difference approach is where 

differences exist between potential adopters with respect to either the net economic benefits of 

adoption or the threshold of net economic benefits above which potential adopters will adopt. 

In contrast, the information approach is that of epidemic learning, where the rate of inter-

personal communication determines the rate of diffusion; and differences in individual adoption 

thresholds reflect psychological characteristics rather than economic circumstances. 

Stoneman (1987) demonstrates that if the difference approach is applicable, then subsidising 

purchase price increases the net benefits of adoption, thereby increasing the level of adoption. 

For a fledging industry such as the New Zealand energy efficiency industry, a subsidy may 

provide a 'jump start' and be able to be removed as economies of scale are achieved. Such a 

subsidy could be justifiable due to the existence of social and environmental benefits to wider 

society. 

However, if the rate of diffusion is a reflection of an inter-personal communication process, as 

suggested by the information approach, price subsidies would be ineffective and a waste of 

resources. Unless the subsidies created an increase in the level of personal communication, the 

rate of diffusion would remain unchanged. When the information approach is applicable, 

attention should focus on increasing the rate of inter-personal communication, rather than on 

increasing the real net benefits of adoption. 

This research found that there are differences in the perceived benefits of adoption between 

those who had considered and those who had not. If the perceived differences reflect real 
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differences in net benefits, then the difference approach applies and a form of subsidy would 

increase the number of people who are considering adoption. 
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But consideration does not automatically lead to adoption. For CFL' s, 24 percent of all 

respondents had already considered adoption, 38 percent had considered adopting HCW's. In 

both cases the adoption levels are still less than 10 percent; and in neither case did financial 

attributes of the devices distinguish adopters from rejecters. At the adoption stage the number 

and nature of the information sources were a distinguishing feature between adopters and 

rejecters, providing strong support for the information approach. The implication of this is that 

mass media campaigns or price subsidies may increase awareness but they may not increase 

adoption rates. To increase the adoption rate among those who reached the decision stage, 

greater inter-personal communication is required. 

This has obvious implications from a public policy perspective. If change agents, like EECA or 

energy supply companies, wish to expend resources on increasing the energy efficiency of New 

Zealand households, then they should be considering programmes which enhance the rate of 

inter-personal communication. This research suggests that such programmes would be 

effective. In the United States, some energy utilities have already found that such programmes 

were more cost effective than price subsidies or mass information campaigns because of the 

higher adoption rates (Vine & Crawley, 1991). 

6.2 Recommendations and Conclusions 

Those who had considered adopting HeW's or CFL's differed from those who had not with 

respect to the degree to which they perceived the innovations to possess the salient attributes. 

Where these findings represent real barriers or real variations in the net benefits of adoption the 

difference approach is appropriate. 

The method used to overcome such barriers depends upon the nature of the device. For 

HCW's a lack of technical ability among respondents could be readily overcome by the 

provision of an installation service. When the initial cost is a constraint, financing options such 

as periodic repayments through electricity bills could be arranged, especially for HCW's where 

cost is a concern despite the substantial economic rewards from adoption. 

c--:-~~ ___ _ 
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Those who had considered the adoption ofCFL's were more likely to regard them as 

expensive and inconvenient to purchase than non-considerers. But as CFL's are still relatively 

new innovations, it is probable that these barriers may be eliminated over time, as economies of 

scale are achieved. For example, compared with current New Zealand prices of$25 to $40, 

CFL's now sell for under $NZlO in the Netherlands, and will soon be available in New Zealand 

for around $15 (Williamson, 1995). As prices fall the convenience of purchase will increase. At 

current prices retailers such as supermarkets are reluctant to stock CFL's because CFL's are 

slow to turnover and their,size and cost make them prone to shop-lifting. A direct price 

subsidy could be used to partially alleviate these short term obstacles. 

The removal of installation or capital cost barriers would increase the likelihood of 

consideration, but even without such barriers a lack of inter-personal communication will 

continue to hamper adoption, giving a slow diffusion rate. A key recommendation to increase 

the use of such innovations is to use more personal communication. Face to face 

communication greatly enhances the likelihood of adoption and this type of communication 

through energy experts and social networks would be effective in getting households from 

consideration to adoption. 

Unlike mass communication, face to face communication compels attention, forcing energy 

efficiency into a person's consciousness. Displays and mass-media campaigns may be ignored 

or overlooked, particularly if potential adopters are already aware of the innovation but do not 

perceive it to be beneficial. Personal communication can be more vivid and allows for the 

exchange of ideas. 

Such programmes could involve door-to-door visits by energy experts or sales personnel. 

Alternatively, programmes could seek to enhance the visibility of energy savings and provide 

feedback to existing and future adopters. Programmes such as this would enhance post-

decision evaluations and increase the likelihood of social communication. 

In general, potential adopters already regard the attributes of energy efficiency innovations as 

important. The provision of information through experts should therefore emphasise that the 

innovations possess these attributes. In other words, potential adopters need to associate 

energy efficiency with the values that they already hold dear. People are not interested in 
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HCW's or CFL's for their own sakes: they want reductions in electricity bills, they want to 

avoid waste on energy and they want better energy services. The communication used should 

stress that the innovations possess these attributes. 

Initial programmes should target- middle income groups and females as they both appear to be 

more receptive to the adoption of such innovations. Further research on age, household 

categories and occupation would also assist in targeting programmes. 

The low visibility of energy use and energy efficiency devices is a reason for the lack of inter-

personal communication. Darley (1977) suggests that those wishing to promote the use of 

energy efficiency innovations should consider how the innovations might be made to show 

their effectiveness. This is particularly important given the nature of the innovations. They are 

not major technological break-throughs; they are incremental advances whose benefits do not 

appear to be widely known and are not readily demonstrable. It is important to ensure that 

post-decision evaluations are favourable and demonstrate these benefits, so that any personal 

communication that does occur supports adoption. 

In the absence of direct feedback alternative measures are necessary. Two alternative feedback 

mechanisms are proposed. First, those promoting energy efficiency could provide a post-

adoption analysis of energy bills to demonstrate the savings. Energy companies are in a unique 

position to undertake such analysis because, unlike households, they have a large customer 

base to use as a control group. This control group may be compared to individual households, 

thereby isolating exogenous factors such as price increases and climatic conditions. The basis 

of such analysis could be the energy use for the same billing period in the previous year. 

Energy companies could then provide a comparison, illustrating the changes in energy use, 

after factoring in the exogenous variations illustrated by the control group. 

Follow up audits would be another opportunity to provide feedback. Such audits could review 

the savings made and, with the benefits of a foot-in-the-door, offer further energy efficiency 

measures. Such a method would also provide the opportunity to redress doubts that adopters 

have about the innovation, increasing the likelihood that social communication will be 

favourable. 
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The provision of feedback after adoption also supports the foot-in-the-door approach, where 

those who had made a commitment to one such innovation are more receptive to subsequent 

innovations of a similar nature. To ensure that this occurs and favourable attitudes are formed, 

energy efficiency innovations with the greatest and most visible benefits should be promoted 

most heavily. 

Information on energy savings should be presented in both dollar terms and as a percentage of 

energy use, as both financial savings and the avoidance of waste are important to potential 

adopters. Some potential adopters will be motivated by financial savings while others are 

motivated by resource concerns. In either case, increased feedback will help maintain energy 

efficiency in the persons consciousness, enhancing the probability of social communication. 

6.3 Future Research 

The mixed success of the contextual variables used in this research suggest that further work is 

required before strong conclusions can be made. Income, age, sex, knowledge and the 

adoption of related devices were all significant in at least one model but the relationships 

between these variables and the adoption of energy efficiency devices w~s not fully 

investigated. For instance, income may be reflecting financial aspects such as ability to afford 

energy efficiency innovations or concern over energy bills, or it may reflect values and attitudes 

of middle income New Zealanders. Similarly, the sign of the coefficient on age varied between 

models. As values, wealth or even the time spent in the home are relatively stable, age may not 

be reflecting compatibility with such factors. Household types and occupational categories 

offer similar avenues for research. Techniques such as cluster analysis may be useful for 

ascertaining the underlying structure of the data on these demographic variables. 

Future research could also investigate how individuals compare and integrate the perceived 

attributes of the innovation when making decisions. In the absence of such information both 

individual and additive specifications were explored. While it was found that individual 

attribute modelling gave superior results, further investigation is required to justify the 

theoretical implications of this approach. This information could be used to enhance the 

effectiveness of information presented to potential adopters. 
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6.4 Summary 

The escalating economic and environmental costs associated with energy use have, in 

conjunction with the energy sector reforms, created a window of opportunity for the 

establishment of an energy efficiency industry. Already, substantial gains are being made in the 

industrial and commercial sectors. But as households have been slow to respond, increasing 

attention is being givento residential energy efficiency. 

The slow rate of diffusion of energy efficiency innovations among residential consumers has 

been attributed to a lack of information, high discount rates, a lack of access to finance, .high 

transaction costs and the inability of innovators to appropriate the benefits of adoption. 

However, researchers in both New Zealand and overseas have found these explanations to be 

wanting; particularly with respect to their predictive capacity. 

The purpose of this research was to apply an alternative approach to the New Zealand 

situation, to see if it offered any additional insights into the diffusion of energy efficiency 

innovations. The theoretical foundation came from the large body of literature that exists 

concerning the diffusion of innovations. Rogers (1983) framework was~~opted for the 

purpose of this research into one that focused on the perceived attributes, communication 

channels and a range of contextual variables. 

Two devices, CFL's and HCW's were selected and data about the adoption of these 

innovations was collected from households using a mail questionnaire. Four models were 

estimated to compare both the consideration and adoption of each device. The results found 

that tangible attributes such as financial savings, purchase price and life of the product were 

important components of problem recognition and distinguished those who had considered 

adoption from those who had not. In particular, it was the degree to which the products were 

perceived to possess these attributes, rather than the importance of the attribute to potential 

adopters, that had lead to consideration. In addition, age, sex, income and knowledge were all 

significant in the consideration models. 
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However, this pattern radically altered when it came to distinguishing adopters from rejecters. 

Here the communication channels were a prevalent feature, with both the number and type of 

information sources being important. Rejecters were characterised by a reliance on mass 

communication, whereas adopters had both a greater number of information sources and relied 

upon mass communication information sources. Mass communication sources are effective for 

creating awareness but are less likely to lead to adoption than is face to face communication. 

These results mean that mass media information campaigns and price subsidies may not greatly 

increase the rate of diffusion of energy efficiency innovations. It is recommended that those 

who wish to promote energy efficiency focus their attention on establishing inter-personal 

marketing strategies through direct approaches to households and increased social 

communication. By making the visibility of the benefits more apparent, post-decision 

evaluations will be more favourable, increasing the rate of social communication and making 

existing adopters more receptive to subsequent products. 
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Appendix One 

New Zealand's energy use patterns are shown in this appendix. 

Figure Al.1 is from Bertram (1995) and illustrates New Zealand's record on energy efficiency. 
A similar graph, covering the period from 1973 to 1991, appears lEA (1993, 311). 

Figure A1.1 New Zealand Energy Efficiency, 1978 - 1994 

Energy Intensity Indexes for the New Zealand Economy Compared with OEeD 
Average, 1982=100 
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Table A1.1 (overleaf) shows final energy consumption pattens in New Zealand and comes from 
Harris et al (1993, p6). Harris et ai, point out that although it appears that the main targets for 
energy efficiency improvements should be the largest users (land transport and major industry), 
competition is already providing pressure to improve in these sectors, or energy use is related 
to behavioural patterns that are difficult to alter. Instead, they suggest the best immediate 
prospects for energy efficiency gains come from the domestic, other industrial and commercial 
sectors. 

Attention is drawn to the fact that Table A1.1 shows final energy consumption, not primary 
energy sources. The approximate percentage shares for primary energy sources are: natural 
gas, 30%; oil, 28 %; hydro and geothermal 27%; coal and other solid fuels, 15% (lEA, 1993). 
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Table A1.1 Current Energy Consumption Patterns 
k:';":';~:':;'::~i:: 
I:'"'··;:::·:"";:~'·"';-

I 
I 

AN INDICATIVE CURRENT ENERGY USE PAITERN 

PJ electricity gas coal petrol dist./oil TOTAL 

DOMESTIC 
waler heating 15.1 1.3 0.4 
space heating 7.2 1.3 2.6 
refrigeration 3.6 
lighting 3.2 
cooking 2.9 0.4 
other 4.0 

Tolal 36 3 3 42 

COMMERCIAL 20 7 2 29 

INDUSTRIAL 
major users 30 34 15 3 82 
other industrial 15 21 24 4 64 

TRANSPORT 
land 6 86 28 120 
rail 3 3 
air/sea 44 44 

TOTAL 101 71 44 86 82 384 

k.·: ..... ';·.·.'. 
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APPENDIX TWO 

All correspondence with the sample population given here. This includes: 

• Letter from South power 

• Covering letter for questionnaire 

• Competition Entry Form 

• Questionnaire· 

• Reminder letter 
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"."SOUTHPOWER 

18 August 1995 

Dear Sir / Madam, 

SOUlhpower Limiled. 
Private Bag 4999. 
Cnr Manchester and Armagh Streets. 
Christchurch. New Zealand 
Telephone +64·3·363 9000 
Fax +64-3·3639001 

Your name has appeared in a randomly selected list of Christchurch residents chosen to 
participate in a study on home energy efficiency. The purpose of this research is to find out 
what can be done to assist households in this area. Research results will be used for energy 
efficiency programmes in the future. 

In the next few days you will receive a questionnaire on energy efficiency from Lincoln 
University. The study is part of a Masters thesis by a post-graduate at Lincoln University. It is 
being supported by Southpower that has a commitment to energy efficiency in the home. All 
responses will be treated as strictly confidential and used to produce a report of general 
findings only. If you are not the person named on the envelope please complete and return the 
questionnaire anyway. 

Thanking you in anticipation of receiving your responses. If you have any questions please 
contact Richard Ball at Lincoln University, (OJ) 3252811 extn 8479. 

Yours fait~ly 

1!J4m 
Natalia Robb 
Market Research Co-ordinator 



LINCOLN 
UNIVERSITY 
4 ~ 
Te Whare Wanaka 0 Aorakl 

16 August, 1995 

Dear Sir / Madam, 

Department o/Econ<ihlcs & 
PO Box 84 
Lincoln University 
Canterbury 
New Zealand 
Telephone: 
(64X3) 3253838 Extn 8479 
Fax: 
(64X3) 325 3847 

New Zealand has a poor record in home energy efficiency by comparison to some other 
countries. As everyone can benefit from improvements in energy efficiency there are now 
efforts being made to help Christchurch residents to improve the energy efficiency of their 
homes. Similar efforts in the past have been limited by a lack of information about what people 
believe is suitable for their circumstances. To overcome this the Department of Economics and 
Marketing at Lincoln University is conducting research in this area. This research is being 
supported by Southpower. 

You are among a selected group of Christchurch residents chosen as a random sample of 
residential energy users. For the results of this research to truly represent the residents of 
Christchurch it is important that this questionnaire is completed and returned by you. 

You may be assured of complete confidentiality. The identification number that appears on the 
questionnaire is for mailing purposes only, allowing us to check your name off the mailing list 
when your questionnaire is returned. Your name will not be connected with your answers in 
any way. 

A summary of the results may be requested by writing "copy of results requested" on the back 
of the return envelope and printing your name and address below it. Please do not put this 
information on the questionnaire. 

If you have any questions regarding the questionnaire or require addItional information please 
call me on 3252811 extn. 8479. 

Thank you for your participation. 

Yours faithfully, 

Richard Ball 
Department of Economics & Marketing 

1":" .. ;.: ... , ........ :".,;. 
I;";·;'::::;::~·:::::·· r "'"".:-:.>?:.~.: 

I· . 
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PRIZE DRAW ENTRY FORM 

$200 WORTH OF SPENDING VOUCHERS 

All completed questionnaires returned before 20 
September 1995 are eligible to go into a draw for $200 
worth of S outhp ower spending vouchers. To enter 
please fill out the details below and return this form 
with your questionnaire. 

Name: 

Address: -------------------------------

Telephone: ________ _ 

The winner will be notified by mail by 15 Octobef-1995. 

The above details will be used only for the prize draw. Please do not 
put this information on the questionnaire. If you do not wish to enter 
please return the questionnaire without this entry form. 

All entries must accompanied by a completed questionnaire and must 
be returned by 20 September 1995. 

, --
~ ..... ~.--.. -.: .~ ... - .~~~-..:.' .-. 
~:;::':;':::::::::~:::;:0 
:.:--;-~;-::~:..;->j-:-~"" 
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PART A:< 
This section is to ~nd?ut what energy efficiency actions Christchurch residents havealreadytakeni 
and wheretheythmklmprovements could be made. . .••...• 

How often do you do the following? (please circle numbers using the scale below) 

1 = Always, 2 = usually, 3 = Sometimes, 4 = Rarely, 5 = Never 

a) Switch off lights when you leave the room 2 3 4 5 
b) Wash clothes in cold water 2 3 4 5 
c) Put on extra clothes before turning on the heater 2 3 4 5 
d) Dry clothes on line rather than in a dryer 2 3 4 5 
e) Close doors when the heater is on 2 3 4 5 
f) Recycle newspapers 2 3 4 5 
g) Recycle plastics, glass, aluminium or milk cartons 2 3 4 5 

2 Which of the following items do you have in your home? (Please circle all that apply) 

Enclosed fire...................................................................... 1 
Wet back fireplace .............................................................. 2 
Insulation in the ceiling ....................................................... 3 
Insulation in the walls ................................... .' ..................... 4 
Low flow shower head ....................................................... 5 
Double glazing................................................................... 6 
Night storage heater ........................................................... 7 
Thermal drapes.................................................................. 8 

3 Thinking about energy efficiency in your home, how important are the following to you personally? 
(Please circle numbers using the scale below) 

1 = very important, 2 = quite important, 3 = moderately important, 4 = not very important, 
5= not at all important 

a) Saving money on energy bills 2 3 4 5 
b) Avoiding waste of energy 2 3 4 5 
c) Having control over energy use 2 3 4 5 

d) Having plenty of hot water 2 3 4 5 
e) Having a well lit home 2 3 4 5 
f) Cost of energy efficiency products 2 3 4 5 

g) Convenience of buying energy efficiency products 2 3 4 5 
h) Ease of installing energy efficiency products 2 3 4 5 
i) Having your hot water cupboard as an airing cupboard 2 3 4 5 
j) Having long life lightbulbs 2 3 4 5 

L-:.·'::" '.: .. 
. " 

- ... -,' _.-
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4 In your home how easy do you think it would be to improve the energy efficiency of the following 
items? (Please circle numbers using the scale below) 

1 = Very Easy, 2 = Quite Easy, 3 = Easy, 4 = Slightly Difficult, 5 = Very difficult 

a) Hot Water System 1 2 3 4 5 
b) Home Heating (Space Heating) 1 2 3 4 5 
c) Insulation 1 2 3 4 5 
d) Lighting 2 3 4 5 
e) Appliances 2 3 4 5 

5 Who do you think is most responsible for energy efficiency in Christchurch homes? (please circle a 
number) 

Individual Households .................................................................... 1 
Government. ................................................................................... 2 
Energy Suppliers (Southpower) ..................................................... 3 
City Council / Regional Council ..................................................... 4 
Other ............................................................................................. 5 

If other please specity: ____________ _ 

If you do not have a hot water cylinder in your home please go to Part C on page 6. 

Pari B: 
This next section is looking specifically at the use of hot water cylinder wraps. A cylinder wrap is an 
extra layer of insulation to fit around the outside of your hot water cylinder. They are also known as 
cylinder blankets; 

6 Have you considered installing a cylinder wrap in your present home? (Pi"ease circle a number) 

Yes ................................................................................ 1 
No ................................................................................ 2 

7 Which of the following best describes your situation: 
(Please circle a number) 

"I already have a cylinder wrap" ........................................ 1 
"I will definitely buy a cylinder wrap" ............................... 2 
"I will probably buy a cylinder wrap" .................................. 3 
"I will probably not buy a cylinder wrap" ................... ....... 4 
"I will definitely not buy a cylinder wrap" ............. . ..... 5 
"I had never heard of cylinder wraps before now" . . ..... 6 
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8 How energy efficient do you think your hot water cylinder is? (please circle a number) 

Very Energy Efficiency 2 3 4 5 Not at all Energy Efficient 

If you had not heard of cylinder wraps before now please go to Part C on page 6. 

9 How much do you know about cylinder wraps? (please circle a number) 

A lot I 2 3 4 5 Very Little 

10 To what extent do you agree or disagree with each of the following statements? (Please circle 
numbers using the scale below) 

1 = Strongly Agree, 2 = Agree, 3 = No Opinion, 4 = Disagree, 5 = Strongly Disagree 

a) Using a cylinder wrap saves money on energy bills 
b) Cylinder wraps avoid waste on energy 
c) Cylinder wraps give you more control over energy use 
d) A cylinder wrap means that you have more hot water available 
e) Cylinder wraps cost a lot 
f) Cylinder wraps are inconvenient to buy 
g) Installing a cylinder wrap would be difficult in your home 
h) A cylinder wrap prevents the hot water cupboard being 

used as an airing cupboard 

2 
2 
2 
2 
2 
2 
2 

2 

3 
3 
3 
3 
3 
3 
3 

3 

4 
4 
4 
4 
4 
4 
4 

4 

5 
5 
5 
5 
5 
5 
5 

5 

11 What have been your main sources of information about cylinder wraps in the past? (Please circle all 
that apply) 

Friend I Neighbour I Relative I Work colleague..... ......... I 
TV I Radio ............................................................ 2 
Newspaper I Magazine..................................... ........... 3 
Tradesperson ..................................................................... 4 
Retail Store .................................................................... 5 
Insert with electricity bill................................... .............. 6 
Southpower Display.......................................................... 7 
Other ....................................................................... 8 

If other, please specify ___________ _ 

12 Does your hot water cylinder feel warm to touch? (Please circle a number) 

Yes .............................. . 
No ................................ . 
Do not know .................. . 

. .. 2 
3 
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13 Is there a gap of at least 50 mm (2 inches) around the sides of your hot water cylinder in which to 
install a cylinder wrap? (please circle a number) 

Yes .................................................................................... I 
No .................................................................................... 2 
Do not know ..................................................................... 3 

14 How old is your hot water cylinder? (The year of manufacture is usually printed on the label on the 
cylinder) 

Less than 7 years old............................................... ........... 1 
More than 7 years old ......................................................... 2 
Do not know ...................................................................... 3 

PartC: Light1Julbsor CFL's 
Thisnexhection is lookingatthe use ora type of energy efficient light bulb called Compact 
Fluorescent Lightbulbs· orCFL'.s. A sketch . of one is provided below. 

Compact Fluorescent Lightbulb 
(CFL) 

15 Have you ever considered installing a CFL in your present home? (Please circle a number) 

Yes .................................................................................... 1 
No .................................................................................... 2 

16 Which of the following best describes your situation? (Please circle a number) 

"I already have one or more CFL's" ................................ . 
"I will definitely buy a CFL" ............................................... 2 
"I will probably buy a CFL" ................................................ 3 
"I will probably not buy a CFL" .......................................... 4 
"I will definitely not buy a CFL" ......................................... 5 
"I had never heard of CFL' s before now" ........................... 6 

17 How energy efficient do you think your current lighting system is? (Please circle a number on the scale 
below) 

Very Energy Efficiency 2 3 4 5 Not at all Energy Efficient 

If you had never heard of CFL's before please go to Section D on Page· 7 

r·',' . :._-_-.~~~.:.·4-. ~ 
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18 How much do you know about CFL's? (Please circle a number) 

A lot 2 3 4 5 Very little 

19 To what extent do you agree or disagree with each of the following statements? 
(please circle numbers from the scale below) 

1 = Strongly Agree, 2 = Agree, 3 = No Opinion, 4 = Disagree, 5 = Strongly Disagree 

a) CFL's save money on energy bills 2 3 4 5 
b) CFL's avoid waste on energy 2 3 4 5 
c) CFL's give you more control over energy use 2 3 4 5 
d) CFL's give a better light than normal bulbs 2 3 4 5 
e) CFL's cost alot 2 3 4 5 
f) CFL' s are inconvenient to buy 2 3 4 5 
g) CFL's are difficult to install 2 3 4 5 
h) CFL's last longer than normal bulbs 2 3 4 5 

20 What have been your main sources of information about CFL's? (Please circle all that apply) 

Friend I Neighbour I Relative / Work colleague .................. 1 
TV I Radio ........................................................................ 2 
Newspaper I Magazine ................................... : .................. 3 
Tradesperson ..................................................................... 4 
Retail Store ...................................................................... 5 
Insert with electricity bill ................................................... 6 
Southpower display.......... ............................................... 7 
Other (Please specify) 8 

PartD: 
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Some people think that the use of energy efficiency innovations depends upon the characteristics of the 
household. To test this we would like you to answer the following questions. Please remember all answers 
will be treated as strictly confidential. 

21 Do you or any other member of your household own the home you live in? (Please circle a number) 

Yes ................................................................................... 1 
No ................................................................................... 2 

22 How much longer do you think you will live in your current home? (Please circle a number) 

Less than one year ......... . 
1 - 2 years ...................... . 
2 - 5 years ..................... . 
5 - 10 years ................ . 
More than 10 years ........ . 

. ............................... 1 
2 
3 
4 
5 
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23 Which of the following best describes your household? (Please circle a number) 

Household with youngest child under 5 .............................. 1 
Household with youngest child 5 - 15 ................................. 2 
Household with youngest child at home over 15 ................. 3 
Household with no children at home / no children ............... 4 
Single/One person household .............................................. 5 
Flat - not a family home ...................................................... 6 
Other .................................................................................. 7 

24 To which age group do you belong? (Please circle a number) 

20 years or I'ess .................................................................. 1 
21 - 30 ............................................................................... 2 
31 - 40 ............................................................................... 3 
41 - 50 ............................................................................... 4 
51 - 60 ............................................................................... 5 
61 - 70 ............................................................................... 6 
71 or over .......................................................................... 7 

25 Are you: 

Male .................................................................................. . 
Female ............................................................................... 2 

26 Which group best describes your gross (before tax) household income? {Please circle a number) 

less than $16,500 ............................................................... 1 
$16,501 - $25,500 ............................................................. 2 
$25,501 - $40,000 ............................................................. 3 
$40,001 - $60,000 ............................................................. 4 
$60,001 or more .............................................................. 5 

27 Which category best describes your occupation? (Please circle a number) 

Clerical/Administrator ...................................................... 1 
Manager ............................................................................ 2 
Professional ........................................................................ 3 
Sales or Service .................................................................. 4 
Tradesperson ...................................................................... 5 
Machine Operator / Driver / Labourer ................................ 6 
Farmer ............................................................................... 7 
Retired / Not working............................................... ....... 8 
Housewife / Househusband ..................................... 9 
Student ...................... ................... ................. ..10 
Other ...................................................... . ....... 11 

If other please specify: _________ _ 
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Is there anything else that you would like to teUus about energy efficiency in your home or in 
New Zealand generaUy?lfyes,please do sointhe space below. 

Thank you for taking the time to complete this questionnaire. Please return your completed 
questionnaire to: 

Freepost 36 
Energy Efficiency Survey 
Department of Economics & Marketing 
Lincoln University 

A return envelope is attached. No stamp is required. 
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7 September, 1995 

Dear Sir / Madam, 

The Christchurch Residential Energy Efficiency Survey 

You will have recently been sent a questionnaire on energy efficiency in the home. As yet we 
do not appear to have received your reply. 

I am writing to you again because your answers to this questionnaire are very important for 
the success of this research. Your name was randomly selected as part of a group representing 
Christchurch residents. For the results of the survey to be fully representative of Christchurch 
households, it is important that your questionnaire is completed and returned. 

Please remember that to enter the $200 prize draw your questionnaire and entry fOmi must be 
returned by 20 September 1995. All replies will be treated as strictly confidential and will be 
used only for this study. 

If you require any further information or require a replacement survey, please contact me 
immediately on 325 2811 extn 8479. If you have already returned your questionnaire please 
ignore this reminder. 

Thank you for your participation. 

Yours faithfully 

Richard Ball 
Department of Economic and Marketing 
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APPENDIX THREE 

This appendix provides a key to coding of the variables. Although not essential for 
interpretation of the results, some readers may find it of assistance. 

Perceived Attributes: -10 = low rating, +10 = high rating 

MASSCOM: 0 = no reliance on mass communication, 3 = high 

SUMCOM: 0 = no sources of information 

BEHAV: 1 = never exhibits behaviour,S = always exhibits behaviour 

DEVICES: 0 = no adoption of related devices, 9 = all related devices adopted 

DISSAT: 1 = Low dissatisfaction level, 25 = High dissatisfaction level 

KNOWL: 1 = poor knowledge, 4 = good knowledge 

AGE: 1 = less than 20 years, 7 = 71 or over 

SEX: 0 = female, 1 = male 

INCOME: 0 = middle income, 3 = high or low income 

Importance of perceived attributes: 1 = not at all important, 5 = very important 

Possession of perceived attributes: -2 = does not possess attribute, +2 = high level of 

possession of attribute 
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APPENDIX FOUR 

This appendix contains the estimation results from the alternative specifications described in 
Chapter 5. An explanation of the variables is provided in that chapter. 

99 

The Wald test statistics given in these results, tests the null hypothesis that the coefficients on 
the dummy variables for job type or household type, are equal to zero. These, and all other test 
statistics, are discussed in Chapter Four. 

The models are: 

Model One - Consideration of CFL's 

Table A3. 1 Multi-Attribute Rating (Model One) 
Table A3. 2 Linear Income Specification (Model One) 
Table A3. 3 Employment Categories (Model One) 
Table A3. 4 Household Categories (Model One) 

Model Two - Adoption ofCFL's 

Table A3. 5 Multi-attribute Rating (Model Two) 
Table A3. 6 Linear Income Specification (Model Two) 
Table A3. 7 Employment Categories (Model Two) 
Table A3. 8 Household Categories (Model Two) 

Model Three - Consideration ofHCW's 

Table A3. 9 Multi-attribute Rating (Model Three) 
Table A3. 10 Linear Income Specification (Model Three) 
Table A3. 11 Job Types (Model Three) 
Table A3. 12 Household Categories (Model Three) 

Model Four - Adoption ofHCW's 

Table A3. 13 Multi-Attribute Rating (Model Four) 
Table A3. 14 Linear Income Specification (Model Four) 
Table A3. 15 Employment Categories (Model Four) 
Table A3. 16 Household Categories (Model Four) 



Table A3. 1 Multi-Attribute Rating (Model One) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means ............................................................................................................................................................................................................. 

MAR 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
DISSAT 
KNOWL 
AGE 
SEX 
INCOME 
CONSTANT 

0.91405e-Ol 0.68057e-Ol 
-0.17001 0.17872 
0.45930 0.17757 
-0.95685e-02 0.21295e-Ol 
-0.17093 . 0.20882 
0.14512 0.77065e-Ol 
1.0186 0.17984 
0.83657e-Ol 0.77613e-Ol 
-0.52620 0.25676 
-0.24381 0.14582 
-2.8477 0.93212 

Likelihood Ratio Test = 90.9966 With 10 df 

Cragg-Uhler R-Square 0.27182 

Percentage Of Right Predictions = 0.70762 

1.3431 
-0.95126 
2.5866 
-0.44933 
-0.81854 
1.8831 
5.6641 
1.0779 
-2.0494 
-1.6719 
-3.0551 

0.12810 
-0.11768 
0.50734 
-0.66373e-Ol 
-0.41862 
0.30338 
1.2715 
0.22869 
-0.22099 
-0.15782 
-1.8028 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 

207 77 
42 81 
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Table A3. 2 Linear Income Specification (Model One) 

Variable Estimated Standard Asymptotic Elasticity 
... N~.~.~ ............................ ~~~~.~.~~~.L .......... ~E~~r. ........................ .!.:-.~~.t~Q .................... ~~ .. M.~.~.~~ ............. . 
SAVINGS 
WASTE 
LIGHT 
CONTROL 
COST 
CONVEN 
INSTALL 
LIFE 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
DISSAT 
KNOWL 
AGE 
SEX 
Yl 
CONSTANT 

0.32441e-02 
0.5071ge-Ol 
0.86037e-02 
O. 60094e-0 1 
-0.67030e-01 
-0.92500e-01 
-0.33747e-01 
0.15361 
-0.13777 
0.40302 
-0.32002 
0.92432e-01 
-0.68075e-02 
0.79916 
0.13592 
-0.68997 
0.59362e-Ol 
-2.9421 

0.69306e-Ol 
0.47498e-01 
0.40161e-0 1 
0.50532e-Ol 
0.39387e-Ol 
0.36161e-Ol 
0.35315e-01 
0.47941 e-O 1 
0.19206 
0.18961 
0.22714 
0.82910e-Ol 
0.22482e-Ol 
0.33654 
0.8563 5e-0 1 
0.27911 
0.10996 
1.1079 

Likelihood Ratio Test = 121.119 With 17 Df 

Cragg-Uhler R-Square 0.3492 

Percentage Of Right Predictions = 0.73710 

0.46808e-0 1 
1.0678 
0.21423 
1.1892 
-1.7018 
-2.5580 
-0.95558 
3.2043 
-0.71733 
2.1255 
-1.4090 
1.1148 
-0.30280 
2.3746 
1.5872 
-2.4720 
0.53984 
-2.6557 

0.17806e-Ol 
0.12840 
0.8498ge-02 
0.13695 
-0.88580e-02 
0.15656 
-0.1l41le-Ol 
0.17904 
-0.96380e-Ol 
0.44992 
-0.79213 
0.19530 
-0.4 7725e-0 1 
1.0082 
0.37553 
-0.29287 
0.10796 
-1.8825 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 
210 68 
39 90 
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Table A3. 3 Employment Categories (Model One) 

Variable Estimated Standard Asymptotic Elasticity 
... ~~.~.~ ............................. G~~~.~.~~~.~ .............. ~Er.~r. ........................ .!.~.~.~.~.~.~ ................... A~ .. M.~.~.~~ ............. . 
SAVINGS 0.65505e-02 0.71242e-Ol 0.91948e-Ol 0.36270e-Ol 
WASTE 0.60272e-Ol 0.48563e-Ol l.2411 0.15393 
LIGHT 0.84475e-02 0.41034e-0 1 0.20586 0.84177e-02 
CONTROL 0.54656e-Ol 0.51486e-Ol . l.0616 0.12565 
COST -0.71358e-Ol 0.39226e-Ol -1.8191 -0.95125e-02 
CONVEN -0.10116 0.37452e-Ol -2.7012 0.17273 
INSTALL -0.30074e-Ol 0.36285e-Ol -0.82880 -0.10258e-Ol 
LIFE 0.15833 0.49082e-Ol 3.2258 0.18615 
MASSCOM -0.16274 0.19550 -0.83239 -0.11484 
SUMCOM 0.45113 0.19247 2.3439 0.50805 
BEHAV -0.33578 0.22873 -1.4681 -0.83842 
DEVICES 0.10048 0.83777e-Ol 1.1993 0.21416 
DISSAT -0.6058ge-02 0.22731e-Ol -0.26654 -0.4284ge-Ol 
KNOWL 0.78524 0.34383 2.2838 0.99934 
AGE 0.24004 0.12392 1.9370 0.66900 
SEX -0.67681 0.29763 -2.2740 -0.28980 
INCOME -0.35715 0.16242 -2.1989 -0.23570 
MANPRO 0.18178 0.38769 0.46889 0.30846e-Ol 
TRADFARM -0.95595 0.47510 -2.0121 -0.86412e-Ol 
CLERSALE -0.45532 0.45482 -l.0011 -0.43325e-Ol 
RETHWIF -0.59429 0.50488 -1.1771 -0.10367 
CONSTANT -2.6593 1.0765 -2.4703 -l.7164 

Likelihood Ratio Test = 133.752 With 21 Df 

Cragg-Uhler R-Square 0.38000 

Percentage Of Right Predictions = 0.74939 

Wald Chi-Square Statistic = 8.9641552 With 4 df. P-Value = 0.06200 

Predicted 

Prediction Success Table 

o 
1 

Actual 
o 1 
209 62 
40 96 
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Table A3. 4 Household Categories (Model One) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means ................................................................................................................................................................................................................. 

SAVINGS 
WASTE 
LIGHT 
CONTROL 
COST 
CONVEN 
INSTALL 
LIFE 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
DISSAT 
KNOWL 
AGE 
SEX 
INCOME 
UNDER5 
UNDER15 
OVER15 
NOKIDS 
SINGLEP 
FLAT 
CONSTANT 

-0.15923e-01 
0.5391ge-01 
0.42800e-02 
0.58256e-01 
-0.64658e-01 
-0. 89088e-0 1 
-0.34827e-01 
0.14828 
-0.15025 
0.41512 
-0.28121 
0.71846e-01 
-0.78614e-02 
0.87612 
0.20414 
-0.67334 
-0.27934 
0.83321 
0.74820 
0.49733 
0.29184 
0.17584 
-0.17274 
-3.2496 

0.69888e-
0.48354e-01 
0.40858e-01 
0.51166e-01 
0.40162e-01 
0.3694 2e-0 1 
0.36100e-01 
0.49041e-01 
0.19637 
0.19496 
0.22970 
0.85841e-01 
0.22821e-01 
0.33804 
0.98955e-Ol 
0.28345 
0.15714 
0.96858 
0.92943 
0.93226 
0.88996 
0.92472 
1.0325 
1.3525 

Likelihood Ratio Test = 128.930 With 23 Df 

Cragg-Uhler R-Square 0.36836 

Percentage Of Right Predictions = 0.74693 

01 -0.22783 
1.1151 
0.10475 
1.1386 
-1.6099 
-2.4116 
-0.96475 
3.0236 
-0.76512 
2.1293 
-1.2242 
0.83696 
-0.34448 
2.5918 
2.0629 
-2.3755 
-l.7777 
0.86024 
0.80501 
0.53347 
0.32793 
0.19015 
-0.16730 
-2.4027 

-0.87947e-01 
0.13736 
0.42544e-02 
0.13359 
-0.85982e-02 
0.15173 
-0.11850e-01 
0.17391 
-0.10577 
0.46635 
-0.70043 
0.15276 
-0.55460e-Ol 
l.1123 
0.56755 
-0.28761 
-0.18389 
0.65906e-Ol 
0.7456ge-Ol 
0.40125e-01 
0.63713e-01 
0.17524e-Ol 
-0.90181e-02 
-2.0923 

Wald Chi-Square Statistic = 4.4171824 With 6 DF. P-Value = 0.62041 

Predicted 

Prediction Success Table 

o 
1 

Actual 
o 1 

208. 62. 
41. 96. 
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Table A3. 5 Multi-attribute Rating (Model Two) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means .................................................................................................................................................................................................. 

MAR 0.14658 0.98820e-01 1.4833 0.29694 
MASSCOM -1.1154 0.29718 -3.7533 -0.95911 
SUMCOM 0.48173 0.26482 l.8191 0.68898 
BEHAV 0.71283e-01 0.34228 0.20826 0.19697 
DEVICES 0.35387 0.14264 2.4808 0.89296 
KNOWL 0.83006. 0.28596 2.9027 l.4068 
AGE -0.17323 0.l3863 -l.2496 -0.55090 
SEX -0.48830 0.44440 -l.0988 -0.22576 
INCOME 0.20810 0.24813 0.83867 0.14l32 
CONSTANT -3.5581 l.5385 -2.3127 -2.5368 

Likelihood Ratio Test = 44.7215 With 9 Df 

Cragg-Uhler R-Square 0.32973 

Percentage Of Right Predictions = 0.76364 

Prediction Success Table 

Actual 
o 1 

o 98 27 
Predicted 1 12 28 
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Table A3. 6 Linear Income Specification (Model Two) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means ................................................................................................................................................................................................................. 

SAVINGS 
WASTE 
CONTROL 
LIGHT 
COST 
CONVEN 
INSTALL 
LIFE 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
KNOWL 
AGE 
SEX 
Yl 
CONSTANT 

-0.24941e-Ol 
0.98027e-Ol 
0.21464e-Ol 
0.11831e-Ol 
-0.35722e-Ol 
0.85703e-Ol 
-0.20655e-Ol 
0.54214e-Ol 
-l.1686 
0.56842 
-0. 14200e-Ol 
0.32245 
0.96064 
-0.8332ge-Ol 
-0.61141 
0.16083 
-3.9641 

0.99705e-Ol 
0.74197e-Ol 
0.82593e-Ol 
0.61943e-Ol 
0.58790e-Ol 
0.56606e-Ol 
0.47195e-Ol 
0.57642e-Ol 
0.31386 
0.28879 
0.38764 
0.14954 
0.51399 
0.15989 
0.48534 
0.19029 
l.9231 

Likelihood Ratio Test = 50.3084 With 16 Df 

Cragg-Uhler R-Square 0.36499 

Percentage Of Right Predictions = 0.74545 

-0.25015 
l.3212 
0.25988 
0.19100 
-0.60762 
l.5140 
-0.43765 
0.94053 
-3.7232 
1.9683 
-0.36633e-Ol 
2.1562 
1.8690 
-0.52118 
-l.2597 
0.84517 
-2.0613 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 

92 
18 

24 
31 

-0.18654 
0.36486 
0.73385e-Ol 
0.18135e-Ol 
-0.30142e-02 
-0.22060 
-0.11215e-0 1 
0.11285 
-1.0183 
0.82387 
-0.39765e-Ol 
0.82459 
1.6499 
-0.26856 
-0.28647 
0.33956 
-2.8t141 
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Table A3. 7 Employment Categories (Model Two) 

Variable 
Name 

SAVINGS 
WASTE 
LIGHT 
CONTROL 
COST 
CONVEN 
INSTALL 
LIFE 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
KNOWL 
AGE 
SEX 
INCOME 
MANPRO 
TRADFARM 
CLERSALE 
RETHWIF 
CONSTANT 

Estimated 
Coefficient 

-0.21662e-Ol 
0.98018e-Ol 
0.11420e-Ol 
0.26776e-Ol 
-0.39203e-Ol 
0.10185 
-0.22184e-Ol 
0.6677ge-Ol 
-1.1011 
0.50583 
-0.51350e-Ol 
0.31870 
0.91177 
-0.2674ge-Ol 
-0.52678 
0.25930 
0.46387 
0.26430 
0.60881 
-0.19971 
-3.9966 

Standard 
Error 

0.10284 
0.75898e-Ol 
0.63080e-Ol 
0.85122e-Ol 
0.59596e-Ol 
0.5 826ge-0 1 
0.47694e-Ol 
0.57918e-Ol 
0.30935 
0.28807 
0.38379 
0.14951 
0.52848 
0.20026 
0.49117 
0.27066 
0.69021 
0.90768 
0.79952 
0.90532 
1.8102 

Likelihood Ratio Test = 51.7475 With 20 DF. 

Cragg-Uhler R-Square 0.37389 

Percentage Of Right Predictions = 0.76364 

Asymptotic Elasticity 
T-Ratio At Means 

-0.21064 -0.16274 
1.2914 0.36647 
0.18104 0.17584e-Ol 
0.31456 0.91958e-Ol 
-0.65782 -0.3322ge-02 
1.7480 -0.26336 
-0.46513 -0. 12100e-Ol 
1.1530 0.13963 
-3.5594 -0.96381 
1.7559 0.73646 
-0.13380 -0.14444 
2.1316 0.81866 
1.7253 1.5730 
-0.13357 -0.86597e-Ol 
-1.0725 -0.24793 
0.95804 0.17925 
0.67207 0.10814 
0.29118 0.20926e-Ol 
0.76146 0.64270e-Ol 
-0.22060 -0.37774e-Ol 
-2.2078 -2.9007 

Wald Chi-Square Statistic = 1.4693761 with 4 DF. P-Value = 0.83205 

Predicted 

Prediction Success Table 

o 
1 

Actual 
o 1 
94 
16 

23 
32 
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Table A3. 8 Household Categories (Model Two) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means .................................................................................................................................................................................................................. 

SAVINGS -0.48218e-01 0.10256 -0.47014 -0.40130 
WASTE 0.97288e-01 0.77275e-01 l.2590 0.40296 
LIGHT 0.3659ge-01 0.68034e-01 0.53795 0.62428e-01 
CONTRL 0.63334e-02 0.89440e-01 O. 70812e-0 1 0.24096e-01 
COST -0.68771e-01 0.61525e-01 -l.1178 -0.64575e-02 
CONVEN 0.93835e~01 0.57875e-01 l.6213 -0.26878 
INSTALL -0.37878e-01 0.49828e-01 -0.76017 -0.22887e-Ol 
LIFE 0.47057e-Ol 0.60780e-01 0.77422 0.10900 
MASSCOM -l.2312 0.33177 -3.7111 -l.1939 
SUMCOM 0.64582 0.29893 2.1605 1.0416 
BEHAV -0.35287e-01 0.39332 -0.89716e-01 -0.10996 
DEVICES 0.37975 0.15635 2.4289 1.0807 
KNOWL 1.0956 0.52706 2.0787 2.0939 
AGE -0.10997e-02 0.18290 -0.60122e-02 -0.39438e-02 
SEX -0.41271 0.48726 -0.84701 -0.21518 
INCOME 0.12867 0.27434 0.46900 0.98535e-01 
UNDER5 27.252 0.26376e+06 0.10332e-03 3.0542 
UNDER15 26.591 0.26376e+06 0.10082e-03 4.0167 
OVER15 26.423 0.26376e+06 0.10018e-03 3.2188 
NOKIDS 25.929 0.26376e+06 0.98305e-04 6.9490 
SINGLEP 27.183 0.26376e+06 0.10306e-03 3.0465 
FLAT 26.665 0.26376e+06 0.10110e-03 0.64966 
CONSTANT -30.796 0.26376e+06 -0. 11676e-03 -24.761 

Likelihood Ratio Test = 56.8103 With 22 DF. 

Cragg-Uhler R-Square 0.40456 

Percentage Of Right Predictions = 0.77576 

Wald Chi-Square Statistic = 4.3257866 With 6 DF. P-Value = 0.63268 

Prediction Success Table 

Actual 
o 1 

o 96 23 
Predicted 1 14 32 
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Table A3. 9 Multi-attribute Rating (Model Three) 

Likelihood Ratio Test = 75.2801 With 12 df 

Cragg-Uhler R-Square 0.1663 

Percentage Of Right Predictions = 0.66316 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 

263 125 
67 115 
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Table A3. 10 Linear Income Specification (Model Three) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means .............................................................................................................................................................................................................. 

SAVINGS 0.17185 0.46284e-Ol 3.7129 
WASTE 0.82124e-02 0.43253e-Ol 0.18987 
HOTWATER 0.76044e-02 0.22335e-Ol 0.34046 
CONTROL 0.23717e-Ol 0.28302e-Ol 0.83801 
COST 0.81258e-Ol 0.27078e-Ol 3.0009 
CONVEN 0.99987e-02 0.31224e-Ol 0.32022 
INSTALL -0.37060e-Ol 0.22940e-Ol -1.6155 
AIRCB 0.46765e-02 0.22184e-Ol 0.21080 
MASSCOM -0.42594e-Ol 0.16595 -0.25667 
SUMCOM 0.16992 0.14657 1.1593 
BEHAV 0.86808e-01 0.17225 0.50396 
DEVICES 0.11434 0.69496e-01 1.6452 
DISSAT -0. 13996e-01 0.15944e-Ol -0.87787 
SPACEAGE 0.29608 0.20826 1.4217 
OWNSTAY O. 90966e-0 1 0.5865ge-Ol 1.5507 
KNOWL 0.38136 0.13160 2.8977 
AGE -0.18326 0.74856e-Ol -2.4482 
SEX -0.29323 0.19863 -1.4763 
Yl -0.81357e-0 1 0.87796e-Ol -0.92666 
CONSTANT -2.3067 0.83261 -2.7704 

Likelihood Ratio Test = 98.2513 With 19 Df 

Cragg-Uhler R-Square 0.2129 

Percentage Of Right Predictions = 0.68421 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 

263 113 
67 127 

0.55020 
0.24622e-Ol 
0.3616ge':02 
0.31665e-Ol 
-0.20833e-02 
0.76061e-02 
0.76628e-02 
-0.70200e-03 
-0.32485e-Ol 
0.17971 
0.19830 
0.21676 
-0.92140e-01 
0.71472e-01 
0.16799 
0.51313 
-0.46295 
-0.10130 
-0.13646 
-1.3680 
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Table A3. 11 Job Types (Model Three) 

Variable Estimated Standard Asymptotic Elasticity 
... ~~.~.~ ............................. ~.~.~m~.~.~.~.~ ............. ~!~.~E ......................... !::~~.~~.~ ................. ~.t.M~~~.~ ............ . 
SAVINGS 0.17421 0.46663e-Ol 
WASTE 0.10226e-Ol 0.4307ge-Ol 
HOTWATER 0.60802e-02 0.22575e-Ol 
CONTROL 0.30083e-Ol 0.28894e-Ol 
COST 0.82054e-Ol 0.27244e-Ol 
CONVEN 0.846966-02 0.31410e-Ol 
INSTALL -0.31012e-Ol 0.23246e-Ol 
AIRCB 0.62104e-02 0.22364e-Ol 
MASSCOM -0.90958e-Ol 0.16688 
SUMCOM 0.21011 .0.14743 
BEHAV 0.62233e-Ol 0.17478 
DEVICES 0.11610 0.69782e-Ol 
DISSAT -0. 13070e-Ol 0.1605ge-Ol 
SPACEAGE 0.30200 0.21069 
OWNSTAY 0.72087e-Ol 0.5846ge-Ol 
KNOWL 0.39108 0.13383 
AGE -0.19712 0.99960e-Ol 
SEX -0.29837 0.20793 
INCOME -0.34154 0.12548 
MANPRO -0.50392e-Ol 0.29807 
TRADFARM -0.71513 0.37514 
CLERSALE -0.26138 0.31727 
RETHWIF 0.13774 0.38564 
CONSTANT -1.9538 0.82072 
~~~------~ ------

Likelihood Ratio Test = 108.164 With 23 Df 

Cragg-Uhler R-Square 0.2324 

Percentage Of Right Predictions = 0.70877 

3.7334 
0.23738 
0.26933 
1.0411 
3.0118 
0.26965 
-1.3341 
0.27770 
-0.54506 
1.4251 
0.35607 
1.6637 
-0.81388 
1.4333 
1.2329 
2.9222 
-1.9720 
-1.4349 
-2.7218 
-0.16906 
-1.9063 
-0.82382 
0.35717 
-2.3805 

0.55965 
0.30764e-Ol 
0.29017e-02 
0.4029ge-Ol 
-0.21108e-02 
0.64646e-02 
0.6433ge-02 
-0.93540e-03 
-0.69606e-01 
0.22297 
0.14264 
0.22084 
-0.86330e-Ol 
0.73146e-Ol 
0.13358 
0.52799 
-0.49965 
-0.10342 
-0.20681 
-0.73127e-02 
-0.53755e-Ol 
-0.25923e-Ol 
0.21713e-Ol 
-1.1626 

Wald Chi-Square Statistic = 5.3674684 With 4 DF. P-Value = 0.25163 

Prediction Success Table 

Actual 
o 1 

·0 270 106. 
Predicted 1 60 134. 
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Table A3. 12 Household Categories (Model Three) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means .............................................................................................................................................................................................................. 

SAVINGS 0.18004 0.47383e-01 3.7997 0.57830 
WASTE 0.60882e-02 0.43892e-01 0.13871 0.18313e-0 1 
HOTWATER 0.31252e-02 0.22771e-01 0.13725 0.14913e-02 
CONTROL 0.25905e-01 0.28901e-01 0.89631 0.34697e-01 
COST 0.77596e-01 0.27005e-01 2.8734 -0. 19958e-02 
CONVEN 0.11884e-01 0.31690e-01 0.37501 0.90696e-02 
INSTALL -0.28826e-01 0.23303e-01 -l.2370 0.59795e-02 
AIRCB 0.3628ge-02 0.2251ge-01 0.16115 -0.S4651e-03 
MASSCOM -0.65337e-01 0.16849 -0.38778 -0.49993e-01 
SUMCOM 0.18618 0.14812 1.2570 0.19755 
BEHAV 0.14750 0.17546 0.84065 0.33803 
DEVICES 0.90326e-01 0.70522e-01 l.2808 0.17179 
DISSAT -0.15625e-01 0.16203e-Ol -0.96437 -0.10320 
SPACEAGE 0.31651 0.21281 l.4873 0.76651e-01 
OWNSTAY 0.56276e-Ol 0.60251e-Ol 0.93403 0.10427 
KNOWL 0.37269 0.13326 2.7966 0.50308 
AGE -0.12163 0.81397e-Ol -l.4943 -0.30826 
SEX -0.37689 0.20378 -l.8495 -0.13062 
INCOME -0.28685 0.12424 -2.3088 -0.17367 
UNDER5 -l.3780 0.74691 -l.8449 -0.11651 
UNDER15 -l.2786 0.73340 -l.7433 -0.12145 
OVER15 -l.9504 0.75066 -2.5982 -0.13030 
NOKIDS -1.4517 0.70793 -2.0506 -0.28185 
SINGLEP -l.5285 0.72865 -2.0977 -0.14520 
FLAT -2.0965 0.79202 -2.6470 -0.96291e-01 
CONSTANT -l.0222 1.0332 -0.98937 -0.60822 

Likelihood Ratio Test = 114.453 With 25 Df 

Cragg-Uhler R-Square 0.2446 

Percentage Of Right Predictions = 0.69649 

Wald Chi-Square Statistic = 10.917603 With 6 Df, P-Value = 0.09096 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 

264 107. 
66 133 
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Table A3. 13 Multi-Attribute Rating (Model Four) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means ................................................................................................................................................................................................................. 

MAR 0.32021 0.96272e-Ol 3.3261 0.66860 
MASSCOM -0.82937 0.33358 -2.4863 -l.0303 
SUMCOM 0.27398 0.26817 l.0217 0.48284 
BEHAV -0.70918e-Ol 0.37313 -0.19006 -0.24739 
DEVICES 0.13766 0.13894 0.99084 0.41511 
SPACEAGE l.1008 0.40737 2.7022 0.40946 
OWNSTAY 0.4842ge-Ol 0.12722 0.38066 0.13911 
KNOWL 0.67292 0.26241 2.5643 1.4878 
AGE 0.12766 0.15007 0.85067 0.48018 
SEX -0.13224 0.42121 -0.31396 -0.6685ge-Ol 
INCOME -0. 13722e-Ol 0.25731 -0.53328e-Ol -0. 11430e-01 
CONSTANT -5.1686 l.6563 -3.1205 -4.6104 

Likelihood Ratio Test = 42.7056 With 11 Df 

Cragg-Uhler R-Square .2702 

Percentage Of Right Predictions = 0.85830 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o I 
202 30 
5 10 
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Table A3. 14 Linear Income Specification (Model Four) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means .................................................................................................................................................................................................................. 

SAVINGS 
WASTE 
HOTWATER 
CONTROL 
COST 
CONVEN 
INSTALL 
AlRC.B 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
SPACEAGE 
OWNSTAY 
KNOWL 
AGE 
SEX 

-0.15132 
0.25979 
-0.54167e-Ol 
-0.74776e-02 
0.74793e-Ol 
-0. 17728e-02 
0.11467 
0.10903 
-0.78612 
0.17410 
0.59756e-Ol 
0.13704 
0.66645 
0.76457e-Ol 
0.71001 
0.25346 
-0.20992 

Yl -0.14227 
CONSTANT -5.5379 

0.11328 
0.12115 
0.48626e-Ol 
0.52186e-Ol 
0.57766e-Ol 
0.69537e-Ol 
0.53477e-Ol 
0.53031e-Ol 
0.36507 
0.29457 
0.41439 
0.15045 
0.47588 
0.13333 
0.27803 
0.18691 
0.45601 
0.21408 
2.0478 

Likelihood Ratio Test = 52.7877 With 18 Df 

Cragg-Uhler R-Square 0.32747 

Percentage Of Right Predictions = 0.88664 

-1.3358 
2.1443 
-1.1139 
-0.14329 
1.2947 
-0.25494e-Ol 
2.1444 
2.0560 
-2.1533 
0.59103 
0.14420 
0.91089 
1.4004 
0.57345 
2.5537 
1.3561 
-0.46033 
-0.66456 
-2.7043 

Prediction Success Table 

Actual 
o 1 

o 204 25 
Predicted 1 3 15 

-0.90526 
1.4393 
-0.60756e-Ol 
-0.2037ge-Ol 
0.40226e-Ol 
-0.27718e-02 
-0. 46066e-0 1 
-0. 13988e-Ol 
-0.99381 
0.31223 
0.21213 
0.42053 
0.25227 
0.22349 
1.5975 
0.97019 
-0.10800 
-0.36512 
-5.0269 
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Table A3. 15 Employment Categories (Model Four) 

Variable 
Name 

SAVINGS 
WASTE 
HOTWATER 
CONTROL 
COST 
CONVEN 
INSTALL 
AIRCB 
MASSCOM 
SUMCOM 
BEHAV 
DEVICES 
SPACEAGE 
OWNSTAY 
KNOWL 
AGE 
SEX 
INCOME 
MANPRO 
TRADFARM 
CLERSALE 
RETHWIF 
CONSTANT 

Estimated 
Coefficient 

-0.14912 
0.25800 
-0.4217ge-Ol 
-0.26601e-Ol 
0.77485e-Ol 
O. 10311 e-02 
0.1246~ 

0.10955 
-0.90426 
0.23551 
-0.26541e-Ol 
0.14212 
0.64801 
0.48485e-Ol 
0.79624 
0.33248 
-0.1549ge-0 1 
0.94204e-Ol 
-l.0153 
-1.1465 
0.33016 
-0.58003 
-5.7850 

·Standard 
Error 

0.11682 
0.12759 
0.48511e-Ol 
0.54858e-Ol 
0.58008e-Ol 
0.70236e-Ol 
0.54138e-Ol 
0.54750e-Ol 
0.38256 
0.30171 
0.43738 

0.15452 
0.47635 
0.13689 
0.29609 
0.23273 
0.48003 
0.28046 
0.64260 
0.87990 
0.67949 
0.81315 
2.0521 

Likelihood Ratio Test = 57.5964 With 22 df 

Cragg-Uhler R-Square 0.3539 

Percentage Of Right Predictions = 0.88664 

Wald Chi-Square Statistic = 4.9793572 With 4 DF. 

Asymptotic Elasticity 
T-Ratio At Means 

-1.2765 -0.89786 
2.0221 1.4386 
-0.86946 -0.4 7613e-0 1 
-0.48490 -0.72963e-Ol 
1.3358 0.41942e-Ol 
0.14680e-Ol 0.16225e-02 
2.3019 -0.50383e-Ol 
2.0010 -0.14145e-Ol 
-2.3637 -1.1505 
0.78058 0.42508 
-0.60683e-Ol -0.94826e-Ol 
0.91978 0.43892 
1.3604 0.24686 
0.35420 0.14264 
2.6892 1.8030 
1.4286 l.2808 
-0.32286e-Ol -0.80253-02 
0.33590 0.80368e-Ol 
-l.5800 -0.24409 
-1.3030 -0.11025 
0.48590 0.5250ge-Ol 
-0.71332 -0.13086 
-2.8191 -5.2849 

P-Value = 0.28942 

Prediction Success Table 

Predicted 
o 
1 

Actual 
o 1 
205 26 
2 14 
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Table A3. 16 Household Categories (Model Four) 

Variable Estimated Standard Asymptotic Elasticity 
Name Coefficient Error T-Ratio At Means ..................................................................................................................................................................................................................... 

SAVINGS -0.17427 0.12391 -1.4064 -1.1061 
WASTE 0.27413 0.13170 2.0814 1.6113 
HOTWATER -0.48285e-Ol 0.479 lOe-O 1 -1.0078 -0.5745ge-Ol 
CONTROL -0.50387e-02 0.55112e-Ol -0.91426e-Ol -0. 1456ge-Ol 
COST 0.7554ge-Ol 0.57106e-01 1.3230 0.4310ge-Ol 
CONVEN 0.16615e-02 0.72711e-Ol 0.22850e-Ol 0.27561e-02 
INSTALL 0.12840 0.55760e-Ol 2.3027 -0.54 722e-0 1 
AIRCB 0.11070 0.53616e-Ol 2.0646 -0. 15067e-Ol 
MASSCOM -0.92102 0.37414 -2.4617 -1.2353 
SUMCOM 0.21893 0.29139 0.75135 0.41656 
BEHAV 0.77591e-Ol 0.43404 0.17877 0.29223 
DEVICES 0.14293 0.15280 0.93546 0.46534 
SPACEAGE 0.62765 0.49552 1.2666 0.25206 
OWNSTAY 0.7649ge-Ol 0.14215 0.53816 0.23724 
KNOWL 0.73957 0.29117 2.5400 1. 7654 
AGE 0.21578 0.20112 1.0729 0.87628 
SEX -0.30671 0.47359 -0.64762 -0.16742 
INCOME 0.9614ge-Ol 0.28845 0.33333 0.8646ge-Ol 
UNDER5 25.739 0.20667e+06 0.12454e-03 3.9138 
UNDER15 26.578 0.20667e+06 0.12860e-03 4.6631 
OVER15 26.714 0.20667e+06 0.12926e-03 2.3956 
NOKIDS 26.858 0.20667e+06 0.12995e-03 8.5867 
SINGLEP 27.174 0.20667e+06 0.13148e-03 3.7082 
FLAT 26.358 0.20667e+06 0.12754e-03 1.4388 
CONSTANT -32.443 0.20667e+06 -0. 15698e-03 -31.244 

Likelihood Ratio Test = 60.3173 With 24 Df 

Cragg-Uhler R-Square 0.36874 

Percentage Of Right Predictions = 0.88259 

Wald Chi-Square Statistic = 2.5206382 With 6 Df, P-Value = 0.86615 

Predicted 

Prediction Success Table 

o 
1 

Actual 
o 1 
202 24 
5 16 
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