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Abstract 

The ‘big picture’ of this study is concerned with the interaction of two global phenomena: the 

Information Technology revolution and the earth’s weather. Specifically the research examines a 

microcosm of the broader view from within an Information Systems (IS) environment, namely; 

Location Based Services (LBS) weather applications (apps) used on smartphones, particularly 

from the perspective of user acceptance, Trust and Value. 

There has been rapid growth and popularity since the start of the 21
st
 century of LBS apps, 

prompting various studies concerning user acceptance, Trust and Value of mobile services. 

Research involving tourism, gaming, maps, using LBS and weather and road conditions using 

SMS alerts, has been conducted on mobile devices and smartphones. These studies have 

employed various adaptations and modifications of the most widely recognised acceptance of 

information systems model; The Technology Acceptance Model (TAM).  

However, the Technology Acceptance Model for Mobile Services (TAMM) is identified from 

the literature as a more suitable framework for this current research. Developed from TAM, as a 

model specifically designed to evaluate user acceptance of mobile services, TAMM includes the 

notable addition of Trust and Perceived Value as constructs. In the original TAMM research 

studies conducted from 2002 to 2005, apps were tested in the context of a pilot study of location 

aware Short Message Services (SMS) for weather and road conditions on mobile phones, not as 

downloadable LBS weather apps on current smartphones.  

In view of the increasing global use of LBS apps and the widespread penetration and adoption of 

LBS supported ICT devices, particularly the smartphone, further research is warranted. 

Therefore, this study is seeking to explore aspects of user acceptance, Trust, and Value with 

respect to LBS, using weather apps used on smartphones as the frame of reference for the 

research. Exploratory Factor Analysis was used as the primary statistical analysis technique, 

extracting the four main factors named; Ease of Adoption, Ease of Use, Trust and Value. While 

the research placed an emphasis on examining the influence of Trust and Value upon user 

acceptance, the findings from the analysis of the data suggest that all four factors influence user 

acceptance of a weather app on a smartphone.  
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However the factors were found to be specific in differing user contexts. For example, Trust and 

Value appear to be the most influential with respondents who downloaded a weather app for use 

on their smartphone. The research findings therefore may have implications for a wider 

application to LBS app developers and organisations, beyond weather applications.  Future 

research could aim to further identify the factors of user acceptance by users of weather apps 

across a broader range of ICT devices in an expanded set of geographical locations targeting an 

enlarged sample frame. 
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Chapter 1 

INTRODUCTION 

1.1 Background 

The ‘big picture’ of this study is concerned with the interaction of two global phenomena: the 

Information Technology (IT) revolution (Moor, cited in Tavani 2013; Weiser 1991) and the 

earth’s weather. Historically and currently, both the weather and technologies impact on 

global societies (Chahine, Graham & Parkinson 2002; Moor, cited in Tavani 2013; NASA 

2013; WMO n.d.). Fusing science and technology meteorologists, in the 21st century utilise 

the data retrieved from radars, satellites, moored buoys, ships, land based stations, 

supercomputers and human weather watchers to deliver real-time weather information and 

model forecasts (BOM 2014a; Lubchenco & Hayes 2013; Hay 2007; WMO n.d.; NASA 

2013; NWS c.2014). Despite the advances in technology to predict and monitor extreme 

weather events such as cyclones and tornadoes with positive results, chaotic weather events 

continue to cause destruction as evidenced by the devastation to infrastructure, loss of human 

life, loss of housing and personal effects resulting in economic losses to citizens and 

governments, (EPA 2014; GPS.Gov n.d.; UNISDR 2009).  

Before the IT revolution and ensuing widespread availability of the internet and computing 

devices (Moor, cited in Tavani 2013; Weiser 1991), weather information was broadcast 

through various non-electronic and electronic media (Chahine, Graham & Parkinson 2002). 

However populations are now receiving routine and vital weather information through 

various Information Communication Technology (ICT) devices, such as personal computers, 

laptops, tablets, phablets and smartphones (NWS c. 2014; Wang, Park & Fesenmaier 2011). 

As one example, weather information derived from a variety of meteorological technologies 

is ultimately broadcast to end users as general forecasts and weather warnings as text and 

Graphical User Interface (GUI) displays of radar and satellite imagery.  

In view of the growing dependence of technology for weather information, this research aims 

to examine a microcosm of the ‘bigger picture’: weather applications (apps) used on 

smartphones. Weather apps, for example, can now deliver weather information from the 

global meteorological organisations to various ICT devices of end users; and notably the 

smartphone (BOM 2014b; NASA 2013; NWS c.2014; Turner 2012; weatherzone 2014; 
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WeatherPro 2013; WMO n.d). By means of a suitable technology user acceptance model, 

identified from an extensive review of extant literature, this research will endeavour to 

determine the influence of particular constructs found within the model, with an emphasis on 

the influence that core characteristics of Trust and Perceived Value have upon user 

acceptance of Information Systems (IS) based weather apps used on smartphones.  

Information Systems are defined as being automated or manual, involving people, machines, 

firmware and hardware, and are used to collect and circulate data representing user 

information (ATIS 2014). The two main models from IS success literature are: technology 

acceptance models such as the Technology Acceptance Model (TAM) by Davis (1989), and 

user satisfaction models, such as the Delone and Maclean Information System Success Model 

(Delone & Maclean 1992; Bailey & Pearson 1983; Torkzadeh & Doll 1999). TAM places 

emphasis on attitudes and behaviour, originally developed for an organisational workplace 

context (Davis 1989; Kaasinen 2005a), whereas user satisfaction is affected by reliability, 

accuracy, usage and impact (Bailey & Pearson 1983). 

Technology however is by nature progressive. New and updated device innovations are 

constantly being released. In response, many adaptations and extensions of the TAM have 

been developed, including the Technology Acceptance Model 2 (TAM2) by Venkatesh and 

Davis (2000) and the Unified Theory of Acceptance and Use of Technology model (UTAUT) 

by Venkatesh et al. (2003). Of particular interest to this study, from the many variations of 

TAM, is the Technology Acceptance Model for Mobile Services (TAMM) by Kaasinen 

(2005a).  

While it is based upon TAM, the model by Kaasinen includes extensions with the addition of 

two new constructs, Trust and Perceived Ease of Adoption, and replaces the TAM construct 

Perceived Usefulness with Perceived Value (Kaasinen 2005a). TAMM has been used in field 

and design studies of mobile services, in the context of location aware services, a class of 

Location Based Services (LBS), for Short Message Service (SMS) of weather and road 

conditions in Finland (Kaasinen 2005b; Virrantaus et al. 2001). 

Thus it can be seen from the above mentioned SMS service and the plethora of weather apps 

now available for smartphones that through technology, weather information is becoming 

intrinsically connected with societies that have become increasingly dependent upon weather 

information for the wellbeing and protection of life and property (Barkham & Gabbatt 2011; 
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CSRIO 2014; Davis 2012; EPA 2014; IPPC 2014; Lam & Lee; McEntegart 2013; Pappas 

2013, Schwartz 2013; Turner 2012).  

1.2 Research Question and Hypothesis 

Based on a study of relevant literature, this current research points to a need to examine user 

acceptance of Location Based Services apps used on smartphones, from the perspective of the 

seven TAMM constructs: Perceived Ease of Use; Perceived Value; Taking into Use; Trust; 

Perceived Ease of Adoption; Intention to Use; and Usage Behaviour. However as suggested 

by Kaasinen et al. (2011) the constructs of Trust and Perceived Value (derived from the 

TAMM framework) are two key characteristics on which TAMM was built upon in the study 

of user acceptance of mobile services. 

According to Kaasinen et al. (2011), as mobile services become increasingly relevant to users 

personal lives, trust becomes equally important noting that mobile services will increasingly 

collect, analyse and store personal data; raising security issues. In the TAMM framework, 

Perceived Value replaces Perceived Usefulness (from the TAM model) in order to more 

adequately describe the user’s motivation to acquire the mobile service with emphasis on key 

values, rather than featurism (Kaasinen et al. 2011).  

While this study mirrors to some extent studies by Kaasinen (2005a) Kaasinen et al. (2011) 

and Chang, Kaasinen and Kaipainen (2012), given the research focus on Trust and Value, all 

seven TAMM constructs are included in this research to investigate their influence on user 

acceptance of weather apps on smartphones; leading to the central research question in this 

study:  

What are the key factors that may influence user acceptance of Information Systems; from the 

perspective of the TAMM constructs, focusing on the influence of Trust and Value, upon user 

acceptance of LBS weather apps on smartphones?   

From this central research question several hypotheses become manifest.  

Hypotheses 

H1 Perceived Ease of Use will directly affect the Intention to Use a weather app on a 

smartphone. 

H2 Perceived Ease of Use will directly affect the Perceived Value of a weather app on a 

smartphone. 
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H3 Perceived Value will directly affect the Intention to Use a weather app on a smartphone. 

H4 Trust will directly affect the Intention to Use a weather app on a smartphone. 

H5 Intention to Use will directly affect the Taking into Use of a weather app on a 

smartphone. 

H6 Perceived Ease of Adoption will directly affect the Taking into Use of a weather app on a 

smartphone. 

H7 Taking into Use will directly affect the Usage Behaviour of a weather app on a 

smartphone. 

1.3 Research Justification 

Various studies have been conducted on technology acceptance of Information Systems 

(including mobile devices) using various modifications and extensions based on the seminal 

TAM model (Kaasinen 2005a; Lee, Kozar & Larsen 2003; Sack & Röcker 2014). However 

the most relevant models to the topic under consideration include: TAM by Davis (1989), 

considered by Lee, Kozar and Larsen (2003) as a highly influential technology acceptance 

model, TAM2 by Venkatesh and Davis (2000), the Information Systems Success models by 

Delone and McLean (1992; 2002), and the TAMM model by Kaasinen (2005a).  

Prior studies using technology acceptance models have focused on Trust and Value of apps 

on mobile devices and smartphones, including apps for tourism (Fesenmaier, Park & Wang 

2011), gaming, maps and the Internet (Kaasinen 2005a; Kennedy-Eden & Gretzel 2012; Lu, 

Yao & Yu 2005; Verkasalo et al. 2009). Location Based Services, being a category of IS, are 

widely used on smartphones to add functionality to the app (Vanjire et al. 2014). There are 

collectively hundreds of LBS weather apps available from Google Play (2014), iTunes (2014) 

and Windows (2014) app stores.  

However, Location Based Services (LBS) apps are also currently widely used on 

smartphones that use commercial GPS for many other applications such as: location finding 

information, advertising, emergency services and social media (Zickuhr 2013). Further 

positive indications of smartphone and LBS growth are evident from Business Insider 

Australia (2013) where it stated there were 770 million GPS-enabled smartphones worldwide, 

indicating an emerging symbiotic relationship between smartphones and LBS apps. In light 

of this growth, the current research (and its associated findings) may have implications for a 
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possible wider application to the growing market of other LBS services and LBS app 

developers (Vanjire et al. 2014).  

Furthermore LBS apps are widely available across several mobile platforms, such as 

Android, Apple and Microsoft; who purchased the Nokia mobile phone division in 2013 

(Kennedy-Eden & Gretzel 2012; Turner 2013). There are strong indications of app market 

growth (Apple Press Info 2014) and accelerated rates of global smartphone penetration and 

adoption (ACMA 2013; Kennedy-Eden & Gretzel 2012; Turner 2012; Verkasalo et.al 2009; 

Wang & Fesenmaier n.d.). Additionally with the nomadic nature of societal lifestyle patterns, 

it would appear that the smartphone is currently a technologically and commercially well 

suited device for consumer ready weather information via weather apps (Weather Ready 

Nation 2014).  

An example of an IS weather app on an Android smartphone is shown in Figure 1.1. 

 

 

 

 

 

 

 

 

Additional reasons for examining the research topic relate to the increased awareness, 

relevance and significance of the weather and climate to governments, policy makers and 

society (EPA 2014; IPCC 2014a). With the impetus of technologies, such as the pervasive 

use of smartphones (Pew Research Internet Project 2014), user acceptance of weather apps 

may enable societies to be better prepared for the impact of extreme weather events upon 

earth and may assist in the protection of life and property (EPA 2014; Lee & Lam 2010). 

Figure 1.2 illustrates how using a LBS weather app on a mobile device such as smartphone, 

                         

Figure 1.1 Android Weatherzone Plus smartphone app (WeatherZone 2014). 
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may assist in the protection of life and property by viewing national weather warnings on a 

smartphone device (Lee & Lam 2010).   

 

 

 

 

 

 

 

 

 

As previously discussed, there have been numerous studies which have utilised various 

technology acceptance models, when investigating apps for mobile services. However, at this 

point in theory development, there appears to be a dearth of empirical research which seeks 

specifically to consider user acceptance of LBS weather apps on smartphones from the 

perspective of the TAMM constructs of Trust and Perceived Value (Kaasinen 2005a; 

Verkasalo et al. 2009; Lu, Yao & Yu 2005). In view of the increasing global use of LBS apps 

and the widespread penetration and adoption of LBS apps supported ICT devices, particularly 

the smartphone; further research appears to be warranted. 

1.4 Methodology    

Quantitative analysis techniques will be used to evaluate variables associated with user 

acceptance, Trust and Value of location based services apps, in particular, weather apps used 

on smartphones. While this study employs a quantitative approach, both the positivist 

paradigm approach associated with quantitative methods and the interpretivist/constructivist 

paradigm approach associated with qualitative methods of research are explored and 

discussed in Chapter 3 (Punch 2013). A key research method used in this study involved an 

online, web-based questionnaire; chosen to be the most effective means of data collection for 

this research. 

 

Figure 1.2 The forecast track path for Severe Tropical Cyclone Yasi.  

Cyclone image source: The Australian Government Bureau of Meteorology (BOM 2011).  
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The data was examined using descriptive statistical techniques, which are further discussed in 

Chapter 3, in particular, the use of Exploratory Factor Analysis (EFA) to examine the 

underlying dimensions in the dataset.                     

1.5 Limitations and Key Assumptions 

The scope of this research is limited to the study of user acceptance of LBS weather apps as 

used exclusively on smartphones. While acknowledging the contribution to research from 

other technology acceptance models, as previously mentioned, this study uses as its  

theoretical framework the Technology Acceptance Model for Mobile Services (Kaasinen 

2005a). It was assumed there are sufficient numbers of smartphones users in the targeted 

population to meet the criteria of sample size to complete this study.   

1.5.1 Limitations 

As the final sample of respondents is drawn from the population consisting of SCU university 

students and staff, this may skew the data towards a more highly educated sample than the 

total population. Additionally, to engage respondents in interviews as part of the research 

would move the study into a mixed methods approach; using both quantitative and qualitative 

designs. Using mixed methods would require additional time and resources to complete the 

thesis. Alternatively, to use only a qualitative design would also require more time than using 

a quantitative design. 

The time constraints for this research study stipulate the thesis is to be completed within nine 

months. Therefore in order to realistically meet the research deadline to completion date, a 

quantitative design has been recommended by the literature and adopted. Further discussion 

justifying the choice of a quantitative approach is found in Chapter 3.  

1.5.2 Implications 

From the literature reviewed, LBS apps and smartphones are rapidly penetrating and being 

adopted by global markets (Vanjire et al. 2014). Additionally, relevant literature reviewed as 

part of this study has identified in particular, that the construct of Trust will play a key role in 

future adoption of LBS services (Kaasinen et al. 2011; Pura 2005). Considering this research 

study is focused on Trust, Value and user acceptance of information systems based apps on 

smartphones, the findings from the research may benefit both users and developers of the 

growing market of LBS services used on smartphones (Vanjire et al. 2014).  
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1.6 Outline of the Thesis 

This thesis is comprised of five chapters as follows: 

Chapter 1: Introduction 

The background context to this study is presented. It discusses the main research question, 

manifests hypotheses and the justification for the research. The methodology that is used in 

the research and the final conclusions are introduced to provide the reader with a succinct 

overview of the research and purpose within an ICT context. 

Chapter 2: Literature Review 

The purpose of this review is to analyse what has been written on the topic and determine if 

any gaps exist within the extant literature. This chapter includes a review of past and present 

theoretical models that have been used to test user acceptance of technology. The most 

relevant models to the topic under consideration are examined to determine the most suitable 

model for this study of user acceptance, Trust and Value of weather apps on smartphones.  

Chapter 3: Methodology 

The contents of Chapter 3 expound the research methodology employed for this study which 

includes: the research design, survey participants, sampling strategies, data collection, data 

analysis and the validity and reliability of the research methodology. Justification for using 

the purposive, self selection sampling technique is given (Trochim 2006). Exploratory Factor 

Analysis as the primary technique for the data analysis used in the study is presented and 

discussed. Finally the Independent samples t-test and regression, as additional analysis 

techniques used, are considered and explained.  

Chapter 4: Data Analysis 

The data analysis chapter presents the statistical information gathered from the online survey. 

This chapter discusses cleaning of the raw data, the response rate, descriptive statistics, 

findings from the Exploratory Factor Analysis, cross tabulations, parametric and non-

parametric tests, including Mann-Whitney U tests, Independent samples t-test and regression 

analysis. Data analysis will be carried out using the data analysis software, Statistical 

Package for the Social Sciences (SPSS) version 22.0. 
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Chapter 5: Discussion and Conclusion 

The final chapter of this thesis endeavours to derive meaning from the statistical data 

gathered from the online survey that was presented in Chapter 4. Following the introduction 

this chapter includes the findings which are presented in several sections and sub sections: 

Discussion 

The research sought to determine the influences of user acceptance in an information systems 

environment; specifically with users of LBS weather apps on smartphones. To aid in 

achieving this research objective, the central research question was derived and discussed in 

this section. The results from the data analysis are reiterated and interpreted. 

Conclusions and implications 

The concluding sections will discuss other aspects of this research which include: 

Limitations and key assumptions  

The sample frame consisting of solely SCU students and staff may be considered a possible 

limitation due to a higher educated bias. Other limitations and assumptions related to this 

research are listed and discussed. 

Directions for the future  

There would appear to be a need for future research to determine the influences of user 

acceptance in an information systems environment with users of LBS weather apps across the 

entire range of ICT app compatible devices such as: smartphones, laptops, tablets, phablets, 

iPads and desktop computers (Danova 2014; NWS c.2014; Wang, Park & Fesenmaier 2011). 

Such research would encompass an extended sample frame in an expanded set of 

geographical locations. Further research on this topic may also contribute to the public 

awareness of the need for readily available relevant LBS weather information on a range of 

ICT devices. 

1.7 Preview of Research Findings  

Detailed statistical analysis is presented in Chapter 4 and a discussion of the findings is found 

in Chapter 5. However a snapshot of the research key findings follows in Table 1.1. 
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Table 1.1: Preview of research findings 

Findings Implications 

 

The research question was addressed and supports 

the theoretical framework, the Technology 

Acceptance Model for Mobile Services (TAMM) 

and the constructs of TAMM; Perceived Ease of 

Adoption, Perceived Ease of Use, Trust, Perceived 

Value, Intention to Use, Taking into Use and Usage 

Behaviour. 

 

By using Location Based Services (LBS) weather 

apps on smartphones as the frame of reference, the 

research further contributes to the literature. 

All 7 hypotheses were all confirmed by the data 

analysis results from the 305 valid responses and 

additionally from subset of 178 respondents who 

downloaded a weather app to their smartphone.  

Further supports the theoretical framework TAMM. 

 

Exploratory Factor Analysis found four factors, 

each supporting the Hypotheses; H1, H3, H4 and 

H6.  

 

TAMM thus provides a stable and robust model for 

future research. 

The majority of respondents use a weather app 

Daily followed by Weekly use. Of interest is users 

who have downloaded a weather app are somewhat 

more likely to check it on a daily basis.  

 

The development of a BOM all-purpose weather app 

may possibly have a positive impact on frequency of 

use. 

A clear delineation between Preinstalled weather 

app users and Download app users appears to be 

evident:  

 Preinstalled weather app users were shown 

to be influenced more by Ease of Adoption 

and Ease of Use factors. 

 Trust and Value factors means were shown 

to be statistically significant across 

Download and Preinstalled weather app 

users.   

 Download weather app users rated Trust 

and Value factors higher than did users of 

preinstalled weather apps on smartphones. 

In particular their responses for the 

constructs Trust and Perceived Value were 

elevated. 

The findings of this research could be of value to 

organisations and developers of a wide range of 

location based services apps: 

 

 Widely used by global societies 

 The various commercial and non-

commercial sectors. 

 Findings of user acceptance of weather apps 

on smartphone devices may enable societies 

to be better prepared for the impact of 

further extreme weather events upon earth 

and may assist in the protection of life and 

property. 

Gender was found to influence several dimensions:  

 

 In the type of smartphone used females 

were shown to be the majority of iOS 

users.  

 In the use of preinstalled vs downloaded 

weather apps females comprised the 

majority of preinstalled weather app users 

whereas males were the majority of 

downloaded weather app users. 

 

Possible marketing application. Of possible interest to 

LBS app developers, coupled with indications of the 

Factors highly regarded by preinstalled and download 

weather app users. 
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Chapter 2 

LITERATURE REVIEW 

2.1 Introduction 

By reviewing several past and current Information Success models including technology 

acceptance models in this chapter, the current research will endeavour to determine in 

particular, the influence of Trust and Value on user acceptance of  IS based weather apps 

used on smartphones. An analysis of what has been written on the topic will help determine if 

any gaps exist in the extant literature, leading to hypotheses in an attempt to resolve the 

research problem.  An overview of the various past and current information system success 

models follows. 

2.2 Information Systems 

The Alliance for Telecommunications Industry Solutions (2014) defines an Information 

System as a system that could be manual or automated, involving people, machines, software, 

firmware, and hardware that are organised to collect, process, transmit, and circulate data that 

represent user information. 

2.2.1 Overview of Information Systems Success Models 

Information system success literature reveals two main types of models: the technology 

acceptance models, such the TAM (Davis 1989; Venkatesh & Davis 2000; Venkatesh et al. 

2003) and user satisfaction (US) models (Baily & Pearson 1983; Seddon & Kiew 1994; 

Torkzadeh & Doll 1999; DeLone & McLean 1992; DeLone & McLean 2002).  

2.2.2 User Satisfaction 

User satisfaction defined by Bailey and Pearson (1983) is affected by information systems 

factors of reliability, accuracy, usage and impact. The Delone & McLean (D&M) IS Success 

Model consists of six interrelated and interdependent dimensions of success, namely: System 

Quality, Information Quality, System Use, User Satisfaction, Individual Impacts and 

Organisational Impacts (Delone & McLean 1992).  A revised D&M IS Success Model 

presented in Figure 2.1 following, references the changes and additions of several constructs 

between the two models (Delone & McLean 1992).  
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The constructs within Delone and McLean’s model are all integrated with User Satisfaction 

being a key construct to measure an information systems’ success (DeLone & McLean 1992; 

2002). In contrast, Technology Acceptance models place the emphasis on an individual’s 

attitudes, beliefs and behaviour. 

2.2.4 Technology Acceptance Models 

The basic concept fundamental to technology acceptance models according to Venkatesh et 

al. (2003), is: 

 The individual responses to using IT 

 Intentions to use IT 

 Actual use of IT  

In evaluating the Perceived Ease of Use in the Technology Acceptance Model (TAM), Davis 

(1989, p.320) stated ‘All else being equal, we claim, an application perceived to be easier to 

use than another is more likely to be accepted by users.’ 

Due to the fact the smartphone is a recent technological development in the realm of IS 

(Alahuhta et al. 2004; Verkasalo et.al 2009; Wang, Park & Fesenmaier 2011), the most 

relevant models to this study would appear to be: the Technology Acceptance Model by 

Davis (1989), Technology Acceptance Model 2 by Venkatesh and Davis (2000) or one its 

derivatives. 

2.2.4.1 TAM 

The original TAM developed by Davis (1989) is considered the most influential and widely 

used acceptance model in describing an individual’s acceptance of information systems (Lee, 

Kozar & Larsen 2003). This model is shown in Figure 2.2.  

 

Figure 2.1: Revised D&M IS Success Model (DeLone & McLean 2002) 
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Although TAM was originally created for accessing technology adoption in an 

organisational, workplace context (Davis 1989; Kaasinen et al. 2011), it has been extensively 

cited in research journals since 1989 and applied to numerous technologies under varying 

conditions (Lee, Kozar & Larsen 2003). For instance, TAM has been frequently used to study 

user acceptance of Internet services (Gefen, Karahanna, & Straub, 2003; Barnes & Huff, 

2003). The Theory of Reasoned Action (TRA) by Fishbein and Ajzen (1967; 1975) formed 

the basis for TAM (Davis 1989). 

In a paper examining users and non-users of smartphones, Verkasalo et al. (2009) note 

several models have been used to predict the adoption rates of technology based products 

which by definition include smartphones. Models based on cognitive psychology including 

the TRA, the Theory of Planned Behaviour (TPB) and TAM, have influenced IS acceptance 

research for decades (Ajzen 1991; Verkasalo et al. 2009). Since the original TAM developed 

by Davis (1989), various suggestions of modifications to TAM has been put forth by several 

researchers, with Wixom and Todd (2005) clarifying that the three main modifications to the 

model have been: 

1. Introduction of factors from related models 

2. Introduction of additional/alternate belief factors and examination of modifiers of 

Perceived Ease of Use 

3. Introduction of additional/alternate belief factors and examination of modifiers of 

perceived usefulness. 

 

Figure 2.2: Technology Acceptance Model (Davis 1989) 
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Thus many adaptations of the TAM have been developed over the years, such as the TAM2 

by Venkatesh and Davis (2000) and the UTAUT model by Venkatesh et al. (2003).   

2.2.4.2 TAM2 

For example, modifications have been made to TAM that explained the construct of 

Perceived Usefulness in relation to social and cognitive processes (Venkatesh and Davis 

2000). These changes were the stimulus for researchers who later adopted and termed the 

revised model as TAM2. Several new constructs predicting perceived usefulness and 

intention to use were introduced into TAM2. From social influence processes, constructs 

included: Subjective Norm, Voluntariness and Image. From cognitive processes: Experience, 

Job Relevance, Output Quality and Result Demonstrability (Venkatesh & Davis 2000).  The 

TAM2 model is shown in Figure 2.3 following. 

 

 

 

 

 

 

 

 

 

The influence of TAM is widely acknowledged, with Lee, Kozar and Larsen (2003, p.752) 

stating ‘…of all the theories, the Technology Acceptance Model (TAM) is considered the 

most influential and commonly employed theory for describing an individual’s acceptance of 

information systems.’ Noting the need for enhancements to TAM; Lee, Kozar and Larsen 

(2003, p. 768) further stated; ‘TAM will provide more insightful value if the model examines 

the causal chain between IS investment, IS use, and objective IS value.’  

However, as TAM was originally created for accessing technology adoption in an 

organisational context, Pura (2005) states that such theoretical models, may not be considered 

 

Figure 2.3: Technology Acceptance Model 2 (Venkatesh & Davis 2000) 
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entirely suitable for an assessment of the personal usage acceptance of mobile services; for 

example models applied to information systems in the workplace environments, such as 

TAM (Kaasinen et al. 2011). The constant modifications and extensions of the TAM models 

would in fact seem indicative of the changes and innovative developments of ICT devices 

(Kaasinen et al. 2011; Nysveen et al. 2005), that motivate the need for user acceptance 

models to adapt with appropriately modified constructs to address these changes in 

technology. The Technology Acceptance Model for Mobile Services (denoted as TAMM) 

developed by Kaasinen (2005a) is one such model that has demonstrated suitability as a 

framework for this current research; the reasons for which are outlined in the following 

section. 

2.3 TAMM 

Following the mainstream commercial introduction of mobile devices in the 1980’s, several 

studies of user acceptance, Trust and Value for apps such as tourism (Kennedy-Eden & 

Gretzel 2012; Wang, Park & Fesenmaier 2011), gaming, and maps on mobile devices and 

smartphones, have been conducted, using various adaptations of TAM (Lu, Yao & Yu 2005; 

Verkasalo et al. 2009).  

However as this research project is focused on examining user acceptance, Trust and Value of 

IS based weather apps used on smartphones, a suitable, research specific technology 

acceptance has been sought. The TAM modification and extensions by Kaasinen (2005a) 

produced the Technology Acceptance Model for Mobile Services (TAMM) which has been 

field and design tested specifically for mobile services, including Location Aware Services, a 

form of Location Based Services (LBS) (Kaasinen 2005a; Kaasinen et al. 2011).  

This model would therefore appear to be a sound framework for the analysis of user 

acceptance of LBS such as a weather app on a smartphone, having more suitability to this 

research than with the original TAM model (Kaasinen 2005a). The study of user acceptance 

of an IS such as mobile services, maintains Kaasinen (2005a), requires a framework that can 

bring together the results of the individual factors that affect user acceptance. Mobile services 

such as LBS apps directed at the consumer market, have specific characteristics (Kaasinen 

2005a) indicating the need for a different acceptance model other than TAM, TAM2 or the 

UTAUT by Venkatesh et al. (2003).  

Therefore, of particular relevance to the current research (which seeks to consider aspects of 

user acceptance, Trust and Value of weather apps on smart phones) is the TAMM, with 
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Kaasinen (2005a, p. 67) stating ‘the aim of the model is to provide a framework to design and 

evaluate mobile services for user acceptance.’ The Technology Acceptance Model for Mobile 

Services forms a modification and extension of the original TAM by Davis (1989), TAM2 

and its derivatives, replacing  Perceived Usefulness with Perceived Value and two new 

perceived product characteristics influencing Intention to Use, namely Trust and Perceived 

Ease of Adoption (Kaasinen 2005a). Kaasinen et al. (2011) describe user acceptance as being 

built on three main factors:  

1. Perceived Ease of Use 

2. Perceived Value 

3. Trust. 

The Technology Acceptance Model for Mobile Services is shown following in Figure 2.4. 

 

 

 

 

 

 

 

 

Developed from the core TAM model by Davis (1989), TAMM was used in studies from 

2002 to 2005 that were aimed at location aware services and mobile Internet services 

(Kaasinen 2005a; 2005b; Kaasinen et al. 2011). In utilising TAMM as the framework during 

field trials of several mobile services with more than 200 test users, it became clear to the 

researchers the TAM construct of Perceived Usefulness (Davis 1989) may not motivate users 

to adopt the tested mobile service, hence it was replaced with Perceived Value in the TAMM 

model, with Trust added as a new characteristic (Kaasinen 2005a). The additional fourth 

construct of Perceived Ease of Adoption is included in the model at the point where a user 

decides from an Intention to Use a mobile service to the actual use of the service (Kaasinen et 

al. 2011).  

 

Figure 2.4: Technology Acceptance Model for Mobile Services (Kaasinen 2005a) 
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As noted, the original research by Kaasinen (2005a) tested weather apps in the context of a 

pilot study of location aware SMS for weather and road conditions on mobile phones. 

Similarities exist between the current study and the research conducted by Kaasinen, using 

TAMM as a theoretical framework. However this research is seeking to examine user 

acceptance of mobile services in the context of preinstalled or downloadable LBS weather 

apps on a smartphone.  

Location Based Services (LBS), as a classification of Information Systems (IS), play a key 

role for full functionality of many applications on smartphones, including weather apps. A 

consideration of LBS usage, features and history follows.  

2.4 Location Based Services  

LBS are a classification of IS that pertain to certain mobile apps relying upon the location of 

a mobile device that is capable of determining and transmitting the locations within a mobile 

network (Kennedy-Eden & Gretzel 2012; Vanjire et al. 2014; Virrantaus et al. 2001). LBS 

are widely used on smartphones, tablets and phablets adding functionality to an app and 

being extremely useful for location finding through the commercially available Global 

Positioning System (GPS), by delivering information based on the end users location. For 

example using a weather app with LBS activated on a smartphone enables the user to view 

the latest weather conditions from their current location (Turner 2012; weatherzone 2014). 

Examples of LBS apps available from the Google Play Store, Apple’s App store and 

Microsoft’s Windows are listed in Table 2.1 (Google Play Store 2014; iTunes Preview 2014; 

Windows 2014). 

Table 2.1: Location Based Services Apps 

 

 

 

 

  

Classification App type Source Availability 

Emergency services Emergency Google Play Store, iTunes 

Preview , Windows 

Consumer services   

Travel Mobiata Google Play Store, iTunes 

Preview, Windows 

Weather WeatherZone, WeatherPro, 

AccuWeather 

Google Play Store, iTunes 

Preview 

Windows  

Yellow pages Yellow Pages Google Play Store, iTunes 

Preview, Windows 

 Preview Taxis Brisbane Yellow Cabs, 

Taxi Catcher 

Google Play Store, iTunes 

Preview 

Windows 
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2.4.1 History of Location Based Services 

Location services date back to the 1970’s when the United States Department of Defense 

introduced the GPS, a satellite system used for the positioning and navigation of people and 

objects, initially for military use (Schiller & Voisard 2004). Later in the 1980’s, the United 

States Government opened up GPS for use in commercial markets, leading to the rapid 

adoption of GPS-based services in areas such as the emergency services, travel, commerce, 

entertainment and recreation (Google Play 2014; Grossi 2011; iTunes Preview 2014; 

Windows 2014; Kushwaha & Kushwaha 2011; Steiniger, Neun & Edwardes 2006; 

Sturdevant 2009; Vanjire et al. 2014).  

Schiller and Voisard (2004) believed a new era of electronic communications services was 

emerging with the ubiquitous use of LBS in new and traditional markets. Rao and Minakakis 

(2003) expected the slow growth of LBS apps would be due in part to security issues of 

privacy, technical solutions and sustainable business models, noting however that widespread 

adoption of location based apps would take place with effective technical solutions and 

marketing strategies implemented (Kaasinen 2005a).  

Japan proved to be a successful early adopter in using Internet technologies, such as mobile 

Internet and mobile LBS (Rainio 2003; Rao & Minakakis 2003). Of interest was a 2004 

survey by Gartner showing that in Japan, Information Services were used at least once a 

month by 50% of survey respondents, and LBS by 30% of respondents (Liew, Misuyama & 

Bourlias 2004). In contrast, the 2004 findings of a European user survey (related to text 

message services used by mobile service subscribers in six countries), also by Gartner (and 

reported by Kaasinen 2005a), found that respondents accessed the Internet and Wireless 

Application Protocol (WAP) sites far less, with only 10% of the respondents using their 

phone for that purpose. 

The technical and commercial issues referred to by Rao and Minakakis (2003) have been 

progressively addressed throughout the years since LBS apps first appeared commercially. 

This would appear to be indicated by the current widespread acceptance of LBS apps on 

smartphones (Google Play 2014; iTunes Preview 2013; Kennedy-Eden & Gretzel 2012; 

Portico 2013). The terminology, ‘App’ is the common expression used to identify software 

computing applications.  

Apps can be downloaded onto various computing devices that have Internet access, such as 

desktops, laptops, some basic mobile phones, smartphones and tablets. Some travel based 
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apps, such as compasses and speedometers (Google Play Store 2014; iTunes Preview 2014; 

Windows 2014), including a planned new map app release by Nokia in 2014 (Grundberg 

2014), can run by simply turning on location services functionality, enabling the use of GPS 

without any Internet data being utilised. Downloads of apps are available from several online 

app stores that support various Operating Systems (OS) such as Android, iOS, Windows 

Blackberry, Symbian and others. However the three major online stores are currently Google 

Play Store, the App Store (developed by Apple Inc), and the Windows app store. Identified 

by current app and smartphone penetration statistics (see Google Play 2014; iTunes Preview 

2014; Windows 2014; Portico 2013), there would appear to be some justification for Rao and 

Minakakis (2003) and Schiller and Voisard (2004) cautious optimism mentioned previously 

of future widespread adoption of LBS apps.  

According to Apple Press Info (2014), the App Store offers more than one million apps to 

iPhone, iPad and iPod touch users in 155 countries around the world. Google Play offers apps 

for Android systems and as reported by Nickinson (2011), this online store had 250,000 apps 

available with 6 billion total downloads recorded. Available apps from the App Store, Google 

Play Store and Windows include a large number that are LBS apps with collectively several 

hundred weather apps available from all three mentioned major app stores as either a no cost 

download or for low cost purchase (Google Play 2014; iTunes Preview 2014; Windows 

2014).  

It can be seen from the previous discussion of LBS, that there are positive indications of 

increased usage of smartphone LBS apps. With such increased usage, users are potentially 

exposed to an increased threat landscape of security (Fortinet 2014). The related issues of 

trust that are raised by using LBS apps on smartphones, is now discussed in the following 

sections.  

2.5 Trust 

Trust is a multifaceted concept that encompasses personal, business, organisational and 

community relationships (Nissenbaum (1999). Various theoretical models, definitions and 

interpretations of trust have been proposed that may differ according to the context and 

discipline trust is examined in (McKnight, Choudhury and Kacmar 2002). Yet a commonality 

of the meaning of trust does emerge in the literature that involves confidence, credibility, 

ethical behaviour, reliability, responsibility, risk and vulnerability within relationships 
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between people; be they individuals, organisations or communities (Bachmann & Zaheer 

2006; Gefen et al. 2003; Kaasinen 2005a; Oxford Dictionaries 2014; Zhou et al. 2011). 

In his book The Speed of Trust, Covey (2006, p.10) wrote of the overwhelming general 

importance of trust, stating:  

Trust impacts us 24/7, 365 days a year. It under girds and affects the quality of every 

relationship, every communication, every work project, and every business venture every 

effort in which we are engaged. It changes the quality of every present moment and alters 

the trajectory and outcome of every future moment of our lives—both personally and 

professionally. 

Nissenbaum (1999) noted while the general benefits of trust bring meaningful relationships to 

communities and individuals, the aspects of online trust are multifaceted: in terms of the 

vastness of the technological framework that the online business, governmental and 

organisational world is connected to and the personal day to day interactions performed by 

ordinary people. From their studies, Gefen et al. (2003) suggested an extension of TAM with 

trust in the service provider, as trust issues were shown to have a substantial effect on user 

acceptance. Trust can signal certainty regarding the perception of constancy, reliability and 

confidence in an object, process or person (Fogg & Tseng 1999). Online trust can relate to a 

user’s perception and experiences interacting with websites, yet issues of trust using apps on 

smartphones with their associated technologies, embody similar principles and user 

expectations of security and privacy (Friedman, Khan & Howe 2000; Nissenbaum 1999). 

2.6 Trust of LBS apps 

Trust becomes important to user acceptance of apps on smartphones, when the security 

concerns of user details are involved as trust can be affected by breaches of security 

(Kaasinen 2005a; Zhou et al. 2011). As Trust is indicated by Kaasinen et al. (2011) as a key 

construct and perceived to be integral to user acceptance of mobile services, the current 

research will seek to measure trust of weather apps on smartphones through the critical Trust 

elements of security, reliability and accuracy, as used in the TAMM research studies 

(Kaasinen 2005a).  In the following sub sections these aspects of Trust are each examined. 

2.6.1 Security Concerns 

With Internet and ICT based interactions being all pervasive, security attacks and privacy 

concerns are constant, including the use of apps on smartphones (McAfee 2014; de Montjoye 
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et al. 2013). App security breaches on smartphones can arise from vulnerabilities within the 

technology, including software and server bugs, malware and unauthorised intrusions, such as 

the ‘Heartbleed bug’ in 2014 (Australian Government Initiative 2014; Zhang c. 2014; Zhou et 

al. 2011). There are additional concerns of commercially used GPS technology having the 

potential for misuse of privacy (GPS.Gov 2013).  

The United States of America (USA) government operated GPS is a one way beacon with the 

system unable to determine a user’s location (GPS.Gov 2013). However with the dependency 

of commercially available GPS for location based services functionality, the USA National 

Security Agency (NSA) and the United Kingdom’s (UK) Government Communications 

Headquarters (GCHQ) have shown interest in this technology as it can be used to access the 

location and personal information of users (Beresford & Stajano 2003; Glanz, Larson & 

Lehren 2014; Statt 2014). According to Kaasinen (2005a), Trust is an integral construct for 

acceptance of mobile technology, therefore the possibility of unauthorised intrusion by 

governmental agencies, organisations or individuals could result in low user trust, thus 

potentially impacting negatively on user acceptance (Zhou et al. 2011).  

Smartphones are sophisticated mobile devices and users are demonstrating a measure of trust 

in them by storing and allowing personal and sensitive information to be processed such as: 

phone call logs, contacts, browsing history and cached emails (Zhou et al. 2011). According 

to Zhou et al. (2011), apps with concealed malicious content that can be successfully 

uploaded to app stores and advertised to unsuspecting users to download can be utilised in 

releasing private information without user consent or authorisation. For instance, Enck et al. 

(2014) stated from among 30 popular third-party Android apps, TaintDroid (a dynamic 

analysis system), reported 68 instances of potential unauthorised privacy and location 

intrusions. In order to mitigate against the potential harm from leaked personal information 

from malicious smartphone apps, Zhou et al. (2011) argue for the implementation of TISSA 

(a new privacy mode that the researchers developed on the Android platform) for 

smartphones, which could be used to lock down an app’s access to personal sensitive 

information stored in the smartphone. 

However the question of privacy also raises issues of usability of an app. Pitkänen et al. 

(2003) note that if there is over legislative protection of privacy, it could hamper the 

development of useful services. In practical terms a balance needs to be established between 

the protection of personal privacy and nurturing trust and easy use of apps. According to 
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Kaasinen (2003) and Pura (2005), the misuse of personal privacy through location identifying 

technologies such as LBS and Location Aware Services could result in a broken trust 

between users and service providers. To ensure a straightforward use of an LBS app 

Kaasinen (2005b) contends that while the user needs to be alerted when LBS is activated that 

their location is being monitored, it should not be at the expense of Perceived Ease of Use, 

with excessive acceptance requests.  

Trust in this context, is therefore described by Bachmann and Zaheer (2006, p. 236) ‘as the 

decision to rely on another party (i.e. person, group, or organization) under a condition of 

risk’ which in the current context of LBS app use on smartphones, underscores the 

importance of security factors to ensure a minimised risk to users (Kaasinen 2005a).  

2.6.2 Accuracy 

The user of a mobile service such a weather app is provided with various information data. In 

order for the user to access the information as credible, accuracy is necessary. How the end 

user views the accuracy of the weather information on the app is therefore another important 

aspect of Trust (Kaasinen 2005a). 

2.6.3 Reliability 

From a user perspective, LBS apps need to be reliable, integrated into smartphones and 

current (Pura 2005). Reliability is an aspect of Trust that relates to the consistency of the 

weather app service on a user’s smartphone (Kaasinen 2005a). 

Having discussed trust in general terms and how the various dimensions of Trust may 

influence users of a weather app on a smartphone, the construct of Perceived Value of LBS 

apps is now examined.  

2.7 Value of LBS Apps  

In a marketing context, consumers are described by Hirschman and Holbrook (1982) as those 

who pursue fun and enjoyment or those who search for solutions to problems, referring to 

these two broad groups as involved in a hedonistic or utilitarian consumption experience 

(Anderson & Frost 2013). Similarly the construct of Perceived Value in the context of user 

acceptance of mobile technologies (Kaasinen 2005a) such as LBS apps on smartphones, 

equally embodies the hedonistic and utilitarian value aspects of fun and usefulness, including 

communication. In the TAMM model by Kaasinen (2005a), three main factors that user 

acceptance is built upon are listed: Perceived Ease of Use, Trust and Perceived Value. It 
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became evident to the TAMM researchers (Kaasinen et al. 2011) that in the consumer market, 

the TAM construct of Perceived Usefulness (Davis 1989) may not specify satisfactory 

motivation to actually procure the mobile service in question. Consumers, according 

Järvenpää, et al. (2003), may indeed require motivation to adopt new mobile services under 

conditions where mobility is of relevance and introduces some positive value to a person’s 

life. 

Based on the TAMM model derived by Kaasinen (2005a), the Perceived Value from using an 

LBS mobile app, such as a weather app, can be measured by several factors, including:  

1. The useful value of weather information from the weather app  

2. The entertainment value from using the app 

3. The personal value and relevance of the weather information 

4. The appeal of the app design. 

2.7.1 Useful value 

The usefulness of the weather information relates to what Pura (2005) described as a 

conditional value; of detailed information the user requires in context with the user’s location 

from the app. Their research indicated that obtaining personalised relevant information based 

on user location from a location based mobile service was a key value (Pura 2005). 

Additionally the Perceived Value could be influenced by the comprehensive nature of the 

information. For example, if the weather information is insufficient in regards to rain radar 

coverage, the user may search other media for more comprehensive information (Kaasinen et 

al. 2011).  

2.7.2 Enjoyment value 

Furthermore, Kaasinen et al. (2011) stated that for mobile services to be useful, they needed 

to have topical value; that is to have immediate relevance and importance in respect to the 

user’s current needs and requirements. For example, activities of a practical nature such as 

planning recreational, business or community activities are all weather dependent.  

2.7.3 Visual appeal value 

Additionally, with the volume of paid and no cost weather apps available (Google Play 2014; 

iTunes Preview 2014; Windows 2014), the weather forecasting market has become highly 
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competitive with economic drivers motivating weather apps to have visual appeal value, in 

order to attract and retain users (Thornes & Stephenson 2001).  

2.7.4 Entertainment value 

Andersson and Frost (2013) conclude from their studies on the value dimensions of 

smartphone apps, there are six values; convenience, control, motivation and inspiration, 

monetary savings, knowledge and entertainment value. Entertainment value is defined by 

Andersson and Frost (2013) as more than just a fun endeavour but includes a way of 

combating boredom. According to Holbrook and Hirschman (1982), the entertainment value 

of an app produces feelings of enjoyment and escapism, which are related to a symbolic 

value. In the TAMM model, Kaasinen et al. (2011) included entertainment, enjoyment and 

fun as Perceived Value descriptors of user acceptance of mobile services.  

Marketing concepts of value often place emphasis on price whereas a more extensive 

understanding of perceived value is required when considering other aspects of consumption 

that are more relevant in the context of mobile services (Pura 2005). In TAMM, the 

Perceived Value of the service is one of the three key factors that user acceptance of mobile 

services is built on (Kaasinen 2005a).  

Whilst the current research, to some extent, parallels the work of Kaasinen (2005a) by 

examining user acceptance, which endeavoured to look at Trust and Value of mobile services; 

the current study is specifically focused on user acceptance, Trust and Value of downloadable 

LBS weather apps for use on smartphones. A brief history leading up to the mainstream 

adoption of smartphones follows. 

2.8 Smartphones  

The first hand held mobile phone call was made in New York 1973, by Martin Cooper on the 

Motorola DynaTAC 8000X (Kurt Zenisek 2010). A decade later, commercially available 

mobile phones (retailing for $US3, 995) were big, bulky and had limited connectivity (Kurt 

Zenisek 2010; Moses 2013). Today the growing choice of a mobile phone is a smartphone. 

Smartphones are a technologically advanced mobile phone that has the functionality of 

laptops, desktops and tablets with the capability of running numerous apps offering online 

products and services (Alahuhta et al. 2004; Verkasalo et.al 2009; Wang, Park & Fesenmaier 

2011). Portico Research (2013) report smartphone adoption by world markets has been 

increasing over the last four years with global shipments of 655 million in 2012 with 

projected figure of 1 billion by 2016.  
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Mobile phone sales reported by Gartner (2013) were 455 million with 250 million of those 

units being smartphones. Smartphone sales accounted for 57.6 percent of overall global 

mobile phone sales in the fourth quarter of 2013 (Gartner 2014). Smartphone usage clearly 

continues to increase in contrast to standard mobile phone usage decreasing (Gartner 2012; 

Gartner 2013; Our Mobile Planet 2013; Pew Research Internet Project 2014). According to 

the Consumer Federation of Australia (2012) by June 2012, there were 30.2 million mobile 

services operating in Australia with smartphone usage representing a 50 percent increase 

from June 2011 to June 2012.  

The upward swing in smartphone penetration and adoption shows no signs of regression, with 

consistent upward growth trends clearly evident (Kennedy-Eden & Gretzel 2012; Olson 

2012). According to Moses (2013), more than half of adult Australians owned a smartphone 

with the Australian Mobile Telecommunications Association predicting this figure to reach 

95 per cent by 2015. A similar increasing and widespread use of LBS is indicated according 

to a survey by Zickuhr (2013), where they found 74% of American smartphone users obtain 

information by turning on LBS. Business Insider Australia (2013) reported there were 770 

million commercially available GPS enabled smartphones, indicating an emerging symbiotic 

relationship between smartphones and LBS apps. 

Location Based Services (LBS) apps are widely available across several mobile platforms, 

such as Android, Apple and Microsoft; who purchased the Nokia mobile phone division in 

2013 (Kennedy-Eden & Gretzel 2012; Turner 2013). Notwithstanding the security issues 

related to trust previously discussed, the literature reviewed clearly identifies app market 

growth (Apple Press Info 2014) and accelerated rates of global smartphone penetration and 

adoption (ACMA 2013; Turner 2012; Kennedy-Eden & Gretzel 2012; Verkasalo et.al 2009; 

Wang, Park & Fesenmaier 2011). Coupled with the nomadic nature of societal lifestyle 

patterns, it would appear that the smartphone is currently a technologically and commercially 

well suited device for consumer ready weather information via weather apps (Weather Ready 

Nation 2014).  

An example of some of the features, such as location, radar and warnings, available in a LBS 

weather app on an Android smartphone are shown in Figure 2.5 following. 
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However, as noted previously, adoption and usage of LBS apps while becoming increasingly 

widespread (Google Play 2014; iTunes Preview 2014; Windows 2014; Kennedy-Eden & 

Gretzel 2012; Portico 2013) could nonetheless be dependent upon Trust and Value of LBS 

apps as perceived by end users (Kaasinen 2005a; Zhou et al. 2011).  

2.9 Summary 

Prior to the IT revolution and ensuing widespread availability of the Internet and computing 

devices (Moor, cited in Tavani 2013; Weiser 1991), weather information was broadcast 

through various non-electronic and electronic media (Chahine, Graham & Parkinson 2002). 

However populations are now also receiving routine and vital weather information through 

media other than traditional sources of television and radio, such as from various computing 

devices now widely available, for example, personal computers, laptops, tablets, phablets and 

smartphones (Danova 2014; NWS c.2014; The Verge Video 2014; Wang, Park & Fesenmaier 

2011). In view of the growth, penetration and adoption of smartphones and LBS apps, 

coupled with the mobility of societal lifestyle patterns, the smartphone, would seem to be 

well suited as a device for consumer acceptance of weather information by means of LBS 

weather apps. (ACMA 2013; Turner 2012; Apple Press Info 2014; Kennedy-Eden & Gretzel 

2012; Weather Ready Nation 2014; Verkasalo et.al 2009; Wang, Park & Fesenmaier 2011.).  

2.10 Conclusion 

A review of the literature demonstrates that TAM models including the TAM2 have been 

used extensively to test user acceptance of new information systems technologies (Davis 

1989; Lu, Yao, & Yu 2005; Venkatesh & Davis, 2000). Other studies have been conducted of 

user acceptance for mobile applications on smartphones, including apps for tourism (Wang, 

   

Figure 2.5: Weatherzone Plus Android Smartphone app (WeatherZone 2014) 
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Park & Fesenmaier 2011), gaming, maps and the Internet (Fesenmaier & Wang n.d.; 

Kennedy-Eden & Gretzel 2012; Verkasalo et al. 2009). Significant however to the current 

research is TAMM by Kaasinen (2005a), a model that extends and modifies the original 

TAM, having been field and design tested specifically for mobile services, including 

Location Aware Services, a form of LBS (Kaasinen 2005a; Kaasinen et al. 2011).  

Furthermore with the inclusion of the constructs of Trust and Perceived Value, TAMM would 

appear to be the most appropriate framework for the analysis of user acceptance of LBS 

weather apps on smartphones; appearing to be more suitable and offering possible wider 

implications for the current research than with the original TAM (Kaasinen 2005a). For 

example according to Kaasinen et al. (2011) in those workplace environments for which 

TAM was originally developed (Pura 2005), trust was implied to the user; as the delivery of 

information and services and usage of personal data was considered reliable.  

However in the TAMM model, Trust is included as a new, distinct element of user 

acceptance that can be tested, as evidenced by Kaasinen (2005a). Notwithstanding the 

suitability of TAMM as a framework, literature reviewed as part of this chapter provides a 

strong positive indication that a knowledge gap (reflected in the current research and 

associated research questions/hypotheses) exists. The original research by Kaasinen (2005a) 

tested weather apps in the context of a pilot study of location aware SMS for weather and 

road conditions on mobile phones, not as preinstalled or downloadable LBS weather apps on 

a smartphone.  

As previously discussed, there have been numerous studies of technology acceptance 

including mobile devices, using various modifications and extensions based on the TAM 

(Kaasinen 2005a; Lee, Kozar & Larsen 2003; Sack & Röcker 2014). However, to the best of 

author’s knowledge there has not been a specific study of user acceptance of LBS weather 

apps on smartphones from the perspective of the TAMM constructs, in particular of Trust and 

Perceived Value (Kaasinen 2005; Verkasalo et al. 2009; Lu, Yao & Yu 2005). LBS being a 

category of IS, have been shown to be widely used on smartphones that include apps for : 

location finding information, advertising, emergency services and social media (Grossi 2011; 

Kushwaha & Kushwaha 2011; Steiniger, Neun & Edwardes 2006; Sturdevant 2009; Vanjire 

et al. 2014; Zickuhr 2013). According to Grossi (2011) LBS apps represented approximately 

10% of the millions of apps available on the iOS and Android platforms. Collectively there 
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are several hundred LBS weather apps available from Google Play (2014), iTunes Preview 

(2014) and Windows (2014). 

Findings from the current research therefore may have implications for a possible wider 

application pertaining to the growing market of LBS services in which Trust and Perceived 

Value are important elements to growth and acceptance (Pura 2005; Vanjire et al. 2014; 

Kaasinen et al. 2011). While the current research parallels to some extent previous research 

(by Kaasinen 2005a) in Finland, where TAMM was developed and tested in a qualitative 

research design, this study employs a quantitative research design using a web based online 

survey instrument to aid in data collection.  

2.11 Research Question  

As suggested by Kaasinen et al. (2011) the constructs of Trust and Perceived Value, from the 

TAMM framework are two key characteristics involved in the study of user acceptance of 

mobile services leading to the research question:  

What are the key factors that may influence user acceptance of Information Systems: from the 

perspective of the TAMM constructs, focusing on the influence of Trust and Perceived Value 

upon user acceptance of LBS weather apps on smartphones? 

From this central research question several hypotheses become manifest which is now 

presented. 

2.12 Hypotheses 

H1 Perceived Ease of Use will directly affect the Intention to Use a weather app on a 

smartphone. 

H2 Perceived Ease of Use will directly affect the Perceived Value of a weather app on a 

smartphone. 

H3 Perceived Value will directly affect the Intention to Use a weather app on a smartphone. 

H4 Trust will directly affect the Intention to Use a weather app on a smartphone. 

H5 Intention to Use will directly affect the Taking into Use of a weather app on a 

smartphone. 

H6 Perceived Ease of Adoption will directly affect the Taking into Use of a weather app on a 

smartphone. 
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H7 Taking into Use will directly affect the Usage Behaviour of a weather app on a 

smartphone. 

An overview of the methodology for this study now follows, describing various research 

methods used in this study.   
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Chapter 3 

METHODOLOGY 

3.1 Introduction 

From the literature review in Chapter 2, theoretical models appropriate to the study of user 

acceptance, Trust and Value of weather apps on smartphones were identified. In comparing 

the various technology acceptance models, TAMM was found to be the most suitable 

theoretical framework for this research. Smartphones and LBS apps were also examined in 

the context of consumer growth and user acceptance. How smartphones and LBS weather 

apps relate to the research was articulated at the conclusion of Chapter 2, in the central 

research question.  

The contents of this chapter expound the research methodology employed for this study 

including: the research design, survey participants, sampling strategies, data collection, data 

analysis and the validity and reliability of the research methodology. Justification for using a 

purposive, self selection sampling technique is given (Trochim 2006). The use of Exploratory 

Factor Analysis as the primary technique for the data analysis used in the study is presented 

and discussed. Finally, the use of an Independent samples t-test and regression are also 

explained in the context of the current research.  

The research question stated previously in chapter 2 is reiterated here in the form of 

hypotheses. 

H1 Perceived Ease of Use will directly affect the Intention to Use a weather app on a 

smartphone. 

H2 Perceived Ease of Use will directly affect the Perceived Value of a weather app on a 

smartphone. 

H3 Perceived Value will directly affect the Intention to Use a weather app on a smartphone. 

H4 Trust will directly affect the Intention to Use a weather app on a smartphone. 

H5 Intention to Use will directly affect the Taking into Use of a weather app on a 

smartphone. 
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H6 Perceived Ease of Adoption will directly affect the Taking into Use of a weather app on a 

smartphone. 

H7 Taking into Use will directly affect the Usage Behaviour of a weather app on a 

smartphone. 

3.2 Research Design 

Formal research as described by Leedy and Ormond (2013) involves gaining an improved 

understanding of a particular phenomenon in order to share the findings with the scientific 

community. There are several considerations that may determine the research design best 

suited to a specific study. According to Punch (2013) the positivist paradigm approach is 

associated with quantitative methods and the interpretivist/constructivist paradigm approach 

is associated with qualitative methods of research. 

Leedy and Ormond (2013, p. 96) state: “Quantitative researchers seek explanations and 

predictions that will generalise to other persons and places”. As such, quantitative researchers 

seek to contribute to existing theories whereas qualitative researchers may build a theory 

through observations. According to Merriam (1995) quantitative research collects data and 

measures a fixed reality of the problem through statistical procedures while qualitative 

research attempts to understand several changing realities associated with the problem.  

A brief summary of these two research approaches follows. 

3.2.1 Qualitative Approach 

To answer some research questions, we cannot skim across the surface. We must dig deep 

to get a complete understanding of the phenomenon we are studying. In qualitative we do 

dig deep (Leedy & Ormond 2013, p.139).  

According to Denzin and Lincoln (2009) a qualitative approach is not easily defined, using 

numerous methods and techniques, some of which are used in quantitative research such as 

graph charts, numbers, statistics, charts, and tables; thus qualitative research encompasses 

complex practices covering the broad scope of human disciplines. 

In Table 3.1 the basic purpose of several qualitative designs is explained (Leedy & Ormond 

2013, p. 150).   
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Table 3.1: Qualitative Designs 

 

 

 

 

 

 

3.2.2 Quantitative Approach 

There are several reasons for employing a quantitative approach that uses a survey research 

method. As identified by Leedy and Ormond (2013, pp. 96-100) the key advantages may 

include:  

 Data is retrieved from the targeted sample is in a form easily converted to numerical 

format suited to statistical analysis.  

 Statistical analysis will determine the meaning of the data. 

 This research aims to generalise findings to the larger population.  

 The findings will be reported by summarising the statistical information. 

Of course there are limitations to consider when using a quantitative approach. As discussed 

in Warwick (2014), limitation could include:  

 The complexity of human experience it is difficult to rule out or control all the 

variables. 

 Because of human agency people do not all respond in the same ways as inert matter 

in the physical sciences. 

 Its mechanistic ethos tends to exclude notions of freedom, choice and moral 

responsibility. 

 Quantification can become an end in itself. 

Perry (1998) observes that theory development can also form a foundation to help distinguish 

qualitative and quantitative approaches; with the deductive approach representing a 

quantitative design and the inductive approach representing a qualitative design. The 

Qualitative Design Purpose 

Case study Understand people or situations in great depth 

Ethnography  Understand how behaviours affect cultures and 

groups 

Phenomenological approach Understand the experience from the perspective of 

participants in the study 

Grounded theory 

 

A theory derived from data collected in a natural 

setting 

Content Analysis  The characteristics are identified from a body of 

material (from various forms of communication) 
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following, condensed summary of quantitative and qualitative characteristics (shown in Table 

3.2) further clarifies the key differences between these two research approaches.  

Table 3.2: Distinguishing characteristics of quantitative and qualitative approaches 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Source: (Leedy & Ormond 2013, p. 96). 

While this study will employ a quantitative approach, a qualitative research approach was 

considered. Yet notwithstanding the perceived benefits of an in depth study that qualitative 

research encompasses, the employment of quantitative methods for this study would better 

enable empirical testing of the hypotheses.   

3.2.3 Survey Instrument 

QuestionPro, an online research software program was used to create the web based survey 

instrument. The demographic variables and some of the other survey sections were comprised 

of nominal, ordinal and continuous scales (ABS 2014). It should be noted that the Likert 

scale (Likert 1932 ) has been the subject of ongoing controversy among statisticians in terms 

Question Quantitative Qualitative 

What is the purpose of 

the research? 

 To explain and 

predict  

 To confirm and 

validate 

 To test theory 

 To describe and 

explain 

 To explore and 

interpret 

 To build theory 

What is the nature of the 

research process? 

 Focused 

 Known variables 

 Detached View 

 Holistic 

 Unknown variables 

 Personal view 

What are the data like 

and how are they to be 

collected? 

 Numeric data 

 Representative 

large sample 

 Standardised 

instruments 

 Textual/Image based 

data 

 Informative, small 

sample 

 Loosely structured 

How are the data 

analysed to determine 

their meaning? 

 Statistical analysis 

 Stress on 

objectivity 

 Deductive 

reasoning 

 Search for themes 

 Acknowledgment 

that analysis is 

subjective and 

potentially biased 

 Inductive reasoning 

How are the findings 

communicated? 

 Numbers 

 Statistics, 

aggregated data 

 Formal voice, 

scientific style 

 Words 

 Narratives, 

individual quotes 

 Personal voice, 

literary style (In 

some disciplines) 
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of treatment as interval data and the number of scales to be used; five, seven or even eleven 

point scales (Cummins & Gullone 2000; Dawes 2008).  However according to Allen and 

Seaman (2007), using at least a 5 point Likert scale is acceptable with the 7 point Likert scale 

found to acquire the upper limits within the scales reliability. The 7 point scale allows for the 

addition of ‘very’ to responses at both extreme ends of the 5 point scale (Allen & Seaman 

2007). Thus it was considered appropriate for this research to use a 7 point Likert scale with 

respective anchors for each question at the endpoints of the scale. 

As recognised in Section 3.2.2, quantitative analysis techniques will be used to evaluate 

variables associated with user acceptance, Trust and Perceived Value of location based 

services apps, in particular, weather apps used on smartphones. Three essential conditions, as 

indicated by Yin (1994), that a quantitative researcher should consider when establishing 

which type of research strategy should to be utilised within an evaluation, are:  

 the type of research question posed 

 the extent of control an investigator has over the actual behavioural events  

 the degree of focus on contemporary as opposed to historical events 

Further Yin (1994) highlights five differing strategies for academic inquiry within the social 

sciences, namely: experiments, surveys, archival analysis, histories and case studies. It is 

apparent from the strategies mentioned by Yin that the central research question in the current 

study would be most appropriately addressed through the use of a survey based approach. 

The research question seeks to identify what are the key factors that may influence user 

acceptance of Information Systems, with a focus on LBS weather apps on smartphones. This 

research question can also be addressed without control over behavioural events, as the 

research is seeking to have respondents provide reflective responses regarding their LBS 

usage experiences. Moreover the research question has a focus on contemporary phenomena, 

another of Yin's key research criteria (Yin 1994). Similarly, Bennett (1991) identifies criteria 

for selecting a research methodology; by asking whether the selected method allows the 

research question to be answered.  

It is clear that in adopting Bennett’s (1991) first criterion of the method enabling answering 

of the research question, aspects such as user acceptance, Trust and Perceived Value need to 

be tested. By using a survey methodology it would therefore allow statistical tests of the 

associations between variables (attributes) to be undertaken. Thus in relation to Bennett’s 
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first criterion, a survey methodology is considered suitable. In summary, as upheld by both 

Yin (1994) and Bennett’s (1991) criteria for the selection of a research methodology, the use 

of a quantitative survey is ascertained as an appropriate method for investigating the 

overarching research question.  

In the following sections the sampling frame, sample size, sampling strategies and the type of 

sampling techniques used in this study are discussed. 

3.3 Sampling Frame 

The potential respondents invited to participate in this research are all Southern Cross 

University domestic and international students and staff. To fully address the research 

question, a global sampling frame of smartphones users running a weather app would be 

required. Realistically, in terms of available time and resources it is beyond the scope of this 

research to reach such a global sampling frame. Given there is no worldwide list of 

smartphone users available to the researcher, the choice of a target population is determined 

from that which a sampling frame does exist and is available; a synthesis of people from 

around the world, namely: SCU domestic and international students and staff. Hence an 

equitably multifarious range of disciplines, age groups and education is included in the 

sampling frame that assumes a reasonable expectation of smartphone users. 

As mentioned it is beyond the scope of this research to obtain a worldwide list of smartphone 

users location based applications (especially weather apps on their devices), which is a 

limitation discussed in Chapter 5. However there are several indications believed to point to 

the population of interest which could be represented within the target population of SCU 

staff and students. Given the ubiquitous nature of smartphone usage and global growth of 

Location Based Service apps (Kennedy-Eden & Gretzel 2012; Turner 2013; Verkasalo et.al 

2009; Wang, Park & Fesenmaier 2011) it is reasonable to assume smartphone and weather 

app users may fall within the highly educated University sector. 

Therefore while it is acknowledged there are limitations in the sampling frame it is believed 

that such limitations, which are further discussed in Section 5.6, will not adversely affect the 

results. 

3.4 Sampling Size 

In order to generalise this research to a larger population Cochran’s formula (Bartlett, Kotrlik 

& Higgins 2001) was used for continuous data items, thus calculating the optimum sample 
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size required. The calculation resulted in the requirement of 118 participants. This value was 

exceeded given that the number of valid responses received was 356. Cochran’s calculation 

can be found in Appendix G: Cochran’s Equation 

3.5 Sampling Strategies 

The invitation email sent to potential respondents included a link to the survey site. The site 

provided an introduction to the research with a clickable button to commence the survey. In 

accordance with privacy policies relating to participant anonymity the respondents were not 

required to enter their name at any point during the survey. The specific target subset of the 

larger population was SCU domestic and international students and staff (SCU 2014) being 

approximately 15,407. The sample was accessed from the SCU List Server. See Appendix A: 

Invitation Email. 

3.6 Self-selection Sampling 

As previously mentioned, the potential respondents invited to participate are all SCU 

domestic and international students and staff. Therefore a nonprobability self-selection 

sampling technique was used for the data collection. This is a non-random sampling 

technique that encompasses users in a specific target population. Detailed information about 

the online survey was provided in an invitation email sent to potential participants via the 

SCU List Server. It included various aspects relating to ethics approval, contact information 

for the researcher and the Ethics Complaints Officer. It was also explained that there was no 

obligation to take part in the research and respondents could exit the survey at any point 

during the questionnaire. In this way respondents were self-selecting by choosing to 

participate in the survey or not to participate. 

3.7 Questionnaire Design 

As indicated by Leedy and Ormond (2013 p.189) survey research is at times defined as 

“almost any kind of descriptive quantitative research.” However Leedy and Ormond (2013) 

contend survey research involves both quantitative and qualitative approaches, with the 

ultimate objective of learning more about a given population from a sample surveyed from 

that population. In conducting survey research, there are several methods discussed by Leedy 

and Ormond (2013) which include: 

 Internet based online questionnaires 

 Face to face interviews 
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 Interviews by phone 

 Written questionnaires. 

3.7.1 Online Questionnaire 

An online based questionnaire was chosen to be the most effective means of data collection 

for this research. There a number of benefits attached to online based surveys, both to the 

researcher and the participant which are now discussed. 

Advantages 

Cost and time are immediate benefits as the distribution of the survey is effected via the 

Internet, with minimal data costs and drastically reduced distribution and data collection time 

frames (Medlin, Chai & Roy 1999). In contrast to paper based surveys with delivery 

irregularities intrinsic to postal mail (Medlin, Chai & Roy 1999), online questionnaires enable 

instant and efficient delivery mode by initiating an invitation bulk email to the potential 

respondents, exceeding local geographic boundaries expeditiously and efficiently (Crowley 

1995). A major time saving advantage is that the results from the online survey can be 

tabulated promptly for entry into a statistics application for analysis. 

However there are disadvantages to using online web-based survey methods, which are now 

discussed. 

Disadvantages 

One disadvantage of using an online web survey, compared to a mail questionnaire, is the 

possibility of non-adoption of the Internet, the accessibility and availability of Internet access, 

commonly known as the digital divide (Medlin, Chai & Roy 1999; Tavani 2013). However, 

the potential accessibility from the vast online international community is ever increasing; 

comprising currently of 40.4% of the world’s current population (Internet Live Stats 2014; 

ITU 2014).  

Further disadvantages of self-administered online questionnaires, is the reliance of the 

researcher on the efficiency of the written word rather than the skills of the interviewer, 

where questions may be rephrased to convey their intended purpose (Zikmund 1997). To 

ensure the meaning of the survey questions were accurately conveyed, the instrument was 

developed over several months and reviewed by marketing and information technology 

academics, offering critical analysis on the structure, content and wording. To address a 
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further possible disadvantage of missing values from the responses, all questions were 

labelled as ‘required’.  

This meant if respondents missed a question, prompts would alert them to the omission, 

asking to complete the relevant survey questions before survey submission. However despite 

the disadvantages to web based survey research, as Couper (2000) pointed out many years 

ago when online surveys were in their infancy, web surveys also presented vast potential, 

with improvements only a matter of time. 

Before any meaningful data can be acquired issues related to informed consent from the 

sample population need to be addressed (and will be reflected upon following).  

3.7.2 Informed Consent 

Participation of the online survey is voluntary. The invitation email clearly explained that 

there was no obligation to take part, and those respondents taking part could quit at any time 

during the process and that completion. Furthermore, on the Question Pro platform, an 

informed consent information web page was presented to respondents prior to being able to 

commence the survey.  Here it was stated to respondents that completion of a full section of 

the survey or the submission of the survey in full would constitute consent by the user for 

data collection obtained from the survey to be used in the research project.  

The method outlined above for obtaining informed consent, appears to be an acceptable and 

ethical way of meeting the practical requirements of participant consent for online web-based 

surveys (Schmidt 1997; Walther 2002).  

3.7.4 Demographic 

Part 1 of the survey involved demographic questions, allowing for the separation of the 

survey participants into differing profiles. Demographic questions contained within the 

instrument included: 

What is your Gender? Respondents were given a choice of Male and Female. 

What is your Age Group? Respondents were given a choice of 18-25 years, 26-35 years, 36-

45 years, 46-55 years, 56-65 years, 66 and over. 

What is the current country you reside in? Respondents were asked to nominate their current 

country of residence. 
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Current University Status 

This question asked participants whether they a current SCU student, International Onshore 

student, International offshore student, Staff or other. 

What is the highest education level you have attained?  

This question gave the participant a choice of High School, TAFE (Technical College) 

Certification, Diploma Certification, Degree or a Post Graduate Qualification.  

Do you use a weather app on a smartphone?  

Respondents were given the choice of Yes and No. 

What operating system does your smartphone use?  

This is an additional question indicating to the researcher the type of operating systems in use 

by the sample. The results from this question may show any influence operating systems may 

have on the TAMM constructs. 

If should be noted that the question included in the Demographics section that asked: “Do 

you use a weather app on a smartphone?” was used to filter out respondents who did not use 

a weather app on a smartphone. Respondents who selected “No” to this question were 

branched to the end of the survey as the remainder of the questions would be of relevance 

only to users of a LBS weather app on a smartphone. 

The following sections in the instrument presented questions to help determine the influences 

from the TAMM constructs upon user acceptance of LBS weather apps used on a 

smartphone.  

3.7.5 Trust 

The Trust aspect of user acceptance in the TAMM model is an addition to the model (TAM) 

it is derived from. The original TAM (Davis 1989) was designed for testing user acceptance 

of information systems in workplace environments. In those environments, users could rely 

on the information and services provided by the organisation and the ways their personal data 

was used (Kaasinen et al. 2011). However with the use of LBS apps on smartphones, and 

their reliance of GPS, Trust and the related element of security and have the potential to 

become issues between users, providers of various mobile apps (Google Play 2014; iTunes 

Preview 2013; Windows 2014) and governmental agencies (Beresford & Stajano 2003; 

Glanz, Larson & Lehren 2014; Statt 2014).  
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Three questions relating to Trust contained within the instrument were sourced from TAMM 

(Kaasinen 2005a). For these questions a 7 point Likert scale was used.  

In your opinion, how reliable is the weather app you use?  

This question was anchored by; 1 representing "Not Reliable” and 7 representing "Very 

Reliable."  

In your opinion, how accurate is the weather information on the weather app you use?  

This question was anchored by; 1 representing "Inaccurate” and 7 representing "Very 

Accurate."  

In your opinion, how secure is the weather app you use?  

This question was anchored by; 1 representing "Not Secure” and 7 representing "Very 

Secure.".  

3.7.6 Value 

As previously discussed in the literature review, the construct of Perceived Value in the 

TAMM model replaces the construct of Perceived Usefulness found in TAM (Kaasinen et al. 

2011). In the TAMM model by Kaasinen (2005a) the three main factors that user acceptance 

is built upon are listed as: Perceived Ease of Use, Trust and Perceived Value. It became 

evident to the TAMM researchers (Kaasinen et al. 2011) that in the consumer market, the 

TAM construct of Perceived Usefulness (Davis 1989), may not specify satisfactory 

motivation to actually procure the mobile service in question.  

Therefore in the current survey it was necessary to determine the responses to the Perceived 

Value aspects of enjoyment, appeal, fun and the usefulness of a weather app. Such questions 

would assist the researcher to determine how Perceived Value, a key characteristic under 

study in this research, impacts on user acceptance.  

Four questions relating to Perceived Value contained within the instrument were sourced 

from TAMM (2005a). A 7 point Likert scale was used for these questions. 

“In your opinion, how enjoyable is your weather app to use?”  

This question was anchored by; 1 representing "Not Enjoyable” and 7 representing "Very 

Enjoyable."  
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“In your opinion how, useful is the weather information from your weather app?”  

This question was anchored by; 1 representing "Not Useful” and 7 representing "Very 

Useful."  

 “In your opinion, how appealing is the weather app you use?”  

This question was anchored by; 1 representing "Not Appealing” and 7 representing "Very 

Appealing."  

“In your opinion, how entertaining is the weather app to use?”  

This question was anchored by; 1 representing "Not Entertaining” and 7 representing "Very 

Entertaining."  

3.7.7 Ease of Use 

The Perceived Ease of Use construct is included in the original TAM by Davis (1989) and 

retained in the modified TAMM model by Kaasinen (2005a). Venkatesh et al. (2003) 

reiterates the measurement scales for Perceived Ease of Use from TAM (Davis 1989) and 

TAM2 (Venkatesh & Davis 2000) as: 

 Learning to operate the system would be easy for me.  

 I would find it easy to get the system to do what I want it to do.  

 My interaction with the system would be clear and understandable  

 I would find the system to be flexible to interact with.  

 It would be easy for me to become skillful at using the system. 

 I would find the system easy to use. 

Given that the Perceived Ease of Use construct was included in the TAMM model, these six 

scales listed above by Venkatesh et al. (2003) formed the basis for the six questions presented 

in the online survey relating to Perceived Ease of Use.  

The following are the six Perceived Ease of Use survey questions with the identical anchors 

“Not Easy” and “Very Easy” as the endpoints of the Likert scale: 

In your opinion, how easy is it to learn how to use the weather app?  

In your opinion, how easy is it to get the weather app to do what you want it to do?  

In your opinion, how easy was it for you to become skilled in using the weather app?  

In your opinion, how easy is it to use the navigation menus on the weather app?  
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In your opinion, how easy is it to interact with the weather app?  

In your opinion, how easy is it to customise the settings on the weather app?  

3.7.8 Usage 

These questions relate to aspects of usage to determine both the length of time respondents 

have been using a weather app on a smartphone and the regularity of their usage. The 

questions posed to the respondents were: 

How frequently do you use a weather app on your smartphone? Frequency of Use offered 7 

choices of increasing frequency: Rarely, Yearly, Monthly, Fortnightly, Weekly, Daily and 

Hourly. 

How many years have you been using a smartphone?  

Years using a smartphone presented 7 choices of increasing duration: 1 year or less, 1-2 

years, 2-3 years, 3-4 years, 4-5 years, 5-6 years, 6+ years. 

How many years have been using a weather app on a smartphone?  

Years using a weather app on a smartphone question again presented choices of increasing 

duration: 1 year or less, 1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years, and 6+ years. 

3.7.9 Ease of Adoption 

In the original TAM it was developed to access information systems in an organisational, 

workplace environment (Davis 1989; Kaasinen et al. 2011).  Ease of Adoption in those 

environments did not present any real issues, as applications were installed ready for the 

users. However Kaasinen (2005a) found one of the difficulties for potential users adopting 

commercial mobile services proved to be unawareness of available services, nor 

understanding how to take the mobile services into use. 

Therefore the questions relating to aspects of Perceived Ease of Adoption were presented to 

determine the experience in terms of the user ease in adopting a weather app on a 

smartphone. The questions posed to the respondents were: 

How easy was it to locate the weather app on your smartphone? 

How easy was it to start using the weather app on your smartphone? 

How easy was it to understand the description of all the features included in the weather app 

on your smartphone? 
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Each of these three questions were anchored by; 1 representing "Not Easy” and 7 

representing "Very Easy.” 

Three additional questions relating to the Perceived Ease of Adoption construct were also 

included in the survey, but as they related to respondents experience with the Apps store it 

was required to determine if the respondent had downloaded and installed a weather app.  

Respondents who installed additional weather apps on their smartphone were also considered 

to demonstrate a direct link between the Intension to Use and Taking into Use constructs of 

the theoretical model.  To identify respondents whom had downloaded a weather app, 

participants were asked which of the following applies to you: 

I am using the pre-installed on my smartphone.  

If respondents answered “Yes” they were using the preinstalled weather app on their 

smartphone and were branched to the end of the survey. The following two choices identified 

the respondent as a user that had downloaded and installed an additional weather app to their 

smartphone.  

I am using the weather app I downloaded to my smartphone. 

I am using multiple weather apps on my smartphone 

If they answered in the affirmative to either of these questions they were directed to the next 

section, which included specific questions related to these respondents. These questions were 

presented in a 7 point Likert scale format anchored by 1 representing "Not Easy” and 7 

representing "Very Easy”. Information was being sought on the Perceived Ease of Adoption 

these respondents experienced in dealing with the various apps stores for Android, iOS and 

Windows smartphones (Google Play 2014; iTunes Preview 2014; Windows 2014). The 

questions posed were: 

How easy was it to locate a weather app in the app store? 

How complicated was it to install the app you downloaded? 

How easy was it to start using the weather app you downloaded? 

A final question in the Download section asked of respondents: 

Have you purchased a weather app?  
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This was presented to respondents as a nominal Yes or No question. The question was 

included in order to gather additional data from respondents who indicated in the previous 

section they had either downloaded or used multiple weather apps. It was felt the question 

could provide user information from a commercial perspective and convey further 

understanding of the Trust and Perceived Value users have in regard to preinstalled and 

downloaded weather apps on smartphones.  

To examine the complete questionnaire, see Appendix A: Survey Questionnaire. 

3.8 Survey Control Measures 

Various web browsers were used to test the online survey site for design and functionality 

prior to the invitation email being sent to SCU staff and students. The browsers that were 

used included:  

 Internet Explorer versions 11 and 10 

 Mozilla Firefox version 31.0  

 Google Chrome version 36.0  

 Safari. 

The platforms used to test the survey included Mac, Windows and several mobile devices 

(iOS, Android and Windows).  

Prior to the survey being launched, three main operating systems were examined to determine 

the availability of preinstalled weather apps on various smartphones. These included:  

 iOS (iPhone) 

 Android (LG, Samsung, HTC, Motorola, Sony and Huawei) 

 Windows 8 (Nokia, HTC and Samsung).  

It was confirmed that all of the current iPhone, Android and Windows smartphones examined 

prior to survey distribution, had a preinstalled weather app available for immediate use. 

3.9 Pilot Study 

Prior to the main data collection, survey piloting was conducted in a detailed review of the 

questionnaire (Andrews, Nonnecke & Preece 2003). In this Expert Review, the survey 
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questions were sent to several experts in the following fields: information technology, market 

research, research methods and questionnaire design. Provision for feedback comments and 

questions relating to the aspects of the survey design was provided. The researcher was 

presented with valuable feedback from the members of the experts review. This feedback 

from the experts was received via several methods; face to face, telephone conference call, 

and through the provision for feedback/comments provided on the survey itself. These 

observations and suggestions during the pilot study allowed the researchers to clarify any 

misunderstandings regarding aspects of the survey and in particular refine the survey items 

(Wyatt 2000). 

3.10 Validity and Reliability 

Internal and content validity is supported by conducting survey piloting: a pilot study from a 

small sample of the population that has demonstrated capabilities in survey design.  As 

previously mentioned an expert review was undertaken. The benefits of survey piloting help 

ensure internal and content validity (Andrews, Nonnecke & Preece 2003). The pilot study 

from the participants helped produce a finely tuned and refined final questionnaire (Zikmund 

& Babin 2012) that resulted in a response rate of completed surveys exceeding Cochran’s 

formula of required responses for generalisability (Bartlett, Kotrlik & Higgins 2001).  

Additionally a widely used internal consistency measure is Chronbach’s coefficient alpha. All 

survey items passed this internal measure. External validity can be established from the 

generalisability of the findings to the larger population. Using Cochran’s formula (Bartlett, 

Kotrlik & Higgins 2001) the optimum sample size required for generalisability was satisfied. 

Survey instrument reliability can be established by using previously tested items from the 

studies by Kaasinen (2005), Sack and Röcker (2014) and Chang, Kaasinen and Kaipainen 

(2012) where the TAMM framework was used.   

3.11 Ethics Approval for the Survey 

The SCU Human Research Ethics Committee (HREC) granted ethics approval to conduct the 

online survey and collect data for analysis. The SCU Human Research Ethics Committee was 

informed, on finalisation of the data collection, that the survey had been completed. The 

survey website was then modified to indicate to visitors that the survey had closed. 
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3.12 Survey Response 

The survey was released on Monday, July 7, 2014 and data collection was terminated two 

weeks following. During this period a total of 356 valid responses were collected. There are 

several reasons for such a strong response rate that may include:  

 A meaningful tagline in the invitation email (BloombergBusinessweek 2005). 

 The research study topic of current smartphones technologies and LBS (ACMA 2013; 

Kennedy-Eden & Gretzel 2012). 

 The weather being of topical value (IPCC 2014; Weather Ready Nation 2014; Zickuhr 

2013).  

3.13 Data Analysis 

The data collected from the survey respondents will be analysed using several techniques. 

Statistical software used for the analysis will be the SPSS Version 22. This software is 

available from SCU without cost to assist with this research. 

The following analyses will be used to examine the data set:  

 Descriptive measures including, Frequencies/ Mean/Modes/Standard Deviation 

 Mann-Whitney U tests: to discover the influence of ordinal values, such as gender 

and the purchase of a weather app, on questions measuring the constructs in the 

TAMM model. 

 Cross tabulations: to examine and discover the influence of any of the interval 

measures (demographics/including smartphone operating systems and purchase) on 

questions measuring constructs in the model. 

 Correlations of all continuous data to examine and discover the strength of a 

relationship between pairs of variables.  

 Exploratory Factor Analysis to discover whether the variables align with the 

theoretical constructs of the model, thereby supporting the research hypotheses. 

 Independent t-test is used to determine significance between the mean of the factors 

extracted from the EFA 

 A Regression Analysis model designed and run to confirm the relationship between 

the variables found within the hypothesis, H2.  
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3.14 Factor Analysis 

Factor Analysis is a multivariate statistical technique applied to a single set of variables when 

the researcher is interested in discovering which variables in a set form of coherent subsets 

that are relatively independent of one another (Tabachnick & Fidell 2001). The aim of factor 

analysis is to identify underlying dimensions, or factors within a particular data set. In 

essence a factor is a dimension or constructs (Kline 2014). Exploratory Factor Analysis and 

Confirmatory Factor Analysis (CFA) are the two general types of factor analysis used.  

EFA is employed when the researcher has not determined the number of factors required to 

explain the relationship between a set of items or characteristics (Pallant 2010). Thus, EFA 

therefore offers an instrument for consolidating variables and generating hypotheses about 

underlying processes and is utilised when theoretical knowledge of the data set is minimal 

(Tabachnick & Fidell 2001). CFA as noted by Bandalos (1996) is differentiated from EFA by 

being thought of as more of a pre-existing theory testing procedure.  

CFA is utilised when an exact factor model has been determined by the researcher in advance 

(Stevens 2009; Pett, Lackey & Sullivan 2003). Therefore, the purpose of EFA and CFA is 

specific and differs for each factor method (Stevens 2009), as illustrated in Table 3.3.  

Table 3.3: Exploratory Factor Analysis and Confirmatory Factor Analysis 

Exploratory factor analysis Confirmatory factor analysis 

Theory generation 

Heuristic – weak literature base 

Determine the number of factors 

Determine whether the factors are 

correlated or uncorrelated 

Variables free to load on all factors 

Theory testing 

Strong theory and/or strong empirical base   

Number of factors fixed a priori 

Factors fixed a priori as correlated or 

uncorrelated 

Variables fixed to load on a specific factor or 

factors 

 

As the theoretical model, TAMM by Kaasinen (2005a) used in this research has had minimal 

testing within an information systems environment, CFA for these reasons cannot be used in 

this study. 
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3.14.1 Factor Analysis applications 

A number of studies involving information systems and technology acceptance models have 

utilised EFA. Smart (2009) used EFA for analysis of an online survey involving information 

system success research. Other related studies that used factor analysis include research by 

Agarwal and Prasad (1998) in which the purpose was to examine how a new construct may 

show how individuals adopt new information technologies. Bhattacherjee (2011) also ran 

EFA for research looking at influences affecting the intention to continue using information 

systems. 

Many research settings, from which technology acceptance has been investigated, lack pre-

existing theory or an empirical foundation. This too was the case with the current research. 

For that reason, EFA will be employed in determining underlying dimensions of user 

acceptance, Trust and Perceived Value of weather apps on smartphones. It is a summarised 

statement of the relationship between a set of variables and therefore the aim of factor 

analysis is to examine correlations and identify the underlying themes or factors (Leedy & 

Ormond 2013), within a particular data set (Kline 2014). EFA is to be used in the current 

research, utilising items associated with the TAMM constructs. This undertaking will enable 

the research in answering the following research question:  

What are the key factors that may influence user acceptance of Information Systems: from 

the perspective of the TAMM constructs, focusing on the influence of Trust and Value upon 

user acceptance of LBS weather apps on smartphones? 

Tabachnick and Fidell (2001) list a number of steps required for factor analysis to transpire. 

Following the selection of an appropriate factor method these steps are as follows: 

 Preparing and examining the correlation matrix 

 Extracting a set of factors from the matrix 

 Determining the number of factors to be extracted 

 Factor rotation 

 Assignment of factor scores 

 Interpretation of the results. 

The following sections outline each of the above steps. 
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3.14.2 Preparing and examining of the correlation matrix 

Using factor analysis is a widely used statistical technique to identify the underlying themes 

or dimensions within a given set of data. However it must be first determined that the use of 

factor analysis is applicable for the data set (Stewart 1981). This can be achieved using 

techniques that include the examination of the correlation matrix (Nunnally & Bernstein 

1994). Further, as proposed by Stewart (1981), Bartlett's test of sphericity should also be used 

to test for factor analysis appropriateness. Factorability may be tested by using measures of 

sampling adequacy such as Bartlett’s test of sphericity (where the value should be < .05). The 

Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (MSA) is proposed as a more 

sophisticated test for factorability (Tabachnick & Fidell 2001). The MSA provides a measure 

of the extent to which variables belong together and thus are appropriate for factor analysis. 

The calibration for the MSA is shown in Table 3.4 (Stewart 1981). 

Table 3.4: MSA Calibration 

Marvelous Meritorious   Middling Mediocre   Miserable Unacceptable 

 

.90+         .80+        .70+    

 

.60+          .50+             Below.50    

 

Accordingly those variables with correlations greater than .6 are suited to factor analysis. 

While the procedures outlined are not conclusive, by an examination of the correlation 

matrix, Bartlett's test of sphericity, and Kaiser-Meyer-Olkin measure of sampling adequacy 

(MSA) can specify key signals that the data for conducting factor analysis is suitable.  

3.14.3 Extracting a set of factors from the matrix 

In using factor analysis an essential consideration needed is the selection of an appropriate 

factor extraction model. Among the most frequently used basic methods the factor analyst 

can utilise to obtain factor solutions are: common factor analysis and component analysis, 

which is also commonly known as principal component analysis (Agarwal and Prasad 1998). 

Both methods are widely practiced.  

Component analysis has been used in several studies involving Information systems and 

technology acceptance models (Agarwal & Prasad 1998; Smart 2009) for factor extraction. 

The conclusions one draws about groupings and the general relations will be very similar, 

regardless of the extraction method used, provided the exploratory study is well designed and 

the sample is large enough to minimise the misleading contributions of sampling error 
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(Nunnally & Bernstein 1994; Hair Jr. et al. 2010). Kline (2014) agrees, maintaining all 

methods of variable condensation give remarkably similar results. Therefore, based on these 

findings, together with the support met within the technology acceptance literature, 

component analysis (principal component analysis) has been selected for the current research. 

3.14.4 Determining the number of factors to be extracted 

The selection of the number of factors is perhaps more critical than the selection of extraction 

and rotational methods asserts Tabachnick and Fidell (2001). When deciding how many 

factors to retain, Stevens (2009) in agreement with Tabachnick and Fidell (2001), offers a 

number of methods that can be used, including: the latent root criterion, a priori criterion, 

percentage of variance criterion, scree test and the heterogeneity of the respondents.  

The Kaiser-Guttman rule, also known as the latent root criterion (IDRE 2014) is the most 

widely used method for factor determination. This approach advocates the retention of those 

components or factors whose eigenvalues are greater than 1. Eigenvalues represent the total 

variance explained by each factor, hence the greater the eigenvalue, the more variance is 

explained by the factor (Nunnally & Bernstein 1994) and as noted by Stevens (2009) largely, 

this standard is quite precise. 

A scree test of eigenvalues, being a pictorial representation of the eigenvalues plotted against 

factors is a second examination in determining the number of factors to be extracted 

(Tabachnick & Fidell 2001). Eigenvalues generally drop off sharply and tend to level off 

following the magnitude of successive eigenvalues. The recommendation is to retain all 

eigenvalues (and hence the appropriate factors) that fall in a sharp descent before the first 

eigenvalue on the line starts to level off (Stevens 2009).   

In the illustration depicted in Figure 3.3 below, an example of a scree test plot taken from a 

fictitious study, shows 18 factors were extracted. The plot initially slopes sharply starting 

with the first factor and then slowly approximates a horizontal line. At the point at which the 

curve first begins to straighten (i.e. factor 10) this is considered the maximum number of 

factors to extract, thus ten factors would meet the criteria. The proportion of variance would 

be too great beyond factor 10; therefore these factors would not be acceptable to be included 

(Hair et al. 1995).  
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This section has indicated several ways of extracting and determining the number of factors. 

Two of the more widely used approaches, the Kaiser-Guttman rule and the scree test both 

appear to provide an effective means for determining the number of factors (Stewart 1981). 

3.15.5 Factor rotation 

Orthogonal and oblique are the two distinct types of rotation (Tabachnick & Fidell 2001). 

The term rotation means exactly what it implies: the reference axes of the factors are turned 

about the origin until some other position has been reached (Hair et al. 2010). Concerning the 

effect of factor rotation, Hair Jr. and colleagues (2010, p.113) state: "The ultimate effect of 

rotating the factor matrix is to redistribute the variance from earlier factors to later ones to 

achieve a simpler, theoretically more meaningful factor pattern"  

Technology acceptance studies (Agarwal & Prasad 1998; Bhattacherjee 2011; Smart 2009) 

frequently employ some form of orthogonal rotation, in particular varimax. Of the three 

major orthogonal procedures; varimax, quartimax and equimax, varimax has proven to be 

amongst the best orthogonal rotation procedures (Stewart 1981). The current research will 

use this orthogonal approach. 

3.14.6 Assignment of factor scores 

An additional action in the factor analysis process is the computation of factor scores. To 

reduce a large number of variables to a smaller number of factors is one of the objectives of 

 

Figure 3.3: Scree plot criterion  

Source: Hair et al. (1995, p. 379) 

 



Chapter 3 - Methodology 

 52  

factor analysis. Therefore it is often desirable to estimate factor scores for each case (Norusis 

1994). Factor scores are composite measures for each factor representing each subject (Hair 

Jr. et al. 2010). To further clarify; if the factors had been measured rather than the underlying 

variables being measured, then the factor score is an estimate of the score the respondents 

would have received (French 1999).  Since orthogonality will be maintained, factor scores 

(weighted average) are deemed suitable (Hair Jr. et al. 2010) and therefore will be used in the 

current research. 

3.14.7 Interpretation of the results 

When a factor solution has been obtained in which all variables have a significant loading on 

a factor, assigning some meaning to the pattern of factor loadings by the analyst, often 

involves the naming of the factors (Hair Jr. et al. 2010). On examination of all the underlying 

variables for a specific factor, those variables with high loadings should have greater 

emphasis placed upon them by the analyst. Accordingly, the assigned factor name or label 

will accurately reflect the variables loaded on that factor (Hair Jr. et al. 2010).    

 3.15 Independent t-test 

After running Exploratory Factor Analysis, an independent t-test will be performed in order 

to determine if the difference existing between two mean of the factors extracted is 

statistically significant of less than .05 (Leedy & Ormond 2013).  

3.16 Regression 

Regression analysis is one of several multivariate analysis techniques. It is a widely used 

analytical tool applicable to a vast range of business decision making models including 

business performance and national economies; being the foundation of forecasting business 

models (Hair Jr. et al 2010). Simple regression analysis for a given problem involves a single 

independent variable whereas multiple regression analysis is used for one or multiple 

independent variables (Hair Jr. et al. 2010). To confirm the relationship from the dataset of 

the TAMM construct Perceived Ease of Use affecting the Perceived Value of a weather app 

on a smartphone a regression model was designed and run to examine this relationship. 

3.17 Summary 

In order to test the theoretical models as described in Chapter 2 and test the hypotheses 

expressed at the beginning of this chapter, a quantitative research methodology was chosen. 

Justification for using the selected research approach was examined by comparing the 
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positivist paradigm approach associated with quantitative methods and the 

interpretivist/constructivist paradigm approach, associated with qualitative methods of 

research (Punch 2013). It was concluded the employment of quantitative methods for this 

study would better enable empirical testing of the hypotheses. 

The completed survey data by respondents was subsequently collated to meet the data entry 

protocols of SPSS, version 22. The following chapter presents the results of the survey 

instrument and analysis of that data. 
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Chapter 4 

ANALYSIS OF DATA 

4.1 Introduction 

Chapter 3 outlined the chosen quantitative methodology for this research including details of 

an online survey as the data collection instrument for the study. The data analysis chapter that 

follows presents the statistical information gathered from the online survey. This chapter 

discusses cleaning of the raw data, parametric and non-parametric tests; including descriptive 

statistics, Mann-Whitney U, cross tabulations, correlations; the use of exploratory factor 

analysis and regression analysis. Data analysis was carried out using the Statistical Package 

for the Social Sciences (SPSS) version 22.0. 

4.2 Data Screening 

Once the data had been collected it was thoroughly examined in order to clean the dataset 

prior to undertaking any statistical analysis. Tabachnick and Fidell (2001) feel consideration 

and resolution of data screening issues must be undertaken before analysis, as it is 

fundamental to honest analysis of the data. Within research, notes Stevens (2009) there are 

many possible sources of error found; from initial data collection through to final coding and 

entry.  

Before running statistical analyses on the data, several steps had to be undertaken in order to 

clean the dataset and make them ready for use. Data collection resulted in 369 responses 

being received. Of these, 13 surveys were found to be incomplete (i.e. these respondents were 

seen to stop mid survey for unknown reasons). These surveys were therefore discarded from 

the final analysis sample. Additionally, 51 respondents stated that they did not use a weather 

app on a smartphone. These responses were also discarded from the analysis. This resulted in 

a sample size of 305 respondents being used for statistical analysis. 

A number of descriptive statistics were determined as further means of providing data 

accuracy. Included in examination were: histograms and scatterplots presented as graphical 

representations of the variables, distributions and frequency tables. To establish whether the 

data appeared to be normal, other indicators such as mean, standard deviations and measures 

for skewness and kurtosis were additionally inspected (Tabachnick & Fidell 2001).  
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4.3 Descriptive Statistics  

Descriptive statistics describe the data in terms of the general appearance of the dataset, for 

example, the mean of certain characteristics, frequencies and points of central tendency 

Leedy & Ormond 2013; McRel 2004). The following descriptive statistics are now presented: 

Demographics Measures, Usage and Download measures. 

4.3.1 Demographics of the Sample 

To ensure that the key characteristics of respondents could be determined, the following 

demographic items were included in the survey: Gender, Age, Education, Country of 

Residence and the Status of Respondent at Southern Cross University. This would enable 

examination of the dataset, showing the differences that may exist across the divergent 

demographics of the sample. Furthermore, these demographic items enable development of 

an accurate description of the sample should future researchers need to use it as a reference 

point for comparison with their findings. 

4.3.2 Gender 

Of the 305 responses used for analysis, 67.9% (n=207) were females and 32.1% (n=98) were 

males. Cochran’s equation explained by Bartlett, Kotrlik and Higgins (2001) consider the 

conventional gender confidence level to be of 95% with a 5% margin of error; from a 

population of less than or greater than 10,000, a categorical sample size of 385 is required to 

meet this standard.  Accordingly having 305 responses for nominal data such as gender, the 

sample size of 305 was unable to meet this standard. However it was able to meet a 

confidence level of 90% with a 5% margin of error. See Appendix F: Cochran’s Equation. 

4.3.3 Age 

A further demographic variable included to differentiate respondents was Age. The survey 

questionnaire presented six choices for the various age groups. In Group 1, 18-25 years olds 

represented 29.8% (n=91) of respondents. In Group 2, 26-35 year olds represented 27.2% 

(n=83) of respondents. In Group 3, 36-45 years olds represented 22.6% (n=69) of 

respondents, with Group 4, 46-55 years olds representing 13.8% (n=42) of respondents. It 

should be noted in the survey the fifth group was listed as 56 – 65 and group six consisted of 

ages 66 and over. As there was only 1 respondent recorded in group 6, it was felt this would 

skew the results and therefore was collapsed into a new category of 56 year old and over. 

Thus the distribution for the fifth group of 56 years old and over represented 6% (n=19) of 

respondents.  
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In Figure 4.1 the bar chart illustrates the frequency distribution of the five age groups.  

 

 

 

 

 

 

 

 

 

 

 

 

4.3.4 Education  

The frequency table for education revealed 26.9% of respondents were studying or having 

completed an undergraduate university degree and 20.7% indicated they were studying or 

completed a post graduate university degree. The Australian Bureau of Statistics (2013) 

reported that 37% of the total population of Australia had a University Degree. For 

respondents to the current research, 47.6% indicated they were studying or had completed a 

university degree. Table 4.1 displays the frequency distribution for the education survey item.  

Table 4.1 Education Groups 

 Group 1 Group 2 Group 3 Group 4 Group 5 

Education High 

School 

TAFE 

Certification 

Diploma Undergraduate Post Graduate 

Frequency 77 41 42 82 63 

% 25.2% 13.4% 13.8% 26.9% 20.7% 

 

 
 

Figure 4.1: Age Frequency Distribution 
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In Figure 4.2 the bar chart illustrates the frequency distribution for education. 

 

 

 

 

 

 

 

 

 

 

 

4.3.5 Country of Residence 

Only three of the 305 survey respondents used in the analysis identified their country of 

residence to not be Australia. The countries identified by the respondents were Austria, 

Germany and Indonesia. With such a small group it was determined that no further analysis 

based on country of residence should be undertaken.  

4.3.6 Status of Respondents at Southern Cross University 

The final demographic variable included in the analysis was the respondent’s status at SCU. 

The distribution of current status at Southern Cross University from the sample of 305 

respondents showed 72.5% (n=221) were SCU students, followed by 23.9% (n=73) 

identifying themselves as being staff, with 3.6% (n=11) respondents who indicated “Other” to 

this question. 

4.3.7 Smartphone information 

Several questions in the survey sought information about the respondent’s smartphone, 

weather application in use and usage of the weather application. The following sections will 

look at the descriptive statistics for these important measures.    

 

Figure 4.2: Education Frequency Distribution 
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4.3.7.1 Operating System    

A choice of the current smartphone operating systems were presented to respondents, asking: 

What operating system does your smartphone use?  

The results showed by far the majority of respondents, being 62.6% (n=191), indicated they 

used the iOS (iPhone) operating system, 35.1% (n=107) utilising the Android operating 

system, with 2.3% (n=7) using Windows as the operating system on their smartphone. Figure 

4.3 illustrates the frequency for each operating system selected. 

  

 

 

 

 

 

 

 

 

 

 

 

4.3.7.2 Pre-installed or Downloaded Weather App 

As stated previously in Chapter 3, survey respondents were asked which statement described 

the weather application(s) they were using: 

 I am using the weather app pre-installed on my smartphone.  

 I am using the weather app I downloaded onto my smartphone.  

 I am using multiple weather apps on my smartphone. 

The results showed that 41.6% (n=127) respondents used a preinstalled weather app. The 

majority of respondents indicated they downloaded a weather app (58.4% or 178 

 

Figure 4.3: Operating System Frequency Distribution 
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respondents). These respondents comprised 34.8% (n=106) who downloaded a weather app, 

and 23.6% (n=72) who used multiple weather apps. By definition, respondents who indicated 

that they used multiple weather apps would have needed to download one or more weather 

apps onto their smartphone. 

The frequency distribution for these three choices of the type of weather app respondents 

were using is presented in Table 4.2.  

 Table 4.2: What weather app used 

  Frequency Percent Valid Percent Cumulative Percent 

Valid  Pre-installed 127 41.6 41.6 41.6 

Downloaded 106 34.8 34.8 76.4 

Use Multiple 72 23.6 23.6 100.0 

Total 305 100.0 100.0  

 

Those respondents who selected the second or third choice (i.e. have downloaded an app or 

used multiple weather apps) were then asked additional questions designed to measure the 

theoretical model construct Perceived Ease of Adoption, in relation to locating, downloading 

and using a weather app from one of the app stores such as iTunes, Google Play Store and the 

Windows Store.   

Following the additional Perceived Ease of Adoption questions in this section of the survey, a 

final question was posed to respondents whom had downloaded a weather app: 

Have you purchased a weather app?  

It should be noted that if a respondent indicated that they did purchase a weather app, as a 

function of the purchase from an app store it would be downloaded to the nominated 

smartphone (Google Play Store 2014; iTunes Preview 2014; Windows 2014). The results of 

the question showed 18.4% (n=56) of respondents selected Yes, that they had purchased a 

weather app. 
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4.3.7.3 Years Using a Smartphone 

The survey presented respondents with a question offering several responses; How many 

years have you been using a smartphone? Underpinning this question were 7 options: 1 year 

or less, 1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years, 6+ years. Respondents using a 

smartphone for 3-4 years was the largest group of respondents, representing 21% (n=64) of 

respondents. This was closely followed by respondents with 2-3 years usage at 20% (n=61) 

and 4-5 years of usage representing 19% (n=58) of the number of smartphone users. Figure 

4.4 illustrates the frequency distribution.  

 

 

 

 

 

 

 

 

 

 

 

 

4.3.7.4 Years Using a Weather App on a Smartphone 

Respondents of the survey were presented with the following choices for the question; How 

many years have you been using a weather app on a smartphone? 1 year or less, 1-2 years, 2-

3 years, 3-4 years, 4-5 years, 5-6 years, 6+ years. The results show the largest groups of 

respondents have been using a weather app on their smartphone for 1-2 years, representing 

26.9% (n=82) of respondents, followed by 2-3 years representing 26.2% (n=80) of the 

respondents. For all frequency tables and graphical bar charts can be found in Appendix B: 

Descriptive Statistics.  

 

Figure 4.4: Years using a smartphone 
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4.3.7.5 Usage Frequency 

These questions relate to aspects of usage to determine the regularity of their usage. The 

question posed to respondents asked: 

How frequently do you use a weather app on your smartphone? Seven choices were 

presented to respondents: Rarely, Yearly, Monthly, Fortnightly, Weekly, Daily and Hourly.  

The frequency of usage in Table 4.3 shows the largest group (47.5% or 145 respondents) uses 

the weather app on their smartphone Daily. This result was followed by 31.8% (97) of 

respondents using a weather app on a Weekly basis. The remainder of the respondents (20.7% 

or 63 respondents) indicated using their weather app:  Hourly (5), Fortnightly (24), Monthly 

(20), Less than a month (10) and Rarely (4). 

Table 4.3: Weather app frequency of use 

 Frequency Percent Valid Percent Cumulative Percent 

 Valid     

           Rarely 4 1.3 1.3 1.3 

          Less than once a month 10 3.3 3.3 4.6 

          Monthly 20 6.6 6.6 11.1 

          Fortnightly 24 7.9 7.9 19.0 

          Weekly 97 31.8 31.8 50.8 

          Daily 145 47.5 47.5 98.4 

          Hourly 5 1.6 1.6 100.0 

          Total 305 100.0 100.0  

4.3.7.6 Other survey questions  

All other questions in the survey were designed to measure the four theoretical model 

constructs; Trust, Perceived Value, Perceived Ease of Use and Perceived Ease of Adoption.  

These scales and the influences upon these scales are examined in further detail in several of 

the following sections of this chapter. Frequencies tables and descriptive statistics for these 

questions can be found in Appendix B: Descriptive Statistics. 



Chapter 4 - Analysis of Data 

 62  

4.4 Influences on Measures 

Various statistical tests were conducted looking for influences on the scales designed to 

measure the constructs of the Technology Acceptance Model for Mobile Services (TAMM). 

These included a Mann-Whitney U test to determine any significant difference based on 

gender. Cross tabulations were used to explore influences based on categorical data (i.e. 

education, years using a smartphone, operating system etc.) Correlations were also run, 

looking at influences between and amongst the scales measuring the constructs of the 

theoretical model.  

4.4.1 Influences on measures by Gender 

A Mann-Whitney U test to determine any significant difference based on gender was run and 

identified several significant influences upon scales in the dataset. A summary of the results 

of the variables with significance values between .000 and .037 from the Mann-Whitney U 

tests is presented in Table 4.4.                                         

Table 4.4: Mann-Whitney U Tests 

Test Statistics
a 

Variables Mann-Whitney 

U 

Wilcoxon W Z Asymp. Sig. 

(2-tailed) 

OS 7753.000 29281.000 -3.940 .000 

 

Status 8715.000 30243.000 30243.000 .011 

 

Ease to Learn 8137.500 12988.500 -3.116 .002 

 

Ease to Configure 7815.000 12666.000 -3.371 .001 

 

Ease to Become 

Skilled 

8748.000 13599.000 -2.086 .037 

 

 

Ease to Navigate 

Menus 

7844.500 8837.000 -3.333 .001 

 

 

Ease to Customise 12827.500 13688.000 -3.079 .002 

 

 

Ease to Locate on 

Phone 

7987.000 12838.000 -3.413 .001 

 

 

Ease to Start Using 8710.000 13561.000 -2.236 .025 

Ease to Understand 

Features 

8655.500 13506.500 -2.140 .032 

What App Used 8012.500 29540.500 
-3.171 

.002 
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Following the Mann-Whitney U test cross tabulation tests were run to identify the differences 

in frequency between males and females against the scales that showed significance. 

Following each of these influences is discussed. 

4.4.1.2 Operating System 

In the choice of operating systems used by respondents gender influence was evident. The 

results of the gender Mann-Whitney U test, showed choice of smartphone OS to be 

significant at .000. Results from the cross tabulation showed from the total female survey 

respondents (n=207), 70% (n=145) females used iOS (iPhone). However of the 98 male 

survey respondents only 46.9% (n=46) used iPhones. Whereas of the overall 62.6% (n=191) 

respondents used the iPhone, a greater proportion of female respondents were included in this 

group than males.  

In contrast examining the following shows the percentage of males and females that used 

Android showed that 49.0% of the males in the sample used Android smartphones compared 

to 28.5% of females. Respondents using the Windows smartphone operating system recorded 

quite different results, being very low by comparison to the iOS and Android operating 

system with only 4.1% males and 1.4% females indicating they used the Windows O/S. The 

Blackberry, Symbian and Other types of smartphone OS listed in the survey for respondents 

were all reported as 0%. 

The Cross Tabulation results for Gender/Operating Systems are presented in Appendix C: 

Cross Tabs. 

4.4.1.3 Status 

The results from the Mann-Whitney U test indicate that there is a difference between the 

genders in status at Southern Cross University (significance .011). Examination of the 

frequency distributions identified that: 

 Of the females (n=207) in the sample 76.8% were students, 20.7% were staff with the 

remainder identifying their status as other (2.4%). 

 Of the males (n=98) in the sample 63.3% were students, 30.6% were staff and 6.1% 

indicated their status was other.  

As can clearly be seen a larger proportion of the males in the sample are staff than the 

proportion of females. Further analysis’s undertaken however, identified that Status had no 
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influence on the theoretical model (TAMM) for user acceptance and is mentioned here only 

for completeness in describing the sample. 

4.4.1.4 Ease of Use Measures 

From the six measures of the theoretical model construct, Perceived Ease of Use, five 

measures showed gender influence with significance values between .000 and .037. These 

included: Ease to Learn (.002), Ease to Become Skilled (.037), Ease to Navigate Menus 

(.001), Ease to Configure (.001) and Ease to Customise (.002). All of the Perceived Ease of 

Use survey questions used anchors “Not Easy” and “Very Easy” at the endpoints of the 7 

point Likert scale.  

Ease to Learn 

The Mann-Whitney U test identified a gender influence on the Ease to Learn measure with a 

significance of .002. This question asked “In your opinion, how easy is it to learn how to use 

the weather app?”  Figure 4.5 graphically illustrates the gender frequency distribution for this 

question. It should be noted that no respondent male or female indicated Not Easy for this 

scale.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Gender frequency distribution - Ease to Learn 
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Cross tabulations revealed of the female (n=207) responses to this scale: 

 97.1% (n=201) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 61.8% (n=128) of female respondents. 

 2.9% (n=6) of responses were on or below the midpoint of the scale.  

 Cross tabulations revealed of the male (n=98) responses to this scale: 

 90.8% (n=89) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 44.9% (n=44) of male respondents. 

 9.2% (n=9) of responses were on or below the midpoint of the scale.  

This would tend to indicate that females find it easier to learn to use a weather app than 

males. The Mann -Whitney U tests and frequency distributions for the four other measures of 

the Perceived Ease of Use construct demonstrated similar results. These are shown briefly in 

the following. 

Ease to Configure 

The Mann-Whitney U test identified a gender influence on the Ease to Configure measure 

with a significance of .001. This question asked “In your opinion, how easy was it to get your 

weather app to do what you wanted it to do?” 

Cross tabulations revealed of the female (n=207) responses to this scale: 

 87.2% (n=182) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 38.6% (n=80) of female respondents. 

 12.9% (n=13) of responses were on or below the midpoint of the scale. No female 

selected the anchor point “Not Easy”. 

Cross tabulations revealed of the male (n=98) responses to this scale: 

 81.6% (n=80) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 18.4% (n=18) of male respondents. 

 18.4% (n=18) of responses were on or below the midpoint of the scale. A single male 

respondent did choose the “Not Easy” anchor (1.02%). 

This would tend to indicate that females found it slightly easier to configure the app than 

males but both genders found it harder to configure the weather app than learning the app.  
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Ease to Become Skilled  

The Mann-Whitney U test identified a gender influence on the Ease to Become Skilled 

measure with a significance of .037. The question presented asked “In your opinion, how 

easy was it to become skilled using a weather app?” 

Cross tabulations revealed of the female (n=207) responses to this scale: 

 93.7% (n=194) responses were above the midpoint of the scale, with the scale anchor 

“Very Easy” selected by 48.8% (101) of female respondents. 

6.3% (n=13) of responses were on or below the midpoint of the scale. No female 

selected the anchor point “Not Easy”.  

Cross tabulations revealed of the male (n=98) responses to this scale: 

 93.9% (n=92) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 18.4% (n=18) of male respondents. 

 6.1% (n=6) of responses were on or below the midpoint of the scale. No male 

respondent selected the anchor point “Not Easy”  

This would tend to indicate that females found it easier to become skilled in using the app 

than males. Both genders found it slightly easier to become skilled than to configure the 

weather app. Males found it slightly easier to become skilled than learning the app. 

Ease to Navigate Menus 

The Mann-Whitney U test identified a gender influence on the Ease to Navigate Menus 

measure with a significance of .001. This question asked the respondents: “In your opinion, 

how easy is it to use the navigation menus on the weather app?” 

Cross tabulations revealed of the female (n=207) responses to this scale: 

 87.4% (n=181) responses were above the midpoint of the scale, with the scale anchor 

“Very Easy” selected by 37.7% (78) of female respondents. 

26.6% (n=26) of responses were on or below the midpoint of the scale. No female 

selected the anchor point “Not Easy”.  

Cross tabulations revealed of the male (n=98) responses to this scale: 
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 81.6% (n=80) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 21.4% (n=21) of male respondents. 

 18.4% (n=18) of responses were on or below the midpoint of the scale. No male 

respondent selected the anchor point “Not Easy”  

The results tend to indicate females found it easier to use the navigation menus on the app 

than did males.  

Ease to Customise 

The Mann-Whitney U test identified a gender influence on the Ease to Customise measure 

with a significance of .002. The question posed was “In your opinion, how easy is it to 

customise the settings on the weather app?” 

Cross tabulations revealed of the female (n=207) responses to this scale: 

 72.5% (n=150) responses were above the midpoint of the scale, with the scale anchor 

“Very Easy” selected by 30% (n=62) of female respondents. 

 27.5% (n=57) of responses were on or below the midpoint of the scale. 1% (n=2) 

females selected the anchor point “Not Easy”.  

Cross tabulations revealed of the male (n=98) responses to this scale: 

 65.3% (n=64) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 13.3% (n=13) of male respondents. 

 34.7% (n=34) of responses were on or below the midpoint of the scale. 4.1% (n=4) 

male respondent selected the anchor point “Not Easy”  

The results tend to indicate that both genders found it harder to customise the app than all 

other discussed Perceived Ease of Use measures. 

4.4.1.5 Ease of Adoption Measures 

The Perceived Ease of Adoption construct included the three measures of: “Ease to Locate on 

Phone”, “Ease to Start Using” and “Ease to Understand Features”. The Mann-Whitney  U test 

based on gender revealed significant influence on these scales;  “Ease to Locate on Phone” 

measure was significant at .001, “Ease to Start Using” significant at .025 and “Ease to 

Understand Features” was significant at .032. All Perceived Ease of Adoption survey 
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questions used the anchors “Not Easy” and “Very Easy” at the endpoints of the 7 point 

Likert scale. 

Ease to Locate on Phone  

This Perceived Ease of Adoption survey question asked respondents: “In your opinion, how 

easy is it to locate the weather app on your smartphone?” The Mann-Whitney U test 

(significant at .001) found gender influenced the results of this scale. Analysis of the 

frequencies of this scale using cross tabulations revealed: 

Females 

 94.2% (n=195) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 66.6% (n=138) of female respondents. 

 5.8% (n=12) of responses were on or below the midpoint of the scale. 

Males 

 87.8% (n=86) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 44.9% (n=44) of male respondents. 

 14.3% (n=14) of responses were on or below the midpoint of the scale. 

This would tend to indicate that females found it easier to locate the weather app on their 

smartphone than did males. 

Ease to Start Using  

A further Perceived Ease of Adoption survey question asked respondents: “How easy was it 

to start using the weather app on your smartphone?” The Mann-Whitney U test (significant 

at .025) found gender influenced the results of this scale. Analysis of the frequencies of this 

scale using cross tabulations revealed: 

Females 

 95.2% (n=197) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 61.4% (n=127) of female respondents. 

 4.8% (n=10) of responses were on or below the midpoint of the scale. There was 0.5% 

(n=1) female indicating “Not Easy.” 
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Males 

 94.9% (n=93) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 46.9% (n=46) of male respondents. 

 5.1% (n=5) of responses were on or below the midpoint of the scale. 1% (n=1) male 

answered “Not Easy.” 

These results tend to indicate that females found it easier to start using the weather app on 

their smartphone than did males, showing similar results for ease of locating the app on their 

smartphone. 

Ease to Understand Features  

This question asked respondents: “How easy was it to understand the description of all the 

features included in the weather app on your smartphone?” The Mann-Whitney U test 

(significant at .025) found gender influenced the results of this scale. Analysis of the 

frequencies of this scale using cross tabulations revealed: 

Females 

 80.2% (166) responses were above the midpoint of the scale, with scale anchor “Very 

Easy” selected by 40.1% (n=83) of female respondents. 

 19.8% (n=41) of responses were on or below the midpoint of the scale. There were 

1.4% (n=3) female indicating “Not Easy.” 

Males 

 74.5% (n=73) responses were above the midpoint of the scale, with scale anchor 

“Very Easy” selected by 24.5% (n=24) of male respondents. 

 25.5% (n=25) of responses were on or below the midpoint of the scale. No male 

respondents answered “Not Easy.” 

These results tend to indicate that although females found it easier to understand the features 

on the weather app their smartphone than did males, both genders found it harder to 

understand the features on the app than they did to locate the app and to start using the app. 
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4.4.1.6 What App Used 

The Mann-Whitney U test identified a gender influence (significant at .002) on the weather 

app type used. The following from the cross tabulation test compares the percentages of 

males and females that used; a preinstalled weather app, downloaded a weather app or those 

that used multiple weather apps on their smartphone: 

 48.3% females used preinstalled versions whereas only 27.6% males used preinstalled 

weather apps  

 42.9% of males downloaded weather apps in comparison to 30.9% females  

 29.6% males used multiple weather apps and 20.8% females used multiple weather 

apps. 

Table 4.5 presents the frequency distribution for gender against the type of weather app used. 

Table 4.5: Gender * Weather app type used 

Crosstab 

 

What App Used 

Pre-installed Downloaded Use Multiple 

Gender Male Count 27 42 29 

Expected Count 40.8 34.1 23.1 

  % within Gender 27.6% 42.9% 29.6% 

% within What App Used 21.3% 39.6% 40.3% 

% of Total 8.9% 13.8% 9.5% 

 Female Count 100 64 43 

Expected Count 86.2 71.9 48.9 

% within Gender 48.3% 30.9% 20.8% 

  % within What App Used 78.7% 60.4% 59.7% 

% of Total 32.8% 21.0% 14.1% 

Total Count 127 106 72 

 Expected Count 127.0 106.0 72.0 

 % within Gender 41.6% 34.8% 23.6% 

 % within What App Used 100.0% 100.0% 100.0% 

 % of Total 41.6% 34.8% 23.6% 
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As discussed in Chapter 3 where downloaded apps are discussed in the context of being both 

multiple and downloaded, the researcher assumes that users whom indicate they are using 

multiple weather apps have downloaded the app(s). The comparison between males and 

females becomes clear, shown in Table 4.6 following.  

Table 4.6: Gender * Weather app 

Gender Pre-installed App Downloaded App 

Female (207) 48.3% (100) 51.6% (107) 

Male (98) 27.6% (27) 72.4% (71) 

 

The majority of males use a downloaded app whereas females have a much more balanced 

split between pre-installed and downloaded weather apps.  

Further discussion on Education, Smartphone Usage, Weather App Usage and Operating 

System influence on measures is now presented. 

4.4.2 Influence by Education 

Cross Tabulations identified an influence on the scales measuring the constructs of the 

theoretical model TAMM by Education. The education question asked respondents: “What is 

the highest education level you have attained?” 

This question gave the participant a choice of High School, TAFE (Technical College) 

Certification, Diploma Certification, Degree or a Post Graduate Qualification. For the scale 

item security, from the Trust construct, the question asked respondents “In your opinion, how 

secure is the weather app you use?” The anchor points used on this Likert scale were “Not 

Secure” and “Very Secure”.  Following are the individual education category results. 

4.4.2.1 Education* Security  

Examination of the frequencies revealed in the cross tabulation analysis of these two 

questions tends to indicate that as the respondent’s level of education increases the less secure 

the respondent perceives the security of the weather app to be. This is illustrated by 

comparison of two largest groups (see section 4.3.4) within the education categories; High 

School and Undergraduate Degree. 

High School respondents 

Inspection of the frequencies for these respondents showed 70% (n=54) indicated they 

perceived the App to be secure, with 30% (n=23) on or below the midpoint of the scale. 
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TAFE Certification respondents 

TAFE Certification respondents showed 53.7% (n=22) responses of the app on the positive 

side of the midpoint, indicating respondents with TAFE Certification found the app secure.  

34.1% (n=10) indicated they found using the app “Very Secure”. 

Undergraduate Degree respondents 

54.9% (n=45) of these respondents were on the positive side of the midpoint indicating they 

perceived the App to be secure. Whereas 44.1% (n=37) did not. 

4.4.3 Years usage of Smartphone 

Cross Tabulations identified influences on the scales measuring the constructs of the 

theoretical model TAMM by Years Using a Smartphone. The following scales identified by 

the cross tabulations where the Years Using a Smartphone had significant influence were; 

Reliability, Ease to Customise and Ease to Start Using. Several groups of years were 

presented to respondents: 1 year or less, 1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years 

and 6 years and over.  

The Trust question asked respondents “In your opinion, how reliable is the weather app you 

use?” The anchor points used on this Likert scale were “Not Reliable” and “Very Reliable”. 

The frequencies from these groups cross tabulated against Reliability are as follows: 

4.4.3.1 Years using a Smartphone * Reliability 

Examination of the cross tabulation analysis for these two questions does not reveal any 

obvious indication or pattern to the respondents’ perceptions. Overall most groups (based on 

years of smartphone usage) indicated they found their weather app to be reliable. In most 

cases between 67.5% and 75.8% of respondents in a group indicated this to be the case. 

Following are the raw frequencies for all groups: 

 1 year or less usage100% (n =16) were on the positive side of the midpoint with 

37.5% (n=6) selecting the anchor point “Very Reliable”. There were no recorded 

responses on and below the neutral midpoint scale for this group. 

 1-2 years usage 67.5% (n=27) responses above the midpoint with 30% (n=12) 

selecting “Very Reliable”.  
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 2-3 years usage 75.3% (n=46) responses above the midpoint and 31% (n=19) 

selecting “Very Reliable”.  

 3-4 years usage 75% (n=48) responses above the midpoint and 37.5% (24) selecting 

“Very Reliable”. 4-5 years usage 75.8% (n=44) responses above the midpoint and 

18% (31) selecting “Very Reliable”.  

 5-6 years usage 59.4% (n=25) responses above the midpoint with 21.9% (7) selecting 

“Very Reliable 

 6 years and over usage 76.5% (n=26) of responses above the midpoint. 

The 1 year or less usage group is anomalous as 100% of respondents in this group found their 

weather app to be reliable. This may be due to inexperience or could simply be skewed as the 

group itself only represents 5.2% of respondents. Of more interest is the 5 to 6 years usage 

(representing 10.5% of respondents) group where only 59.4% indicate their weather app is 

reliable. This may be due to greater experience with the app or again could be skewed due to 

the small size of the group. Further analysis of this difference is unfortunately not possible 

due to the group sizes. 

4.4.3.2 Years using a Smartphone * Ease to Customise 

This Perceived Ease of Use question asked “In your opinion, how easy is it to customise the 

settings on the weather app?” The anchor points used on this Likert scale were “Not Easy” 

and “Very Easy”. Examination of the Crosstabs for groups within the Years usage of 

smartphones indicates that the longer a user has used a smartphone the easier the respondent 

finds it to customise the weather app. For example 57.5% (n=23) respondents in the 1 to 2 

years usage group with a smartphone were on the positive side of the scales midpoint. This 

rises to 82.3% (n=28) for the 6 years plus usage group. 

4.4.3.3 Years using a Smartphone * Ease to Start Using 

The Perceived Ease of Adoption question asked respondents: “How easy was it to start using 

the weather app on your smartphone?” The anchor points used on this Likert scale were “Not 

Easy” and “Very Easy”. In examining the Crosstabs for groups within the Years usage of 

smartphones these results also indicate that the longer a user has used a smartphone the easier 

the respondent finds it to start using the weather app. For example all users within all year’s 

usage groups with a smartphone were on the positive side of the scales midpoint; ranging 

from 90% to 100%.  



Chapter 4 - Analysis of Data 

 74  

However respondents selecting “Very Easy” were predominantly from the 1-2 years group 

showing 37% (n=15) progressively scaling upward to the 4-5 years group with 60.3% (n=35) 

showing the highest of responses.  From the perspective of those respondents it appears to 

especially demonstrate that using the weather app becomes easier with increasing year’s 

smartphone usage. The frequencies from the groups of years using a smartphone cross 

tabulated against the Ease to Start Using scales are as follows:  

 1 year or less respondents, 93.9% (n =15) were on the positive side of the midpoint 

with 56.3% (n=9) selecting the anchor point “Very Easy”. There were 6.3% % (n=1) 

recorded on and below the neutral midpoint scale. No respondents indicated “Not 

Easy”. 

 1-2 years respondents showed 90% (n=36) responses above the midpoint with 37.5% 

(n=15) selecting “Very Easy”. 10% (n=4) responses were on and below the midpoint 

scale with 2.5% (n=1) recording “Not Easy”. 

 2-3 years respondents showed 98.3% (n=60) responses above the midpoint and 55.7% 

(n=34) selecting “Very Easy”. There were 1.6% (n=1) recorded on and below the 

neutral midpoint scale. Respondents indicating “Not Easy” were 2.5% (n=1). 

 3-4 years respondents showed 90.7% (n=58) responses above the midpoint and 51.6% 

(n=33) selecting “Very Easy”. There were 9.4% (n=6) recorded on and below the 

neutral midpoint scale. Respondents indicating “Not Easy” were 1.6% (n=1). 

 4-5 years respondents showed 94.8% (n=55) responses above the midpoint and 60.3% 

(n=35) selecting “Very Easy”. 5.1% (n=3) responses were shown on and below the 

neutral midpoint scale with 1.7% (n=1) “Not Easy”.  

 5-6 years respondents showed 100% (n=32) responses above the midpoint with 71.9% 

(23) selecting “Very Easy”. No responses were recorded on and below the neutral 

midpoint scale for this group. 

 6 years and over respondents represented 100% (n=34) of responses above the 

midpoint and 70.6% (24) selecting “Very Easy”. There were no responses shown on 

and below the neutral midpoint scale for this group. 
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4.4.4 Years Usage of a Weather App 

The cross tabulations identified the following scales where the Years Using a Weather App 

had significant influence namely: Reliability, Accuracy, Appeal and Ease to Locate on 

Phone. The first of two Trust questions asked respondents “In your opinion, how reliable is 

the weather app you use?” The anchor points used on this Likert scale were “Not Reliable” 

and “Very Reliable”.  

Several groups of years were presented to respondents for Years Using a Weather App: 1 

year or less, 1-2 years, 2-3 years, 3-4 years, 4-5 years, 5-6 years and 6 years and over. The 

frequencies from these groups cross tabulated against Reliability are as follows: 

4.4.4.1 Years Usage of Weather App * Reliability 

The Crosstabs for groups within the years usage of weather apps appear to indicate that with 

experience (the longer the weather app is used) respondents overall found the weather app 

less reliable. Particularly this appears to be evident from the groups between 1 year and less 

and 4-5 years, where a gradual decline in responses is shown. As the 5-6 and 6+ year’s usage 

groups were a very small further analysis of these groups is not possible. 

The frequencies from the groups of years using a smartphone cross tabulated against the Ease 

to Start Using scales are as follows:  

 1 year or less weather app usage respondents, 85.7% (n =36) were on the positive side 

of the midpoint with 21.4% (n=9) selecting the anchor point “Very Reliable”. There 

were 14.3% (n=6) recorded on and below the neutral midpoint scale. No respondents 

indicated “Not Reliable”. 

 1-2 years app usage respondents showed 76.8% (n=63) responses above the midpoint 

with 9.8% (n=8) selecting “Very Reliable”. 23.1% (n=19) responses were on and 

below the midpoint scale. No respondents indicated “Not Reliable”. 

 2-3 years app usage respondents showed 76.3% (n=61) responses above the midpoint 

and 7.5% (n=6) selecting “Very Reliable”. There were 23.8% (n=19) recorded on and 

below the neutral midpoint scale. No respondents indicated “Not Reliable”. 

 3-4 years app usage respondents showed 67.3% (n=35) responses above the midpoint 

and 9.6% (5) selecting “Very Reliable”. There were 34.1% (n=25) recorded on and 
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below the neutral midpoint scale. Respondents indicating “Not Reliable” were 3.8% 

(n=2). 

 4-5 years app usage respondents showed 67.8% (n=21) responses above the midpoint 

and 60.3% (35) selecting “Very Reliable”. There were 32.3% (n=10) responses 

recorded on and below the neutral midpoint scale with 3.2% (n=1) “Not Reliable”.  

 5-6 years app usage respondents showed 54.6% (n=6) responses above the midpoint 

with 18.2% (2) selecting “Very Reliable”. There were 45.5% (n=5) responses 

recorded on and below the neutral midpoint scale.  

 6 years and over app usage respondents represented 57.2% (n=4) of responses above 

the midpoint.  No responses were recorded for the end scale point “Very Reliable”. 

There were 42.9% (n=3) responses recorded on and below the neutral midpoint scale. 

Respondents indicating “Not Reliable” were 3.8% (n=2). 

4.4.4.2 Years Usage of Weather App * Accuracy 

Another question arising from the Trust construct asked respondents: “In your opinion, how 

accurate is the weather information on the weather app you use?” The anchor points used on 

this Likert scale were “Inaccurate” and “Very Accurate”. These results also tend to indicate 

that the longer the weather app is used respondents overall found the weather app less 

accurate. This appears especially evident from the groups between 1 year and less and 4-5 

years. A gradual decline in responses is shown for the longer weather app year’s usage; 

corresponding with users perceiving the weather app to be less accurate. The groups of 5-6 

years and 6+ year’s usage were also very small making further analysis of these groups not 

possible. 

The frequencies from the groups of years using a weather app cross tabulated against 

Accuracy scales are presented as follows: 

 1 year or less usage respondents, 76.2% (n =32) were on the positive side of the 

midpoint with 7.1% (n=3) selecting the anchor point “Very Accurate”. There were 

23.8% (n=10) recorded on and below the neutral midpoint scale. No respondents 

indicated “Inaccurate”. 
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 1-2 years usage respondents showed 72% (n=59) responses above the midpoint with 

9.8% (n=8) selecting “Very Accurate”. 28.1% (n=23) responses were on and below 

the midpoint scale with no respondents recording “Inaccurate”. 

 2-3 years usage respondents showed 68.7% (n=55) responses above the midpoint and 

2.5% (n=2) selecting “Very Accurate”. There were 31.3% (n=25) recorded on and 

below the neutral midpoint scale. Respondents indicating “Inaccurate” were nil. 

 3-4 years usage respondents showed 59.7% (n=31) responses above the midpoint and 

5.8% (n=3) selecting “Very Accurate”. There were 40.3% (n=21) recorded on and 

below the neutral midpoint scale. Respondents indicating “Inaccurate” were 3.8% 

(n=2). 

 4-5 years usage respondents showed 67.7% (n=21) responses above the midpoint. No 

respondents indicated “Very Accurate”. Responses of 32.9% (n=10) were recorded on 

and below the neutral midpoint scale with 6.5% (n=2) “Inaccurate”.  

 5-6 years app usage respondents showed 54.6% (n=6) responses above the midpoint 

with 9.1% (1) selecting “Very Accurate”. Responses of 45.5% (n=5) were recorded 

on and below the neutral midpoint scale with 6.5% (n=2) “Inaccurate”. Respondents 

indicating “Inaccurate” were nil. 

 6 years and over usage respondents represented 71.5% (n=5) of responses above the 

midpoint. No respondents indicated “Very Accurate”. Responses of 28.6% (n=2) were 

recorded on and below the neutral midpoint scale with 14.3% (n=1) indicating 

“Inaccurate”. 

4.4.4.3 Years Usage of Weather App * Appeal 

The Perceived Value construct asked respondents: “In your opinion, how appealing is the 

weather app you use?” The anchor points used on this Likert scale were “Not Appealing” and 

“Very Appealing”. From the groups of years using a weather app there were more responses 

recorded on the positive side of the midpoint than below the neutral point. The overall results 

for all groups from 1 year and less to the 5-6 years group showed responses between 72.7% 

and 87.1% above the midpoint scale. This would tend to indicate all groups find their weather 

app appealing. However the 6 years and over group showed much smaller responses of 

57.2% (n=1) skewing the results so no further analysis was conducted. 
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The frequencies from the groups of years using a weather app cross tabulated against Appeal 

scales are as follows:  

 1 year or less weather app usage respondents, 81% (n =34) were on the positive side 

of the midpoint with 14.3% (n=6) selecting the anchor point “Very Appealing”. There 

were 19% (n=8) recorded on and below the neutral midpoint scale. No respondents 

indicated “Not Appealing”. 

 1-2 years usage respondents showed 78.1% (n=64) responses above the midpoint with 

15.9% (n=13) selecting “Very Appealing”. Responses of 21.9% (n=18) were on and 

below the midpoint scale with no respondents indicating “Not Appealing”. 

 2-3 years usage respondents represented 80.1% (n=64) responses above the midpoint 

and 10% (n=8) selecting “Very Appealing”. There were 20.2% (n=16) recorded on 

and below the neutral midpoint scale. Respondents indicating “Not Appealing” were 

1.3% (n=1). 

 3-4 years usage respondents showed 78.8% (n=41) responses above the midpoint and 

25% (n=13) indicating “Very Appealing”. There were 21.1% (n=11) recorded on and 

below the neutral midpoint scale with respondents indicating “Not Appealing” 1.9% 

(n=1). 

 4-5 years usage respondents showed 87.1% (n=27) responses above the midpoint and 

25.8% (n=8) selecting “Very Appealing”. 12.9% (n=4) responses were recorded on 

and below the neutral midpoint scale with 3.21% (n=1) “Not Appealing”.  

 5-6 years usage respondents showed 72.7% (n=8) responses above the midpoint with 

54.5% (n=6) selecting “Very Appealing”. 27.3% (n=3) responses were recorded on 

and below the neutral midpoint scale with no respondents indicating “Not Appealing”. 

 6 years and over weather app respondents represented 57.2% (n=4) of responses 

above the midpoint with 14.3% (n=1) selecting “Very Appealing”. Recorded 

responses were 42.9% (n=3) on and below the neutral midpoint scale with 14.3% 

(n=1) indicating the anchor point “Not Appealing”.  

4.4.4.4 Years Usage of Weather App * Ease to Locate on Phone 

This Perceived Ease of Adoption question asked respondents: “How easy was it to locate the 

weather app on your smartphone?” The anchor points used on this Likert scale were “Not 
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Easy” and “Very Easy”. The frequencies from the groups of years using a weather app cross 

tabulated against the Ease to Locate on a Smartphone scales are as follows: 

 1 year or less weather app usage respondents, 88% (n =37) were on the positive side 

of the midpoint with 59.5% (n=25) selecting the anchor point “Very Easy”. There 

were 11.9% (n=5) recorded on and below the neutral midpoint scale. No responses 

were shown for the anchor point “Not Easy”. 

 1-2 years usage respondents showed 92.7% (n=76) responses above the midpoint with 

50% (n=41) selecting “Very Easy”. 7.4% (n=6) responses were on and below the 

midpoint scale with nil responses shown for the anchor point “Not Easy”. 

 2-3 years usage respondents showed 91.3% (n=73) responses above the midpoint and 

56.3% (n=45) selecting “Very Easy”. There were 8.8% (n=7) recorded on and below 

the neutral midpoint scale. No responses were shown for the anchor point “Not Easy”. 

 3-4 years respondents showed 92.3% (n=48) responses above the midpoint and 69.2% 

(n=36) selecting “Very Easy”. There were 7.7% (n=4) recorded on and below the 

neutral midpoint scale. There were no responses for the anchor point “Not Easy”. 

 4-5 years usage respondents showed 93.6% (n=29) responses above the midpoint and 

71 % (22) selecting “Very Easy”. Responses of 6.5% (n=2) were recorded on and 

below the neutral midpoint scale with no responses shown for the anchor point “Not 

Easy”. 

 5-6 years usage respondents showed 100% (n=11) responses above the midpoint with 

90.9% (10) selecting “Very Easy”. There were no recorded responses on and below 

the neutral midpoint scale for this group. 

 6 years and over usage respondents represented 100% (n=7) of responses above the 

midpoint and 42.9% (n=3) selecting “Very Easy”. No responses were recorded on and 

below the neutral midpoint scale for this group. 

These results found that all groups of years using a weather app all showed very high 

responses on the positive side of the midpoint. Responses ranged from 88% to 100% rising 

upward from the 1 year or less group through to the 6 years and over group. Additionally all 

years of using a weather app groups also showed very high responses on the anchor point 

“Very Easy” with not a single group showing “Not Easy” responses.  
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This would appear to clearly indicate that while all year’s usage groups find their weather app 

easy to locate, with experience of more years using a weather app, it became easier for 

respondents to locate the weather app on their smartphone. For example: 1-2 years group 

showed 92.7% (n=76), the 2-3 years 91.3% (n=73), 3-4 years 93.6% (n=29) the 5-6 years and 

the 6+ years group showed 100% (n=11) of responses rising with increasing years usage, all 

above the midpoint scale. 

The overall cross tabulated results for the Perceived Value measure Ease to Locate, showed 

higher responses for all year’s usage groups than for the results from Years Using a Weather 

App against: Accuracy, Reliability and Appeal measures.  

4.4.5 Operating System 

Cross Tabulations identified many influences on the scales measuring the constructs of the 

theoretical model TAMM by the smartphone OS. Following are the scales identified by the 

cross tabulations where the OS has had significant influence; Usefulness, Appeal, Security, 

Ease to Learn, Ease to Customise, Ease to Configure, Ease to Become Skilled, Ease to Start 

Using, Ease to Locate on Phone and Ease to Understand Features. 

However, as previously discussed in section 4.3.7.1 of this chapter only three operating 

systems were contained in the dataset, iOS, Android and Windows. This is problematic as the 

Windows OS was only used by 7 respondents in the sample, a group too small to be analysed 

by this method (i.e. likely to skew the results). Therefore the Windows respondents were 

eliminated from the dataset to look specifically at the differences between iOS (n= 191) and 

Android (n=107) operating systems. A Mann-Whitney U test (n=298) analysis was then 

undertaken to examine which of the scales of the theoretical model were being influenced. 

The following were identified by this test; Security (significance .000), Ease to Configure 

(significance .000), Ease to Become Skilled (significance .000), and Ease to Customise 

(significance .001). Each of these is discussed following. 

4.4.5.1 OS * Security 

The security question asked “In your opinion, how secure is the weather app you use?”  The 

anchor points used on this Likert scale were “Not Secure” and “Very Secure”.  Examination 

of the frequencies reveals that for the iPhone operating system (iOS), 64.4% (n = 123) of 

respondents were on the positive side of the midpoint with 29.3% (n=56) selecting the anchor 

point “Very Secure”. Whereas examination of the frequencies for Android were much lower 



Chapter 4 - Analysis of Data 

 81  

with 44.9% (n=48) of respondents above the midpoint and only 16.8% selecting “Very 

Secure”.  

This suggests that iPhone users perceive their weather app to be more secure than do Android 

users.  

4.4.5.2 OS * Ease of Use Measures 

Three Perceived Ease of Use measures; Ease to Configure, Ease to Become Skilled and Ease 

to Customise of the theoretical model construct were found to show influence in the type of 

Operating Systems selected by respondents.  

OS * Ease to Configure 

The Perceived Ease of Use question asked “In your opinion, how easy was it to get your 

weather app to do what you wanted it to do?” The anchor points used on this Likert scale 

were “Not Easy” and “Very Easy”. Examination of the frequencies reveals that for the iOS 

89% (n = 170) of respondents were on the positive side of the midpoint with 39.8% (n=76) 

selecting the anchor point “Very Easy”. The frequencies for Android were similar with 

81.3% (n=87) of respondents above the midpoint yet only 18.7% selected “Very Easy”.  

This suggests that while both iPhone users and Android users found it easy to configure the 

app, overall iOS users perceived it was somewhat easier to configure the weather app than 

did Android users.  

OS * Ease to Become Skilled 

A further question asked “In your opinion, how easy was it to become skilled using a weather 

app?” The anchor points used on this Likert scale were “Not Easy” and “Very Easy”. An 

examination of the frequencies shows for the iOS 96.8% (n = 185) of respondents were on 

the positive side of the midpoint with 51.3% (n=98) selecting the anchor point “Very Easy”. 

Examination of the frequencies for Android were lower with 88.7% (n=95) of responses 

above the midpoint and only 47.4% (n=34) selecting “Very Easy”.  

As both iOS and Android OS users showed similar results it would suggest that both iPhone 

and Android smartphone users perceive their weather apps easy to become skilled in. 

However it would appear iOS users perceived it was somewhat easier to become skilled in 

using the weather app than did Android users. 
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OS * Ease to Customise 

The final Perceived Ease of Use question asked “In your opinion, how easy is it to customise 

the settings on the weather app?” The anchor points used on this Likert scale were “Not 

Easy” and “Very Easy”.  Examination the frequencies shows for the iOS respondents, 75.4% 

(n = 144) were on the positive side of the midpoint with 30.4% (n=58) selecting the anchor 

point “Very Secure”. Examination of the frequencies for Android were somewhat lower with 

62.6% (n=67) of respondents above the midpoint and only 14% (n=15) selecting “Very 

Secure”. From these results it would seem to suggest that iPhone users perceive their weather 

app easier to customise than do Android users.  

4.4.6 Correlations 

Correlations were run between and amongst the scales designed to measure the constructs of 

the TAMM. This model previously identified as the theoretical framework for this research in 

Section 2.15 is once more presented in Figure 4.6.  

 

 

 

 

 

 

 

 

 

Each group of scales designed to test Trust, Perceived Value, Perceived Ease of Adoption and 

Perceived Ease of Use was tested against each other and in particular against “Usage 

Frequency” to verify they were correlated. Strong correlations were found amongst all the 

variables. The variable “Usage Frequency” was chosen for particular attention as it was the 

proposed dependent variable for the Exploratory Factor Analysis. 

 

Figure 4.6: Technology Acceptance Model for Mobile Services (Kaasinen 2005a) 
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4.5 Exploratory Factor Analysis  

As discussed in Section 3.14.1, Exploratory Factor Analysis has been utilised in a number of 

studies; by Smart (2009), Agarwal and Prasad (1998) and by Bhattacherjee (2011) involving 

information systems and technology acceptance models. EFA is used in the current research, 

utilising items associated with the TAMM constructs, as identified and discussed in Section 

2.13. 

4.5.1 Assumptions 

The data must meet certain statistical assumptions for EFA to be undertaken which are now 

individually discussed. 

4.5.2 Assumption of Normality 

In multivariate analysis the assumption of normality is essential in the analysis procedures 

(Hair Jr. et al. 2010; Tabachnick & Fidell 2001). Preliminary assumption testing was 

conducted on the data set. In terms of normality, and as first noted in Section 4.2, skewness 

and kurtosis were verified. In addition to this analysis, the 5 per cent trimmed mean (a 

measure provided by SPSS) for each TAMM item was ascertained. The difference between 

the original mean and the new trimmed mean was very small across the variables utilised in 

the analysis. Given these findings, it was determined that potential outliers be retained. Thus, 

there is a reasonable assumption of normality that has been met.  

4.5.3 Assumption of Linearity  

Departure from linearity may diminish the strength of the statistical tests as the linear 

groupings of any dependent variables do not maximise the separation of groups for the 

independent variables, and covariates do not maximise adjustment for error (Tabachnick & 

Fidell 2001). The assumption of linearity accepts that the data are linear; ensuring the 

absence of curvilinear relationships. Linearity can be tested in several ways such as 

correlation matrices and by generating scatterplots between each pair of variables (Pallant 

2010). Using SPSS, scatterplots were generated demonstrating the data were relatively linear 

thus meeting the assumption of linearity. 

4.5.4 Assumption of Sample Size 

MacCallum and Widaman (1999) argue that among factor analysis literature there are diverse 

opinions of what constitutes an adequate sample size (n) and the minimum required sample 

size ratio to the number of variables (p). This can be calculated for this research via the ratio 

(referred to by Friel 2010; Newsom 2012; Williams, Brown & Onsman 2012) of n/k; where n 
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is the sample size (305) and k is the number of items in the survey (33). EFA works 

preferably with a ratio of approximately 10:1, however a 5:1 ratio is also within the literature 

(Friel 2010; Newsom 2012; Williams, Brown & Onsman 2012). For the current study, a 

subject–to–variable ratio 9 to1 was found, and that is considered to be sufficient for factor 

analysis (Bryant & Yarnold 1995) 

4.5.5 Assumption of Factorability 

Using measures of sampling adequacy factorability may be tested with Bartlett’s test of 

sphericity where the value should be < .05. The Kaiser-Meyer-Olkin (KMO) measure of 

sampling adequacy (MSA) is advanced as a more sophisticated test for factorability 

(Tabachnick & Fidell 2001). The MSA provides a measure of the extent to which variables 

belong together and thus are appropriate for factor analysis. The calibration for the MSA is 

shown in Table 4.7 (Stewart 1981). 

Table 4.7: MSA Calibration 

Marvelous Meritorious Middling Mediocre Miserable Unacceptable 

 

.90+ .80+ .70+ .60+ .50+ Below.50 

 

According to Fisher and Rice (1974) those variables with correlations greater than .6 are 

suited to factor analysis. Conforming to the criterion of the KMO and Bartlett’s test, the 

assumption of factorability was met as shown in Table 4.8. This value is considered by 

Stewart (1981) to be in excess of ‘meritorious’. Therefore, further evidence exists that the 

data matrix is suitable for factor analysis. 

            Table 4.8: KMO and Bartlett’s Test of Sampling Adequacy 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .868 

Bartlett's Test of Sphericity Approx. Chi-Square 2595.270 

df 120 

Sig. .000 
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4.5.6 Correlations 

As mentioned in section 4.4.6, Pearson (parametric) and Spearman (non-parametric) 

correlation tables were generated for the scales designed to measure the TAMM factors, 

Perceived Ease of Adoption, Perceived Ease of Use, Trust and Perceived Value. These tables 

identified many significant correlations between and amongst the scales and with the 

dependent variable “Usage Frequency” to proceed with the EFA.  

4.5.7 Findings of the EFA 

Hair Jr. et al. (2010) maintains that in studies using approximately 200 cases, factor loadings 

to be significant should be above .40, however when factor analysis involves 100 cases, a 

higher factor loading should be determined as the minimum cut-off (Hair Jr. et al. 2010). The 

current research utlised the results from 305 respondents for data analysis; and thus 

recognises a minimum factor loading of .45 when analysing factors.  Correlations within the 

rotated component matrix, meeting this minimum measure are highlighted in Table 4.9. 

Table 4.9: Principle component matrix: 4-factor solution 

 

 

 

 

 

 

 

 

 

 

 

 

Rotated Component Matrix
a
 

Measures Component 

1 2 3 4 

Ease to Navigate Menus .865    

Ease to Become Skilled .820    

Ease to Configure .765    

Ease to Interact .756    

Ease to Customise .734    

Ease to Understand Features .642    

Ease to Learn .632    

Accuracy  .879   

Reliability  .879   

Usefulness  .715   

Security  .456   

Entertainment   .845  

Enjoyment   .732  

Appeal   .712  

Ease to Locate on Phone    .875 

Ease to Start Using    .854 

Extraction Method: Principal Component Analysis.  Rotation Method: Varimax with 

Kaiser Normalization. a. Rotation converged in 6 iterations. 
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4.5.8 Determining the Number of Factors to be extracted 

The principal components analysis identified 4 factors with eigen values greater than 1. The 

scree test of the data was also inspected as shown in Figure 4.7, appearing to give support for 

only 4 factors to be extracted. It was determined a 4 factor solution proved to be a meaningful 

factor solution. 

 

 

 

 

 

 

 

 

 

 

 

4.5.9 Naming of Factors 

Factor 1 is comprised of several usage variables such as: ease of learning, ease of gaining 

usage skills, ease of functionality, ease of navigation, ease of interaction and customisation.  

This factor was named Ease of Use. 

Factor 2 is comprised of several Trust-themed variables such as: reliability, accuracy and 

security.  

This factor was therefore named Trust.  

Four variables comprised Factor 3, being:  enjoyment, usefulness, appeal and entertainment.  

This factor was therefore named Value, given a strong theme of value throughout the four 

variables contained within the factor. 

 

Figure 4.7: Eigenvalue scree plot 
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Factor 4 is comprised of several adoption-based variables: locating the service, ease of initial 

use and understanding the features. This factor was thus named Ease of Adoption. 

4.5.10 Factor Reliability 

A low alpha value indicates the scale contains insufficient items, items share little in 

common, or that the distributions of the items are different. A widely used internal 

consistency measure is Chronbach’s coefficient alpha with a coefficient alpha of around 0.70 

considered to be acceptable (Nunnally & Bernstein 1994).  

4.5.11 Analysis of the factors  

 Alpha for Ease of Use (Factor 1) was computed at .890. As this is greater than 

Chronbach’s coefficient alpha 0.70, it is considered within acceptable limits. 

 Alpha for Trust (Factor 2) was computed at .755. This is greater than 0.70, and is 

therefore considered to be within acceptable limits.  

 Alpha for Value (Factor 3) was computed at .758, again being greater than 0.70. 

 Alpha for Ease of Adoption (Factor 4) was computed at .855, considered well within 

acceptable limits (Nunnally & Bernstein 1994).  

Deleting any of the variables from any of the four factors listed above did not increase the 

Alpha value.  

New variables, based on the factor groupings derived from the EFA, were computed using 

SPSS, in an effort to ascertain weighted means for each of the four factors. This weighted 

means are presented in Table 4.10 following. From the perspective of respondents, Factor 4 

(Ease of Adoption) showed to be the highest rated factor; indicating a mean of 6.3328, on the 

7 point Likert scale. This was then followed by Factors: 1 (Ease of Use), 2 (Trust) and 3 

(Value).  
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Table 4.10: Four Factors 

Descriptive Statistics 

 

N Minimum Maximum Mean 

Std. 

Deviation 

 Factor 1 Ease of Use Mean 305 2.43 7.00 5.7785 .97276 

 Factor 2 Trust Mean 305 1.25 7.00 5.1262 1.04605 

 Factor 3 Value Mean 305 1.00 7.00 4.5836 1.22371 

 Factor 4 Ease of Adoption Mean 305 2.00 7.00 6.3328 .93272 

Valid N (listwise) 305     

  

4.6 Factors ranked by means 

The factors identified for exploratory factor analysis are listed according to the highest per 

factor in the following sections each with a frequency distribution summary.  

4.6.1 Perceived Ease of Adoption 

The questions relating to aspects of Perceived Ease of Adoption were presented to determine 

the experience in terms of the user ease in adopting a weather app on a smartphone. 

Perceived Ease of Adoption included three scale items, the first being:  

 How easy was it to locate the weather app on your smartphone? The frequency 

distribution to this survey question showed 92.1% (n=281) of responses on the 

positive side of the midpoint with 4.9% (n=15) on the midpoint and 3% (n=9) below 

the midpoint. This would appear to indicate the majority of respondents found 

locating the weather app on their smartphone easy. 

 The second item asked respondents: How easy was it to start using the weather app 

on your smartphone? This measure scored the highest mean of 6.34. This survey 

question showed similar results to the locating of weather apps scale item with 95.1% 

(n=290) of responses on the positive side of the midpoint, 2.6% (n=8) on the midpoint 

and 2.3% (n=7) below the midpoint. These results would again suggest that 

respondents find it easy to start using a weather app on their smartphone. 
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The final item, “How easy was it to understand the description of all the features 

included in the weather app on your smartphone” showed a frequency distribution of 

78.4% (n=239) of responses on the positive side of the midpoint with 13.1% (n=40) 

on the midpoint. Responses below the midpoint were 8.6% (n=26). In the survey this 

question was originally asked to measure Perceived Ease of Adoption (Kaasinen 

2005a). The Rotated Component Matrix table (see Table 4.9) shows the Ease to 

Understand Features measure moved from the Ease of Adoption factor and fell into 

the Ease of Use factor. While being an unexpected result, from the perspective of 

respondents, it would appear that the Ease to Understand Features item is more of a 

measure of Perceived Ease of Use than it is of Perceived Ease of Adoption. 

Easy to Start Using Weather Apps on Smartphones, scored the highest mean with both other 

measures, Locating Weather Apps and Ease to Understand Features also scoring on the 

positive side of the scale midpoint with a mean of 6.33 and 5.55 respectively. The factor 

mean of Ease of Adoption was 6.3328. Table 4.11 lists key descriptive statistics for each of 

the three measures. 

Table 4.11: Summary of Descriptive Statistics for Perceived Ease of Adoption Measures (n = 

305) 

Ease of Adoption Factor Mean Median Std. 

Deviation 

Locating of weather apps on smartphones 6.33 7.00 1.037 

Easy to start using weather apps on 

smartphones 

6.34 7.00 .957 

Ease to understand features of weather apps 

on smartphones 

5.55 6.00 1.430 

4.6.2 Perceived Ease of Use 

The Perceived Ease of Use construct is included in the original TAM by Davis (1989) and 

retained in the modified TAMM model by Kaasinen (2005a). It is considered by Kaasinen 

(2005a) as integral to user acceptance. The six questions used in the current research 

included:  

 In your opinion, how easy is it to learn how to use the weather app? Ease of learning 

weather apps on a smartphone showed a majority frequency distribution of 95.1% 

(n=290) responses on the positive side of the midpoint with 3.6% (n=11) on the 
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midpoint and 1.3% (n=4) below the midpoint. The scale item showed 56.4% (n=172) 

responses on the far anchor point above the neutral scale; Very Easy. 

 A further question asked: In your opinion, how easy is it to get the weather app to do 

what you want it to do? This question sought to determine the ease of configuring a 

weather app on a smartphone. There were 85.9% (n=262) of responses on the positive 

side of the midpoint with 8.9% (n=27) on the midpoint and 5.2% (n=16) below the 

midpoint, demonstrating a majority of responses above the neutral midpoint scale. 

 The survey question “In your opinion, how easy was it for you to become skilled in 

using the weather app?” found that 93.8% (n=286) of responses were on the positive 

side of the midpoint with 3.6% (n=11) on the midpoint. 4.9% (n=15) responses were 

below the midpoint.  

 Similarly the survey question “In your opinion, how easy is it to use the navigation 

menus on the weather app?” presented 85.6% (n=261) of responses on the positive 

side of the midpoint, 8.5% (n=26) on the midpoint and 5.9% (n=18) below the neutral 

midpoint scale. 

 In your opinion, how easy is it to interact with the weather app? The responses to this 

scale item represented 82.4% (n=257) of respondents on the positive side of the 

midpoint with 9.5% (n=29) on the midpoint scale and 8.2% (n=25) below the 

midpoint. 

 The final item from Perceived Ease of Use presented the survey question: In your 

opinion, how easy is it to customise the settings on the weather app? There were 

70.1% (n=214) of responses on the positive side of the midpoint with 13.8% (n=42) 

on the midpoint and 16.1% (n=49) below the midpoint. 

Ease to Learn scored the highest mean of 6.32. All five other measures scored on the positive 

side of the scale midpoint. The factor mean for Ease of Use was 5.7785. The key 

descriptive statistics for each of the six measures of Perceived Ease of Use factor of a 

weather app on a smartphone are listed in the following Table 4.12. 
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Table 4.12: Summary of Descriptive Statistics for Perceived Ease of Use Measures (n = 305) 

Ease of Use Factor Mean Median Std. 

Deviation 

Ease to learn weather apps on smartphones 6.32 7.00 . 933 

Ease to configure weather apps on 

smartphones 

5.75 6.00 1.213 

Become skilled using weather apps on 

smartphones 

6.17 6.00 .933 

Ease of navigation weather apps on 

smartphones 

5.77 6.00 1.206 

Ease to interact with weather apps on 

smartphones 

5.70 6.00 1.326 

Ease to customise weather apps on 

smartphones 

5.19 5.00 1.588 

 

4.6.3 Trust   

Trust is indicated by Kaasinen et al. (2011) as a key construct in the theoretical model used in 

this research and is perceived to be integral to user acceptance of mobile services. Three 

questions were included in the survey to measure aspects of Trust: reliability, accuracy and 

security. The scale items included:  

 In your opinion, how reliable is the weather app you use? Reliability is an aspect of 

Trust that relates to the consistency of the weather app service on a user’s 

smartphone. This scale item showed more respondents above the neutral midpoint 

scale with 74.1% (n=226) of respondents indicating their weather app was considered 

more reliable than not reliable. 15.1% (n=46) of responses were recorded on the 

neutral scale midpoint and 10.9% (n=33) below the neutral scale. 

 In your opinion, how accurate is the weather information on the weather app you 

use? The user of a mobile service such a weather app is provided with various 

information data. In order for the user to access the information as credible, accuracy 

is necessary. In this survey question, 68.6% (n=209) of respondents indicated their 

weather app was accurate; being above the neutral midpoint scale. There were 17.4% 

(n=53) of responses recorded on the neutral scale midpoint and 14% (n=43) below the 

midpoint scale. 

 In your opinion, how secure is the weather app you use? App security breaches on 

smartphones can arise from vulnerabilities within the technology making security an 

important aspect of the Trust construct.  A total of 57.1% (n=174) of respondents 
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were recorded above the neutral midpoint, suggesting their weather app was 

considered secure. On the neutral scale midpoint were 26.6% (n=81) of responses, 

with 16.4% (n=50) below the neutral scale.  

The descriptive statistics for each of the three measures of Trust are presented in Table 4.13. 

The mean of each of the three items were all above the neutral midpoint scale with Reliability 

scoring the highest mean of 5.12. The factor mean for Trust was 5.1262. 

Table 4.13: Summary of Descriptive Statistics for Trust Measures (n = 305) 

Trust Factor Mean Median Std. 

Deviation 

Reliability of weather apps on 

smartphones 

5.12 5.00 1.277 

Accuracy of weather apps on smartphones 4.85 5.00 1.266 

Security of weather apps on smartphones 5.02 5.00 1.562 

4.6.4 Perceived Value 

Based on the TAMM model, Kaasinen (2005a) asserted that the value perceived from using 

an LBS mobile app, such as a weather app, could be measured via several variables/items. 

Four questions were included in the survey to measure levels of Perceived Value: enjoyment, 

usefulness, appeal and entertainment value. The scale items used were: 

 In your opinion, how enjoyable is your weather app to use? The experience of 

enjoyment from a weather app on smartphones is related to usefulness with activities 

involving community, recreation or business where weather is a factor. Respondents 

to this scale item showed a total of 65.3% (n=199) of responses on the positive side of 

the midpoint. 18% (n=55) of responses were on the midpoint with 16.7% (n=51) 

below the neutral midpoint scale. 

 The following question asked related to the usefulness of a weather app: In your 

opinion how useful is the weather information from your weather app? Usefulness of 

weather information relates to detailed information the user requires in context with 

the user’s location from the app. For example, if the weather information is 

insufficient in regards to rain radar coverage, the user may search other media for 

more comprehensive information (Kaasinen et al. 2011).  The frequency distribution 

to this survey question recorded 81.7% (n=249) of positive responses above the 

midpoint. This would suggest respondents found their weather app useful. On the 
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midpoint there were 7.5% (n=23) of responses, and 10.8% (n=33) below the neutral 

midpoint scale.  

This question in the survey was originally asked to measure Perceived Value 

(Kaasinen 2005a). As shown previously in the Rotated Component Matrix table (see 

Table 4.9) the usefulness measure moved from the Value factor and fell into the Trust 

factor. The researcher expected this measure to fall into the factor named, Value. It 

would appear however, that from the perspective of respondents that usefulness is 

more of a measure of Trust than it is of Perceived Value. In the context of using a 

weather app on a smartphone, usefulness could be seen as more related to other Trust 

measures such as accuracy and reliability than to Perceived Value. This may be 

illustrated in a scenario in which the planning of outdoor activities is highly weather 

dependent. In such a scenario the usefulness of a weather app becomes apparent to the 

extent of the reliability and accuracy of the weather information provided by the 

weather app.   

 In your opinion, how appealing is the weather app you use?  Economic drivers are 

motivating weather apps to have visual appeal value, in order to attract and retain 

users.  For this question, 79.4% (n=242) of responses were on the positive side of the 

midpoint, indicating from their perspective the weather app was appealing. 11.1% 

(n=34) of responses were on the midpoint, with 9.5% (n=29) below the midpoint 

scale.  

 In your opinion, how entertaining is the weather app to use? The entertainment value 

of an app can produce feelings of enjoyment and escapism. The frequency distribution 

however to this survey question showed fewer responses, being 31.1% (n=95), on the 

positive side of the midpoint than other value scale items. 23% (n=70) of responses 

were on the midpoint, and 45.9% (n=140) below the midpoint. These results would 

tend to indicate that overall, weather apps were considered by respondents as less 

entertaining than entertaining.  

Usefulness scored the highest mean of 5.52. Appeal and Enjoyment both scored on the 

positive side of the midpoint. Entertainment was the only item that scored below the midpoint 

with a mean of 3.57. The factor mean for Value was 4.5836. Table 4.14 shows the key 

descriptive statistics for each of the four measures of Value. 



Chapter 4 - Analysis of Data 

 94  

Table 4.14: Summary of Descriptive Statistics for Value Measures (n = 305) 

Value Factor Mean Median Std. 

Deviation 

Enjoyment of weather apps on smartphones 4.84 5.00 1.459 

Usefulness of weather apps on smartphones  5.52 6.00 1.386 

Appeal of weather apps on smartphones 5.34 6.00 1.350 

Entertainment of weather apps on smartphones 3.57 4.00 1.647 

4.6.5 Types of weather app users 

Within the full data set (n=305) are two groups, the first group (n=127) are those respondents 

who are using the pre-installed weather app that shipped with their smartphone. The second 

group are users whom have downloaded (or purchased) a weather app and are using the 

downloaded weather app (or multiple weather apps). Comparison of these two groups reveals 

some interesting facts. Comparison the results for the four factors in the Group Statistics 

table are illustrated in Table 4.15. This table shows the differing (weighted) means for two 

groups: the preinstalled weather app users group, and the downloaded weather app users 

group.  

Table 4.15: Group Statistics 

 

 

Type App Used N Mean Std. Deviation 

Std. Error 

Mean 

Factor 1 Ease of Use 

Mean 

Pre-installed 127 5.6985 1.04301 .09255 

Downloaded 178 5.8355 .91812 .06882 

Factor 2 Trust Mean Pre-installed 127 4.9311 1.08227 .09604 

Downloaded 178 5.2654 .99935 .07490 

Factor 3 Value Mean Pre-installed 127 4.3150 1.25449 .11132 

Downloaded 178 4.7753 1.16743 .08750 

Factor 4 Ease of 

Adoption Mean 

Pre-installed 127 6.4173 .83277 .07390 

Downloaded 178 6.2725 .99585 .07464 
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4.7 Independent samples t-test  

Differing means for preinstalled weather app users and the subset of download weather app 

users were evident across all the fours factors. Therefore an independent samples t-test was 

run to determine whether the difference in the means recorded were statistically significant. 

Factor 2 (Trust) and Factor 3 (Value) were found to be statistically significant at less than 

.006 and .001 respectively. However the mean for Factor 1 (Ease of Use) and Factor 4 (Ease 

of Adoption) were not found to differ in a statistically significant way between the two groups 

of respondents. The independent samples t-test results presented in Table 4.16 following, 

shows that mean differences recorded for the two app user groups; preinstalled and download 

users.  
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4.8 Additional Ease of Adoption measures 

It should be noted a second EFA was conducted (see Appendix: D) to test the additional 

Perceived Ease of Adoption measures/questions presented in the Download section of the 

Table 4:16 Independent Samples Test 

 

Levene's Test for 

Equality of Variances t-test for Equality of Mean 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Factor1 Ease 

of Use Mean 

 

Equal 

variances 

assumed 

1.983 .160 -1.213 303 .226 -.13694 .11290 -.35911 .08524 

 Equal 

variances not 

assumed 

  -1.187 249.537 .236 -.13694 .11533 -.36408 .09021 

Factor 2 Trust 

Mean 

Equal 

variances 

assumed 

2.239 .136 -2.782 303 .006 -.33435 .12018 -.57084 -.09786 

 Equal 

variances not 

assumed 

  -2.745 257.971 .006 -.33435 .12179 -.57418 -.09451 

Factor 3  

Value 

Mean 

Equal 

variances 

assumed 

1.195 .275 -3.290 303 .001 -.46032 .13990 -.73561 -.18503 

 Equal 

variances not 

assumed 

  -3.251 259.333 .001 -.46032 .14159 -.73914 -.18150 

Factor 4 Ease 

of Adoption 

Mean 

Equal 

variances 

assumed 

2.178 .141 1.339 303 .182 .14485 .10820 -.06807 .35777 

 Equal 

variances not 

assumed 

  1.379 295.385 .169 .14485 .10503 -.06186 .35156 
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survey. This second EFA was run on the subset (n=178) of the survey sample comprised of 

users who had downloaded a weather app (and includes multiple weather app users). This 

subset of respondents was determined from survey questions relating to the downloading and 

purchasing of a weather app as discussed previously in Section 4.3.7.2. The first question was 

pertaining to preinstalled weather apps: “I am using the weather app pre-installed on my 

smartphone.” If respondents answered affirmatively they would be branched to the end of the 

survey. The participants were also presented with two other choices relating to downloading 

weather apps: 

I am using the weather app I downloaded to my smartphone.  

I am using multiple weather apps on my smartphone. 

By answering either question affirmatively these participants were additionally asked to 

respond to three Download questions which were aligned to Perceived Ease of Adoption, 

Taking into Use and Intention to Use constructs from the Technology Acceptance Model for 

Mobile Services. They were: 

How easy was it to locate a weather app in the app store? 

How complicated was it to install the app you downloaded? 

How easy was it to start using the weather app you downloaded? 

A final question asked: “Have you purchased a weather app?” which showed 31.4% (n=56) 

from the subset of respondents (n=178) selected Yes, that they had purchased a weather app.  

As a function of the purchase from an app store the purchased weather app would be 

downloaded to the nominated smartphone (Google Play Store 2014; iTunes Preview 2014; 

Windows 2014).  

These questions were specifically designed to examine the two hypotheses; H5- Intention to 

Use will directly affect the Taking into Use of a weather app on a smartphone and H7-Taking 

into Use will directly affect the Usage Behaviour of a weather app on a smartphone. It was 

found that 58.3% (n=178) of respondents downloaded a weather app confirming Intention to 

Use directly affects Taking into Use and subsequently affects Usage Behaviour.  

After running a second EFA from the subset (n=178) of the full sample, it was found that all 

of the measures from the Perceived Ease of Adoption/Download section fell exactly into the 
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Ease of Adoption factor. The results were found to be identical to the full sample of (n=305). 

Additionally it was decided to examine the frequency of using a weather app for this subset 

of respondents to investigate any differences between this group and the overall sample. The 

seven choices presented to respondents were: Rarely, Yearly, Monthly, Fortnightly, Weekly, 

Daily and Hourly.  

The frequency of usage Table 4.3 for the full sample (presented in Section 4.3.7.5) showed 

the largest groups were 47.5% of respondents using the weather app on their smartphone 

Daily followed by 31.8% of respondents using the weather app on a Weekly basis. The results 

from the subgroup that had downloaded a weather app mirrored these results with only small 

differences in the percentages.  

Daily users in the subgroup were a slightly higher than the overall sample at 53.4%, 

indicating that users whom have downloaded a weather app are a bit more likely to check it 

on a daily basis. Weekly users in the subgroup accounted for almost an exact match in 

percentage at 31.5%.  Both the results for the full sample (n=305) and the subgroup (n=178) 

of downloaded weather app users support the above mentioned Hypotheses, H5 and H7. 

4.9 Regression 

The EFA identified that each of the constructs of the TAMM model when applied to weather 

apps directly affect usage of the weather app and thereby supports several of the hypotheses 

this study was designed to address (further discussed in Chapter 5). However, within the 

TAMM model (see Figure 4.6) the construct Perceived Ease of Use as well as affecting 

Intention to Use is also is shown to directly affect the Perceived Value construct. This 

relationship was included as a hypothesis in the study: 

H2 Perceived Ease of Use will directly affect the Perceived Value of a weather app on a 

smartphone. 

To confirm this relationship from the dataset a regression model was designed and run to 

examine this relationship. The results of this regression are shown in Table 4.17 following.  
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Table 4.17: Regression Result (Model Summary
b
) 

R R
2
 Adjusted R Square Std Error of Estimate 

.427
a
 .182 .163 1.06447 

a 
Predictors: (constant), Ease to Understand Features, Ease to Interact, Ease to Learn, Ease to Customise, Ease to 

Configure, Ease to Become Skilled, Ease to Navigate Menus,  
b
 Dependent Variable: Perceived Value 

This regression supports the hypothesis indicating that scales measuring Perceived Ease of 

Use explain 18.2% (R
2
 = .182) of the variance in the Perceived Value construct. The 

complete analysis is included in Appendix E: Regression.  

The data analysis undertaken for this study has been outlined in this chapter. Extracted from 

the analysis, the identification of key factors can be used to help determine the influences of 

user acceptance of weather apps on smartphones. It is believed that the identification of these 

components will be of interest to researchers for future studies and to organisations and 

individuals developing LBS apps. A comprehensive discussion of the conclusions, limitations 

and implications and directions for future research that arise from the findings is developed in 

the following chapter. 
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 Chapter 5  

Discussion and Conclusion 

5.1 Introduction 

By means of a suitable information system success model, identified from the literature 

review as the Technology Acceptance Model for Mobile Services (TAMM), this research 

sought to determine the influences of user acceptance in an information systems environment; 

with users of LBS weather apps on smartphones. To aid in achieving this research objective, 

the central research question derived was:  

RQ: What are the key factors that may influence user acceptance of Information Systems: 

from the perspective of the TAMM constructs, focusing on the influence of Trust and 

Perceived Value, upon user acceptance of LBS weather apps on smartphones? 

This thesis consists of five chapters, each intrinsic to addressing the stated research question.  

Chapter 1  

Background information relevant to the study was presented with the research question being 

introduced.  

Chapter 2  

The purpose of this review was to analyse what has been written on the topic and determine if 

any gaps exist within the extant literature, including a review of past and present theoretical 

models that have been used to test user acceptance of technology.  The most relevant models 

under consideration were examined to determine the most suitable framework for a study of 

user acceptance, Trust and Value of weather apps on smartphones. 

Chapter 3  

Chapter 3 expounded the research methodology employed for this study including: the 

research design, survey participants, sampling strategies, data collection, data analysis and 

the validity and reliability of the research methodology. Justification for using a purposive, 

self selection sampling technique was given (Trochim 2006). Exploratory Factor Analysis as 
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the primary technique for data analysis was presented and discussed. Finally Independent 

samples t-test and regression, as additional analysis techniques used, were considered and 

explained.  

Chapter 4  

Chapter 4 presents the statistical information gathered from the online quantitative survey; 

discussed cleaning of the raw data, the response rate and descriptive statistics. The findings 

from the Exploratory Factor Analysis, cross tabulations, parametric and non-parametric tests, 

including Mann-Whitney U tests, Independent samples t-test and regression analysis were 

discussed.   

Chapter 5  

The final chapter of this thesis endeavours to derive meaning from the quantitative data 

gathered from the online survey instrument. Following the introduction, this chapter is 

presented in several sections and subsections: 

 Discussion  

 Conclusions and implications 

The concluding sections will discuss other aspects of this research, including: 

 Limitations and key assumptions  

 Directions for the future  

 Summary of Key Research Findings 

5.2 Discussion of Research Question and Hypotheses 

As noted previously, the research question underpinning this study was: What are the key 

factors that may influence user acceptance of Information Systems: from the perspective of 

the TAMM constructs, focusing on the influence of Trust and Value, upon user acceptance of 

LBS weather apps on smartphones? 

5.2.1 Conclusions associated with the Research Question 

The research problem detailed in this study concerns the use of weather apps on smartphones. 

As discussed in Section 2.10, the theoretical user acceptance models of TAM by Davis 
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(1989) and TAM2 by Venkatesh and Davis (2000) were found to be inconsistent with the 

overall research problem. The Technology Acceptance Model for Mobile Services (TAMM), 

derived by Kaasinen et al. (2011), appeared to be a more appropriate theoretical framework, 

given its specific reference to mobile devices (like smartphones). Extent literature (presented 

in Chapter 2) showed that the theoretical model TAMM, developed from the seminal TAM 

model by Davis (1989), was used in empirical studies from 2002 to 2005, which were aimed 

at location aware services and mobile Internet services (Kaasinen 2002; Kaasinen 2005a; 

2005b; Kaasinen et al. 2011). Kaasinen (2005a) maintains that the study of user acceptance of 

an Information System such as mobile services requires a framework that can bring together 

the results of the individual factors that affect user acceptance.  

Mobile services, such as Location Based Services (LBS) apps directed at the consumer 

market, have specific characteristics. As a consequence, Kaasinen (2005a) highlights the need 

for a different user acceptance model other than TAM, TAM2 or the UTAUT model by 

Venkatesh et al. (2003). As Kaasinen (2005a, p. 67) succinctly states regarding TAMM; ‘the 

aim of the model is to provide a framework to design and evaluate mobile services for user 

acceptance’. However, smartphone LBS apps are perceived as different from the mobile 

services study by Kaasinen (2005a), which involved location aware weather SMS services, 

not downloadable LBS weather apps; hence the need for further research using TAMM was 

required to resolve the research problem. 

In light of the findings from this research, the TAMM was found to be a robust and stable 

theoretical framework. The reasons this model was selected for this study were detailed in the 

literature review (see Sections 2.10 through 2.13). In utilising TAMM as the framework, this 

research set out to discover the key influences of user acceptance of weather apps on 

smartphones. The Technology Acceptance Model for Mobile Services used as the theoretical 

framework for this research (noted in Section 2.15) is once more presented in the following 

Figure 5.1. 
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5.2.2 Conclusions associated with the Research Hypotheses 

The research hypotheses, initially presented in Chapter 1, are now addressed. The results of 

the data analysis performed on the sample support for the all of the hypotheses listed in Table 

5.1. 

Table 5.1: Hypotheses Supported 

Hypothesis 

  

Statement 

H1  

 

Perceived Ease of Use will directly affect the Intention to Use a 

weather app on a smartphone 
 

H2  

 

Perceived Ease of Use will directly affect the Perceived Value of a 

weather app on a smartphone 
 

H3  

 

Perceived Value will directly affect the Intention to Use a weather 

app on a smartphone  

H4  

 

Trust will directly affect the Intention to Use a weather app on a 

smartphone  

H5  

 

Intention to Use will directly affect the Taking into Use of a 

weather app on a smartphone  
 

H6  

 

Perceived Ease of Adoption will directly affect the Taking into Use 

of a weather app on a smartphone 
 

H7  

 

Taking into Use will directly affect the Usage Behaviour of a 

weather app on a smartphone 

 

 

Figure 5.1: Technology Acceptance Model for Mobile Services 

(Kaasinen 2005a) 
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5.2.3 Factor discussion 

As explained in Section 4.6, Exploratory Factor Analysis (EFA) was used to identify the 

factors within the scales of the survey that affected Usage Behaviour. Usage Behaviour for 

the purposes of this study was considered to be a combination of all three usage constructs; 

Intention to Use, Taking into Use and Usage Behaviour from the TAMM model. Four factors 

were found to be present. 

Factor reliability was determined by Cronbach’s coefficient alpha; a widely used internal 

consistency measure. The alpha values for all four factors were found to be above 0.70 and 

therefore are considered within acceptable limits.  

Factor 1 was comprised of the variables: ease of learning, ease of becoming skilled, ease of 

configuration, ease of navigation, ease of interaction, ease to understand features and 

customisation. This factor was named Ease of Use. 

It should be noted that regardless of type of smartphone, most respondents found the skills in 

each of the variables easy to acquire. This was evidenced by the overall results for all seven 

measures of Ease of Use having their mean on the positive side of the midpoint Likert scale. 

Six of the seven questions posed to respondents were drawn from previous TAM research 

and applied to the TAMM model. The seventh variable, ‘ease to understand features’, was 

originally conceived to measure the construct Perceived Ease of Adoption in the TAMM 

model, but was found to load on this factor (see Section 4.6.1). Factor 1, Ease of Use supports 

H1in that the Perceived Ease of Use construct from the TAMM model does appear to affect 

Intention to Use the weather app on a smartphone. 

Factor 2 was comprised of the variables: reliability, accuracy, usefulness and security.  This 

factor was named Trust. 

Analysis indicates that respondents considered weather apps on a smartphone to be reliable, 

accurate, useful and secure. The results for the four measures of Trust show that each 

measure had a mean above the scale midpoint, indicating that most users of weather apps on 

their smartphone consider the app to be trustworthy. Whereas usefulness was previously 

considered to be a measure of Perceived Value construct of the TAMM model, the EFA 

determined that this measure was associated with Trust. Usefulness appears to be more of a 

measure of Trust than it is of Perceived Value. The relationship to other Trust measures may 

be illustrated in a scenario in which the planning of outdoor activities is highly weather 
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dependent. In such a scenario, the usefulness of a weather app becomes apparent to the extent 

of the reliability and accuracy of the weather information provided by the weather app.   

This factor supports H4 by demonstrating that the scales measuring Trust affect the Intention 

to Use a weather app on a smartphone. 

Factor 3 was comprised of three variables such as: enjoyment, appeal and entertainment.  

This factor was named Value. 

The analysis showed respondents found the weather app on their smartphones to be 

appealing, enjoyable and to a lesser extent, entertaining. Two of the three measures of Value 

(being Enjoyment, and Appeal) had a mean on the positive side of the Likert scale. The mean 

for Entertainment scored below the midpoint, indicating that from the viewpoint of these 

respondents, the entertainment aspect of the weather app was not as highly rated as other 

aspects of the Value.  

The Value factor being a key dimension identified in the EFA supports H3 as it directly 

affects Usage Behaviour of a weather app on a smartphone. 

Factor 4 was comprised of two variables such as: locating the service, and ease to start using. 

This factor was named Ease of Adoption. 

Both of these variables were rated highly by nearly all respondents (n=305), demonstrating 

users found locating and starting to use the weather app on their smartphone easy to 

accomplish. As previously mentioned the full sample was later divided into two groups; 

preinstalled (n=127) and downloaded (n=178) weather app users. Three additional questions 

were asked of the users of a downloaded weather app. These variables; ease to locate in app 

store, ease to install and ease to start using download were shown to be in the Ease of 

Adoption factor by way of a second EFA run on the 178 users who had downloaded a 

weather app.  

The Ease of Adoption factor showed an extremely high mean of 6.3328. Of the three 

measures (Locating, Ease to Understand Features, and Ease to Start Using) two measures 

(Locating and Ease to Start Using) loaded on this factor each scoring a high means on the 

positive side of the scale midpoint. The overall findings from the 305 respondents in this 

study thus identified Perceived Ease of Adoption and Perceived Ease of Use as the 

dimensions indicative of the most important components of user acceptance.  
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The Ease of Adoption factor clearly affects Taking into Use (H6) a weather app on a 

smartphone. This is further supported by the subgroup of users who have downloaded, 

installed and are using a weather app that did not ship with their smartphone.  

5.2.4 Regression Discussion 

The construct Perceived Ease of Use, within the Technology Acceptance Model for Mobile 

Services (TAMM) model, is shown to directly affect both Intention to Use and the Perceived 

Value constructs. The support for the affect of Perceived Value on Intention to Use was 

demonstrated previously by the factor named Value. The affect of Perceived Ease of Use on 

Perceived Value is supported by a regression model that was designed and run to examine 

this relationship (see results as presented in Section 4.9, Table 4.17). This regression supports 

the hypothesis, H2, indicating that scales measuring Perceived Ease of Use explain 18.2% 

(R
2
 = .182) of the variance in the Perceived Value construct.  

5.2.4 Type of weather app users discussion 

To deal with the H5 and H7 hypotheses (i.e. Taking into Use will directly affect the Usage 

Behaviour of a weather app on a smartphone and Intention to Use will directly affect the 

Taking into Use of a weather app on a smartphone), the full sample (n=305) was divided into 

two groups. The first group (n=127), which comprised of preinstalled weather app users, 

clearly indicate that they had an Intention to Use a weather app by Taking into Use the 

weather app. This was measured by their Usage Behaviour. This in and of itself does not 

demonstrate a clear delineation between these three constructs.  

However this does demonstrate that they are in fact using a weather app on a smartphone. 

The second group (n=178) is comprised of two types of weather app users, those using a 

downloaded weather app and those using multiple weather apps. Table 5.2 shows all groups 

of weather app users in the full sample. 

 

 

 

 

 

 Table 5.2: Preinstalled, Downloaded and Multiple weather apps 

 Frequency Percent Valid Percent Cumulative Percent 

 Valid     Pre-installed 127 41.6 41.6 41.6 

              Downloaded 106 34.8 34.8 76.4 

              Use Multiple 72 23.6 23.6 100.0 

              Total 305 100.0 100.0  
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This second group have all downloaded and installed at least one weather app that did not 

ship with their smartphone. In contrast to the preinstalled users group, there is a clear 

delineation between the constructs of the model. Respondents perhaps dissatisfied with the 

preinstalled weather app on their smartphone have shown an Intention to Use a weather app 

by searching the various app stores and by downloading and installing a weather app have 

clearly shown an intention of Taking into Use another weather app. As previously discussed 

in Section 4.8, this directly affected their Usage Behaviour as this group shows a 5.9% 

increase over the preinstalled users group for frequency of daily use. This clearly supports the 

H5 and H7 hypotheses. 

5.3 Trust and Value Discussion 

As previously discussed respondents were divided into two groups, preinstalled and 

downloaded weather app users. In addition to supporting the H5 and H7 hypotheses this 

division revealed a difference in the factors, Trust and Value from the EFA between the 

groups. Table 5.3 following shows the difference between the calculated factor means for 

each of these groups. 

Table 5.3: Comparison of Preinstalled and Downloaded app statistics 

 

 

 

 

 

 

 

 

 

 

Group Statistics 

 What App Used N Mean Std. Deviation Std. Error Mean 

 Ease of Use Pre-installed 127 5.6985 1.04301 .09255 

Downloaded 178 5.8355 .91812 .06882 

Trust Pre-installed 127 4.9311 1.08227 .09604 

Downloaded 178 5.2654 .99935 .07490 

Value Pre-installed 127 4.3150 1.25449 .11132 

Downloaded 178 4.7753 1.16743 .08750 

 Ease of Adoption Pre-installed 127 6.4173 .83277 .07390 

Downloaded 178 6.2725 .99585 .07464 
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The factor means differ between the two groups, across all four factors. However to 

determine significance, an independent t-test was run to determine any statistically significant 

differences in the means recorded for each factor. The means for Ease of Use and Ease of 

Adoption did not differ in a statistically significant way between the two groups of 

respondents. The difference in the means (pre-installed and downloaded) for Trust and Value, 

were found to be statistically significant at .006 and .001 respectively (see Section 4.7, Table 

4.16). 

Participants who downloaded a weather app scored on the high side of the midpoint for the 

factor of Trust with the mean for Trust being 5.2654. In contrast, respondents who used a 

preinstalled weather app recorded a mean of 4.9311 for this factor. Possible reasons for these 

results could be that users who are motivated to download a weather app do so with an 

expectation of a higher quality product. This may include enhanced features of Trust and 

Value than the preinstalled weather app they may currently be using. For example, the Trust 

factor may be enhanced with greater accuracy, reliability, usefulness and security on a 

downloaded weather app. This may include features such as synoptic weather charts, 

extended marine forecasts and more extensive rain radar coverage. 

The Value factor for users of a downloaded weather app scored on the positive side of the 

midpoint in a statistically significant way with a mean of 4.7753. This showed that 

respondents using a downloaded app were also of the opinion that their app was more 

enjoyable, more appealing and entertaining than a respondent using a preinstalled weather 

app. As there are collectively hundreds of weather apps available from Google Play Store, 

iTunes and Windows, the appeal of an app relates to a value placed on the app from the 

perspective of the user. Therefore users may expect that by downloading a third party 

weather app, visual appeal aspects may be enhanced.  

A sizeable portion (31.4%) of respondents in the download group indicated that not only had 

they downloaded a weather app (which did not ship with their smartphone), but also that they 

had actually purchased a weather app. This investment of time and money could additionally 

impact the perception of Trust and Value to these respondents. Simply stated, by purchasing a 

weather app, a user could reasonably expect more features related to Trust and Value than 

what is provided with a preinstalled weather app. 
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5.4 Gender Discussion 

A Mann -Whitney U test (n=305) was conducted to search for differences between males and 

females. Several key influences were found.   

5.4.1 Gender Influence on choice of smartphone 

The first influence gender made was on choice of smartphone. Even though the question was 

“What operating system does your smartphone use”, choosing iOS identifies the brand 

iPhone.  From the total number of female survey respondents, 70% of females used the iOS 

(iPhone) operating system, whereas only 46.9% of male respondents used iPhones. There are 

several possible reasons that may explain the gender preference for the iOS platform of 

smartphones which are now posited.  

One possible reason for females choosing to use an iPhone comes from an Intel Corporation 

researcher and anthropologist, Genevieve Bell, how indicated women are now believed to be 

the lead adopters of new technologies (Barclay 2012). Hence female respondents may 

reasonably perceive the iPhone to be one of the world’s most popular smartphones, as in fact 

it is the most popular smartphone in the United States of America (comScore 2014).  

Nielsen (2010) conducted a survey that found females were more likely to choose an iPhone 

than males whom were found to prefer Android smartphones. Furthermore, females, whom 

are generally considered to be more astute in terms of fashion consciousness than males, are 

possibly making a fashion statement by using an iPhone (Pentecost & Andrews 2010; Lewis 

2013).   

5.4.2 Gender influence on type of weather app 

The second influence gender made was on the use of preinstalled, downloaded or multiple 

weather apps in use between the genders. Females were more likely than males to use the 

preinstalled weather application shipped with their smartphone. Figure 5.2 illustrates the type 

of weather app used by female and male genders.  

 

 

 

 



Chapter 5 – Discussion and Conclusion 
 

 110  

 

 

 

 

 

 

 

 

 

 

As can clearly be seen in Figure 5.2, females are far more likely to use the preinstalled 

weather app on their smartphone than are males. 

5.4.3 Other gender influences 

Other influences revealed by the Mann-Whitney U test dealt with the scales associated with 

Ease of Use and Ease of Adoption. In all cases females found it easier to adopt and use their 

weather apps. The researcher suspects this may be due the predominance of iPhone use by 

females and that 48.3% of females were content to use the preinstalled weather application 

shipped with their smartphone.  

5.5 Operating System Discussion 

Cross Tabulations identified many possible influences on the scales measuring the constructs 

of the theoretical model. However due to the fact the sample consisted predominantly iOS 

and Android users, it was thought Windows may be skewing the data. Therefore a Mann-

Whitney U test (iOS and Android, n=298) identified that the operating system showed 

significant influence on the following Ease of Use measures; Ease to Configure (significance 

.000),  Ease to Become Skilled (significance .000), and Ease to Customise (significance 

.001). In all cases iPhone users perceived these measures in relation to weather applications, 

to be easier to handle than Android users.  

 

Figure 5.2: Gender use of weather app type 
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An additional influence on Trust was found on the scale measuring security. Similar to the 

Ease of Use measures, iPhone users perceived their smartphones weather app (significance 

.000) to be more secure than smartphones based on the Android operating system. 

Importantly the, iOS operating system has a long held reputation for Trust measures; notably 

operating system security (iOS Security 2014). 

5.6 Conclusions and Implications  

Derived from the seminal Technology Acceptance Model by Davis (1989), the Technology 

Acceptance Model for Mobile Services (TAMM) by Kaasinen (2005a) was used in the 

current research as a core theoretical framework. The original research by Kaasinen (2005a; 

2005b), utilised TAMM in testing weather apps in the context of a pilot study of location 

aware SMS for weather and road conditions on mobile phones. Similarities exist in this 

current research and the studies by Kaasinen (2005a; 2005b). The focus of the current 

research was based on user acceptance, Trust and Value of Location Based Services (LBS) 

weather apps on smartphones, and this undertaking makes an important contribution to the 

literature. All hypotheses in this research were developed based on the TAMM model and 

were supported. The TAMM was found in this research to be a valid model for predicting 

usage behaviour of LBS weather applications on smartphones. Therefore the findings of this 

research could be of value to developers of a wide range of location based services 

applications on a wide variety of mobile devices. In particular, the four factors (Ease of 

Adoption, Ease of Use, Trust and Value) highlighted in this study may form an important 

practical foundation for those involved in the growing market of LBS services, as such 

factors speak to  both the growth and acceptance of such services (Vanjire et al. 2014; 

Kaasinen et al. 2011).  

Additional findings from the sample in this research identified: 

 All respondents rated highly Ease of Use and Ease of Adoption measures. The 

implication of this is that users of smartphones find these measures in relation to 

weather apps to be straightforward and simplistic. 

 The majority of respondents prefer to download their own weather application 

(58.4%). 

 Females show a clear preference for iPhones (70%). 
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 Females were more likely than males to use the preinstalled weather application 

shipped with their smartphone. 

 iPhone users perceived their smartphone weather app to be more secure.  

 iPhone users perceived their smartphone weather app easier to configure, customise 

and become skilled with.  

All of the above mentioned points may have implications for both smartphone manufacturers 

and developers of LBS weather apps.  

Furthermore, comments from survey respondents provide anecdotal implications especially 

related to the development of a LBS weather app from the Australian Government’s national 

weather service, the Bureau of Meteorology (BOM). A brief discussion of such anecdotal 

comments follows.  

5.7 Anecdotal comments from respondents 

Many respondents in the survey provided comments indicating a desire for a dedicated 

Australian Bureau of Meteorology (BOM) weather app. Respondents of the survey, 

specifically those that had downloaded a weather app, showed an increased frequency of 

daily usage of their weather app. Provision of a trusted source of weather data would 

therefore probably affect responses to the following scales of the Trust construct in the 

Technology Acceptance Model for Mobile Services (TAMM):  

 Reliability 

 Usefulness 

 Accuracy 

Thus the model predicts that an increase in Trust should lead to a direct result on Usage 

Behaviour, that being an increase of frequency of use by weather app users. 

The online survey included provision for respondent’s general comments in an open ended 

text box at the end of the questionnaire. There were close to 100 comments, many of which 

were directly related to respondents’ personal observations about the Australian Bureau of 

Meteorology (BOM). Specifically some respondents commented that while they used a 

weather app on their smartphones, they only trusted weather information on the BOM 

website, the Australian Government’s official national weather service (BOM 2014a). At the 

date of this research study, BOM only offers the following weather related apps: 
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 SunSmart App for iPhone and Android used to monitor Ultra Violet levels during 

various times of the day which may indicate the use of protective clothing and sun 

creams (BOM 2014d). 

 Water Storage iPhone app is used to track Australia’s water storage levels (BOM 

2014e). 

The Bureau of Meteorology does not have a dedicated weather app for an Android, iPhone, 

Window phone or for any other operating systems used on smartphones. This fact proved to 

be the subject of informative discussion indicated in several comments from the respondents.  

These respondent comments clearly implied a keen interest and desire from users that BOM 

should develop a weather app similar in features found in the hundreds of available LBS 

weather apps for smartphones (Google Play 2014; iTunes Preview 2014; Windows 2014). 

For privacy reasons stipulated as part of the survey participation, respondent’s names cannot 

be attributed to individual comments. The full list of anecdotal BOM app related comments 

can be seen in Appendix G. However some pertinent comments from the survey respondents 

included:  

 “I wish that the Bureau of Meteorology had an app.” 

  “I used to use the BOM site to check the weather on my smartphone... but it takes too 

long to load and is too cumbersome, so now I like using the weather app.” 

 “It is much more reliable to go directly to the BoM website and get the weather 

information from there. Weather Apps are useless.” 

 “Wish BOM had one.”  

 “My app tends to over predict rain. It's not very accurate. I wish The BOM would 

make an app.” 

 “I would only trust an app from BOM currently, but have not found one yet.” 

  “I would only trust an app from BOM currently, but have not found one yet.” 

As discussed in Section 4.3.7.5 (frequency of use), the majority of respondents, being 47.5% 

(n=145), use the weather app on their smartphone daily, followed by 31.8% (n=97) of 

respondents who use a weather app on their smartphone weekly. As suggested by the listed 

anecdotal comments, there would appear to be important aspects at play related to the factors 

Trust and Value. From the perspective of these respondents, it is possible that frequency of 
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use may increase with the implementation and availability of a Bureau of Meteorology 

(BOM) all-purpose weather app. 

The above mentioned anecdotal comments also serve to illustrate an application from the 

findings of this research to the wider community. To this end, the researcher has 

communicated with the Australian Bureau of Meteorology outlining a summary of the 

relevant information from this research (with the Bureau since replying to the researcher, 

indicating future plans to develop more apps).  

5.8 Key assumptions and Limitations 

The key assumption made was that an online survey questionnaire was the most appropriate 

measurement device in determining the factors that influence user acceptance of weather apps 

on smartphones. It was also assumed that from the target population of SCU students and 

staff there would be a sufficient number of smartphone users who either have a preinstalled 

or downloaded weather app installed on their device. Additionally it was assumed that SCU 

students and staff were a valid subgroup of all smartphone users. 

There are several possible limitations to this research that may exist. In the following sub 

sections these are described. 

5.8.1 Education 

As outlined in Section 3.3, the survey’s sampling frame was comprised of people considered 

as potential users of weather apps on smartphones. As the target population consisted of SCU 

students and staff, it was expected the sample would consist of respondents with a higher 

level of education than from the general population. The Australian Bureau of Statistics 

(2013), in their Education and Training newsletter, reported that in 2012, 37% of the 

population held an undergraduate university degree or higher. Results from the current 

research (see Section 4.4.2) showed a total of 145 from the 305 respondents (being 47.6%) 

indicated a level of education of undergraduate degree or higher. Higher educational 

qualification represented in this study could have the potential to skew the results and thus 

should be considered as a possible limitation of the study.  

5.8.2 Sampling frame 

Realistically, in terms of available time and resources it is beyond the scope of this research 

to reach a global sampling frame. Given there is no worldwide list of smartphone users 

available to the researcher, the choice of a target population is determined from that which a 
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sampling frame does exist and is available; a synthesis of people from around the world, 

namely: SCU domestic and international students and staff. Whilst the scope of the sampling 

frame may be considered a limitation, an equitably diversified range of disciplines, age 

groups and education was included in the sampling frame, providing a reasonable expectation 

of weather app and smartphone users. 

5.8.3 ICT devices  

This research focused exclusively on the smartphone, a widely used ICT device and 

recognized as suitable technology for use of LBS apps (ACMA 2013; Business Insider 

Australia 2013; Kennedy-Eden & Gretzel 2012; Gartner 2013; Olson 2012; Wang, Park & 

Fesenmaier 2011). Additional ICT devices that support weather apps may also include: 

laptops, tablets, phablets (a larger screen format of a smartphone) and desktop computers 

(Danova 2014; NOAA 2013). In view of the foregoing the study focus of weather apps used 

exclusively on smartphone devices may be seen as a limitation. 

5.8.4 Smartphone Operating Systems 

From the survey questionnaire, only three operating systems were contained in the dataset, 

iOS, Android and Windows. This was problematic in looking for significances in operating 

systems as only 7 respondents in the sample used the Windows OS; a group too small to be 

analysed by cross tabulations and likely to skew the results. Therefore the Windows OS 

respondents were eliminated from the dataset to look specifically at the differences between 

respondents using iOS and Android operating systems. 

5.9 Directions for future research 

Additional reasons influencing the research topic include; the increased awareness, relevance 

and significance of the weather and climate to governments, policy makers and society (BOM 

2014; EPA 2014; IPCC 2014). With the impetus of technologies, particularly the pervasive 

use of smartphones (Pew Research Internet Project 2014), user acceptance of weather apps on 

smartphone devices, may enable societies to be better prepared for the impact of further 

extreme weather events upon earth and may assist in the protection of life and property (EPA 

2014; IPPC 2014; Lee & Lam 2010).  

Therefore future research on this topic may also further contribute to the public awareness of 

the need for readily available relevant Location Based Services weather information on 

smartphones. However the scope of this research was limited to a study of users of weather 



Chapter 5 – Discussion and Conclusion 
 

 116  

apps exclusively on smartphones whereas it is acknowledged weather information is 

delivered to societies via numerous Information Communication Technology devices.  

Therefore there would appear to be a need for further research to determine the influences of 

user acceptance in an information systems environment with users of LBS weather apps 

across a range of ICT devices such as: laptops, tablets, phablets (a larger screen format of a 

smartphone) and desktop computers (Danova 2014; NWS c.2014; Wang, Park & Fesenmaier 

2011). Such future research may involve a mixed methods research design approach (Punch 

2013) enabling an in depth examination to determine how users of ICT devices view the 

weather: from a technological and psychological perspective (Ponterotto 2005).  

Furthermore the analysis and subsequent findings of this study were drawn from a sample of 

the Southern Cross University students and staff. While there are SCU international onshore 

and offshore students, the analysis showed the overwhelming majority of respondents to the 

online survey were from one country; Australia. Despite the fact that SCU international 

offshore students and staff were included in the invitation email to participate in the survey, 

only three of the 305 survey respondents used in the analysis identified their country of 

residence other than Australia.  

The countries identified by the respondents were Austria, Germany and Indonesia. The 

resources and time available to reach a global sampling frame of users of weather apps on 

smartphones, proved to be a limitation of this study as noted previously. In view of this 

limitation, future research as outlined, could be of relevance and viable (with sufficient time 

and resources) given the potential accessibility from the vast online international community; 

comprising of 40.4% of the world’s current population (Internet Live Stats 2014; ITU 2014). 

Therefore further research could aim to identify the factors of user acceptance by users of 

weather apps across a range of ICT devices in an expanded set of geographical locations.  

Additional future application from the findings of this research may also exist for a wide 

range of Location Based Services (LBS) on smartphones. LBS are available to users of 

smartphones and other ICT compatible devices where usage is seen as having application in: 

the military, emergency services, government industries and the commercial sectors (Schiller 

& Voisard 2004). Some of these include: travel, entertainment, emergency services and 

information services (Shek 2010) as presented in Table 5.4 following. 
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Table 5.4: Examples of LBS apps for consumer and government services 

Classification App type Source  

Emergency services Emergency Google Play Store, iTunes 

Preview, Windows 

Consumer services   

Travel Mobiata Google Play Store, iTunes 

Preview, Windows 

Weather WeatherZone, WeatherPro, 

AccuWeather. 

Google Play Store, iTunes 

Windows  

Yellow pages Yellow Pages Google Play Store, iTunes 

Preview, Windows 

Taxis Brisbane Yellow Cabs, 

Taxi Catcher. 

Google Play Store, iTunes Preview 

Windows 

Traffic Information  

 

Traffic 

Live Traffic 

Traffic Cam 

iTunes Preview 

Google Play Store 

Windows 

Navigation Maps Pro 

Locus Maps Pro 

Nav Star 

Windows 

Google Play Store 

iTunes Preview 

Government services   

Australian Government CliMate Google Play Store, iTunes Preview 

 SunSmart 

Water Storage 

Google Play Store, iTunes 

iTunes Preview 

 OzAtlas Google Play Store, iTunes Preview 

 Energy Rating Google Play Store, iTunes Preview 
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5.10 Summary of Key Research Findings 

The key findings from this research are summarised in Table 5.5.  

Table 5.5: Key Research Findings 

 

 

Findings Implications 

 

The research question was addressed and supports the 

theoretical framework, the Technology Acceptance Model 

for Mobile Services and its constructs including: 

Perceived Ease of Use, Perceived Value, Trust, Intention 

to Use, Perceived Ease of Adoption, Taking into Use and 

Usage Behaviour. 

While differences exist between this research 

and the research conducted by Kaasinen, in 

light of the findings from this research, the 

TAMM was found to be a robust and stable 

theoretical framework for investigating 

Location Based Services. 

All hypotheses (H1-H7) based on the TAMM constructs, 

were supported by the data analysis results from the 

sample (n=305). Exploratory Factor Analysis found four 

factors, supporting the hypotheses; H1, H3, H4 and H6. 

The regression model supported hypothesis H2, and the 

subgroup of respondents who had downloaded a weather 

app (n=178) demonstrated support for H5 and H7. 

This current research has provided support for 

a valid predictive model for future research. 

This has implications for authors and 

developers of LBS applications across a range 

of ICT devices in an expanded set of 

geographical locations. 

Gender was found to influence several measures: 

 Females show a clear preference for iPhones 

(70%). 

 Females were more likely than males to use the 

preinstalled weather application shipped with 

their smartphone. 

 

Possible implications include: 

 targeted marketing  

 interest to LBS app developers 

 other ICT device manufacturers 

Other findings of the research include: 

 All respondents rated highly Ease of Use and 

Ease of Adoption measures of weather apps on 

their smartphones.  

 The majority of respondents prefer to download 

their own weather application (58.4%). 

 iPhone users perceived their smartphone weather 

app to be more secure.  

 iPhone users perceived their smartphone weather 

app easier to configure, customise and become 

skilled with.  

Possible implications include: 

 The implication of this is that users of 

smartphones find these measures in 

relation to weather apps to be 

straightforward and simplistic 

 targeted marketing  

 interest to LBS app developers 

 other ICT device manufacturers 

Anecdotal evidence showed a desire amongst many 

respondents for a dedicated weather app to be developed 

by the Australian Bureau of Meteorology.  

Contact has been established with the 

Australian Bureau of Meteorology which may 

lead to further development and research 

opportunities. 
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Survey Questionnaire 

Code Question Justification Source 

 PART 1 – 

Demographics 

These are standard 

demographic based 

questions used in 

many online surveys. 

They relate to age, 

gender, and country of 

residence and level of 

education. They are 

useful to researchers 

to determine how to 

breakdown the overall 

response data into 

meaningful groups of 

respondents. 

Question Pro 

2014; Survey 

Monkey 2014 

D1 What is your 

gender? 

Male/Female:  

This allows 

researchers to gauge 

the gender responses 

and proportions using 

a weather app on a 

smartphone. Mann -

Whitney U tests can 

also be performed to 

determine gender 

influence against 

various measures. 

 

D2 What is your age? This allows the  



Appendix A: Survey 

   

researcher to gauge 

the age group/s that 

are using a weather 

app on a smartphone. 

D3 What is the current 

country you reside 

in? 

A selection of 

countries with “Other” 

option included. 

 

D4 What is the highest 

education level you 

have attained? 

Several choices were 

offered: High School 

(or equivalent), TAFE 

Certification. Diploma 

Qualification, Degree 

Qualification, Post-

Graduate Qualification 

and Other option 

 

D5 What is your 

current status at 

Southern Cross 

University? 

Various choices were 

presented: SCU 

student, SCU 

International onshore 

student, SCU 

International offshore 

student, SCU staff 

member and Other. 

 

B1 Do you use a 

weather app on a 

smartphone? 

Yes/ No question:  

As the study is based 

on various aspects of 

usage from weather 

apps on a smartphone, 

it is essential for the 
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researcher to know 

which participants use 

a weather app on a 

smartphone. Those 

who do not are 

branched to the end of 

the survey. 

D6 How many years 

you have been 

using a 

smartphone? 

1 year or less; 1-2 

years; 2-3 years; 3-4 

years; 4-5 years; 5-6 

years; 6+ years 

 

D7 What operating 

system does your 

smartphone use? 

This question offered 

6 choices in the 

selection of operating 

systems used on a 

smartphone: 

 iOS (iPhones), 

 Android 

(e.g.Samsung, 

Telstra phones, 

HTC), 

 Windows 

(e.g.Nokia), 

 Blackberry, 

Symbian 

 Other. 

 

 PART 2 – Trust 7 Point Likert Scale 

questions. These 

Kaasinen et al 

(2011) 
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 questions relate to 

various Trust aspects 

of a weather app. They 

will help determine 

how various aspects of 

Trust impacts on user 

acceptance.  

Kaasinen 

(2005a) 

T1 In your opinion, 

how reliable is the 

weather app you 

use. 

This question relates 

to the consistency of 

the weather app 

service on a user’s 

smartphone. 

 

T2 In your opinion, 

how accurate is the 

weather 

information on the 

weather app you 

use? 

This question relates 

to the accuracy of the 

weather information 

on a weather app. 

How the end user 

views the credibility 

on the weather 

information on the app 

is an important aspect 

of Trust. 

 

T3 In your opinion, 

how secure is the 

weather app you 

use? 

This question relates 

to security concerns. 

App security breaches 

on smartphones can 

arise from 

vulnerabilities within 

the technology, 
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including software and 

server bugs, malware 

and unauthorized 

intrusions. 

 PART 3 – 

Perceived Value 

The following 7 Point 

7 point Likert Scale 

questions relate to the 

Perceived Value 

characteristic, in terms 

of enjoyment, appeal, 

fun and the usefulness 

of your weather app. 

They will assist 

researchers determine 

how Perceived Value, 

a key construct under 

study in this research, 

impacts on user 

acceptance. 

Glanz, Larson 

& Lehren 

2014; 

GPS.Gov 

2013; 

Statt 2014; 

Kaasinen et al. 

2011 

V1 In your opinion, 

how enjoyable is 

your weather app to 

use? 

7 Point Likert Scale 

questions were 

presented. This 

question is helpful to 

learn how enjoyment 

relates to user 

acceptance.  

 

V2 In your opinion 

how useful is the 

weather 

For weather 

information, 

usefulness from the 
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information from 

your weather app? 

app is an important 

aspect of Perceived 

Value. 

V3 In your opinion, 

how appealing is 

the weather app 

you use? 

There are collectively 

hundreds of weather 

apps available from 

Google Play Store, 

iTunes and Windows 

Store. The appeal of 

an app relates to a 

Perceived Value 

placed on the app.  

Davis 1989; 

Kaasinen et al. 

2011 

V4 In your opinion, 

how entertaining is 

the weather app to 

use? 

Many apps, especially 

games provide levels 

of entertainment.  This 

question will assist in 

determining how 

entertainment value 

influences user 

acceptance. 

Google Play 

2014; 

Windows 2014 

iTunes Preview 

2014 

EU1-6 PART 4 - 

Perceived Ease of 

Use  

The following 6 

questions relate to the 

one of the key 

characteristics user 

acceptance of 

technology is built 

upon. Perceived Ease 

of Use can relate to 

learning to use the app 

Davis 1989; 

Kaasinen 

2005a 
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navigating and 

customising the app, 

and becoming skilled 

in using the app. They 

were presented using 7 

Point Likert Scale. 

 In your opinion, 

how easy is it to 

learn how to use 

the weather app? 

  

 In your opinion, 

how easy is it to get 

the weather app to 

do what you want it 

to do? 

  

 In your opinion, 

how easy was it for 

you to become 

skilled in using the 

weather app? 

  

 In your opinion, 

how easy is it to 

use the navigation 

menus on the 

weather app? 

  

 In your opinion, 

how easy is it to 

customise the 
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settings on the 

weather app? 

EA1-2 PART 4 - 

Perceived Ease of 

Adoption 

The 7 point Likert 

scale questions 

relating to aspects of 

Perceived Ease of 

Adoption were 

presented to determine 

the experience in 

terms of the user ease 

in adopting a weather 

app on a smartphone. 

Kaasine et al. 

2011 

 How easy was it to 

locate the weather 

app on your 

smartphone? 

  

 How easy was it to 

start using the 

weather app on 

your smartphone? 

  

 How easy was it to 

understand the 

description of all 

the features 

included in the 

weather app on 

your smartphone? 

  

U1 PART 2 – Usage  These questions relate  
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to aspects of usage to 

determine both the 

length of time 

respondents have been 

using a weather app 

on a smartphone and 

the frequency of their 

usage. 

 How frequently do 

you use a weather 

app on your 

smartphone? 

The choices were: 

Rarely, Less than one 

month, Monthly, 

Fortnightly, Weekly, 

Daily and Hourly.  

 

U2 How many years 

have been using a 

weather app on a 

smartphone? 

The choices included: 

1 year or less 

1-2 years 

2-3 years 

3-4 years 

4-5 years 

5-6 years 

6+ years. 

 

 

EA7-B2 Which of the 

following applies?  

I am using the 

weather app pre-

installed on my 

Three Yes or No 

questions, aligned to 

the Perceived Ease of 

Adoption construct, 

were presented. If the 

respondent answered 
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smartphone. “Yes” they are using a 

preinstalled weather 

app They were 

branched to the end of 

the survey. 

 I am using the 

weather app I 

downloaded to my 

smartphone. 

If respondents 

answered Yes to this 

question, they were 

directed to a further 

set of Perceived Ease 

of Adoption questions. 

 

 I am using multiple 

weather apps on 

my smartphone. 

If respondents 

answered Yes they 

were also directed to 

the further set of 

Perceived Ease of 

Adoption questions. 

 

EA3-6 How easy was it to 

locate a weather 

app in the app 

store? 

A 7 Point Likert Scale 

was used for these 

additional Perceived 

Ease of Adoption 

questions.  

 

 How complicated 

was it to install the 

app you 

downloaded? 

These 3 questions 

were specifically 

designed to test 

Intention to Use and 

Taking into Use 

constructs within the 

Hypotheses; H5 and 
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H7. 

 How easy was it to 

start using the 

weather app you 

downloaded? 

  

EA8 Have you 

purchased a 

weather app? 

A final Yes/No 

question aligned to 

Perceived Ease of 

Adoption, determined 

the number of 

respondents who 

actually purchased a 

weather app, from 

within the subset of 

respondents who 

downloaded or used 

multiple weather apps.  

 

 End of survey 

questions 
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Invitation Email Sent to Respondents 

Do you trust your smartphone weather apps? 

Hello 

My name is Michael Bryant. I am conducting research as part of my Honours degree in Bachelor of Information 

Technology. The research aims at examining several characteristics that may influence user acceptance of weather 

apps used on smartphones. I would like to extend to you an invitation to participate in this survey involved in the 

research. 

Participation involves the completion of an anonymous online web based survey. It is voluntary, and the survey 

should take approximately 10 minutes to complete. Incentivisation is provided by offering participants a chance to 

win a SCU Cooperative Bookshop gift voucher valued at $150. On completion of the survey filling in your email 

address in the space provided will indicate you choose to be in the draw to win the offered prize. These email 

addresses will be kept separate from your survey responses and will only be used in the draw for the bookshop 

voucher. 

Should you be interested in participating just click the link below and follow the instructions. 

http://questionpro.com/t/AB3znZRFaC 

The Human Research Ethics Committee (HREC) approval number is ECN-14-162. For any enquires, questions or 

feedback regarding this survey please do not hesitate to contact the researcher, Michael Bryant. 

Email: m.bryant.20@student.scu.edu.au 

Your participation is greatly appreciated. 

Kind regards 

Michael Bryant 

Researcher: Michael Bryant 

Bachelor of Information Technology, Southern Cross University Gold Coast QLD. 

Supervisor: Dr. William J Smart 

Position: Lecturer  

SCU Email: bill.smart@scu.edu.au 

School/Centre: Southern Cross Business School (SCBS) 

CoName: Dr. Simon Wilde 

Position: Lecturer  

School/Centre: Southern Cross Business School (SCBS) 

SCU Email: simon.wilde@scu.edu.au 

mailto:bill.smart@scu.edu.au
mailto:simon.wilde@scu.edu.au
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Descriptive Statistics 

  

 

N Mean Mode Std. Deviation Minimum 

 Reliability 305 5.12 6 1.277 1 

 Accuracy 305 4.85 5 1.266 1 

 Security 305 5.02 4 1.562 1 

 Enjoyment 305 4.84 5 1.459 1 

 Usefulness 305 5.52 6 1.386 1 

 Appeal 305 5.34 6 1.350 1 

 Entertainment 305 3.57 4 1.647 1 

 Ease to Learn 305 6.32 7 .933 2 

 Ease to Configure 305 5.75 6 1.213 1 

 Ease to Become Skilled 305 6.17 7 .933 3 

 Ease to Navigate Menus 305 5.77 7 1.206 2 

 Ease to Interact 305 5.70 7 1.326 1 

 Ease to Customise 305 5.19 6 1.588 1 

 Ease to Locate on Phone 

 

305 6.33 7 1.037 2 

 Ease to Start Using 305 

 

6.34 

 

7 

 

.957 

 

2 

 

Ease to Understand Features 305 5.55 7 1.430 1 
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Descriptive Statistics 

 
Maximum 

OS 3 

 Age 6 

Education 5 

Status 5 

Years_Smartphone 7 

Reliability 7 

Accuracy 7 

Security 7 

Enjoyment 7 

Usefulness 7 

Appeal 7 

Entertainment 7 

Ease to Learn 7 

Ease to Configure 7 

Ease to Become Skilled 7 

Ease to Navigate Menus 7 

Ease to Interact 7 

7 

7 

7 

7 

Ease to Customise 

Ease to Locate on Phone 

Ease to Start Using 

Ease to Understand Features 
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  N  Mean  Std. Deviation Minimum 

Gender  305  1.68  468 1 

 

Age  305  2.40  1.237 1 

 

Education  305  3.04  1.498 1 

 

Status  305  1.86  1.412 1 

 

Years_Smartphone  305  4.11  1.675 1 

 

OS   305  1.40  .535 1 

 

Frequency of Usage 

 

 305  5.15  1.170 1 

 

Years Usage Weather 

App  

 

 305  3.03  1.447 1 

 

What App Used  305  1.82  .789 1 

 

 

 Maximum 

Frequency of Usage 7 

Years Usage Weather App 7 

What App Used 3 

Gender 2 

Frequency Tables for Demographic Measures 

Gender 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Male 98 32.1 32.1 32.1 

Female 207 67.9 67.9 100.0 

Total 305 100.0 100.0  
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Age 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 18-25 91 29.8 29.8 29.8 

26-35 83 27.2 27.2 57.0 

36-45 69 22.6 22.6 79.7 

46-55 42 13.8 13.8 93.4 

56+ 20 6.6 6.6 100.0 

Total 305 100.0 100.0  

 

Education 

 Frequency Percent Valid Percent Cumulative Percent 

Valid High School 77 25.2 25.2 25.2 

TAFE Certification 41 13.4 13.4 38.7 

Diploma 42 13.8 13.8 52.5 

Degree 82 26.9 26.9 79.3 

Post Graduate 63 20.7 20.7 100.0 

Total 305 100.0 100.0  
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Status 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Student 221 72.5 72.5 72.5 

Staff 73 23.9 23.9 96.4 

Other 11 3.6 3.6 100.0 

Total 305 100.0 100.0  

 

Frequency Tables for Trust Measures  

Reliability 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Reliable 4 1.3 1.3 1.3 

* 9 3.0 3.0 4.3 

* 20 6.6 6.6 10.8 

Neutral 46 15.1 15.1 25.9 

* 93 30.5 30.5 56.4 

* 101 33.1 33.1 89.5 

Very Reliable 32 10.5 10.5 100.0 

Total 305 100.0 100.0  
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Accuracy 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Inaccurate 5 1.6 1.6 1.6 

* 12 3.9 3.9 5.6 

* 26 8.5 8.5 14.1 

Neutral 53 17.4 17.4 31.5 

* 111 36.4 36.4 67.9 

* 81 26.6 26.6 94.4 

Very Accurate 17 5.6 5.6 100.0 

Total 305 100.0 100.0  

 

Security 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Secure 5 1.6 1.6 1.6 

* 9 3.0 3.0 4.6 

* 36 11.8 11.8 16.4 

Neutral 81 26.6 26.6 43.0 

* 43 14.1 14.1 57.0 

* 56 18.4 18.4 75.4 

Very Secure 75 24.6 24.6 100.0 

Total 305 100.0 100.0  
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Frequency Tables for Value Measures  

Enjoyment 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Enjoyable 6 2.0 2.0 2.0 

* 22 7.2 7.2 9.2 

* 23 7.5 7.5 16.7 

Neutral 55 18.0 18.0 34.8 

* 93 30.5 30.5 65.2 

* 70 23.0 23.0 88.2 

Very Enjoyable 36 11.8 11.8 100.0 

Total 305 100.0 100.0  
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Usefulness 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Useful 3 1.0 1.0 1.0 

* 11 3.6 3.6 4.6 

* 19 6.2 6.2 10.8 

Neutral 23 7.5 7.5 18.4 

* 63 20.7 20.7 39.0 

* 108 35.4 35.4 74.4 

Very Useful 78 25.6 25.6 100.0 

Total 305 100.0 100.0  

 

Appeal 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Appealing 4 1.3 1.3 1.3 

* 13 4.3 4.3 5.6 

* 12 3.9 3.9 9.5 

Neutral 34 11.1 11.1 20.7 

* 81 26.6 26.6 47.2 

* 106 34.8 34.8 82.0 

Very Appealing 55 18.0 18.0 100.0 

Total 305 100.0 100.0  
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Entertainment 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Entertaining 43 14.1 14.1 14.1 

* 47 15.4 15.4 29.5 

* 50 16.4 16.4 45.9 

Neutral 70 23.0 23.0 68.9 

* 55 18.0 18.0 86.9 

* 32 10.5 10.5 97.4 

Very Entertaining 8 2.6 2.6 100.0 

Total 305 100.0 100.0  

Frequency Tables for Perceived Ease of Use Measures  

Entertainment 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Entertaining 43 14.1 14.1 14.1 

* 47 15.4 15.4 29.5 

* 50 16.4 16.4 45.9 

Neutral 70 23.0 23.0 68.9 

* 55 18.0 18.0 86.9 

* 32 10.5 10.5 97.4 

Very Entertaining 8 2.6 2.6 100.0 

Total 305 100.0 100.0  
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Ease to Configure 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Easy 1 .3 .3 .3 

* 5 1.6 1.6 2.0 

* 10 3.3 3.3 5.2 

Neutral 27 8.9 8.9 14.1 

* 65 21.3 21.3 35.4 

* 99 32.5 32.5 67.9 

Very Easy 98 32.1 32.1 100.0 

Total 305 100.0 100.0  

 

Ease to Become Skilled 

 Frequency Percent Valid Percent Cumulative Percent 

Valid * 4 1.3 1.3 1.3 

Neutral 15 4.9 4.9 6.2 

* 42 13.8 13.8 20.0 

* 109 35.7 35.7 55.7 

Very Easy 135 44.3 44.3 100.0 

Total 305 100.0 100.0  
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Ease to Navigate Menus 

 Frequency Percent Valid Percent Cumulative Percent 

Valid * 5 1.6 1.6 1.6 

* 13 4.3 4.3 5.9 

Neutral 26 8.5 8.5 14.4 

* 59 19.3 19.3 33.8 

* 103 33.8 33.8 67.5 

Very Easy 99 32.5 32.5 100.0 

Total 305 100.0 100.0  

 

 

Ease to Customise 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Easy 6 2.0 2.0 2.0 

* 18 5.9 5.9 7.9 

* 25 8.2 8.2 16.1 

Neutral 42 13.8 13.8 29.8 

* 62 20.3 20.3 50.2 

* 77 25.2 25.2 75.4 

Very Easy 75 24.6 24.6 100.0 

Total 305 100.0 100.0  
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Ease to Interact 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Easy 1 .3 .3 .3 

* 6 2.0 2.0 2.3 

* 18 5.9 5.9 8.2 

Neutral 29 9.5 9.5 17.7 

* 57 18.7 18.7 36.4 

* 88 28.9 28.9 65.2 

Very Easy 106 34.8 34.8 100.0 

Total 305 100.0 100.0  

Frequency Tables for Perceived Ease of Adoption Measures  

Ease to Locate on Phone 

 Frequency Percent Valid Percent Cumulative Percent 

Valid * 2 .7 .7 .7 

* 7 2.3 2.3 3.0 

Neutral 15 4.9 4.9 7.9 

* 23 7.5 7.5 15.4 

* 76 24.9 24.9 40.3 

Very Easy 182 59.7 59.7 100.0 

Total 305 100.0 100.0  
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Ease to Start Using 

 Frequency Percent Valid Percent Cumulative Percent 

Valid * 2 .7 .7 .7 

* 5 1.6 1.6 2.3 

Neutral 8 2.6 2.6 4.9 

* 31 10.2 10.2 15.1 

* 86 28.2 28.2 43.3 

Very Easy 173 56.7 56.7 100.0 

Total 305 100.0 100.0  

 

 

Ease to Understand Features 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Not Easy 3 1.0 1.0 1.0 

* 9 3.0 3.0 3.9 

* 14 4.6 4.6 8.5 

Neutral 40 13.1 13.1 21.6 

* 70 23.0 23.0 44.6 

* 62 20.3 20.3 64.9 

Very Easy 107 35.1 35.1 100.0 

Total 305 100.0 100.0  
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Usage: Frequency Tables 

                          Years using a Smartphone 

  Frequency Percent Valid Percent Cumulative Percent 

Valid  1 year or less 16 5.2 5.2 5.2 

1-2 years 40 13.1 13.1 18.4 

2-3 years 61 20.0 20.0 38.4 

3-4 years 64 21.0 21.0 59.3 

4-5 years 58 19.0 19.0 78.4 

5-6 years 32 10.5 10.5 88.9 

6+ years 34 11.1 11.1 100.0 

Total 305 100.0 100.0  

 

                             Operating System (OS) 

 

 Frequency Percent Valid Percent Cumulative Percent 

Valid  iOS 191 62.6 62.6 62.6 

Android 107 35.1 35.1 97.7 

Windows 7 2.3 2.3 100.0 

Total 305 100.0 100.0  
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             Years Using a Weather App on a smartphone 

  Frequency Percent Valid Percent Cumulative Percent 

Valid  1 year or less 42 13.8 13.8 13.8 

1-2 years 82 26.9 26.9 40.7 

2-3 years 80 26.2 26.2 66.9 

3-4 years 52 17.0 17.0 83.9 

4-5 years 31 10.2 10.2 94.1 

5-6 years 11 3.6 3.6 97.7 

6+ years 7 2.3 2.3 100.0 

Total 305 100.0 100.0  

Usage: Bar charts 
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Gender 

The Table below shows the results of Cross Tabs for Gender * OS 

Crosstab 

 

OS 

Total iOS Android Windows 

Gender    Male Count 46 48 4 98 

Expected Count 61.4 34.4 2.2 98.0 

  % within Gender 

% within OS 

% of Total 

46.9% 

24.1% 

15.1% 

49.0% 

44.9% 

15.7% 

4.1% 

57.1% 

1.3% 

100.0% 

32.1% 

32.1% 

     Female Count 145 59 3 207 

Expected Count 129.6 72.6 4.8 207.0 

% within Gender 70.0% 28.5% 1.4% 100.0% 

  % within OS 

% of Total 

75.9% 

47.5% 

55.1% 

19.3% 

42.9% 

1.0% 

67.9% 

67.9% 

  Total Count 191 107 7 305 

 Expected Count 

% within Gender 

% within OS 

191.0 

62.6% 

100.0% 

107.0 

35.1% 

100.0% 

7.0 

2.3% 

100.0% 

305.0 

100.0% 

100.0% 

 % of Total 62.6% 35.1% 2.3% 100.0% 
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Rotated Component Matrix
a
 

 

Component 

1 2 3 4 

Ease to Navigate Menus .840 
   

Ease to Become Skilled .743 .372 
  

Ease to Interact .731 
   

Ease to Configure .706 
   

Ease to Customise .657 .327 
  

Ease to Learn .625 .436 
  

Ease to Understand Features .556 .537 
  

Ease to Start Using 
 

.849 
  

Ease to Locate on Phone 
 

.798 
  

Ease to Start Using Download 
 

.773 
  

Ease to Locate App Store 
 

.763 
  

Complexity of Install 
 

.534 
  

Accuracy 
  

.912 
 

Reliability 
  

.871 
 

Usefulness 
  

.744 
 

Security 
  

.399 
 

Entertainment 
   

.855 

 Appeal 
   

.723 

Enjoyment 
  

.446 .716 

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalisation.a  

a. Rotation converged in 6 iterations. 
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KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .868 

Bartlett's Test of Sphericity Approx. Chi-Square 1907.850 

df 171 

Sig. .000 
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Descriptive Statistics 

 Mean  Std.Deviation N 

Perceived Value 5.2317  1.16332 305 

Ease to Learn 6.32  .933 305 

Ease to Configure 5.75 1.213 305 

Ease to Become 

Skilled 

6.17 .933 305 

Ease to Navigate 

Menus 

5.77 1.206 305 

Ease to Interact 5.70 1.326 305 

Ease to Customise 5.19 1.588 305 

Ease to Understand 5.55 1.430 305 

 

Correlations 

 Perceived Value Ease to Learn Ease to Configure 

Pearson Correlation  
 

 

 
 

 

 

Perceived Value 1.000 .160 .390 

Ease to Learn .160 1.000 .505 

Ease to Configure .390 .505 1.000 

Ease to Become Skilled .284 .625 .639 

Ease to Navigate Menus .311 .549 .659 

Ease to Interact .298 .454 .546 

Ease to Customise .282 .398 .523 

Ease to Understand 

Features 

.311 .451 .539 
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 Perceived Value Ease to Learn Ease to Configure 

Sig. (1-tailed)   
 

 

 
 

 

 

Perceived Value . .003 .000 

Ease to Learn .003 . .000 

Ease to Configure .000 .000 . 

Ease to Become Skilled .000 .000 .000 

Ease to Navigate Menus .000 .000 .000 

Ease to Interact .000 .000 .000 

Ease to Customise .000 .000 .000 

Ease to Understand Features .000 .000 .000 

    

N 

 

   

Perceived Value 305  305  305 

Ease to Learn 305  305 305  

Ease to Configure 305  305  305  

Ease to Become Skilled 305  305  305  

Ease to Navigate Menus 305  305  305  

Ease to Interact 305  305  305  

Ease to Customise 305  305  305  

Ease to Understand Features 305  305  305  
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Correlations 

 Ease to Become Skilled Ease to Navigate 

Menus 

Ease to Interact 

Pearson Correlation  
 

 

 
 

 

 

Perceived Value .284 .311 .298 

Ease to Learn .625 .549 .454 

Ease to Configure .639 .659 .546 

Ease to Become Skilled 1.000 .666 .581 

Ease to Navigate Menus .666 1.000 .668 

Ease to Interact .581 .668 1.000 

Ease to Customise .545 .646 .530 

Ease to Understand Features 

 

.552 .634 .444 

N 

 

   

Perceived Value 305  305  305 

Ease to Learn 305  305 305  

Ease to Configure 305  305  305  

Ease to Become Skilled 305  305  305  

Ease to Navigate Menus 305  305  305  

Ease to Interact 305  305  305  

Ease to Customise 305  305  305  

Ease to Understand Features 305  305  305  
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 Ease to Become Skilled Ease to Navigate 

Menus 

Ease to Interact 

Sig. (1-tailed)   
 

 

 
 

 

 

Perceived Value .000 .000 .000 

Ease to Learn .000 .000 .000 

Ease to Configure .000 .000 .000 

Ease to Become Skilled . .000 .000 

Ease to Navigate Menus .000 . .000 

Ease to Interact .000 .000 . 

Ease to Customise .000 .000 .000 

Ease to Understand Features .000 .000 .000 

    

N 

 

   

Perceived Value 305  305  305 

Ease to Learn 305  305 305  

Ease to Configure 305  305  305  

Ease to Become Skilled 305  305  305  

Ease to Navigate Menus 305  305  305  

Ease to Interact 305  305  305  

Ease to Customise 305  305  305  

Ease to Understand Features 305  305  305  
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Correlations 

 Ease to Customise Ease to Understand Features 

Pearson Correlation  
 

 

 
 

 

Perceived Value .282 .311 

Ease to Learn .398 .451 

Ease to Configure .523 .539 

Ease to Become Skilled .545 .552 

Ease to Navigate Menus .646 .634 

Ease to Interact .530 .444 

Ease to Customise 1.000 .583 

Ease to Understand Features 

 

.583 1.000 

Sig.. (1-Tailed) 

 

  

Perceived Value .000 .000 

Ease to Learn .000 .000 

Ease to Configure .000 .000 

Ease to Become Skilled .000 .000 

Ease to Navigate Menus .000 .000 

Ease to Interact .000 .000 

Ease to Customise . .000 

Ease to Understand Features .000 . 

N   

Perceived Value 305  305  

Ease to Learn 305  305 

Ease to Configure 305  305  

Ease to Become Skilled 305  305  

Ease to Navigate Menus 305  305  

Ease to Interact 305  305  

Ease to Customise 305  305  

Ease to Understand Features 305  305  
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Variables Entered/Removeda  

Model Variables 

Entered 

 

Variables 

Removed 

Method 

1 Ease to Understand Features 

Ease to Interact 

Ease to Learn  

Ease to Customise 

Ease to Configure 

Ease to Become Skilled,  

Ease to Navigate Menusb 

 Enter 

a. Dependent Variable: Perceived Value 

b. All requested variables entered.  

ANOVAa  

Model 

 

Sum of Squares df Mean 

Square 

F Sig. 

Regression 

 

74.878 7 10.697 9.440 .000b 

Residual 

 

336.527 297 1. 133   

Total 411.405 304    
a. Dependent Variable: Perceived Value 

b. Predictors: (Constant), Ease to Understand Features, Ease to Interact, Ease to Learn, Ease to Customise, Ease to 

Configure, Ease to Become Skilled, Ease to Navigate Menus  
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                                                          Coefficientsa 

           Standardized      

  

   

Unstandardized   

Coefficients  Coefficients      

  

Model   B   Std. Error   Beta    t 

  

1 (Constant) 3.168   .460      6.883 

   

 Ease to Learn -.149   .087   -.120  -1.719 

   

 Ease to Configure .282   .073   .294  3.856 

   

 Ease to Become Skilled .028   .104   .022  .267 

   

 Ease to Navigate Menus -.011   .089   -.012  -.124 

   

 Ease to Interact .095   .065   .108  1.459 

   

 Ease to Customise .027   .054   .037  .506 

   

 

Ease to Understand 

Features .107   .059   .132  1.802 
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     Coefficients
a
 

           

   

 95.0% Confidence Interval for B  Correlations 

   

 Model   Sig. Lower Bound  Upper Bound  Zero-order 

   

 1 (Constant) .000        2.262    4.074      

   

 Ease to Learn .087    -.320    .022  .160 

   

 Ease to Configure .000    .138    .427  .390 

   

 Ease to Become Skilled .790    -.177    .232  .284 

   

 Ease to Navigate Menus .901    -.187    .165  .311 

   

 Ease to Interact .146    -.033    .222  .298 

   

 Ease to Customise .613    -.079    .134  .282 

   

 Ease to Understand Features .073    -.010    .224  .311 
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Coefficients
a 

            

   Correlations   

Collinearity 

Statistics 

       

 Model   Partial  Part  Tolerance VIF 

       

1 (Constant)            

       

 Ease to Learn -.099   .090    .568 1.760 

       

 Ease to Configure .218   .202    .472 2.117 

       

 Ease to Become Skilled .015   .014    .396 2.523 

       

 Ease to Navigate Menus -.007   .007    .321 3.116 

       

 Ease to Interact .084   .077    .504 1.986 

       

 Ease to Customise .029   .027    .508 1.970 

       

 

Ease to Understand 

Features .104   .095    .517 1.935 

       
                     

a. Dependent Variable: Perceived Value 
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                                                   Collinearity Diagnostics
a 

 

           

Variance Proportions 

  
 

   

Eigenvalue 

   Condition  

(Constant) 

 

Ease to Learn 

 Ease to 

  
 

 Model Dimension    Index    Configure 

  
 

1 

1  7.842  1.000  .00  .00  .00 

  
 

 

2  .054  12.007  .07  .02  .00 

  
 

 

3  .031  15.884  .00  .00  .00 

  
 

 

4  .025  17.668  .13  .03  .03 

  
 

 

5  .019  20.335  .05  .00  .77 

  
 

 

6  .012  25.881  .10  .06  .15 

  
 

 

7  .010  28.461  .60  .57  .00 

  
 

 

8  .007  32.974  .05  .31  .05 
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CollinearityDiagnosts
a 

         
 

   

    Variance Proportions     

    
 

   

Ease to    Ease to         

    
 

   

Become    Navigate   Ease to  Ease to  

    
 

Model Dimension Skilled    Menus   Interact     Customise 

   
 

1 1   .00   .00   .00   .00 

    
 

 2   .01   .00   .00   .45 

    
 

 3   .00   .00   .28   .07 

    
 

 4   .00   .03   .30   .44 

    
 

 5   .00   .00   .20   .00 

    
 

 6   .00   .75   .19   .03 

    
 

 7   .04   .21   .01   .00 

    
 

 8   .94   .01   .01   .01 

    
 

                         

CollinearityDiagnosts
a 

 

 

Model Dimension 

Variance ... 

Ease to Understand  Features 

1          1 .00 

            2 .04 

            3 .62 

            4 .14 

            5 .11 

            6 .09 

            7 .00 

            8 .00 

a. Dependent Variable: Perceived Value 
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                                                                 Casewise Diagnostics
a 

       

Case Number Std. Residual Perceived Value Predicted Value Residual 

55 -3.276 2.33 5.8207 -3.48739 

250 -3.408 1.33 4.9608 -3.62745 

280 -3.194 2.00 5.4001 -3.40006 

a. Dependent Variable: Perceived Value 

       Residuals Statistics
a 

 

 Minimum Maximum Mean 

Std. 

Deviation N 

Predicted Value 3.6022 5.8621 5.2317 .49629 305 

Std. Predicted Value -3.283 1.270 .000 1.000 305 

Standard Error of .083 .404 .161 .062 305 

Predicted Value      

Adjusted Predicted Value 3.4577 5.8724 5.2319 .49944 305 

Residual -3.62745 2.43184 .00000 1.05214 305 

Std. Residual -3.408 2.285 .000 .988 305 

Stud. Residual -3.491 2.429 .000 1.005 305 

Deleted Residual -3.80750 2.74877 -.00019 1.08823 305 

Stud. Deleted Residual -3.559 2.449 -.002 1.010 305 

Mahal. Distance .862 42.882 6.977 6.585 305 

Cook's Distance .000 .109 .004 .011 305 

Centered Leverage Value .003 .141 .023 .022 305 

a. Dependent Variable: Perceived Value 
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Cochran’s Equation 

Cochran’s equation is the following: 

Continuous Data Formula: 

(t)2*(s)2 

N = -------------------- 

(d)2 

Where: 

N = minimum sample size required 

t = a selected alpha level value of 0.025 for each tail, used to determine the confidence interval 

of around 95%. As a rule the difference in standard deviations is about 1.96 in a normal 

distribution, in other words 95% of the area under a normal curve falls within approximately 

1.96 standard deviations of the mean. 

s = estimate of standard deviation in the population 

Number of points on the scale (in the case of this study, the Likert scale uses 7 

points) 

= -------------------------------------------- 

Number of standard deviations 

(In this case 6, this is the number of standard deviations that should include almost all, 

approximately 98%, of the possible values in the range) 

= 7/6 = 1.167 

d = acceptable margin of error which is willing to be accepted. Usually based on 

previous research or can be chosen by the research. (for example: the acceptable margin 
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of error will be 0.3; therefore: Number of points on the scale * acceptable margin of 

error = 7*0.3=0.21) 

Therefore the working: 

(t)2*(s)2 

N = -------------------- t=1.96; s=1.167; d=0.3 

(d)2 

1.962 * 1.1672 

N = -------------------------- = 118 

7*0.032 

104 

Since not all data being collected is continuous data, some data such as gender and age is 

considered nominal and requires a different Cochran’s formula. 

Nominal Data Formula: 

(t)2*(p)(q) 

N = -------------------- 

(d)2 

Where 

(p)(q) = variance estimate 

(Maximum possible proportion of questions being nominal * 1 - Maximum possible proportion 

of questions being nominal) 

= (0.5 * (1-0.5)) 

d = acceptable margin of error which is willing to be accepted. In this case will be 0.05 
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t = a selected alpha level value of 0.025 = 1.96 

(t)2*(p)(q) 

N = -------------------- 

(d)2 

1.962*(0.5*0.5) 

N = --------------------------- = 384 

0.052 

* Cochran’s formulas as explained by Bartlett, Kotrlik and Higgins 

Population Size Sample Size: Categorical* Sample Size: Interval ** 

100  80 55  

200  132  75  

300  169  85  

400  196  92  

500  218  96  

600  235  100  

700  249  102  

800  260  104  

900  270  105  

1,000  278  106  

1,500  306  110  

2,000  323   112  

4,000  351  119  

6,000  362  119  

8,000  385  119  

->10,000 385  119 

 

*With a margin of error = 5%, alpha = 5% and estimate of variance = 0.25;** With a margin of 

error = 3%, alpha = 5% and estimation SD in population = 1.167;  

Source: Cochran’s formulas as explained by Bartlett, Kotrlik and Higgins (2001). 

* The above table data is based on Cochran’s formulas for sample size (Brinkman 2009). 
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Comments 

Don’t trust anything but *BOM so use their app (As BOM do not have a dedicated weather app this 

respondent was incorrectly referring to the BOM website as an app). 

 

I use the government apps i.e. weather bureau (As BOM do not have a dedicated weather app this 

respondent was incorrectly referring to the BOM website as an app). 

 
However, I am still wary of what I 'allow' an app to do and have not as yet used a weather app. I 

just check the BOM site from my home laptop. Hope this helps.  

 

Yes. Almost every day I view *BoM weather info re: bookmarked icon on phone 'desktop'. 

 

On desktop I used to in the last 10 years use the BOM Site. I do have a casual weather advice page 

on my Samsung Galaxy S4 stock standard trained to my location via auto GPS. 

 

I don’t trust the apps available so I use the BOM website 

 

I think the Weatherzone app is great. I use it all the time for work (can't work when it rains) and to 

judge events in the future. I believe they source their info from the BoM which should be pretty 

reliable. I've noticed small advertisements in the app lately which is annoying. 

 
I used to use the BOM site to check the weather on my smartphone... but it takes too long to load 

and is too cumbersome, so now I like using the weather app. 

It is much more reliable to go directly to the BoM website and get the weather information from 

there. Weather Apps are useless. 

I use both a weather app that displays the brief weather information on the main screen of my 

Galaxy S4 and then the mobile bureau of meteorology website for my more in depth detailed 

information. 

 

…I am still wary of what I 'allow' an app to do and have not as yet used a weather map. I just check 

the BOM site from my home laptop. Hope this helps.   

…I love the weather app, however I don't know how accurate it really is - but then the weather 

websites are often vague as well. Use Weather+ for general forecasts and 'Rain' for BoM radar 

images. 

My app tends to over predict rain. It's not very accurate. I wish The BOM would make an app. 

Yes. Almost every day I view BoM weather info re: bookmarked icon on phone 'desktop'. 

I would only trust an app from BOM currently, but have not found one yet. 

I wish that the Bureau of Meteorology had an app. 

I use the govt. apps i.e. weather bureau. (As BOM do not have a dedicated weather app this 

respondent was incorrectly referring to the BOM website as an app). 

*The acronym, BOM/BoM is used frequently by respondents for the Bureau of Meteorology. 


