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Abstract: With the start of the 21st century came rapid growth and popularity 
in location-based service (LBS) apps, with a particular focus on smartphone 
applications. As a result of such growth characteristics, a number of studies 
concerning user acceptance of mobile services have been undertaken within the 
extant literature. These studies have employed various adaptations and 
modifications of one of the most widely recognised of information systems 
success models, the technology acceptance model (TAM). One such adaptation, 
the technology acceptance model for mobile services (TAMM), seeks to 
provide a more robust framework for research into this area of mobile 
technology development. In view of the increasing global use of LBS apps, 
coupled with the widespread adoption of smartphones, further research into this 
emergent research field appears warranted. This current paper has sought to 
explore aspects of user acceptance with respect to a popular set of LBS 
smartphone applications; namely weather apps. The research has provided a 
predictive model for future research, and may have implications for authors and 
app developers. The findings from this research suggest that four distinct 
factors, ease of adoption, ease of use, trust and value; all of which influence 
user acceptance of a weather app on smartphones. 
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1 Introduction 

Before the information technology (IT) revolution and ensuing widespread availability of 
the Internet and computing devices [Moor cited in Tavani (2013); Weiser, 1991], public 
weather information was broadcast through various non-electronic and electronic media 
(Chahine et al., 2002). However, in the current day, 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, 2014; Turner, 2012; Wang et al., 2011). For example, in the context 
of end users of smartphones, weather information (such as general forecasts and severe 
weather warnings) sourced from a variety of meteorological technologies is currently 
broadcast as both text and graphical user interface (GUI) displays, such as in radar and 
satellite imagery. There is an increasing interaction and dependence of technology for 
weather information (Lubchenco and Hayes, 2012; Chahine et al., 2006). In view of this 
growing trend, this research distinguishes weather applications (apps) used on 
smartphones as one example of a location-based services (LBS) application. By means of 
a suitable information systems success model, identified from an extensive review of 
extant literature, this study endeavours to address the stated research problem: what are 
the key factors influencing user acceptance of LBS weather apps on smartphones. This 
current research has provided support for a valid predictive model for future research, 
having implications for authors and developers of LBS applications across a range of ICT 
devices in an expanded set of geographical locations. 

2 Technology acceptance models 

Technology is by nature progressive, with new and updated device innovations constantly 
being released. In response, many adaptations and extensions of the seminal technology 
acceptance model (TAM) by Davis (1989) 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). 
However, of particular interest to this research is the technology acceptance model for 
mobile services (TAMM) by Kaasinen (2005a). As illustrated in Figure 1, TAMM forms 
a modification and extension of the original TAM model by Davis (1989), replacing 
perceived usefulness with perceived value and two new perceived product characteristics 
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influencing intention to use, namely trust and perceived ease of adoption (Kaasinen, 
2005a). 

Figure 1 Technology acceptance model for mobile service 

 

Source: Kaasinen (2005a) 

According to Kaasinen et al. (2011), in those workplace environments for which the 
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. Whilst 
other modified TAM models have included trust as a construct (within an online context, 
see for example, McCloskey, 2006; Gefen et al., 2003), trust is included as a new, distinct 
and measurable element of mobile technology user acceptance within the modified 
TAMM model, as evidenced in the study by Kaasinen (2005a). Consequently, Kaasinen 
(2005a, p.67) highlights the need for a different user acceptance model: “the aim of the 
[TAMM] model is to provide a framework to design and evaluate mobile services for 
user acceptance”. It is also important to recognise that mobile services, such as LBS apps 
(particularly those directed at the consumer market) have specific characteristics. For 
example, unlike traditional mobile services, LBS applications are acquired by the 
individual users to download and customise. Moreover, LBS apps require more advanced 
technical infrastructure, given the proactive approach to delivery and notification of 
information. There is also a ‘social’ context which applies LBS apps over and above 
older-style mobile services (Shek, 2010). As such, smartphone LBS apps are perceived as 
different from the mobile service application considered by Kaasinen (2005a), which 
involved location aware weather short message services (SMS), not the use of neither 
preinstalled nor downloadable LBS weather apps on smartphones. Thus, further research 
(utilising TAMM as its framework) into this area is required to address the research 
problem, namely: what are the key factors influencing user acceptance of LBS weather 
apps on smartphones. 

The TAMM shown previously in Figure 1 indicates the relationships between the 
constructs leading to the stated hypotheses as tested in the model: 
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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. 

3 Method 

Social researchers are familiar with the concepts of qualitative and quantitative research, 
and whilst both methods are generally regarded as useful and legitimate, significant 
attention has been paid to identifying the differences between qualitative (interpretivist) 
and quantitative (positivist) research paradigms (Reichardt and Cook, 1979). A research 
paradigm serves as a guide to the professionals in a discipline for it: 

1 indicates what are the important problems and issues confronting the discipline 

2 goes about developing an exploratory scheme (e.g., models and theories) which can 
place these issues and problems in a framework which will allow practitioners to try 
to solve them 

3 establishes the criteria for appropriate ‘tools’ (e.g., methodologies, instruments, and 
types and forms of data collection) 

4 provides an epistemology in which the preceding tasks can be viewed as organising 
principles for carrying out the ‘normal work’ in a discipline (Filstead, 1979). 

In order to address the research objective, a quantitative research methodology was 
chosen. Justification for using this research approach was examined by comparing the 
positivist paradigm approach associated with quantitative methods and an 
interpretivist/constructivist paradigm methodology, which is often associated with 
qualitative methods of research (Creswell et al., 2003; Punch, 2013; Straub et al., 2004; 
Yin, 1994). 

Several alternative survey techniques were available to the researchers. These  
include telephone interviews, personal interviews, shopping mall interviews and  
self-administered questionnaires, including internet surveys (Zikmund et al., 2013). For 
the purposes of this study, a web-based self-administered questionnaire was selected as 
the most effective means of data collection, as it would better enable empirical testing of 
the data. The internet is a vast communication medium and as such provides an especially 
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appealing means for data collection. The advantages of reduced response time, lowered 
cost, ease of data entry, flexibility in format, and the ability to capture additional 
responses are common to web-based data collection across a variety of disciplines 
(Granello and Wheaton, 2004). For example, the use of online surveys has appeared in 
various TAM-based studies (Ha and Stoel, 2009; Hong et al., 2006; Chen et al., 2002). 

Thus employing a quantitative approach using a survey research method, identified 
by Leedy and Ormond (2013, pp.96–100), embodies several advantages well suited to 
this current research, some of which include: 

• data from the target sample translates well to statistical analysis 

• the meaning of the data is determined by the statistical analysis 

• the findings from the research data may be generalised to the larger population. 

Prior to data collection, a pilot study was undertaken. As with a paper and pencil survey, 
the goal of a pilot study is to check for clarity of wording and participant acceptance of 
the questions (Granello and Wheaton, 2004). An additional goal of the piloting process 
specific to online surveys is to have pilot participants submit the survey from a variety of 
computers and Internet connections, using different browsers (for example Mozilla 
Firefox, Internet Explorer), including all possible versions, on different platforms 
(namely Mac and Windows). Four academics, selected on the basis of their knowledge in 
IT and online survey research, were asked to provide detailed feedback. These 
individuals included a senior lecturer in IT, a senior lecturer of business (specialising in 
quantitative methodologies), and two more lecturers (IT and marketing respectfully). 
These individuals were also asked to review the appropriateness of the survey (e.g., 
grammar, survey structure, survey usability, etc). Where possible, those involved in the 
current study were present with members of the review group as they 
completed/reviewed the survey as to listen to comments and detect and make note of any 
misconceptions, a stance supported by Wyatt (2000). 

Respondents invited to participate in the research encompassed users of weather apps 
on smartphones and were drawn from a specific target population, namely domestic and 
international students and staff from Southern Cross University (SCU), a regional 
university based in Australia. Given there is no worldwide list of smartphone users 
available to the researcher, the choice of a target population is determined from a 
sampling frame that does exist and is available; a synthesis of people from around the 
world, namely SCU domestic and international students and staff. 

Furthermore, from the ubiquitous nature of smartphone usage and global growth of 
LBS apps (Kennedy-Eden and Gretzel, 2012; Turner, 2012; Verkasalo et al., 2009; Wang 
et al., 2011), there is a reasonable expectation that an equitably multifarious range of 
disciplines, age groups and education is found within in the chosen university sampling 
frame. Survey respondents were first contacted via email, to solicit their involvement in 
the study. Following a period of seven days, a reminder email was sent to all potential 
respondents. This reminder successfully stimulated further survey submissions. 

Thus a non-probability self-selection sampling technique was utilised for the data 
collection (Trochim, 2006). Exploratory factor analysis (EFA) as the primary statistical 
analysis technique was utilised to determine the underlying dimensions of user 
acceptance of smartphone-based weather apps, from the perspective of a sample of 
smartphone users. 
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4 Data analysis 

Data collection resulted in 305 usable responses being received. To establish whether the 
data appeared to be normal, indicators such as mean, standard deviations and measures 
for skewness and kurtosis were inspected (Tabachnick and Fidell, 2001), and there 
appeared a reasonable assumption that normality has been met. Hair et al. (2010) 
maintain that in studies using approximately 200 cases, factor loadings to be significant 
should be above .40. The current research utilised 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 1. 
Table 1 Principle component matrix: four-factor solution 

Rotated component matrixa 
Factors 

Variables 
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 

Notes: aExtraction method: principal component analysis. Rotation method: varimax with 
Kaiser normalisation. Rotation converged in six iterations. 

Factor 1 comprised several usage variables such as ease of learning, ease of gaining 
usage skills, ease of functionality, ease of navigation, ease of interaction and 
customisation. It should be noted that regardless of the 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 (i.e., 7 point) 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. This factor was named ease of use. 
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Factor 2 is comprised of several trust-themed variables such as reliability, accuracy 
and security. Analysis indicated 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 from the TAMM model, the EFA determined that this measure was associated 
with trust. Usefulness thus 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 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 was therefore named 
trust. 

Four variables comprised factor 3, being: enjoyment, usefulness, appeal and 
entertainment. 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. This factor was named value, given a 
strong theme of value throughout the four variables contained within the factor. 

Factor 4 was comprised of two adoption-based variables: locating the service and 
ease of initial use. 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. This factor was thus named ease of adoption. The Ease 
of Adoption factor showed an extremely high factor mean of 6.3328 (on a 7-point Likert 
scale). The two measures Locating and ease to start using each scored high means on the 
positive side of the scale midpoint. The overall findings from the 305 respondents in this 
study thus identified that all respondents rated highly ease of use and ease of adoption 
measures. 

The ease of adoption factor clearly affects ‘taking into use’ a weather app on a 
smartphone. This is further supported by a subgroup of 178 respondents to this research, 
who were identified by the survey instrument as having downloaded, installed and using 
a weather app that did not ship with their smartphone. These respondents were asked 
additional ease of adoption related questions. From the perspective of respondents,  
factor 4 (ease of adoption) was shown to be the highest rated factor, with a mean of 
6.3328. This was then followed by factor 1 (ease of use – 5.7785), factor 2 (trust – 
5.1262) and factor 3 (value – 4.5836). 

4.1 Type of weather app users 

To deal with Hypotheses H5 and H7 (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. When differing user contexts were considered as part of the analysis, 
some interesting results emerged with respect to two specific user contexts: 
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1 the first context being those respondents who use a preinstalled weather app (i.e., one 
that comes shipped with their smartphone) 

2 the second group being users of third party downloaded weather apps. 

Within this second user subgroup (n = 178), all respondents downloaded and installed at 
least one weather app that did not ship with their smartphone. In contrast to the 
preinstalled users group (n = 127), there is a clear delineation between the constructs of 
the model considered in this research. 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. Additionally, 
the factor means differed between the two groups, across all four factors. To determine 
significance, an independent t-test was run to determine if there were any statistically 
significant differences in the means recorded for each factor. The means for factor 1 (ease 
of use) and factor 4 (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 (factor 2) and value (factor 3), were found to be statistically 
significant at .006 and .001 respectively. 

Participants who downloaded a weather app scored on the high side of the midpoint 
for the factor of trust with the mean being 5.2654. In contrast, respondents who used a 
preinstalled weather app recorded a mean of 4.9311 for the trust 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 features that enhance 
the perception of the trust characteristics of accuracy, reliability, usefulness and security 
when using a downloaded weather app. For example, features such as synoptic weather 
charts, comprehensive marine forecasts, more extensive rain radar coverage, lightning 
tracking and the absence of pop-up, spam advertising. 

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 (Google Play, 2014; iTunes Preview, 2014; Microsoft, 
2014), 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. 

Furthermore, a sizeable portion (31.4%) of respondents in the download weather app 
group indicated that not only had they downloaded a weather app, they had taken further 
action by purchasing a weather app for their smartphone. 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. 

4.2 Gender influences 

Initial aspects of the survey instrument involved questions related to demographics, 
allowing for the separation of the survey participants into differing profiles. Cross 
tabulations and other statistical analysis was undertaken to examine and discover the 
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influence of any of the interval measures (including demographics, smartphone operating 
systems and purchase) on constructs in the model. For example, a Mann-Whitney U test 
was conducted on the 305 survey respondents to search for differences between males 
and females. Several key influences were found, and are now discussed. 

The first influence gender made was on choice of smartphone. The question presented 
was ‘what operating system does your smartphone use?’. 

• from the total number of female survey respondents, 70% of females used the iOS 
(iPhone) operating system (choosing iOS identifies the brand iPhone) 

• by contrast 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, Dr. Genevieve Bell, who 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 USA (comScore, 2014). Nielsen (2010) 
conducted a survey that found that 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 and Andrews, 2010; 
Lewis, 2013). 

The second influence gender made was on the use of preinstalled, downloaded or 
multiple weather apps. The results showed 41.6% (n = 127) of the 305 respondents used a 
preinstalled weather app with 78.7% (n = 100) being female participants. Thus females, 
clearly comprising the majority, were found to be far more likely than males to use the 
preinstalled weather application that shipped with their smartphone. The final, gender 
influence 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 researchers suspect this may be due the predominance of iPhone use 
by females, and that 48.3% of the 207 female respondents were content to use the 
preinstalled weather application that shipped with their smartphone. 

5 Summary and conclusions 

From an analysis of weather apps on smartphones, numerous aspects of user acceptance 
emerge as key indicators of smartphone app usage. This paper has endeavoured to 
highlight a number of important influences as they pertain to user acceptance of LBS 
smartphone apps. 

In summarising the findings from this undertaking, the following key points are 
identified: 

• Respondents rated highly ease of use and ease of adoption measures. The implication 
of this being that users of smartphones find these measures in relation to weather 
apps to be straightforward and simplistic. 
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• The difference in the means (pre-installed and downloaded) for the factors of trust 
and value were found to be statistically significant at .006 and .001 respectively. 

• The majority of respondents prefer to download their own weather application 
(58.4%). 

• Gender influence revealed that females show both a clear preference for iPhones 
(70%), and was more likely than males to use the preinstalled weather application 
shipped with their smartphone. 

• Males (42.9%) however were more likely to use a downloaded weather app than use 
a preinstalled weather app. 

• iPhone users (62.6%) perceived their smartphone weather app to be more secure, 
easier to configure, customise and to become skilled with. 

Derived from the seminal TAM by Davis (1989), the TAMM by Kaasinen (2005a) was 
used in the current research as a core theoretical framework. While similarities exist 
between this current research and the studies by Kaasinen (2005a, 2005b), the focus of 
the current research differed in a number of key areas. Firstly, the study was based on 
user acceptance, trust and value of LBS weather apps on smartphones, thus filling an 
identified gap and making an important contribution to the literature. All hypotheses in 
this research were developed based on the TAMM model and were supported. The 
TAMM utilised in this study was found to be a valid model for predicting usage 
behaviour, in differing user contexts; of preinstalled and downloaded LBS weather 
applications on smartphones. 

All hypotheses (H1–H7) based on the TAMM constructs, were supported by the data 
analysis results from the sample (n = 305). EFA 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. 

Thus, a contribution was made to the body of knowledge by utilising the TAMM 
framework to measure the influence of trust, value and user acceptance of LBS weather 
apps on smartphones. 

Additionally, the current research in identifying key influences associated with user 
acceptance of weather apps on smartphones, may enable societies to be better prepared 
for the impact of the increasing extreme weather events upon earth and may assist in the 
protection of life and property through use of such applications and mobile devices (EPA, 
2014; IPCC, 2014; Lee and Lam, 2010; Miller, 2016; Randall, 2015). The progressive 
growth of mobile technology services is clearly evidenced by the widespread availability 
of LBS apps (Alton, 2015; Olmstead and Atkinson, 2015; Research and Markets, 2015; 
Sheedy, 2014) and in the specific context of this study, weather apps, being factory 
preinstalled on all current Android, iOS and Windows mobile devices (Google Play, 
2014; iTunes Preview, 2014; Microsoft, 2014). Coupled with the increased awareness, 
relevance and significance of the weather and climate to governments, policy makers and 
society (BOM, 2014; EPA, 2014; IPCC, 2014), future research may indeed further 
contribute to the public awareness of the need for readily available and relevant LBS 
weather information on smartphones. Furthermore, the findings of this research could be 
of value to developers of a wide range of LBS applications used across an array of smart 
mobile devices. In particular, the four factors (ease of adoption, ease of use, trust and 
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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; GNSS 
Market Report, 2015; Watson et al., 2002; Technavio, 2016). 

Thus with the increasing global use of LBS apps, paired with the pervasive adoption 
of smartphones, future research utilising the TAMM framework would appear warranted. 
By employing an in depth and richer mixed methods research design, representing a 
broader range of LBS apps (including weather apps) across an inclusive range of ICT 
devices such as: smartphones, laptops, tablets, phablets and wearable smart devices 
(Danova, 2014; NWS, 2014; Wang et al., 2011; Wearable Technologies, 2015), it is 
anticipated such future research in an expanded set of geographic locations, could further 
embed the influences of user acceptance in such mobile technologies. 
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