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Abstract. This research aims to investigate the adoption of smartphones with
older adults in China. Based on the literature review from previous research, a
research model with eight research hypotheses is developed by extending
UTAUT with a consideration of observability and compatibility from IDT, and
perceived enjoyment and price value. This research model is empirically exam-
ined using survey data from a sample of 121 older adults in China. Five re-
search hypotheses were positively significant supported, while three research
hypotheses were rejected in this study. The results suggest that social influence,
observability, compatibility, performance expectancy and perceived enjoyment,
are important determinants for the use and adoption of smartphones with older
adults in China.
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1 Introduction

Today, smartphones become increasingly important in people’s daily life. A smart
phone is a mobile phone with more advanced computing capability and connectivity
than basic feature phones. It allows users to make video calls, download and transfer
files, and use internet-based applications. Smartphones have the potential to enhance
the quality of people’s life [5, 6]. For instance, people can get immediate access to
information on a variety of topics through their smartphones. People get opportunities
for entertainment in the form of games, movies, books through their smartphones.
Moreover, smartphones can facilitate communication among family, friends and col-
leagues via social networking tools, emails, etc.

Most countries in the world are experiencing an increase in the average age of their
population. The ageing of the population is one of the major challenges most coun-
tries have to face over the next few decades [12]. Older adults face challenges when
they are using smartphones. A gap seems to exist in the adoption and use of
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smartphones by older adults. Some typical issues that impact their use of smartphones
are as follows, lack of skills, too expensive phones, security and privacy concerns.
Given all the potential benefits smartphones can bring to the daily life of older adults,
there is still an urgent need to examine the means to enable older adults to use
smartphones. This research intends to bridge the research gap in the adoption of
smartphones among older adults in China. The objective of this research is to examine
the adoption and usage of smartphones with older adults in China. We attempt to
investigate how various factors impact older adults’ intention to use smartphones in
China by a research model based on previous technology diffusion theories. The term
older adult has been defined in a variety of ways in different articles, which ranges
from over 40 to over 75. The distinction of “older” depends upon the specific context
under consideration. Most people over 60 lack the essential skills to perform user
survey and computer literacy to use smartphones because their education was inter-
rupted during the Cultural Revolution in China. If we defined the older adult as peo-
ple over 60, it would be extremely difficult to collect survey data for this research.
Therefore, we defined older adult as people over the age of 45 in this study.

The rest of this paper is organized as follows: Section 2 discusses the theoretical
background of this study. The research model and hypotheses are presented in Section
3. The research method and results are described in Section 4. This is followed by a
discussion of the findings in Section 5. Section 6 concludes this research.

2 Background

2.1 Benefits of use of smartphones for older adults

Older adults can benefit from the use of smartphones in a number of ways. Mobile
services available on smartphones may help older adults enhance communication with
their families and friends, enrich their personal interests, and check various healthcare
related information. Further, to address the problems raised by ageing population,
many countries started Smart Cities project to fulfill older adults’ needs across areas
such as housing, social participations health care, and community support services,
leisure, to make the city environment more elderly friendly. Smartphones can provide
personalized health care, social services for older adults. Although there are many
mobile services available on smartphones, many older adults are less aware of those
services. This could be a potential reason why older adults do not use smartphones.

2.2 Digital Divide

Scholarly research on the digital divide has a long history back to the 1990s. Most
researchers in Information Systems in the last two decades focus on Internet penetra-
tion through the lens of technology diffusion theory (e.g., TAM [4], IDT [14] ,
UTAUT [18]). The digital divide refers to the gap between those who do and those
who do not have access to new forms of information technology [16]. Research on
digital divide often starts by looking at users’ access to new technologies. The types
of access can be defined as ‘physical access’ and ‘beyond access’. An increasing



number of researchers suggested to study ‘beyond access’ with additional attention to
social, psychological and cultural background. For example, Van Dijk [16] found a
shifted research attention on digital divide from physical access to skills and usage.
Along with the popularity of computers and digital technologies, the digital divide in
terms of physical access seems to be reduced in most developed countries.

The uneven spread of the mobile applications on smartphones has contributed to the
popularity of the concept of the ‘digital divide’ associated with smartphones. It high-
lights the emerging social gap between those individuals who use mobile applications
on smartphones and those who do not. It is believed that the major gap is based on
socio-demographic dimensions (e.g., age, region, income, educational background).
To reduce digital inequalities, we must understand the reasons for non-users’ re-
sistance to the use of smartphones. Investigating this digital inequality is of help to
understand the diffusion of smartphones with different ageing populations.

2.3 The adoption of smartphones with older adults

Research work has been carried out by researchers in studying various aspects related
to the adoption of smartphones [7]. In [3], Chen, et al. combined TAM and innovation
diffusion theory (IDT) to study and explain the adoption of smartphones in logistics.
Self-efficacy was a strong predictor of behavioral intention through attitude. Based on
a study on the performance of mobile applications, Huang et al. [8] indicated that
smartphones could become a suitable substitute of traditional computer. But, the per-
formance of the applications on smartphones is poorly understood.

Although significant effort has been done to explore the adoption of smartphones, the
research on the adoption of smartphones with older adults is still in its infancy. The
samples used in previous research on the adoption of smartphones are relatively
young. Concerning the research on the adoption of new technologies by older adults,
most previous research [20] tends to focus on the use intention and adoption of com-
puters and Internet by older adults. Lee et al. [10] examined older computer users’
constraints at various age stages. An examination of the current literature reveals that
few studies have addressed the use and adoption of smartphones by older adults.
Pheeraphuttharangkoon [13] investigated the adoption and use of smartphones with
older adults in the UK. However, the sample size with people over 50 years old is
quite small in their study.

To our best knowledge, we have not found any studies addressing the adoption of
smartphones with older adults in China. The digital divide along the age dimension
has become a major concern in China. In developed countries, Internet penetration is
saturated and average education level is high, it is easier for users to use smartphones.
However, the average education level is lower, especially for older adults in China.
According to the annual report 2013 from China Internet Network Information Cen-
ter, the percentage of smartphone users aged above 45 is significantly lower than the
younger generation. Therefore, it is worth to carry out this research to better under-
stand older adults’ behavior intention to use smartphones in China.



3 Research Model and Hypotheses

A research model that identifies important factors that impact older adults’ intention
to use smartphones was developed in this research. The proposed research model (see
Figure 1) is an extension of UTAUT [18], with a consideration of observability and
compatibility from IDT [14], and perceived enjoyment [15] [17] and price value [19]
from other technology diffusion theories. We have developed eight research hypothe-
ses based on the research model. Each hypothesis as labeled in Figure 1 is elaborated
below.
Hypotheses developed from UTAUT
Four key factors from UTAUT, Social Influence, Facilitating Conditions, Perfor-
mance Expectancy and Effort Expectancy, were included in our research model. So-
cial Influence is the extent to which consumers perceive that important others (e.g.,
family and friends) believe they should use a particular technology. Previous research
also indicated that social influence is important for the adoption of smartphones [21].
Facilitating Conditions refer to consumers’ perceptions of the resources and support
available to perform a behavior. Users need to have digital skills to use smartphones.
Performance Expectancy is defined as the degree to which using a technology will
provide benefits to consumers in performing certain activities. Smartphones are able
to provide potential benefits (e.g., always connected, healthcare information) for us-
ers. Once users have recognized these benefits, they are likely to use and adopt
smartphones. Effort Expectancy is the degree of ease associated with consumers’ use
of technology. Learning a new technology often takes time and effort, particularly
with older adults. If using smartphones is considered as an easy and straightforward
process, users are likely to adopt smartphones. Thus, we proposed the following four
hypotheses.

H1: Social Influence (SI) has a positive influence on older adults’ intention to
use smartphones.

H2: Facilitating Conditions (FC) has a positive influence on older adults’ inten-
tion to use smartphones.

H3: Performance Expectancy (PE) has a positive influence on older adults’ in-
tention to use smartphones.

H4: Effort Expectancy (EE) has a positive influence on older adults’ intention to
use smartphones.
Hypotheses developed from IDT
Rogers [14] indicated that innovation that are perceived by individuals as having
greater relative advantage, compatibility, trialability, and observability, and less com-
plexity will be adopted more rapidly than other innovation. To further understand
older adults’ intention to use smartphones, two factors from IDT were included into
our research model. As for the case of smartphones, Observability can be defined as
the degree to which smartphones are visible to potential users. Compatibility can be
seen as users’ belief in the consistency of using smartphones with the way they live
and work. Previous research also demonstrated that the importance of Observability
and Compatibility to the adoption of new technologies (e.g., e-banking [9]). There-
fore, the following two hypotheses were proposed.

HS5: Observability (OBS) has a positive influence on older adults’ intention to
use smartphones.



H6: Compatibility (COM) has a positive influence on older adults’ intention to
use smartphones.

| Observability | | Compatibility
HS H6
| Social Influence 1
Facilitating Conditions H2
Intention to
I Use
Performance
Expectancy H4
Effort Expectancy T H8
Perceived | Price value |
Enjoyment

Fig. 1. Research Model

Perceived Enjoyment and Price Value

Perceived Enjoyment is defined as the extent to which the activity of using a specific
system is perceived to be enjoyable in its own right, aside from any performance con-
sequences resulting from system use [15] [17]. Users can have fun when they are
playing games, and playing music on smartphones.

Price value is another significant factor affects users’ adoption of a new technology.
Price value can be defined as consumers’ cognitive tradeoff between the perceived
benefit of the applications and the monetary cost for using them [19]. It is believed
that users are likely to adopt smartphones when the benefits of using smartphones are
perceived to be greater than the monetary cost of smartphones. Hence, we proposed
the following hypotheses.

H7: Perceived Enjoyment (PEJ) has a positive influence on older adults’ inten-
tion to use smartphones.

HS: Price Value (PV) has a positive influence on older adults’ intention to use
smartphones.

4 An Empirical Study with the Research Model

To understand older adults’ use and adoption of smartphones in China, the proposed
research model and hypotheses were empirically tested using the structural equation
modeling approach.

4.1 Instrument Development

The validated instrument measures from previous research were used as the founda-
tion to create the instrument for this study. In order to ensure that the instrument bet-
ter fit this empirical study, some minor words changes were made to ensure easy in-
terpretation and comprehension of the questions. For instance, wording was modified



to fit the context of use of smartphones in China. A questionnaire was developed first
in English and then translated into Chinese. Back-translation was conducted by bilin-
gual third party to improve the translation accuracy. As a result, the measurement
questionnaire consisted of 25 items?®. A seven point Likert scale was used to examine
participants’ responses to all items in this part.

4.2 Samples

The data for this study were collected through self-administered questionnaires in the
central part of China. The survey was distributed in terms of paper-based question-
naires individually from Aug 20th 2014 to Sep 30th, 2014. 132 completed question-
naires were collected, among which 121 of them were valid questionnaires (i.e., valid
respondent rate 91.7%). Among the participants, 72 of the participants were male, and
49 were female. Moreover, 79.3% of participants had full-time jobs, 10.8% of partici-
pates had part-time jobs, 9.8% of participants had retired. Further, the top three most
used featured on smartphones for the participants were: making phone calls, text mes-
saging, and instant messaging feature (e.g., QQ, Wechat).

Table 1. Factor loadings, composite reliability, and AVE for each construct

Construct Item Factor Load- Composite AVE Cronbach’s
ing Reliability Alpha

SI SI1 0.835 0.91 0.77 0.85
SI12 0.947
SI3 0.840

FC FC1 0.864 0.91 0.71 0.87
FC2 0.790
FC4 0.887
FC4 0.835

PE PE1 0.860 0.90 0.75 0.83
PE2 0.929
PE3 0.804

EE EEl 0.941 0.95 0.87 0.93
EE2 0.941
EE3 0.917

OBS OBS1 0.939 0.94 0.89 0.87
OBS2 0.946

COM COMI 0.941 0.95 0.87 0.92
COM2 0.948
COM3 0.905

PEJ PEJ1 0.937 0.94 0.89 0.87
PEJ2 0.947

PV PV1 0.827 0.93 0.82 0.89
PV2 0.945
PV3 0.936

U U1 0.952 0.95 0.91 0.91
102 0.960

1 The survey items are available at this link: http://www.idi.ntnu.no/~shanggao/oldadults.html
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4.3 Measurement Model

The quality of the measurement model is determined by (1). Content validity, (2).
Construct reliability and (3). Discriminant validity [1]. To ensure the content validity
of our constructs, a pre-test of the questionnaire with a small group of respondents
was conducted before the survey was distributed. To further test the reliability and
validity of each construct in the research model, the Internal Consistency of Reliabil-
ity (ICR) of each construct was tested with Cronbach’s Alpha coefficient. As a result,
the Cronbach’s Alpha values range from 0.83 to 0.93. A score of 0.7 is marked as an
acceptable reliability coefficient for Cronbach’s Alpha. All the constructs were above
0.70.

Convergent validity was assessed through composite reliability (CR) and the average
variance extracted (AVE). Bagozzi and Yi [2] proposed the following three measure-
ment criteria: factor loadings for all items should exceed 0.5, the CR should exceed
0.7, and the AVE of each construct should exceed 0.5. As shown in Table 1, all con-
structs were in acceptable ranges.

The measurements of discriminant validity were presented in Table 2. According to
the results, the variances extracted by the constructs were more than the squared cor-
relations among variables. The fact revealed that constructs were empirically distinct.
As good results for convergent validity and discriminant validity were achieved, the
test result of the measurement model was good.

Table 2. Discriminant Validity

Variables  SI FC PE EE Obs Com PEJ PV U

SI 0.88

FC 0.66 0.84

PE 051 047 0.87

EE 043 043 038 0.93

Obs 0.19 029 0.15 028 094

Com 0.73 052 059 050 0.15 0.93

PEJ 0.60 047 049 046 037 0.63 0.94

PV 0.57 037 034 033 0.17 044 047 0.90

U 064 052 060 041 042 069 082 042 096

Note: Diagonals represent the average variance extracted, while the other matrix entries repre-
sent the squared correlations.

4.4 Structural Model and Hypotheses Testing

The structural model was tested using Amos 20.0. The results of the structural model
are shown in Figure 2. The R? (R square) in Figure 2 denotes to coefficient of deter-
mination. It provides a measure of how well future outcomes are likely to be predicted
by the model, the amount of variability of a given construct. In our analysis, the R?
coefficient of determination is a statistical measure of how well the regression coeffi-
cients approximate the real data point. According to the result, 77% of the variance of
behavior intention can be explained by the research model.



The standardized path coefficients between constructs are presented, while the dotted
lines stand for the non-significant paths. Table 3 presents the path coefficients, which
are standardized regression coefficients. As a result, five (H1, H3, H5, H6, H7) of the
proposed eight hypotheses were supported. The positive effects of perceived enjoy-
ment on intention to use was quite strong, as indicated by the path coefficient of 0.85
(p<0.05). The other path coefficients of compatibility, observability, social influence,
and performance expectation, to intention to use were statistically positively signifi-
cant at p<0.05. But, there was no significant positive impact of facilitating conditions,
effort expectancy, and price value on the intention to use smartphones with older
adults. Therefore, H2, H4, and H8 were rejected.

‘ Observability ‘ | Compatibility

| Social Influence

| Facilitating Conditions I“ -

Intention to Use
(R2=0.77)

| Performance Expectancy

| Effart Expectancy

——>> Significant path (p<0.05)
Perceived Enjoyment Pricevalue | ————- > Non-significant path

Fig. 2. Results of structural modeling analysis

Table 3. Test of hypotheses based on path coefficient

Hypothesis Path Hypothesis
Coefficient Result

H1 0.10* Supported
H2 0.01 Rejected
H3 0.25%%* Supported
H4 -0.14 Rejected
HS 0.26%** Supported
H6 0.33%%* Supported
H7 0.85%** Supported
HS8 -0.05 Rejected

*p<0.05; **p <0.01; *** p <0.001

5 Discussion

In this research, we studied the adoption of smartphones with older adults in China.
The most important determinant for users’ intention to use smartphones was per-
ceived enjoyment. If using smartphones is fun, older adults are more likely to accept



smartphones. Further, social influence was proved to be important for the use and
adoption of smartphones with older adults. It means that the opinions of friends and
family have a positive impact on older adults’ intention to use smartphones.
Performance expectancy had a significant positive impact on older adults’ intention
to use smartphones, while effort expectancy did not have a strong positive influence
on older adults’ intention to use smartphones. It seemed that older adults did not use
smartphones just because it was easy to use, but rather because they found it useful
for their work and life. Therefore, smartphones providers need to develop better solu-
tions to make smartphones more useful. This also implied that content providers of
apps on smartphones have to pay more attention to the usefulness of the content
available on smartphones for older adults.

There was no significant positive impact of facilitating conditions on the intention to
use smartphones with older adults. One possible reason was that facilitating condi-
tions might be considered as a limiting factor when the needed facilitating conditions
are not perceived by older adults. Therefore, the presence of the facilitating conditions
did not motivate older adults to use smartphones. Another interesting finding was that
price value had no significant positive impact on the intention to use smartphones
with older adults. Since smartphones become inexpensive (e.g., the cheapest model
from MI costs 100 USD) in China, most participants in this study can afford
smartphones. It seems that they tend to focus on the factor (e.g., perceived enjoy-
ments, performance expectancy) when using smartphones. Therefore, price value of
smartphones becomes unimportant when it comes to the adoption of smartphones
with older adults in China.

However, we were also aware of some limitations. Firstly, we only tested the research
model and research hypotheses with older adults from five provinces in the central
part of China. This sample might not be fully representative of the entire older adults
in China. Secondly, all the data were collected using self-reported scales in the re-
search. This may lead to some caution because common method variance may ac-
count for some of the results that has been cited as one of the stronger criticisms of
tests of theories with TAM and TAM-extended research [11]. However, our data
analysis with convergent and discriminant validity does not support the presence of a
strong common methods factor. Last but not least, the findings of this study may be
limited due to the relatively small sample size.

6 Conclusion and Future Research

This research was designed to study the adoption of smartphones with older adults in
China. To the best of our knowledge, we have not found any studies concerned with
older adults’ intention to use smartphones in China. This study investigated older
adults’ adoption of smartphones by extending UTAUT with a consideration of ob-
servability and compatibility from IDT, and perceived enjoyment and price value. A
research model with eight research hypotheses was proposed in the study. Five re-
search hypotheses were positively significantly supported, while three research hy-
potheses were rejected in this study.



Continuing with this stream of research, we plan to further examine the applicability
of the research model with other group of users in China (e.g., people below 45 years
old). Future research is also needed to empirically verify the research model with
larger samples across the world. We also plan to carry out a comparative study with
older adults in the developed countries.
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