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Abstract

Many studies have noted that the use of social networks sites (SNSs) can enhance social
interaction among the elderly and that the motivation for the elderly to use SNSs is to keep
in contact with remote friends and family or the younger generation. Memotree is designed
to promote intergenerational family communication. The system incorporates the Family
Tree design concept and provides family communication mechanisms based on the Family
Communication Scale. In addition, the system optimizes hardware and interface use to con-
form to the specific needs of older and substantially younger individuals. Regarding the
impact of variables on SNS with respect to the interaction of usability variables in the con-
struction of a cross-generational communication platform, we adopted the TAM model and
Chung et al.’s suggestions to promote user acceptance of the proposed Memotree system.
A total of 39 grandchildren and 39 grandparents met the criteria and were included in the
study. The elderly and young respondents revealed substantial willingness to use and/or
satisfaction with using the Memotree system. Empirical results indicate that technology
affordances and perceived ease of use have a positive impact on perceived usefulness,
while perceived ease of use is affected by technology affordances. Internet self-efficacy
and perceived usefulness have a positive impact on the user’s behavioral intention toward
the system. In addition, this study investigated age as a moderating variable in the model.
The results indicate that grandchildren have a larger significant effect on the path between
perceived usefulness and behavioral intention than grandparents. This study proposes a
more complete framework for investigating the user’s behavioral intention and provides a
more appropriate explanation of related services for cross-generational interaction with
SNS services.
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Introduction

The aging of the global population is changing life and marriage patterns as well as population
structures [1]. As life expectancy increases, more time is available for the development of family
relationships, and elderly individuals are willing to spend more time on interaction with family
members and maintaining family relationships [2]. Most grandparents attach considerable
importance to their relationships with their grandchildren and are eager for more frequent and
intimate interaction with them [3]. From the standpoint of grandparents, through this unilat-
eral, passive acceptance of family assistance and support, the grandparents provide their grand-
children with material and emotional assistance. Such behavior satisfies and affirms the self-
worth of the grandparents, increases interaction and improves emotional ties between the gen-
erations. It can also improve the vitality of the grandparents while slowing the onset of mental
or physical illness [4]. In addition, grandparents have many years of experience to pass down
to the younger generation, which provides their grandchildren with an understanding of life’s
continuity and feelings of affirmation and respect. Affirmation and respect gained in this man-
ner can raise the status and authority of the grandparents in the family, thus enhancing their
self-identity and social value [4-9]. Interaction between grandchildren and their grandparents
can enhance mutual understanding, reduce prejudice and fear of the elderly, and increase
awareness of the nature of aging among the younger generation. In addition, through the learn-
ing process, the grandparents contribute to the development of personal traits, literacy, social
acclimation, and the physical and mental health of their grandchildren [4, 8]. In Chinese fami-
lies, such close relationships between grandparents and grandchildren are common primarily
due to the influence of filial piety as a longstanding ethical core of Chinese society. Filial piety
is a Confucian idea that encompasses a broad range of behaviors, including children’s respect,
obedience, loyalty, material provision, and physical care for parents. Thus, grown children are
considered responsible for the care of their parents and obliged to have their aging parents live
with them. It is common for three generations to live under one roof while providing mutual
assistance. This arrangement contributes to close relationships between grandparents and
grandchildren. However, as a 2010 report by the United Nations notes [10], this traditional
arrangement is gradually fading with changes to social and economic structures, and since the
end of the Second World War, the number of elderly individuals who live alone has sharply
increased. This trend is also visible in other Asian countries, where rapid industrialization and
modernization have been widely accompanied by urbanization and the concentration of jobs
in particular areas. As the younger generations migrate to urban centers to seek employment,
they are separated from their elderly parents, which limits the interaction between grandpar-
ents and grandchildren and decreases the frequency of contact. These dramatic social changes
are having a significant impact on family structures, functions, and resources as well as family
relations. The predominant model of traditional family organization has been gradually
replaced by single-family or nuclear-family patterns. These changes to traditional living pat-
terns have decreased the frequency of contact between grandparents and grandchildren, thus
reducing the degree of mutual understanding and making interaction between generations a
critical problem for modern family relationships. [7, 11-15]

The development of social technologies has changed modes of social interaction. Communi-
cation between grandparents and grandchildren is no longer confined to face-to-face interac-
tion, with social technologies offering mechanisms and opportunities for increased contact and
understanding through social networking sites (SNSs), such as Facebook and Twitter [16]. A
study by the Pew Research Center on the use of SNSs demonstrates that such sites are widely
used among individuals below the age of 40 years, with increased usage intensity among youn-
ger groups [17]. Brandtzaeg and Heim (18) emphasized that the motivation for the use of SNSs
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is to maintain and promote social relationships, including keeping in touch with friends, par-
ticipating in social activities and making new friends. The conventional wisdom holds that
older individuals and grandparents are insulated from digital technology. However, this is not
the case. A survey released in April 2012 revealed that 53% of Americans over the age of 65
years use the Internet or email [19]. Additionally, similar to younger people, older individuals
experience life transitions and changes in their social scope. For instance, as they transition
from high school to college, younger individuals rely on SNSs to link their past and present
friendships. This practice is also true of the elderly [20]. The Pew report noted that because the
elderly population has increased in recent years the number of individuals over 65 years of age
who use SNSs has significantly increased. For example, in April 2009, 13% of elderly Internet
users used SNSs. However, by May 2011, this number grew to 33%, an increase of 150% in
approximately two years. In addition, the report noted that 34% of elderly Internet users have
Facebook accounts, and 18% use SNSs daily [19]. Furthermore, many studies have noted that
the use of SNSs or other web-based technologies, such as Skype or blogs, can enhance social
interaction among the elderly and that the primary motivator among the elderly to learn to use
such tools is the desire to maintain contact with remote friends and family or the younger gen-
eration [21-26]. Therefore, SNSs represent a means to maintain interaction between genera-
tions within a family and extend the social interaction of elderly users. However, younger users
have transitioned from the use of Internet relay chats with friends to the use of SNSs, and they
rarely use these tools to interact with older individuals [16, 20]. From the perspective of social
function, current SNSs (e.g., Facebook, Twitter) are useful for promoting social interaction, but
only among peers, friends and colleagues [18, 27-29], and the researchers have been unable to
determine how SNS functionality can be best used to help maintain and promote relationships
within families, thus improving interaction between grandparents and grandchildren.

Several web-based communities have been developed in response to this increasing popular-
ity of SNSs and the need for enhanced family interaction. For example, Family Tree is a Face-
book-based application that enables the user to create a space for his or her family. In this
space, the user can create and maintain a family-tree diagram, family photo albums, a record of
family activities, and links to external family photo albums [30]. Famiva enables users and
their family members to create a family tree, share family events and photographs, and develop
a family map [31]. Geni.com focuses on family links and enables users to create a family tree
and invite other family members to make entries in a family diary, edit the home timeline and
share photographs [32]. eFamily is an application available on the Internet and mobile devices
that enables users to share photographs and videos and create family photo albums and a fam-
ily address book [33]. FamilyWall is another application that provides a private space for family
members to communicate, organize family events, and share photographs and locations [34].
MyHeritage.com provides tools with which users can keep in contact with family members, cel-
ebrate birthdays, share photographs, and investigate and preserve their family history. First,
the user creates a page for his or her family and then invites other family members to join [35].
However, such special-purpose SNSs do not enjoy the same level of popularity as general-pur-
pose SNSs, such as Facebook and Twitter. In addition to having to set up a new account and
establish a new social network, users must take time to familiarize themselves with the func-
tions and interfaces of each of these services. In addition, the websites may not be suitable for
elderly users for four main reasons. (1) Inappropriate hardware operation: The text size and
fonts used in the interfaces present visual challenges for elderly users, and such users also have
difficulty with mouse-based input (e.g., scroll-wheel operation and the relative positioning of
mouse and cursor). In addition, status updates, messaging and chat features require typing,
which represents a challenge for many older individuals [36-39]. (2) Lack of familiarity with
Internet jargon: Terms that younger individuals take for granted on SNSs (e.g., photo upload,
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Fig 1. Memotree main page.

doi:10.1371/journal.pone.0156680.g001

account, inbox) are unfamiliar to older individuals, which makes it difficult for them to suc-
cessfully navigate and use the provided services [40]. (3) Overly complex operational processes:
The extensive use of icons and navigation processes can make it difficult for elderly users to
effectively use such sites, particularly in combination with unfamiliar terms [41-44]. (4) Inap-
propriate intergenerational family interaction: Today’s SNSs do not offer interfaces appropriate
for use by older grandparents and younger grandchildren in terms of their intergenerational
social habits and modes of interaction or links to the SNSs that they currently use [44-47]. For
these reasons, this study describes the construction of a communication system, known as
Memotree, that is designed to promote intergenerational family communication. As shown in
Fig 1, Memotree not only provides functions similar to other SNSs, such as tools to diagram
and track one’s family tree, family history and family organization, but also provides family
communication mechanisms designed in accordance with the Family Communication Scale.
Additionally, the system optimizes hardware and interface use to conform to the specific needs
of older and much younger individuals. However, acceptance of the Memotree platform and its
services by its target users and Memotree’s impact on family communication require
investigation.

In the field of communications technology research, intention and attitude are key issues.
The Technology Acceptance Model (TAM) developed by Davis et al. has established a favor-
able reputation among theorists as a tool to assess and predict user acceptance of information
systems (IS) and information technology (IT). The Technology Acceptance Model was first
proposed by Davis et al. to assess user acceptance of new technologies. The model was based
on the theory of reasoned action [3] and the theory of planned behavior (TPB). The TAM con-
sists of six variables: perceived usefulness (PU) [17], perceived ease of use (PEOU), attitude
toward using the technology (A), behavioral intention to use (BI), actual system use and exter-
nal variables. To thoroughly define determinants that affect PU, PEOU and BI, Venkatesh and
Davis have continuously refined the TAM and proposed the extension of the Technology
Acceptance Model (TAM?2) [48], the unified theory of the acceptance and use of technology
(UTAUT) [49] and the Technology Acceptance Model 3 (TAM3) [50]. All of the previously
mentioned models are based on the user perspective to investigate user acceptance of a techno-
logical system and effectively predict and explain user motivation and behavior. In recent
years, TAM has also been expanded to investigate the behavior patterns and intentions of SNS
users. For example, TAM has been used to examine factors that affect the SNS usage intention
among Malaysian students [51], to analyze user behavior in operating SNSs [52] and to investi-
gate the behavioral intentions of Facebook users [53]. Constantinides et al. [54] developed and
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validated TAM to analyze the impact of various factors on SNS users in the Netherlands.
Dhume et al. [55] applied TAM to SNS use among business-school students. Brandyberry et al.
[56] used TAM to study behavioral intention for SNS users. Yang et al. [57] applied TAM to
study the willingness of Taiwanese manufacturing staff members to use SNSs as learning aids,
and Hu et al. [58] applied TAM to study the intention of non-SNS users to join SNSs. In addi-
tion, Chung et al. [59] suggested that TAM is applicable for in-depth investigation of online
groups, proposed extending TAM by including age as a moderator and tested its validity in an
online application. These studies demonstrate that TAM is suitable for the investigation and
assessment of SNS user behavior and intention. Given that Memotree is a community-based
website, this study adopts TAM and the suggestion of Chung et al. [59] that TAM can be
extended to assess user acceptance of the proposed Memotree family communication system,
including the willingness of grandchildren and grandparents to use the system and the satisfac-
tion they derive from it.

Hypothesis Development

This study aims to verify user acceptance of the Memotree communication system by under-
standing the underlying factors that influence the intention to use and the satisfaction of
grandparent/grandchild users. Based on the original TAM, Chung et al. [59] proposed an
extension of the technology acceptance model to assess an online community. The present
study adopts Chung et al.’s [59] proposed external variables (i.e., Internet self-efficacy, quality
of online community sites, technology affordances and privacy protection) to investigate the
intention to adopt the Memotree system among potential grandparent/grandchild users. Addi-
tionally, TAM is derived from TRA, and according to TRA, a person's performance of a speci-
fied behavior is determined by the person’s behavioral intention (BI). BI is also jointly
determined by the person's attitude (A) and subjective norm (SN) concerning the behavior in
question. Any other factors that influence behavior do so only indirectly by influencing A, and
SN would fall into the category “external variable.” Thus, the four variables proposed by
Chung et al. [59] are termed “external variables.” Operational definitions of the variables are
provided in Table 1, while the study’s research framework is shown in Fig 2.

According to Chung et al.’s [59] extension of the technology acceptance model, attitude
toward using (A) was excluded from the original TAM, and perceived usefulness (PU), per-
ceived ease of use (PEOU) and behavioral intention to use (BI) were retained [17]. In addition,
four external variables were added to investigate their effect on PU and PEOU: Internet self-

Table 1. Operational definitions.

Variable Operational definition

Perceived privacy protection Degree to which Memotree protects user data

Perceived technology affordances Degree to which Memotree provides users with valuable social
functions

Perceived quality of online Degree to which users approve of the Memotree system and

community sites interface

Internet self-efficacy Degree to which users feel confident completing a variety of online
actions

Perceived usefulness Degree to which users believe Memotree can improve family
communication

Perceived ease of use Degree to which users find Memotree tasks easy to learn and
complete

Behavioral intention Subjective probability of users using the Memotree system for family

communication

doi:10.1371/journal.pone.0156680.t001
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efficacy, perceived quality, technology affordances and privacy. First, Chung et al. [59] suggest
that Internet self-efficacy has a significant impact on perceived ease of use and that the quality
of online community sites can increase the frequency of user visits and strengthen the degree
of participation. According to social cognitive theory (SCT), self-efficacy is related to one’s
judgment of acquired skills rather than the actual obtained skills, i.e., the belief one has in one’s
ability to complete a task in a particular situation. In a study on the Internet that investigated
the basic operation of specific software and systems, computer/Internet self-efficacy is defined
as one’s personal faith and confidence with respect to accomplishing a related task in the Inter-
net environment, to organizing and executing appropriate action, to personally achieving a
goal and to being able to use the skill in the future. In addition, Internet self-efficacy is a direct
or indirect factor that affects the user’s ability to use and acceptance of a new technology [60,
61]. Related research, such as Igbaria and livari [62], used computer self-efficacy as a predicted
variable in a questionnaire-based investigation. Their results indicated that computer self-effi-
cacy has no direct effect on the willingness to use a computer but has a negative relation with
computer anxiety and a positive relation with computer perceived ease of use. Venkatesh and
Davis [63] also proposed that computer self-efficacy and objective usability have a significant
effect on perceived ease of use. Recent TAM research on social network websites found that
when users have a higher sense of Internet self-efficacy when operating a computer, this sense
has a positive effect on the perceived ease of use of SNS [57, 59, 64]. Additionally, Gangadhar-
batla’s study [65] on the impact of Internet self-efficacy, the need to belong, the need for cogni-
tion, and collective self-esteem on the attitude toward SNS found that Internet self-efficacy, the
need to belong and collective self-esteem have direct positive effects on the attitude toward
SNS. Second, regarding the perceived quality of online community sites, Chung et al. [59] indi-
cate that the quality of online community sites is positively associated with perceived ease of
use and perceived usefulness. Noh and Lee [66] examine the relationship between quality fac-
tors and intention to use within the mobile application environment and find that improved
quality in mobile applications in terms of information and service quality can enhance the
intention to engage in mobile application-based services. Third, as demonstrated by Chung

et al. [59], SNSs must provide users with unique and valuable social functions, and the user’s
degree of technology affordances directly affects his/her perceived ease of use and perceived
usefulness. Last, privacy has been a significant issue for SNS users. Individuals who use Face-
book, Twitter, and other social-networking sites have expressed concerns regarding privacy,
such as whether personal information can be disclosed, past posts are logged, profiles are
deleted, and whether highly personal information can be disclosed in response to a warrant.
Research has demonstrated that the perceived risk involved in uploading information to com-
munity websites has a significant impact on the willingness of non-community members to use
such a site [58]. In addition, privacy protection is viewed as having a significant impact on per-
ceived usefulness for SNS users [59, 67]. This study adopts Chung et al.’s [59] proposed exter-
nal variables (i.e., Internet self-efficacy, quality of online community sites, technology
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affordances and privacy protection) to investigate the intention to adopt the Memotree system
among potential grandparent/grandchild users. In addition, the relationships among perceived
ease of use, perceived usefulness, technology affordances, and intention to participate in online
communities are investigated.

Based on the previously outlined framework and the definitions of the operational variables,
the following hypotheses are proposed:

H1. Perceived privacy protection will be positively associated with perceived usefulness of
the Memotree system.

H2. Perceived technology affordances will be positively associated with perceived useful-
ness of the Memotree system.

H3. Perceived technology affordances will be positively associated with perceived ease of
use of the Memotree system.

H4. Perceived quality of online community sites will be positively associated with perceived
usefulness of the Memotree system.

H5. Perceived quality of online community sites will be positively associated with perceived
ease of use of the Memotree system.

H6. Internet self-efficacy will be positively associated with perceived ease of use of the
Memotree system.

H7. Perceived ease of use will be positively associated with perceived usefulness of Memo-
tree system.

H8. Perceived usefulness will be positively associated with behavioral intention among
Memotree users.

H9. Perceived ease of use will be positively associated with behavioral intention among
Memotree users.

H10. Internet self-efficacy will be positively associated with behavioral intention among
Memotree users.

Methods
Sampling and survey administration

Elderly grandparents and younger grandchildren were recruited as participants in the study. In
terms of subject selection, the participants had to meet the planned screening criteria of the
research proposal, which included the following factors: (a) being a grandparent; (b) having at
least one grandchild aged 16 to 30 years; (c) having the ability to read and type; (d) having no sig-
nificant cognitive, visual, hearing impairments, or medical conditions that render the participant
unable to participate or use the system based on the Short Portable Mental Status Questionnaire
(SPMSQ) screening result [68]; and (e) having the ability to participate in the experiments with a
grandchild. We obtained ethical approval for our study from the Institutional Review Board
(IRB), Chang Gung Hospital, Taoyuan, Taiwan (102-0840D). All relevant ethical safeguards
have been met in relation to ethical consideration and subject protection. After we carefully
explained the study’s purpose, the subjects were required to correctly orally answer 10 questions
in the SPMSQ to verify their mental and cognitive state. All subjects signed informed consent
forms before participating. In addition, the subjects of the photographs that appear in this manu-
script provided written informed consent to the publication of their photographs.
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Table 2. Descriptive statistics of young respondent characteristics.

Gender N % Age
Female 19 48.7 2024
Male 20 51.3 25-29
Total 39 100.0 30-34
Total

doi:10.1371/journal.pone.0156680.1002

N % Education N % SNS Experience N %

30 76.9 University 14 35.9 Yes 39 100.0
8 20.5 Master 25 64.1 No 0 0.0

1 2.6 Total 39 100.0

39 100.0

Initially, a total of 42 grandchildren and 42 grandparents were recruited. However, during
pre-analysis data screening, three grandparents were detected as unengaged respondents.
Therefore, three grandparents and their grandchildren’s data were deleted, which left us with
39 grandchildren and 39 grandparents. Of the grandchildren respondents, 48.7% were female
and 51.3% were male, with an average age of 24.4 years. Of the grandparent respondents,
69.2% were female and 30.8% were male, with an average age of 69.5 years. All grandchildren
had previous experience using SNSs, while only eight grandparents had similar experience.
Table 2 and Table 3 show the detailed sample demographics. To increase the convenience for
the subjects, testing was conducted in the respondent’s home, in nearby community centers,
and in the communal lounge in the New Taipei City Senior Fellows Association building. The
grandchildren respondents were tested at the Chang Gung University Digital Media Lab (Fig
3). The study observed the operation of the Memotree family communication system by partic-
ipants of different generations. All subjects completed the required tasks and a technology
acceptance questionnaire. To improve the reliability and validity of the test, each test process
and procedure was conducted in accordance with a set of standard operating procedures. Prior
to beginning the questionnaire, the researcher informed the subject of the test purposes, out-
lined the test process and introduced the equipment used in the test. Each test session required
approximately 30 minutes, during which the participant used the Memotree system on a tablet
computer. Once the tasks were complete, the participant was asked to orally answer a question-
naire designed to measure the degree of technology acceptance while the experimenter
recorded the data on a notebook computer Excel sheet. The testing stage was audio- and video-
recorded to serve as a reference during analysis.

Material

The Memotree user interface was designed using the Notepad concept and emphasizes interac-
tion between family members and event recording. In addition, the system links directly to
other current SNSs, including Facebook and Google+, and adopts design and operation fea-
tures that are familiar to users of such platforms. Memotree is designed to support a range of
hardware configurations, including conventional PCs and smart mobile devices, such as tablet

Table 3. Descriptive statistics of older respondent characteristics.

Gender N % Age
Female 27 69.2 60~64
Male 12 30.8 65~69
Total 39 100.0 70~74
75~79
85~89
Total

doi:10.1371/journal.pone.0156680.t003

N % Education N % SNS Experience N %

6 15.3 University 12 30.7 Yes 8 20.5
17 43.5 Master 1 3.5 No 31 79.5
11 28.2 High school 14 35.8 Total 39 100
3 7.6 Junior high school 3 7.7

2 5.4 Elementary school 9 223

39 100.0 Total 39 100.0

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 8/283



@’PLOS | ONE

User Perceptions for a Family Communcaiton System

Fig 3. Demonstration of the interactive use of Memotree by the grandparent and grandchild.

doi:10.1371/journal.pone.0156680.g003

PCs, thus providing flexibility and accessibility for elderly users who may not be familiar with
computers. The main design concept of Memotree is as follows:

(1) Family Tree design concept

The Memotree system includes a Family Tree feature, which enables the family members to
diagram their family tree and record their family’s lineage and family relationships. The user
can manually manage his or her family tree, adding or deleting members, and use auxiliary
functions, such as the calendar, to record family celebrations, birthdays and anniversaries.
Family Tree emphasizes relationships between the current three generations of the family, and
Memotree focuses on locating the user within those relationships, with the older and younger
generations displayed above and below, respectively (Fig 4).

(2) Family Communication component function design

To promote communication and interaction among family members, the Olson Family
Communication Scale (FCS) was used to design the Memotree functions. This scale uses skills,
including listening, speaking, self-disclosure, tracking, and respect and regard, to assess the
degree of communication among family members [69, 70]. Memotree’s video and chat rooms
promote listening and speaking among family members by enabling them to confidentially
orally share their thoughts while looking at one another because the use of video simulates gen-
uine face-to-face interaction. Memotree status updates and photo-upload features help meet
the self-disclosure requirements, with status updates enabling family members to confidentially
share thoughts, feelings and recent events with family members. Memotree’s Self-disclosure
space provides users a personalized, open forum in which to express their feelings and ideas,
which enables family members to learn more about one another. The Tracking feature enables

. T T

LR Z‘E BTl @
| g
il

A

Fig 4. Family tree.
doi:10.1371/journal.pone.0156680.9g004
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A
Fig 5. Memotree family calendar.

doi:10.1371/journal.pone.0156680.g005

family members to discuss various topics using text and emoticons, which provides them emo-
tional support and encouragement. Memotree also enables users to group messages and
responses by theme for storage in the Family Calendar System (Fig 5), which enables all family
members to search the calendar to place events and family activities in the correct context. In
terms of the respect-and-regard family communication functions, Memotree’s Family Calen-
dar System records important family events, such as birthdays, memorials, anniversaries and
other important days. Memotree users can manually set their own Family Day. In addition, the
Family Calendar reminds users and their family members of family celebrations and provides a
venue in which to express blessings, respects and best wishes.

(3) Personalized Family Communication assessment and reminder mechanism

Using the Olson Family Communication Scale as the basis for evaluation, the Memotree
system compiles statistics on function use by each family member over the previous month to
assess family communication. In Fig 6, the left column shows the user’s family communication
score, which ranges from 0 to 100. A number that appears in red indicates a lack of communi-
cation skills and interaction among family members. Regarding the right column in Fig 6, two
options are provided: past communication skills analysis and comparison of communication
skills. Past communication skill analysis reveals the communication skill performance history
within a family, while comparison of communication skill indicates the communication rela-
tionship between the user and other family members. A histogram expresses the comparison

A

Fig 6. Family communication measure.

doi:10.1371/journal.pone.0156680.g006
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result between the user and other family members. Red bars indicate the user’s latest communi-
cation skill score in the family, while gray bars indicate the communication skills score of other
family members. Family members can access these data through the system, which can help
them obtain a better understanding of the degree of communication within the family, and
provides appropriate suggestions and reminders to help family members maintain good
communication.

Measurement development and statistical analysis

The survey instrument was based on the survey developed by Chung et al. [59], with modifica-
tions to match the research topic and to eliminate irrelevant items. The survey asked partici-
pants to respond to a series of statements using a 5-point Likert-type scale (1 = strongly
disagree to 5 = strongly agree). In accordance with the research goals and considering the
appropriateness of measurement scales and statistical analysis tools, this study adopted tech-
nology acceptance tests as the basis for analysis and overall pattern analysis.

During the testing period, questionnaire responses were processed continuously. The ques-
tionnaires were first reviewed to ensure completeness and validity, thus preventing data-input
errors. Each completed questionnaire was assigned a serial number and then input into an SPSS
data file. When the valid questionnaires were completely inputted, they were reviewed again to
correct input errors. Section 4.1 provides descriptive statistics for each TAM question. Next, the
research hypotheses were evaluated using structural equation modeling (SEM). SEM is a power-
ful multivariate technique that facilitates specification of the relationships between and among
variables (measured variables and latent constructs) using two components of a causal model: a
measurement model and a structural model. Fig 2 represents the structural model being exam-
ined. The structural model describes the hypothesized relationships among theoretical con-
structs. For each construct in Fig 2, there was a single measurement model. The model links the
construct in the diagram with a set of variables, which consist of the relationships between the
latent variables and their measures, presented as the part of the model. In SEM, the measurement
model is estimated using confirmatory factor analysis (CFA) to test whether the constructs dem-
onstrate sufficient reliability and validity. In this study, SPSS and AMOS 20.0 were used to test
the structural equation model. Sections 4.2 and 4.3 describe the analysis results of the measure-
ment model and the test of the structural model, respectively. Subsequently, to understand how
generational differences affect the use of the Memotree system, in Section 4.4, we used ANOVA
to analyze age difference-based variation among Memotree users.

Results
Descriptive statistics

To verify that each questionnaire item was statistically significant, first, descriptive statistics
were applied for each question. The results are presented in Table 4, in which the descriptive
statistics section reveals that each question scored on average between 3.9487 and 4.4821 and
that the standard deviation for each question was between 0.585 and 0.784. On average, users
responded positively to the Memotree system, and except for perceived privacy protection,
which was near four, the averages exceeded four out of five. The participants responded posi-
tively to all seven constructs (perceived privacy protection, perceived technology affordances,
perceived quality of online community sites, Internet self-efficacy, perceived usefulness, per-
ceived ease of use, and behavioral intention) in using Memotree operations. This outcome indi-
cates that TAM in this study tends toward accepting the use of the family communication
platform.
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Table 4. Descriptive statistics of TAM items (n
Constructs

Perceived privacy protection

Perceived technology affordances
Perceived quality of online community sites
Internet self-efficacy

Perceived usefulness

Perceived ease of use

Behavioral intention

doi:10.1371/journal.pone.0156680.t004

Measurement model

=78).

Mean

3.9487
4.4821
4.3205
4.4444
4.3974
4.2222
4.1452

Standard Deviation

0.784
0.585
0.650
0.647
0.601
0.711
0.720

For the analysis of the measurement model, we first obtained the Cronbach’s alpha coefficient
to measure the reliability and validity of the questionnaire’s constructs. The goal of using Cron-

bach’s alpha was to test the reliability of the individual items with respect to the corresponding

construct variable. The Cronbach’s alpha values for all items were over 0.7, and the item-total

correlation for each item exceeded 0.3, thus satisfying the research criteria.

Table 5 shows that the Cronbach’s alpha result fulfills the criteria for reliability for the fol-
lowing variables: perceived ease of use, Internet self-efficacy, perceived usefulness, behavioral

Table 5. Reliability and validity of measurement model.

Variable ltem Item reliability (Cronbach's Factor Composite Average variance ltem-total
a value) loading reliability extracted correlation
Perceived usefulness PU1 0.9099 0.800 0.923 0.801 0.4998
PU2 0.9075 0.932 0.6396
PU3 0.9070 0.946 0.6647
Perceived ease of use EQU1 0.9073 0.852 0.905 0.760 0.6209
EQU2 0.9079 0.833 0.5937
EOU3 0.9067 0.928 0.6409
Behavioral intention Bl 0.9085 0.908 0.932 0.821 0.5670
BI2 0.9098 0.907 0.5058
BI3 0.9094 0.903 0.5237
Internet self-efficacy N1 0.9124 0.813 0.843 0.641 0.3660
N2 0.9114 0.833 0.4237
N3 0.9136 0.928 0.3068
Perceived quality of online Q1 0.9096 0.868 0.882 0.715 0.5136
community sites
Q2 0.9095 0.805 0.5191
Q3 0.9091 0.862 0.5406
Perceived technology F1 0.9100 0.778 0.885 0.608 0.5039
affordances
F2 0.9102 0.801 0.4930
F3 0.9094 0.680 0.5219
F4 0.9065 0.876 0.6811
E5] 0.9081 0.750 0.5966
Perceived privacy protection P1 0.9103 0.897 0.944 0.849 0.5005
P2 0.9076 0.949 0.6054
P3 0.9088 0.917 0.5542
doi:10.1371/journal.pone.0156680.t005
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intention, perceived quality of online community sites, perceived technology affordances and
perceived privacy protection. Nearly all of the relevant coefficients for the individual and item-
total correlation for each dimension were over 0.4, which indicates that the instrument has a
high degree of reliability and the measured results can be considered highly stable. Factor load-
ing was also obtained by conducting confirmatory factor analysis (Table 5). Factor loading
refers to how much a factor (or item in our study) explains a variable. According to Hair et al.
[71], with a sample size of 85, the factor loading should be at least 0.60 to consider a factor reli-
able. In our research, the factor loading of each item surpassed the threshold.

Then, we used convergent validity and discriminant validity to conduct efficiency analysis.
Convergent validity refers to the extent to which the measured variables converge with the
same construct. Sufficient convergent validity requires that the average variance extracted
(AVE) of latent variables be no less than 0.5, and the latent variable composite reliability (CR)
value should be greater than 0.7. Composite reliability is a measure of the overall reliability of a
collection of heterogeneous but similar individual items. Table 5 shows that the AVE of the
constructs used in this study is over the threshold value of 0.5 and the latent variable composite
reliability values are over 0.8, which indicates that each construct in the measurement tool has
good convergent validity. In addition, a measurement model should be capable of providing
discriminant validity, whereby the square root of the AVE of the potential change items must
be larger than the correlation coefficient of the other dimensions. Table 6 provides a matrix of
the correlation coefficients (the figures above the diagonal are the square roots of the AVE).
The table shows that the square root of the average change of the latent variables is larger than
the correlation coefficient of the other dimensions, thus confirming the good discriminant
validity of the constructs used in this study. In sum, the measurement model test, including
convergent validity and discriminant validity, was satisfactory.

Table 7 shows the model fit measures for the measurement model. Hair et al. [71] indicated
that seven common fit indices can be used to test the measurement model fit: chi-square/

Table 6. Discriminant validity of the latent constructs.

Behavioral Perceived Internet Perceived Perceived quality of Perceived Perceived
intention ease of use self- privacy online community technology usefulness
efficacy protection sites affordances
Behavioral intention 0.906
Perceived ease of 372*%* 0.872
use
Internet self-efficacy .405** .334** 0.800
Perceived privacy 197%* .455%* .204%* 0.921
protection
Perceived quality of .330%* 415%* .238%* A431%* 0.845
online community
sites
Perceived .380** 541** .293** 431%* A494** 0.780
technology
affordances
Perceived 454** 567** .186* A414%* .393** 529** 0.895
usefulness

Note: (a) The diagonals represent the average variance extracted (AVE), while the other matrix entries represent the shared variance (the squared
correlations). (b)

** P<0.01

* P<0.05.

doi:10.1371/journal.pone.0156680.t006
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Table 7. Fit indices for the measurement model.

Measures Recommended criteria Suggested by authors Measurement model
x2/df <3.0 Bentler and Bonett (76) 1.875
GFlI >0.8 Seyal, Rahman (77) 0.734
AGFI >0.8 Scott (78) 0.649
NFI >0.9 Hair Jr, Anderson (79) 0.717
NNFI >0.9 Hair Jr, Anderson (79) 0.864
CFI >0.9 Bagozzi and Yi (80) 0.838
RMSEA <0.08 Bagozzi and Yi (80) 0.107

doi:10.1371/journal.pone.0156680.t007

degree of freedom (X*/df), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI),
normalized fit index [20], non-normalized fit index (NNFI), comparative fit index (CFI), and
root mean square error of approximation (RESEA). In terms of the fit indices of the measure-
ment model, the X*/df value is 1.875, which meets the value threshold of less than 3.0. The
remaining indices failed to meet the threshold. The GFI and AGFI values were 0.734 and 0.649,
respectively. These values should be larger than 0.8 to be considered a good model fit. The NFI,
NNFI and CFI values were 0.717, 0.864 and 0.838, respectively. These values should be larger
than 0.9 to be considered a good model fit. The RMSEA value was 0.107. This value should be
less than 0.08 to be considered a good model fit. After combining the results, the measurement
model’s fit index values were unsatisfactory. We assume the subject sampling size affected the
fit indices for the measurement and structural models. Research has demonstrated that certain
fit indices are sensitive to sample size. For example, Sharma et al. [72] stated that GFI and
AGFI are affected by sample size, while other studies claim that when samples are small, NFI is
often underestimated [73-75].

Structural model

We examined the structural equation model by testing the hypothesized relationship among
the seven latent research variables: perceived ease of use, Internet self-efficacy, perceived use-
fulness, behavioral intention, perceived quality of online community sites, perceived technol-
ogy affordances and perceived privacy protection. Fig 7 explains the verification results for the
hypotheses. In the figure, bold lines indicate “significant” and dotted lines indicate “non-
significant.”

Analysis results using the structural equation model indicate that not all of the study’s
hypotheses are fully supported. Table 8 presents the path coefficients and statistical measure-
ments. H1 holds that perceived privacy protection is positively correlated with perceived use-
fulness among users of the Memotree system. The analysis results indicate a path such that
v1 =0.08(t = 0.77, p = 0.455), which fails to achieve significance. Thus, H1 is not supported.
H2 holds that perceived technology affordances are positively correlated with perceived useful-
ness among Memotree users. The analysis results indicate a path such that y2 = 0.29 (t = 2.51,
p = 0.026), thus achieving a significance of p<0.05. Therefore, H2 is supported. H3 holds that
perceived technology affordances are positively correlated with perceived ease of use among
Memotree users. The analysis results indicate a path such that y3 = 0.41 (t = 3.73, p = 0.002),
thus achieving a significance of p<0.01. Therefore, H3 is supported. H4 holds that perceived
quality of online community sites is positively correlated with perceived usefulness among
Memotree users. The analysis results indicate a path such that y4 = 0.05 (t = 0.47, p = 0.646),
which fails to achieve significance. Thus, H4 is not supported. H5 holds that perceived quality
of online community sites is positively correlated with perceived ease of use among Memotree
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Table 8. Summary of hypothesis tests.

Exogenous variable

H1. Perceived privacy protecttion

H2. Perceived technology affordances

H3. Perceived technology affordances

H4. Perceived quality of online community sites
H5. Perceived quality of online community sites

H6. Internet self-efficacy
H7. Perceived ease of use
H8. Perceived usefulness
H9. Perceived ease of use
H10. Internet self-efficacy

®#% n<0.001
** p<0.01
* p<0.05.

doi:10.1371/journal.pone.0156680.t008
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P d useful )
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( Perceived technology affordances  }
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##%<0.001 » ** p<0.01 » * p<0.05
Fig 7. Path analysis model for research hypotheses.

doi:10.1371/journal.pone.0156680.g007

users. The analysis results indicate a path such that y5 = 0.17 (t = 1.56, p = 0.142), which fails
to achieve significance. Thus, H5 is not supported. H6 holds that Internet self-efficacy is posi-
tively correlated with perceived ease of use among Memotree users. The analysis results indi-
cate a path such that y6 = 0.17 (t = 1.78, p = 0.098), which fails to achieve significance. Thus,
Hé is not supported. H7 holds that perceived ease of use is positively correlated with perceived
usefulness among Memotree users. The analysis results indicate a path such that y7 = 0.36
(t=3.35, p = 0.005), thus achieving a significance of p<0.01. Therefore, H7 is supported. H8
holds that perceived usefulness is positively correlated with behavioral intention among Mem-
otree users. The analysis results indicate a path such that y8 = 0.28 (t = 2.87, p = 0.013), thus
achieving a significance of p< 0.05. Therefore, H8 is supported. H9 holds that perceived ease
of use is positively correlated with behavioral intention among Memotree users. The analysis
results indicate a path such that y9 = 0.02 (t = 0.65, p = 0.527), which fails to achieve signifi-
cance. Thus, H9 is not supported. H10 holds that Internet self-efficacy is positively correlated
with behavioral intention among Memotree users. The analysis results indicate a path such
that y10 = 0.30 (t = 3.24, p = 0.006), thus achieving a significance of p<0.01. Therefore, H10 is
supported.

Table 9 shows the fit indices for the structural model. The chosen fit indices were the same
as the fit indices for the measurement model. In terms of the fit indices of the structural model,
all values meet the threshold except for the RMSEA value, which was 0.081, thus failing to
meet the recommended threshold 0.08. That is, the X?/df value was 1.49, which was less than

Endogenous variable Standardized regression coefficient T-value P-value Support

-  Perceived usefulness 0.08 0.77 0.455 No
- Perceived usefulness 0.29 2.51 0.026* Yes
- Perceived ease of use 0.41 3.73 0.002** Yes
-  Perceived usefulness 0.05 0.47 0.646 No
- Perceived ease of use 0.17 1.56 0.142 No
- Perceived ease of use 0.17 1.78 0.098 No
-  Perceived usefulness 0.36 3.35 0.005** Yes
- Behavioral intention 0.28 2.87 0.013* Yes
- Behavioral intention 0.02 0.65 0.527 No
- Behavioral intention 0.30 3.24 0.006** Yes
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Table 9. Fitindices for the structural model.

Measures Recommended criteria Suggested by authors Structural model
x2/df <3.0 Bentler and Bonett (76) 1.49
GFlI >0.8 Seyal, Rahman (77) 0.97
AGFI >0.8 Scott (78) 0.85
NFI >0.9 Hair Jr, Anderson (79) 0.97
NNFI >0.9 Hair Jr, Anderson (79) 0.96
CFl >0.9 Bagozzi and Yi (80) 0.99
RMSEA <0.08 Bagozzi and Yi (80) 0.081

doi:10.1371/journal.pone.0156680.t009

the recommended threshold of 3.0. The GFI and AGFI values were 0.97 and 0.85, respectively.
These values were larger than the 0.8 considered to represent a good model fit. The NFI, NNFI
and CFI values were 0.97, 0.96 and 0.99, respectively. These values were larger than the recom-
mended threshold value 0.9. The results indicate that the fit indices for the structural model
were satisfactory.

Age difference analysis

In addition, this study uses age as a moderating factor to provide insight into the impact of
elderly users on each variable and path coefficient. First, age is set as the variable factor for sin-
gle-factor variable analysis. As shown in Table 10, the results indicate that the F value of per-
ceived ease of use is 4.426, P<0.05; perceived usefulness is 11.461, P<0.001; behavioral
intention is 6.926, P<0.05; perceived quality of online community sites is 4.716, P<0.05, and
perceived privacy protection is 7.996, P<0.05. Thus, these values are significant. It can be
inferred that age has an impact on these variables. Second, age and the independent variables
are multiplied to assess the moderating variables. When the regression coefficients are multi-
plied, age is found to have a moderating effect. That is, the path will be affected by age. As
shown in Table 11, age has a moderating effect (B = -1.58", p< 0.05) on perceived usefulness
and behavioral intention such that the impact of perceived usefulness on behavioral intention
differs with age. Table 12 indicates that the relationship between perceived usefulness and
behavioral intention was significant for grandchildren but not for grandparents.

Discussion

In this study, we developed a family communication platform known as Memotree for inter-
generational users based on the different user habits and experience or elderly and young indi-
viduals. The Memotree system makes it easy for grandparents to adopt the younger
generation’s social mode and improve interaction and communication with other family

Table 10. ANOVA analysis of age for each variable.

Grandchildren mean value Grandparent mean value F P-value Support
Perceived ease of use 4.0769 4.3675 4.426 0.039 Yes
Perceived usefulness 4.2051 4.5897 11.461 0.001 Yes
Behavioral intention 3.9572 4.3333 6.926 0.010 Yes
Internet self-efficacy 4.4444 4.4444 0.000 1.000 No
Perceived quality of online community sites 4.1880 4.4529 4.716 0.033 Yes
Perceived technology affordances 4.4307 4.5333 1.048 0.309 No
Perceived privacy protection 3.7264 4.5333 7.996 0.006 Yes

doi:10.1371/journal.pone.0156680.1010
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Table 11. Moderating impact analysis of age.

Hypothesis B T-value Support

Perceived privacy protection *age->perceived usefulness 0.053 0.82 No
Perceived quality of online community sites* age->perceived usefulness 0.011 0.16 No
Perceived technology affordances* age->perceived usefulness 0.073 1.19 No
Internet self-efficacy* age->perceived ease of use 0.087 1.21 No
Perceived technology affordances* age—>perceived ease of use 0.087 1.21 No
Perceived quality of online community sites* age->perceived ease of use 0.069 0.93 No
Perceived ease of use* age>perceived usefulness -0.048 -0.761 No
Perceived usefulness* age>behavioral intention -1.58% -1.98 Yes
Perceived ease of use* age->behavioral intention -0.079 -1.02 No
**¥ p<0.001

** p<0.01

* p<0.05.

doi:10.1371/journal.pone.0156680.t011

members. The primary aim of the study was to use Chung et al.’s [59] proposed extension of
the technology acceptance model to verify user acceptance and investigate intention/satisfac-
tion among the grandparents and grandchildren through the use of the Memotree system. The
results of the study indicate that a path was established between perceived ease of use and per-
ceived usefulness, which does not correspond with the findings of Chung et al. [59]. The reason
for this outcome is that the target groups assessed by Chung et al. were familiar with the opera-
tion of online communities. In contrast, as a newly developed social interaction platform,
Memotree assumes that users must learn to use the new technology. Thus, perceived ease of
use is a key factor in perceived usefulness. However, the significant path found between per-
ceived usefulness and behavioral intention agreed with Chung et al., which indicates that Mem-
otree is more likely to be accepted when users consider it to be useful or effective in enhancing
family communication.

This study examined other external variables that may affect the willingness of users to
adopt Memotree. We did not find a path between Internet self-efficacy and perceived ease of
use, which does not conform with Chung et al.’s findings [59]. However, a significant path was
found between Internet self-efficacy and the behavioral intention to use Memotree, which cor-
responds to Gangadharbatla’s findings [65] and indicates that confidence in using Memotree
would lead users to a positive behavioral intention toward using the system. This study also
found that the perceived quality of online community sites has no effect on perceived ease of
use and perceived usefulness. This result did not agree with previous studies, all of which dem-
onstrated positive associations between perceived quality and both perceived ease of use and
perceived usefulness [66, 81-84]. Previous studies were primarily conducted using desktop

Table 12. Regression result of perceived usefulness on behavioral intention differentiated by age.

B T-value p
Grandchildren—Perceived usefulness .643 3.924 .000***
Grandparents—Perceived usefulness 211 0.962 342
**% p<0.001
** p<0.01
* p<0.05.

doi:10.1371/journal.pone.0156680.t012

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 17/23



@’PLOS ‘ ONE

User Perceptions for a Family Communcaiton System

computers and their associated operating systems. In contrast, the Memotree operating inter-
face is designed to be used through touch screens on tablet computers. Therefore, the user
experience of the different operating interface and the fact that Memotree is a newly developed
system might explain why no significant paths were found. In terms of the technology affor-
dances variables, the study concludes that technology affordances directly affect perceived ease
of use and perceived usefulness, which agrees with Chung et al.’s findings [59]. Based on SEM,
both grandparents and grandchildren believed that the unique social function Memotree pro-
vided could afford new opportunities or potential benefits within a family, which led them to
believe that the system was easy to learn and operate (ease of use) and could improve family
communication (perceived usefulness). Privacy protection is viewed as having a significant
impact on perceived usefulness [59, 67]. Compared with previous studies in which the users
had experience using online communities or SN, in this study on Memotree, both user groups
were only required to operate the system in an experimental environment and thus did not
have a chance to use it in real-life circumstances. Therefore, they lacked the experience to
determine whether the system’s privacy protection would affect their willingness to use Memo-
tree. Thus, the path for privacy protection to perceived usefulness was non-significant.

In addition, this study divided users into two groups (grandparents and grandchildren) to
investigate the differences between users who belong to different generations. The results indi-
cate that age has a significant effect on perceived ease of use, perceived usefulness, behavioral
intention, perceived quality of online community sites and perceived privacy protection. As
shown in Table 10, the mean scores of the grandparents are larger than the mean scores of the
grandchildren. The explanation of this result could be that grandparents are not as sensitive or
familiar with information technology as their grandchildren. Therefore, grandparents tend to
award higher scores. Regarding the grandchildren, because they have more experience with
and knowledge of information technology than their grandparents, they tend to be stricter
when evaluating the system. However, overall, the mean scores of the grandparents and the
grandchildren for perceived ease of use, perceived usefulness and perceived quality of online
community sites were all over 4. For behavioral intention and perceived privacy protection, the
mean scores of the grandparents were also over 4 and the mean scores of the grandchildren
were close to 4, which indicates that although there are significant differences among users of
different ages in evaluating the system, both groups were satisfied with Memotree. In addition,
in this study, age is an adjustable variable, which means that it affects perceived usefulness and
behavioral intention. This result differs from that of Chung et al. [59] primarily because of the
organization of online communities and the goals of their users. The elderly users examined in
this study lacked experience using online communities and thus had a low intention to use
SNSs. However, Memotree is primarily used as a family communication system, and previous
research results indicate that one of the key motivations for elderly individuals to use IT prod-
ucts is the opportunity to interact with other family members. Therefore, the goals of promot-
ing family interaction and communication directly enhance the intention of elderly users to
use Memotree.

Conclusion

Previous TAM studies on the acceptance of social networking sites are too numerous to list.
However, few have focused on the impact of external variables on SNS usability primarily
because most current SNSs lack a mature model for the presentation of content and user
behavior and because relevant empirical research is lacking. Therefore, this study followed
Chung et al.’s proposals regarding the impact of variables on SNS with respect to the interac-
tion of usability variables in the construction of a cross-generational communication platform
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known as Memotree. Empirical results indicate that technology affordances and perceived ease
of use have a positive impact on perceived usefulness, while perceived ease of use is affected by
technology affordances. Perceived usefulness and Internet self-efficacy have a positive impact
on the user’s behavioral intention toward the system. In addition, this study investigated age as
a moderating variable in the model. The results indicate that age only affects the path between
perceived usefulness and behavioral intention. Therefore, in future research, the effect of age
on perceived usefulness and behavioral intention could be investigated via interviews to under-
stand why elderly individuals and young adults have different attitudes regarding perceived
usefulness and behavioral intention. The finding could serve as a guideline when designing sys-
tems for different user age groups.

This study also used the cross-generational communication platform to verify the impact of
external variables on SNS users. Compared with traditional technology acceptance behavior
theory, this study proposes a more complete framework for investigating user behavioral inten-
tion and provides a more appropriate explanation of related services for cross-generational
interaction with SNS services. The grandchildren and grandparents who served as participants
in this study were mostly urban residents, which limits generalizing the findings to other geo-
graphic regions and environments. Follow-up studies can expand the investigation to include a
wider range of subjects and a larger, more diverse sampling pool, thus increasing the reliability
and validity of the findings. In addition, because we tested user acceptance of the Memotree
system in an on-site situation in this study, little was learned regarding user acceptance in real-
life circumstances. Therefore, longitudinal studies could be conducted to investigate practical
use by grandparents and grandchildren and potential problems using the system under real-
life conditions. Finally, this study was based on quantitative survey results. Future studies may
consider using in-depth interviews, observation or other qualitative techniques to improve our
understanding of the behavioral intentions and feelings of SNS users.

Supporting Information

S1 Appendix. Short Portable Mental Status Questionnaire (SPMSQ).
(PDF)

S1 Dataset. MemoTree Raw Data 78 Subjects Sheet.
(PDF)

Author Contributions

Conceived and designed the experiments: TT. Performed the experiments: TT YH. Analyzed
the data: TT YH. Contributed reagents/materials/analysis tools: TT HTC YH. Wrote the paper:
TT HTC YH. Designed the software used in analysis: TT HTC YH. Obtained permission for
use of cell line: YH.

References

1. Murphy M. Family and kinship networks in the context of ageing societies. Ageing in Advanced Indus-
trial States. International Studies in Population. 8: Springer Netherlands; 2010. p. 263-85.

2. Stevens N. Combating loneliness: A friendship enrichment programme for older women. Ageing &
Society. 2001; 21(2):183-202. doi: 10.1017/S0144686X01008108

3. Routasalo PE, Savikko N, Tilvis RS, Strandberg TE, Pitkala KH. Social contacts and their relationship
to loneliness among aged people: a population-based study. Gerontology. 2006; 52(3):181-7. doi: 10.
1159/000091828 PMID: 16645299

4. MacCallum J, Palmer D, Wright P, Cumming-Potvin W, Northcote J, Booker M, et al. Community build-
ing through intergenerational exchange programs. Melbourne: National Youth Affairs Research
Scheme, 2006.

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 19/283


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156680.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156680.s002
http://dx.doi.org/10.1017/S0144686X01008108
http://dx.doi.org/10.1159/000091828
http://dx.doi.org/10.1159/000091828
http://www.ncbi.nlm.nih.gov/pubmed/16645299

@’PLOS ‘ ONE

User Perceptions for a Family Communcaiton System

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Hagestad GO. Transfers between grandparents and grandchildren: The importance of taking a three-
generation perspective. Zeitschrift flir Familienforschung. 2006; 18:315-32.

Taylor AC, Robila M, Lee HS. Distance, contact, and intergenerational relationships: Grandparents and
adult grandchildren from an international perspective. Journal of Adult Development. 2005; 12(1):33—
41. doi: 10.1007/s10804-005-1280-7

Chen X, Silverstein M. Intergenerational social support and the psychological well-being of older
parents in China. Research on Aging. 2000; 22(1):43—-65. doi: 10.1177/0164027500221003

Hatton Yeo A. Intergenerational programmes: An introduction and examples of practice. United King-
dom: Beth Johnson Foundation; 2006.

Sanchez M. Intergenerational programmes: Towards a society for all ages. Spain: La Caixa; 2007.

United Nations. Follow-up to the Second World Assembly on Ageing:Comprehensive overview 2010
[cited 2011 Jan 6]. Available from: http://www.un.org/esa/socdev/ageing/whatsnew%20PDF/A%
2065%20157/A%2065%20157%?20en.pdf.

Asis MMB, Domingo L, Knodel J, Mehta K. Living arrangements in four Asian countries: A comparative
perspective. Journal of Cross-Cultural Gerontology. 1995; 10(1):145-62. doi: 10.1007/BF00972034

Thornton A, Chang MC, Sun TH. Social and economic change, intergenerational relationships, and
family formation in Taiwan. Demography. 1984; 21(4):475-99. doi: 10.2307/2060911 PMID: 6519319

De Vos S, Lee YJ. Change in extended family living among elderly people in South Korea, 1970—1980.
Economic Development and Cultural Change. 1993; 41(2):377-93.

Morgan SP, Hirosima K. The persistence of extended family residence in Japan: Anachronism or alter-
native strategy? American Sociological Review. 1983; 48(2):269-81.

Silverstein M, Cong Z, Li S. Intergenerational transfers and living arrangements of older people in rural
China: Consequences for psychological well-being. The Journals of Gerontology Series B: Psychologi-
cal Sciences and Social Sciences. 2006; 61(5):S256—-S66.

Boyd D. Why youth social network sites: The role of networked publics in teenage social life. In: Buck-
ingham D, editor. Youth, Identity, And Digital Media. Cambridge: MIT Press; 2008.

Hampton K, Goulet LS, Rainie L, Purcell K. Social networking sites and our lives: How people’s trust,
personal relationships, and civic and political involvement are connected to their use of social network-
ing sites and other technologies. Pew Research Center’s Internet & American Life Project, 2011 Con-
tract No.: July 01.

Brandtzeeg PB, Heim J. Why people use social networking sites. Online Communities and Social Com-
puting. 2009; 5621:143-52. doi: 10.1007/978-3-642-02774-1_16

Zickuhr K, Madden M. Older adults and internet use: For the first time, half of adults ages 65 and older
are online. http://pewinternet.org/Reports/2012/Older-adults-and-internet-use.aspx: Pew Research
Center, 2012.

Ellison N, Steinfield C, Lampe C. Spatially bounded online social networks and social capital. Interna-
tional Communication Association. 2006; 36(1-37).

Lehtinen V, Nasénen J, Sarvas R. "A little silly and empty-headed": older adults' understandings of
social networking sites. Proceedings of the 23rd British HCI Group Annual Conference on People and
Computers: Celebrating People and Technology; Cambridge, United Kingdom: British Computer Soci-
ety; 2009.

Gibson L, Moncur W, Forbes P, Amott J, Martin C, Bhachu AS. Designing Social Networking Sites for
Older Adults. 2010.

Selwyn N. The information aged: A qualitative study of older adults' use of information and communica-
tions technology. Journal of Aging Studies. 2004; 18(4):369—84. doi: 10.1016/j.jaging.2004.06.008

Adults and social network websites [Internet]. Pew Research Center. 2009 [cited Dec 1, 2011]. Avail-
able from: http://www.pewinternet.org/Reports/2009/Adults-and-Social-Network-Websites.aspx.

Generations Online in 2010 [Internet]. Pew Research Center. 2010 [cited December 25, 2011]. Avail-
able from: http:/pewinternet.org/Reports/2010/Generations-2010.aspx.

Tsai T-H, Ho Y-L, Tseng K. An Investigation into the Social Network between Three Generations in a
Household: Bridging the Intergenerational Gaps between the Senior and the Youth. In: Ozok A,
Zaphiris P, editors. Lecture Notes in Computer Science. 6778: Springer Berlin/ Heidelberg; 2011. p.
277-86.

Smock AD, Ellison NB, Lampe C, Wohn DY. Facebook as a toolkit: A uses and gratification approach
to unbundling feature use. Computers in Human Behavior. 2011; 27(6):2322—9. doi: 10.1016/j.chb.
2011.07.011

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 20/23


http://dx.doi.org/10.1007/s10804-005-1280-7
http://dx.doi.org/10.1177/0164027500221003
http://www.un.org/esa/socdev/ageing/whatsnew%20PDF/A%2065%20157/A%2065%20157%20en.pdf
http://www.un.org/esa/socdev/ageing/whatsnew%20PDF/A%2065%20157/A%2065%20157%20en.pdf
http://dx.doi.org/10.1007/BF00972034
http://dx.doi.org/10.2307/2060911
http://www.ncbi.nlm.nih.gov/pubmed/6519319
http://dx.doi.org/10.1007/978-3-642-02774-1_16
http://pewinternet.org/Reports/2012/Older-adults-and-internet-use.aspx:
http://dx.doi.org/10.1016/j.jaging.2004.06.008
http://www.pewinternet.org/Reports/2009/Adults-and-Social-Network-Websites.aspx
http://pewinternet.org/Reports/2010/Generations-2010.aspx
http://dx.doi.org/10.1016/j.chb.2011.07.011
http://dx.doi.org/10.1016/j.chb.2011.07.011

@’PLOS ‘ ONE

User Perceptions for a Family Communcaiton System

28.

29.

30.
31.
32.
33.
34.
35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ryan T, Xenos S. Who uses Facebook? An investigation into the relationship between the Big Five,
shyness, narcissism, loneliness, and Facebook usage. Computers in Human Behavior. 2011; 27
(5):1658—-64. doi: 10.1016/j.chb.2011.02.004

Huberman BA, Romero DM, Wu F. Social networks that matter: Twitter under the microscope. First
Monday. 2009; 14(1):8.

Family Tree. 2012 [cited 2012 May 12]. Available from: http:/livefamily.com/.

Famiva. 2012 [cited 2012 May 11]. Available from: http://famiva.com/.

Geni.com. 2012 [cited 2012 May 12]. Available from: http://www.geni.com/.

efamily.com. 2015 [cited 2015]. Available from: https://efamily.com/.

FamilyWall.com. 2015.

MyHeritage.com. 2012 [cited 2012 May 12]. Available from: http://www.myheritage.com/.

Murata A, lwase H. Usability of touch-panel interfaces for older adults. Human Factors: The Journal of
the Human Factors and Ergonomics Society. 2005; 47(4):767-76.

Jaeger PT, Xie B. Developing online community accessibility guidelines for persons with disabilities
and older adults. Journal of Disability Policy Studies. 2008.

Chadwick-Dias A, McNulty M, Tullis T, editors. Web usability and age: how design changes can
improve performance. ACM SIGCAPH Computers and the Physically Handicapped; 2003: ACM.

Ryu M-H, Kim S, Lee E. Understanding the factors affecting online elderly user’s participation in video
UCC services. Computers in Human Behavior. 2009; 25(3):619-32.

Hawthorn D. Possible implications of aging for interface designers. Interacting with computers. 2000;
12(5):507-28.

Morrell RW, Mayhorn CB, Bennett J. A survey of World Wide Web use in middle-aged and older adults.
Human Factors: The Journal of the Human Factors and Ergonomics Society. 2000; 42(2):175-82.

Cushman M, McLean R, Hill R, Beynon-Davies P, Williams MD. Older people and internet engagement:
Acknowledging social moderators of internet adoption, access and use. Information Technology & Peo-
ple. 2008; 21(3):244-66.

Jacoby LL, Bishara AJ, Hessels S, Toth JP. Aging, subjective experience, and cognitive control: dra-
matic false remembering by older adults. Journal of Experimental Psychology: General. 2005; 134
(2):131.

Cornejo R, Tentori M, Favela J. Ambient awareness to strengthen the family social network of older
adults. Computer Supported Cooperative Work (CSCW). 2013; 22(2—3):309—44.

Harwood J. Communication media use in the grandparent-grandchild relationship. Journal of Commu-
nication. 2000; 50(4):56-78.

Braun MT. Obstacles to social networking website use among older adults. Computers in Human
Behavior. 2013; 29(3):673-80.

Mufioz D, Cornejo R, Gutierrez FJ, Favela J, Ochoa SF, Tentori M. A social cloud-based tool to deal
with time and media mismatch of intergenerational family communication. Future Generation Computer
Systems. 2014.

Venkatesh V, Davis FD. A theoretical extension of the technology acceptance model: Four longitudinal
field studies. Management science. 2000; 46(2):186—204. doi: 10.1287/mnsc.46.2.186.11926

Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: Toward a
unified view. MIS quarterly. 2003:425-78.

Venkatesh V, Bala H. Technology acceptance model 3 and a research agenda on interventions. Deci-
sion sciences. 2008; 39(2):273-315.

Leng GS, Lada S, Muhammad M, Ibrahim A, Amboala T. An Exploration of Social Networking Sites
(SNS) Adoption in Malaysia Using Technology Acceptance Model (TAM), Theory of Planned Behavior
(TPB) And Intrinsic Motivation. Journal of Internet Banking and Commerce. 2011; 16(2):1-27.

Alarcén-del-Amo M-d-C, Lorenzo-Romero C, Gémez-Borja M-A. Analysis of acceptance of social net-
working sites. African Journal of Business Management. 2012; 6(29):8609-19.

Suki NM, Ramayah T, Ly KK. Empirical investigation on factors influencing the behavioral intention to
use Facebook. Universal Access in the Information Society. 2012; 11(2):223-31.

Constantinides E, Lorenzo-Romero C, Alarcén-del-Amo M-d-C. Social Networking Sites as Business
Tool: A Study of User Behavior. In: Glykas M, editor. Business Process Management. Studies in
Computational Intelligence. 444: Springer Berlin Heidelberg; 2013. p. 221-40.

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 21/23


http://dx.doi.org/10.1016/j.chb.2011.02.004
http://livefamily.com/
http://famiva.com/
http://Geni.com
http://www.geni.com/
http://efamily.com
https://efamily.com/
http://FamilyWall.com
http://MyHeritage.com
http://www.myheritage.com/
http://dx.doi.org/10.1287/mnsc.46.2.186.11926

@’PLOS ‘ ONE

User Perceptions for a Family Communcaiton System

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Dhume SM, Pattanshetti MY, Kamble SS, Prasad T, editors. Adoption of social media by business edu-
cation students: Application of Technology Acceptance Model (TAM). 2012 IEEE International Confer-
ence on Technology Enhanced Education (ICTEE); 2012: IEEE.

Brandyberry AA, Li X, Lin L, editors. Determinants of Perceived Usefulness and Perceived Ease of Use
in Individual Adoption of Social Network Sites. AMCIS 2010 Proceedings; 2010.

Yang SC, Lin CH. Factors affecting the intention to use Facebook to support problem-based learning
among employees in a Taiwanese manufacturing company. African Journal of Business Management.
2011; 5(22):9014-22. doi: 10.5897/AJBM11.1191

Hu T, Poston RS, Kettinger WJ. Nonadopters of online social network services: Is it easy to have fun
yet? Communications of the Association for Information Systems. 2011; 29(1):25.

Chung JE, Park N, Wang H, Fulk J, McLaughlin M. Age differences in perceptions of online community
participation among non-users: An extension of the Technology Acceptance Model. Computers in
Human Behavior. 2010; 26(6):1674—84. doi: 10.1016/j.chb.2010.06.016

Eastin MS, LaRose R. Internet self-efficacy and the psychology of the digital divide. Journal of Com-
puter-Mediated Communication. 2000; 6(1):0-.

Kim'Y, Glassman M. Beyond search and communication: Development and validation of the Internet
Self-efficacy Scale (ISS). Computers in Human Behavior. 2013; 29(4):1421-9.

Igbaria M, livari J. The effects of self-efficacy on computer usage. Omega. 1995; 23(6):587—605. doi:
http://dx.doi.org/10.1016/0305-0483(95)00035-6

Venkatesh V, Davis FD. A model of the antecedents of perceived ease of use: Development and test*.
Decision sciences. 1996; 27(3):451-81.

Brandyberry AA, Li X, Lin L, editors. Determinants of Perceived Usefulness and Perceived Ease of Use
in Individual Adoption of Social Network Sites. AMCIS; 2010.

Gangadharbatla H. Facebook me: Collective self-esteem, need to belong, and internet self-efficacy as
predictors of the iGeneration’s attitudes toward social networking sites. Journal of interactive advertis-
ing. 2008; 8(2):5-15.

Noh MJ, Lee KT. An analysis of the relationship between quality and user acceptance in smartphone
apps. Information Systems and e-Business Management. 2015:1—19.

Ruhleder K. Understanding on-line community: The affordances of virtual space. Information Research.
2002; 7(3):7-3.

Pfeiffer E. A short portable mental status questionnaire for the assessment of organic brain deficit in
elderly patients. Journal of the American Geriatrics Society. 1975; 23(10):433—41. PMID: 1159263

Barnes HL, Olson DH. Parent-adolescent communication and the circumplex model. Child Dev.
1985:438—47.

Olson DH. Circumplex model of marital and family sytems. Journal of Family Therapy. 2000; 22
(2):144—-67.doi: 10.1111/1467-6427.00144

Hair JF, Anderson RE, Tatham RL, Black W. Multivariate Data Analysis. 5th ed. Upper Saddle River,
NJ, USA: Prentice Hall; 1998 March 23, 1998.

Sharma S, Mukherjee S, Kumar A, Dillon WR. A simulation study to investigate the use of cutoff values
for assessing model fit in covariance structure models. Journal of Business Research. 2005; 58
(7):935-43.

Ding L, Velicer WF, Harlow LL. Effects of estimation methods, number of indicators per factor, and
improper solutions on structural equation modeling fit indices. Structural Equation Modeling: A Multidis-
ciplinary Journal. 1995; 2(2):119-43.

Marcoulides GA, Schumacker RE. Advanced structural equation modeling: Issues and techniques:
Psychology Press; 2013.

Marsh HW, Balla JR, McDonald RP. Goodness-of-fit indexes in confirmatory factor analysis: The effect
of sample size. Psychological bulletin. 1988; 103(3):391.

Bentler PM, Bonett DG. Significance tests and goodness of fit in the analysis of covariance structures.
Psychological bulletin. 1980; 88(3):588.

Seyal AH, Rahman MNA, Rahim MM. Determinants of academic use of the Internet: a structural equa-
tion model. Behaviour & Information Technology. 2002; 21(1):71-86.

Scott JE. The measurement of information systems effectiveness: evaluating a measuring instrument.
ACM SIGMIS Database. 1995; 26(1):43—61.

Hair JF Jr, Anderson RE, Tatham RL. Multivariate data analysis with readings: Macmillan Publishing
Co., Inc.; 1986.

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 22/23


http://dx.doi.org/10.5897/AJBM11.1191
http://dx.doi.org/10.1016/j.chb.2010.06.016
http://dx.doi.org/10.1016/0305-0483(95)00035-6
http://www.ncbi.nlm.nih.gov/pubmed/1159263
http://dx.doi.org/10.1111/1467-6427.00144

@’PLOS ‘ ONE

User Perceptions for a Family Communcaiton System

80.

81.

82.

83.

84.

Bagozzi RP, Yi Y. On the evaluation of structural equation models. Journal of the academy of marketing
science. 1988; 16(1):74-94.

Lin H-F. Antecedents of virtual community satisfaction and loyalty: an empirical test of competing theo-
ries. CyberPsychology & Behavior. 2008; 11(2):138—44.

Liaw S-S, Huang H-M. An investigation of user attitudes toward search engines as an information
retrieval tool. Computers in human behavior. 2003; 19(6):751-65.

Park N. Adoption and Use of Computer-Based Voice Over Internet Protocol Phone Service: Toward an
Integrated Model. Journal of Communication. 2010; 60(1):40-72.

Liu C, Arnett KP, Litecky C. Design quality of websites for electronic commerce: Fortune 1000 webmas-
ters' evaluations. Electronic Markets. 2000; 10(2):120-9.

PLOS ONE | DOI:10.1371/journal.pone.0156680 June 7,2016 23/23



