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This article explores the design and development of voice interfaces via traditional telephones as a way
of supporting asynchronous online communication for older adults. E-mail is the primary form of online
communication for older adults. However, e-mail communication currently requires access to and the ability
to use an Internet-connected computer or device, which may be problematic due to barriers of physical access,
expense, insufficient computer skill, or other accessibility issues. To address this, the present work leverages
the pervasive hardware of traditional phones and familiar nonvisual models of phone-based interaction to
create a new e-mail interface for older adults. We examine the potential of e-mail interaction via traditional
phones through long-term field observations, prototype testing, and a four-week field-based user study. Our
findings indicate that a simple voice e-mail interface accessed through traditional phones is usable for older
adults and is a useful way for offline older adults to interact with an e-mail account. The ease of use and
convenience of a phone-based interface are important given the “work” of keeping in touch over e-mail,
and this approach has the potential to open up new avenues of online access for older adults who are still
offline or who have late-life disabilities that make using traditional graphical e-mail systems difficult. This
project contributes new insights regarding the ways in which voice interfaces can support asynchronous
online communication for older adults and provides design guidance for the development of subsequent voice
interfaces.
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1. INTRODUCTION

Staying connected in late life can improve physical and mental health [Ferlander 2007,
Lubben and Gironda 2003], and seniors who use the Internet for communication are
less likely to feel depressed, socially isolated, and lonely [Cotten et al. 2012; Sum et al.
2008]. However, a staggering 41% of older adults are still offline [Smith 2014], and these
seniors tend to be older and have disabilities or chronic health conditions that make it
difficult to physically access or use a computer. For other older adults who are active
online, disabilities such as macular degeneration, advanced osteoarthritis, and severe
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tremors can make using computers and smartphones increasingly difficult, although
some techniques may help mitigate this (e.g., Hourcade et al. [2010]). Furthermore,
short-term disability from an injury or illness can make older adults nonambulatory
and unable to physically access e-mail due to pain and exhaustion. These issues can
make it difficult for older adults to stay digitally connected at precisely the time when
their social support network is most needed for better health and well-being. New tools
are needed to address these challenges and help older adults stay connected in the
later stages of life.

This article examines the potential for traditional phones, a familiar interface for
older adults, to support late-life online communication. For our research, we refer to
older adults as being over the age of 65 years because this is common in research
[World Health Organization 2015]; however, some prior work may define an older
adult as being over the age of 60 years. Our work is grounded in long-term field ob-
servations that, over the course of a year, allowed us to identify challenges around
e-mail communication for older adults. We observed that many older adults experi-
ence difficulty using and maintaining e-mail even when simplified graphical e-mail
interfaces are available. Moreover, e-mail access is affected by health, mobility, and
cost. Traditional phones, however, are pervasive among older adults, with few own-
ing smartphones [Smith 2014]. Also, many older adults value the affective and emo-
tional qualities of voice communication via phones [Dickinson and Hill 2007; Lindley
et al. 2009; Hope et al. 2014]. Building on our field work, we investigate the poten-
tial for landline and feature phones to support e-mail communication for older adults,
and, in doing so, we address several important questions: Which older adults might
benefit from this approach and under what circumstances? How should voice inter-
faces be designed to facilitate online communication for older users? Is a voice-based
e-mail interface usable and useful for seniors, including those without prior e-mail
experience?

Driven by earlier interviews and observations, we developed V-Mail, a voice-based
e-mail system for older adults. On the surface, V-Mail resembles a voicemail system
and, through this, provides older adults with a familiar model for interaction. How-
ever, V-Mail is much more than voicemail because it allows older adults to navigate
and interact in real-time with an existing e-mail account by sending, reading, replying
to, and printing e-mail messages through keypad and spoken input. While older adults
interact through their phone, their family members and friends interact through tra-
ditional graphical e-mail interfaces, sending and receiving e-mail messages on their
computers, tablets, or smartphones.

Our work provides new understandings of how to design voice interfaces for older
adults and contributes to a growing literature on new technologies for late-life social
connectedness [Hope et al. 2014; Lindley et al. 2009; Moffatt et al. 2012; Sundar et al.
2011]. Although several voice-based e-mail systems have been developed [Resnick 1992;
Schmandt 1993], prior work has not considered older adults as a potential user group
nor understood how voice interfaces may increase online access for this population. We
found that e-mail communication through traditional phones is useful for and usable
by older adults who were previously not online but also benefits those who are already
active online and do not own a computer. The ease of use and convenience of V-Mail was
an important benefit, particularly with respect to the “work” of keeping in touch over
e-mail [Lindley et al. 2009; Hollinworth and Hwang 2011; Hope et al. 2014]. Although
our system demonstrates benefits by leveraging the familiarity of traditional phones,
in doing so, it also introduces new tensions based on the established social practices of
phone communication. We report on these tensions and then conclude with a discussion
of the design of voice interfaces for older adults and the broader implications of this
approach.
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2. RELATED WORK
2.1. Designing E-Mail Systems for Older Adults

Prior work has focused on improving graphical e-mail interfaces to support the needs of
older people. Hanson [2009] offers general guidelines for supporting older users online
and suggests that small font, low color contrast, multiple windows and views, and un-
clear terminology can be disorienting to older adults. Similarly, Sayago and Blat [2010]
investigate email practices of seniors and suggest that terminology should be based on
metaphors that older populations understand. Dickinson and colleagues [2005] created
a simplified graphical e-mail interface for seniors and indicate that e-mail menus with
deep navigation structures are not ideal and can lead to confusion in users. The PRISM
project! provides yet another example of a simplified graphical system for older adults
and includes an e-mail component. In our field work, older adults used TouchTown,? a
commercial system designed for seniors with two e-mail programs that feature basic
graphical interfaces. Although these systems are useful for older adults, they pre-
sume physical access to a computer and are not widely available (e.g., TouchTown is
only available to seniors who live in communities that have purchased this software).
Moreover, in our field research, we observed that even these simplified systems can be
difficult for some older adults to use, particularly individuals with vision loss, motor
impairments, and people recovering from illness or injury (e.g., a fall).

2.2. Voice-User Interfaces

Our work requires designing for people with limited online access and experience with
traditional computers. We draw design inspiration from people designing for the de-
veloping world, which has shown phone-based voice interfaces to be useful for users
who have limited online experience or minimal access to desktop or laptop comput-
ers (e.g., Patel et al. [2009] and Sambasivan et al. [2011]). Moreover, while older adults
are adopting cell phones, only 18% currently own smartphones [Smith 2014]. Instead,
older adults are familiar and comfortable with using landline and non-smart cellular
telephones, particularly those seniors in the United States who are still offline [Smith
2014].

Limited work has focused on how voice interaction supports older users [Lines and
Hone 2002; Wolters et al. 2009a, 2009b], and the literature on best practices of synthetic
voices for older adults is somewhat inconclusive. One study found a preference for male
voices among older adults [Lines and Hone 2002], yet a larger study with younger adults
suggests a self-similarity bias (i.e., women prefer female voices) [Lee et al. 2000; Nass
and Brave 2005]. Understanding how to design the voice for voice-user interfaces is
critical because people automatically assign social characteristics (e.g., emotion, trust,
competence) to voices that resemble human speech [Nass and Brave 2005]. Beyond
preference, factors such as gender, pitch, and playback rate may also affect how well
older users understand voice output. Our work evaluates these factors with older adults
and integrates the results into our final design.

The concept of voice-based access to e-mail is not new (e.g., Baptista et al. [2009],
Resnick [1992], and Schmandt [1993]), but prior systems are aimed at more technical,
experienced users and have yet to be examined with older adults. These systems inte-
grate multiple services, a two-step authentication process, and use predefined synthetic
audio properties, all of which increase the complexity of interaction. Furthermore, prior
work has shown that older adults do not typically interact with speech interfaces in
a way that these systems can understand [Wolters et al. 2009a], thus motivating the

Thttp:/centeronaging. med.miami.edu/prism.
2http://www.touchtown.us.
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use of keypad input rather than spoken commands. Our research moves toward a more
complete understanding of how to design voice interfaces for older adults and builds
on this prior work by examining interface usability, characteristics of synthetic speech,
and the usefulness and appeal of this approach for older adults.

2.3. Supporting Late-Life Social Communication

The present work aims to understand new techniques to help older adults participate
more fully in online communication with their social support networks. While intergen-
erational communication is often asymmetrical, in which older adults put forth more
effort to initiate and maintain communication, mutual reciprocity is desired [Cornwell
and Waite 2009]. Lack of reciprocity can have a negative effect on seniors, but, at the
same time, older adults are cautious about being a burden on their relatives and in-
terrupting their schedules [Lindley et al. 2008]. Prior systems (e.g., Tlatoque [Cornejo
et al. 2013], Wayve [Lindley 2012]) examine how new tools for asynchronous online
communication affect issues of asymmetry and reciprocity involving older adults. The
development of V-Mail provides a platform through which we can examine these issues
with respect to e-mail. Collectively, these systems integrate the communication inter-
faces and practices of different user groups into a common platform for interaction.
Leveraging familiar interfaces and practices in design is important because fear of
failure, low self-efficacy, and perceived lack of usefulness or ease-of-use can negatively
impact older adults’ interest levels in using technology [Braun 2013]. As we find in our
work on V-Mail, blending traditional telephones with e-mail is a useful interface for
design, yet this introduces complexities around expectations for interaction with the
interface and one’s contacts.

In summary, simplified graphical e-mail systems are useful but still present chal-
lenges for certain older adults and require physical access to a computer. Voice inter-
faces, although beneficial to people with limited computer access or experience, have
yet to be studied in detail for older adults and are promising for online communication.
This article brings together these areas to explore a new approach to supporting e-mail
communication for older adults.

3. UNDERSTANDING E-MAIL USE AND CHALLENGES

To understand the practices and challenges of e-mail use for older adults, we conducted
participant observations over the course of one year in the computer rooms of a senior
living community and in-depth interviews with seven older adults.

3.1. Method

Two members of the research team conducted 1-2 hours of participant observation
per week in the computer rooms of a senior care facility for approximately one year.
Through observation, we regularly worked alongside more than 15 older adults (most
were aged 75-100) and helped them with computer problems. The most frequent help
topic involved e-mail, and, as such, we were able to observe a myriad of challenges
with learning and sustaining e-mail communication. To complement the breadth of
observations, we conducted semi-structured interviews with eight participants: seven
older adults (age 81-93; M = 87; 5 female) and the daughter (age 62) of one participant.
Participants had a range of computer and e-mail experience, including three people who
had never used e-mail, two with occasional use, and three who used e-mail daily. We
recruited participants from the same community in which we conducted observations,
focusing on residents in assisted living who are no longer able to live independently.
Although these individuals live with others in the community, many are separated
from their immediate family members and closest friends, which was discussed during
the interviews. All interviews were conducted in participants’ homes or in a communal
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living room. Interviews focused on technology usage and patterns of offline and online
communication.

Data analysis followed a constructivist grounded theory approach [Charmaz 2000],
which allows the process of data analysis to emerge through interactions during field-
work, with the data, and between members of the research team. All interviews were
audio recorded and transcribed for analysis. The research team took photographs of
communication devices that participants brought into discussion and analyzed this
data alongside interview transcripts. Multiple researchers iteratively reviewed, coded,
analyzed, and discussed the data. Analysis focused on constant comparison of data
through a process of relating the codes and emerging concepts to one another. Through
this, we further refined our emerging understanding of the lived experience of e-mail
communication among our participants, resulting in the five themes below.

3.2. Findings

Our analysis of observation and interview data revealed five high-level themes regard-
ing the challenges of accessing, using, and maintaining e-mail communication.

The work of maintaining e-mail and staying connected. Prior studies describe the
“work” of keeping in touch for older adults [Lindley et al. 2009; Hollinworth and Hwang
2011; Hope et al. 2014], and we observed this in the field. For many of our informants,
receiving 10-15 e-mails a week (excluding spam) was described as “a lot to manage.”
Older adults at our field site scheduled help sessions to learn to use e-mail and visited
the computer room multiple times per week to maintain e-mail correspondence.

Simplified e-mail clients still present challenges. The majority of seniors we worked
with accessed e-mail through AOL or TouchTown on a traditional desktop computer,
although some owned laptops or tablet computers where they accessed e-mail. We
observed that screen-based e-mail, even the simplified interface of TouchTown, pre-
sented challenges for some seniors. Older adults had difficulty setting up a new e-mail
account, entering password credentials, managing pop-up ads, understanding changes
to the interface layout, and printing attachments [Dickinson et al. 2005; Hanson 2009;
Norval et al. 2014]. For some, poor vision presented accessibility problems that required
specialized adaptations. Three interview participants noted their declining vision in
context of being able to read e-mails. One woman said, “I have macular degeneration
so I'm going blind very slowly but at one point the screen I had was very difficult for
me to read.” Another older adult at our field site described that advanced macular
degeneration makes her unable to use e-mail entirely; instead, she communicates by
phone.

E-mail access is affected by health, mobility, and cost. We observed an important trend
in e-mail usage. We noted various weeks when our regular visitors to the computer
room were absent; when they returned, we would often learn that they were ill or
had been injured. Yet, being disconnected due to health and mobility may be precisely
when they need social support that e-mail can provide the most. For many seniors in
assisted living communities such as the one in which we worked, the only e-mail access
available is through community computer rooms. A similar trend can be observed with
seniors living in their own homes, particularly lower income groups, who use communal
resources through libraries [Zickuhr et al. 2013]. As shown previously [Aging in Place
Technology Watch 2011], our informants also described the cost of paying for wireless
service and maintaining a personal computer as barriers. We worked with a number of
older adults who own iPads but note challenges around learning to use and maintain
these devices. Some brought in unopened iPads, after receiving the devices months ago,
so that we could help them learn to use them.
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Preference for phone over e-mail communication. Much work examines the com-
munication practices of older adults, including the importance of phone calls and
e-mail [Dickinson et al. 2005; Hope et al. 2014; Lindley et al. 2009]. It is worth noting
that all but one interviewee preferred to talk by phone rather than e-mailing or writ-
ing letters. Others described the benefits of using a phone for reasons other than social
communication. One participant explained, “I do usually all my ordering by phone, not
by computer. Because I know how to do that (laughs)” (age 82, F). As this participant
described, in some situations, a phone-based interaction model is easier to navigate
than one on a graphical computer interface. In addition to the established social prac-
tices of phone communication, physical access to phones is pervasive for older adults.
One participant said, “But you see, living here. .. I'm always somewhere where there is
a phone” (age 85, F). Hence, solutions that leverage the familiar model of phone-based
interaction and the pervasiveness of commodity phone hardware have the potential to
open up new directions for design.

Staying connected with those who are offline. Although many of our informants used
e-mail, they described the challenges of keeping in touch with their contacts who are
not online. As shown in prior work (e.g., Hope et al. [2014] and Lindley et al. [2009]),
many interview and observation participants relied on paper-based communication to
stay in touch, and this was particularly important for social groups in which some
members did not use e-mail. We also observed the social practices related to e-mail,
such as printing out multiple copies of a forwarded e-mail or an e-mail attachment to
distribute to social contacts who do not use computers. One participant (82, F) described
a unique group letter-writing tradition she and her friends developed:

“A lot of them don’t want to have anything to do with the computer so we write one
letter and put it in the envelope with the 15 other letters with the other people and
we send it. .. I get the packet of letters...I read it and I take my old letter out and
write a recent letter, what I’ve been doing.”

This illustrates how older adults may adapt and go to great lengths to maintain
communication with contacts who do not use computers, further suggesting the utility
of new systems that connect offline and online practices. E-mail through traditional
phones could potentially bridge these communication practices by enabling groups of
computer and non-computer using older adults stay connected online.

3.3. Design Considerations for Phone-Based Interfaces

As the concept of a voice-based e-mail interface emerged, we used the in-depth in-
terviews to understand older adults’ concerns regarding phone-based communication
systems. From these data, we derived an initial set of considerations to inform subse-
quent system design:

Leverage the familiarity of traditional phones. Landline phones are a familiar inter-
face for older adults, and many seniors still use physical answering machines, which
may serve as another useful metaphor for design. All participants stated that they were
comfortable using their answering machines. Seniors were also familiar with playing
and deleting messages in this context. The simple voice-based menu of answering ma-
chines is effective for older adults and can inform development of similar auditory
messaging systems.

Emphasize recognition rather than recall. We observed that older adults had difficulty
recalling the steps needed to access e-mail on a computer and wanted to write the
process down step-by-step. From the interviews, participants described great difficulty
with customer service numbers, which tend to have more open-ended speech entry

ACM Transactions on Accessible Computing, Vol. 8, No. 2, Article 6, Publication date: January 2016.



Exploring Traditional Phones as an E-Mail Interface for Older Adults 6:7

and rely on recall. Participants expressed frustration with not knowing how to phrase
the question to the voice system. Additionally, older adults may not interact with
speech recognition systems in a way that these systems can easily understand [Wolters
et al. 2009a] and are likely to have greater success with keypad input that relies on
recognition and selection of a few finite commands [Patel et al. 2009].

Focus on audio quality, not simply amplification. A major concern for participants
was the quality of their hearing. Even with hearing aids, some noises can become
amplified and very difficult to understand. Therefore, they wanted a system that is not
only loud enough and speaks at a comfortable speed, but also has high-quality audio
that would be compatible with their hearing aids. To achieve this, a more detailed
understanding of voice variables (e.g., gender, pitch, and speaking rate) is needed to
inform the design of voice interfaces for older adults, especially given the inherently
lossy audio quality of phone communication.

Consider the cost of phone-based services. Cost was also a concern for older adults.
Typical of most senior communities, in-home Internet access was an additional cost.
We observed many people coming to the computer room because they could not afford
or did not want to purchase in-home Internet. Also, at this particular community,
residents are charged for calls outside of an approximate five-mile radius. Therefore,
they must consider whom they call on the phone and how often. One participant said
she would use a new phone-based service “...if they don’t charge me for it. Have you
seen the kind of bills we have from the phone company?” (82, F). Phone-based systems
must fit within the cost structure of telephone services for communities and private
residences [Resnick 1992], incorporating toll-free calling for older adults who prefer to
use landline phones (e.g., due to cost of mobile services).

4. INITIAL VOICE INTERFACE PROTOTYPE

Guided by these design considerations, we created a first version prototype of a phone-
based e-mail system to test (i) the usability of a basic voice UI and (ii) to understand
the properties of a synthetic voice best suited for older users.

4.1. Prototype Design

The prototype was developed using Twilio,> a web service for prototyping voice-user
interfaces, Twilio’s TwiML markup language for controlling the flow of phone calls, and
PHP. Users access the system by calling a toll-free number on a landline or cellular
telephone.

4.1.1. Menu Structure. We examined various models of voice menu design and struc-
ture. Related work indicates that older adults prefer a chauffeur-like interface that
guides them through the menu [Nass and Brave 2005]. We designed a minimalistic
interface that facilitates such an experience, drawing on interaction models of answer-
ing machines and voicemail. After calling the system, users are greeted and told how
many messages they have. For the purposes of prototype testing, we created a variety
of e-mail messages and added them to the system. Users first have the option of lis-
tening to messages or sending a new message. After listening to a message, users are
provided with the option to reply, print, or delete the message. The menu responds to
input through the phone keypad, as suggested by prior work [Patel et al. 2009] and our
field research. The user speaks into the phone to record a new message or reply to a
message. We phrased all menu items as option then user action (e.g. “To listen to your
messages, press 1’) to enable users to first hear their desired option, then attend to the

Shttps://www.twilio.com/.
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action required to select that item. Prototype testing examined how well older adults
were able navigate the menu structure.

4.1.2. Voice Design. To select the qualities of the voice for the interface, we carefully
considered related literature and comparable existing systems. One study with older
adults shows a preference toward male voices [Lines and Hone 2002], although other
extensive work [Nass and Brave 2005] indicates that people prefer accents, gender,
and voice personalities similar to their own, which is described as similarity attraction.
Because females tend to live longer than males, a female voice may be perceived, in
the aggregate, as more likeable when deployed among a female-skewed cohort of older
adults. However, other work indicates that older adults have difficulty comprehending
higher pitched voices and rapid speech [Fisk et al. 2009]. For the initial voice menu pro-
totype, we used prerecorded audio with a slow, low-pitch, female voice based on several
other works [Fisk et al. 2009; Lee et al. 2000; Nass and Brave 2005]. Given the con-
flicting recommendations (e.g., Nass and Brave [2005] and Lines and Hone [2002]), we
also conducted an experiment to understand how these variables affect understanding
and preference.

4.2. Prototype Testing Method

Prototype testing evaluated menu usability, voice understandability and preference,
and desired features for a full system. We tested the prototype with 16 older adults
(aged 76-94; mean age = 87; 11 female) who reside in assisted and independent living
communities. The age and gender distribution is similar to that of the observations
and interviews. Of these participants, 14 reported familiarity with computers and
e-mail. The study was conducted in participants’ homes, where they interacted with the
prototype through their landline or cellular telephone. We verified that all participants
were able to hear content delivered through their personal phone.

First, participants were asked to call the system. Voice menu options were played
over the user’s phone, and they were able to interact with the menu by pressing phone
keypad buttons. We instructed participants to perform three tasks: listen to a mes-
sage, print a message, and send a message. Participants received printed instruction
prompts that described each task, including instructions for dialing the phone number
to access the system. We used a Wizard-of-Oz technique to simulate printing and send-
ing messages. No time constraints were imposed, and participants could make multiple
attempts to complete the tasks if needed.

Second, we were motivated by the somewhat contradictory findings in prior work
regarding important voice characteristics in interfaces for older adults. A 2 x 2 x 2
within-subjects design was used in which participants responded to message prompts
that varied by gender (male or female), pitch (normal or 10% lower), and speed (real-
time or 10% slower). We used Oddcast* to create the gendered text-to-speech stimuli
and Audacity to manipulate pitch® and speed.® Baseline pitch and speed were based
on Oddcast’s default settings. Participants listened to four unique message prompts
(e.g., “To listen to your messages press 1”), repeated eight times for the different com-
binations of gender, pitch, and speed (total of 32 statements per participant). Message
prompt order assignment was counterbalanced using a Latin-square design to mini-
mize the potential for order effects. For consistency among participants and to promote
generality of our findings, messages presented during this part of the experiment were

4http://oddcast.com/.

5Pitch is a perceptual property closely related to the frequency of the audio. We decreased the frequency of
each audio message by 10% using Audacity’s Change Pitch effect to obtain a lower pitch.

6Normal speed was approximately 900 characters per minute.
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played over high-quality speakers from a researcher’s laptop. However, we note that
the sound quality may be different when played over commodity phone hardware, and
we examine this through the subsequent field deployment (Section 5). We individually
assessed both preference and understandability for each message prompt using a 3-
point Likert-style scale (1 = not at all and 3 = very much). We originally used a 5-point
scale in pilot testing, but older adults reported confusion with the number of responses.

Third, participants verbally completed a questionnaire in which they were asked to
assess whether a variety of features should be included in a phone-based e-mail system,
such as previewing and revising a message before sending. Participants responded
“Yes’” “NO’” OI‘ “Maybe‘”

4.3. Prototype Testing Results

4.3.1. Usability. The first step in using the prototype was to dial the phone number
to access the root phone menu. Participants had a 96% (46/48) success rate in dialing
the phone number, with issues of not pressing 9 to dial out or hanging up accidentally
resulting in failed attempts. The majority of participants navigated the simplistic phone
menu, accomplishing the specified tasks (listening to, printing, and sending a message).
Twelve of the 16 participants were able to complete all three tasks on the first attempt.
Two participants were unsuccessful in all three tasks due to their use of caption phones
because there were conflicts between the text displayed on the caption phone and the
timing of keypad input. One challenge we observed is that study participants did not
know when to hang up or end their interaction with the system. Another insight is
that the quality of the voice for the prototype may be too realistic and conversation-
like: Participants responded to the voice on the phone, greeting it with “hello” after
it greeted them [Nass and Brave 2005]. The naturalness of the synthetic voice also
confused some users who initially thought the messages were recorded voicemails
rather than text-to-speech messages.

4.3.2. Voice Gender, Pitch, and Speed. To understand voice characteristics, we used a
mixed-model analysis with the Restricted Maximum Likelihood (REML) estimation
method to predict user preference and understandability ratings [Littell et al. 1996].
Voice gender, voice speed, voice pitch, and participant gender were included as factors in
the model. Two-way interactions for the experimental conditions were included in the
analysis, and participant gender was included as a control variable. Participants were
modeled as a random effect because each participant rated multiple message prompts
across the three experimental factors, and observations were not independent.

The results revealed a significant effect of the voice characteristic of gender on the
participant’s reported preference (F(1,14.01) = 10.40, p = .006), where male voices
M = 2.74, SE = .123) were preferred over the female voices (M = 2.23, SE = .123).
The voice characteristic of pitch also influenced the participant’s reported preference
(F(1,14.72) = 7.78, p = .014), where a lower pitch (M = 2.57, SE = .099) was preferred
to the normal pitch (M = 2.40, SE = .099). We note that these effects were found even
with a predominantly female sample and that it confirms earlier work [Lines and Hone
2002]. We did not detect a significant preference for the voice characteristic of speed
(F(1,15.01) = 1.45, p = .247).

We also examined how the voice characteristics influenced the participant’s reported
ability to understand the statements. There was a significant effect of the voice char-
acteristic of gender on understandability (¥(1,13.99) = 14.07, p = .002), where the
participants reported understanding male voices (M = 2.86, SE = .096) better than
female voices (M = 2.47, SE = .097). Although not significant, there appeared to be
a trend for the voice characteristic of speed on understandability (¥(1,14.97) = 3.75,
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Fig. 1. Depicts how messages are received (solid line) and sent (dashed line) by older adults using V-Mail.
Older adults interact through keypad input on their landline or cellular telephones. They can send a message
by speaking directly into the phone, which transmits to the recipients e-mail account.

p = .072), where commands spoken at a normal pace (M = 2.71, SE = .084) were
understood better than commands spoken at a slower pace (M = 2.62, SE = .084).

Finally, we examined whether a self-similarity bias [Lee et al. 2000; Nass and Brave
2005] was present in our data by examining the extent to which the preferences for a
voice gender aligned with participant gender. We did not find evidence of a similarity
bias on preference (F(1,14.01) = 1.44, p = .25), and analysis of similarity bias on
understandability trended in the expected direction (#(1,13.99) = 3.30, p = .09), where
the findings suggesting that there may be a preference for a male voice over a female
voice was stronger for male participants than it was for female participants.

These findings suggest that future systems for older adults should use a male, low-
pitch voice but that slowing down the rate of speech may not improve preference or
understanding. After evaluating the voice manipulations, we asked participants to de-
scribe why they liked particular voices. Participants described liking the male voices
because they were “clear and commanding” (89+, M) and “distinct” and “understand-
able” (88, F) or liking low-pitch female voices, which one participant described as
sounding like “Diane Sawyer” (89, F). Of the few participants who liked the female
voices, reasons why included that they were “softer” and “not as harsh” (86, F).

4.3.3. Desired V-Mail Features. Nearly all participants (15 of 16) wanted the ability to
send messages in addition to receiving them, indicating the importance of reciprocal
communication [Lindley et al. 2008]. Similarly, 13 of 16 participants wanted to listen to
messages before sending them, having the chance to craft a voice message and reflect
on it before sending. Nearly all (15/16) wanted a printed instruction guide to accompany
their interaction over the phone. They also wanted the ability to print messages (11/16)
and attachments (12/16), and we have seen many examples of the challenges of printing
attachments in our field work. One participant said, “I do a lot of printing just to keep
a record of it” (89, F).

5. V-MAIL: VOICE-BASED E-MAIL FOR OLDER ADULTS

Based on results from our formative field research and prototype testing, we created
and evaluated a full version of the voice-based e-mail system, which we call V-Mail.

5.1. System Design

We designed V-Mail (Figure 1) to integrate with existing e-mail accounts, in which
users configure the account to forward certain messages to the V-Mail server. For
example, a family member or friend sends an e-mail to a V-Mail user by sending the
message to a traditional e-mail account (e.g., GMail, AOL). Messages from specified
contacts are forwarded to the V-Mail server, which manages each older adult’s list of
contacts, read and unread e-mail messages, and attachments in a MySQL database.
This database uses Python to interact with Twilio when an older adult calls the system.
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V-Mail users dial the system phone number to initiate Twilio’s IVR system and
access e-mail on a landline and/or mobile phone. A user’s phone number(s) acts as the
password to authenticate and enable access to the appropriate e-mail account from the
V-Mail server. After dialing the number, a user hears the status of her e-mail inbox
(e.g., “You have two new e-mail messages”) and then is prompted with menu options on
how to proceed. Menu options were prerecorded messages played in a male synthetic
voice from Oddcast with pitch adjusted to 10% lower than the default Oddcast voice,
per findings from earlier prototype testing. Using Twilio’s embedded text-to-speech
software, e-mail content is played by phone in a male synthetic voice. Although the
UI appears much like a voicemail system, it allows full integration with a graphical
e-mail account through which seniors can listen to, send, and print e-mail messages
and image attachments by interacting through touch-tone input. To print a message,
users are prompted to press a button on their phone, and the message is routed to an
HP ePrint printer associated with their account. Low-cost ePrinters are an effective
way of managing content without the need for a print server.

When an older adult wants to send a new message through V-Mail, she calls the
system and selects a person from her contact list, pressing a number on the keypad
that corresponds to the e-mail address of that contact (e.g., “For Alice, press 1”). The
user speaks into the phone receiver to record an e-mail message and is then prompted
to re-record or send the message. When an older adult sends a message, Twilio captures
the voice recording of the message and stores it as a .wav file in the server’s database.
The server then sends an e-mail to the contact with the .wav file of the older adult,
speaking her response as an audio attachment, although a text transcription can also
be provided. Messages sent from V-Mail arrive in the recipient’s e-mail inbox on his
computer.

5.2. Field-Based User Testing Method

Evaluating new communication systems such as V-Mail requires usage to be both
contextualized and to extend beyond an isolated instance of interaction. To achieve this,
we evaluated the usability, appeal, and broader implications of V-Mail through a four-
week field-based user study with 14 older adults (aged 77-96, M= 83, 10 females) and
53 of their social contacts (on average, four contacts per older adult). Although we aimed
to recruit older adults who did not previously use e-mail, we allowed all interested
older adults at our field site to participate in the testing. As such, we attracted many
seniors who were already online and using e-mail. The age and gender distribution of
participants in the field study is similar to these involved in the first two phases of this
project, and again we recruited participants from the same retirement community in
which we conducted our formative research and prototype testing. Of the older adults,
nine owned a computer and 12 had their own e-mail account before using V-Mail. Older
adults were able to use an existing e-mail account or have a new e-mail account set
up for the study. Only one older adult participated in the earlier prototype testing
because she was not an e-mail user and was eager to try out the full system. We
provided participants with access to V-Mail on their landline and/or mobile phone. We
simply asked that they try out V-Mail with their social contacts at their convenience,
maintaining flexibility for those who traveled or fell ill during the study period.

In contrast to a lab-based study, our aim was to assess the usability and appeal of
V-Mail in the context of older adults’ current communication routines, devices, and
actual social networks. The research team introduced older adults to V-Mail, answer-
ing questions as they used the system for the first time, and provided them with an
instruction guide. The instruction guide (Figure 2) was designed to be accessible to
older adults who may have minor vision impairments (e.g., black text on yellow paper
in Arial, size 16 font [Fisk et al. 2009]). It included a diagram of a phone with keypad
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Fig. 2. Instruction guide given to participants.

numbers corresponding to V-Mail options and a list of their personal contacts acces-
sible via V-Mail. We provided instructions to older adults’ social contacts by e-mail,
including an overview of V-Mail features (e.g., printing photo attachments) and system
limitations. One constraint at this stage is that social contacts must consent to the
study and be added to the system manually by the research team, thus limiting the
people older adults could contact using V-Mail to those who agreed to participate.

Researchers took notes and/or audio recorded interactions with older adults dur-
ing the initial training, a one-week phone check-in, an in-person interview after week
two, and a final in-person interview after week four. We also solicited feedback from
social contacts via e-mail after each week. All interviews with older adults were tran-
scribed and iteratively coded for themes alongside data from social contacts, following
constructionist grounded theory techniques similar to those used in earlier phases
of this project [Charmaz 2000]. Through iterative coding, we examined how they be-
came accustomed to using V-Mail, how it aligned with their existing offline and online
communication routines, and any challenges they encountered. Relationships between
these data were then used to identify higher level themes, which are organized in later
sections. Excluding message content, all interactions with the system were logged and
analyzed.

5.3. Results from Field-Based User Testing

We highlight findings regarding usability, perceived usefulness of this approach, and
the affordances and challenges of blending phone and e-mail communication practices.

5.3.1. Usability and Initial Usage. We provide initial usage data for the purposes of un-
derstanding the user experience because adoption and sustained use will need to be
measured with a separate, extended field study. Over the four-week testing period,
14 older adults sent 91 messages (68 new messages and 22 replies; average message
length = 22 seconds) and received 64 messages, of which 48 were listened to. After
the initial first-time use, all but two older adults (who were frequent computer users)
continued to use V-Malil to listen to or send new messages.

As earlier testing suggested, the printed instruction sheet accompanying V-Mail was
useful for participants, particularly when learning to use the system and for remem-
bering the V-Mail phone number. One participant (81, F) said, “It’s useful although
the guy, the message tells you what to do. But it’s just good to have it...” Each system
command is associated with a single button on the phone keypad (e.g., 1 was always
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play messages) and illustrated on the instruction sheet; however, in the submenu for
listening to messages, we needed to overload the send button with an additional option
to re-record the message in case an older adult wanted to modify the original message.
This button overload confused several participants; otherwise, the one-to-one mapping
between buttons and commands was well-received. Another point of confusion with
recording and sending messages stems from prior use of voicemail. Through observa-
tions of first-time system use, we noted that five older adults recorded a message and
did not press the ‘#’ key, which is required to send the message in V-Mail. These older
adults recorded their message and hung up, assuming it sent as with typical voicemail
systems.

Several older adults commented that the volume of the e-mail content was not loud
enough, particularly in contrast to predefined menu options, with one participant who
said, “. . .the volume is not high enough. The rest of the message I can hear very clearly”
(84, F). V-Mail interweaves audio recordings for the menu options and e-mail content,
and the presentation of these audio files needs to be adjusted so that the volume is
uniformly loud. Aside from this, participants responded favorably to the characteristics
of the male, low-pitch synthetic voice. Participants commented, “The speech is fine and
the speed is fine, yes but it’s going to be louder...” (84, F), and one liked that the voice
was “clear sounding and a good pronunciation” (85, M). Interestingly, a participant
perceived the synthetic voice for the menu options as sounding like that of her contacts,
saying it “sounds like them talking to me. The computer voice sounds a lot like [Jeff]”
(81, F), similar to what we observed in prototype testing.

Printing was perceived as an important feature in prototype testing, and, for the
deployment, we installed two V-Mail-enabled printers in common shared locations at
this retirement community because of the existing Internet access in these rooms.
However, only two participants printed messages. When asked about this feature in
the final interview, several still said they did not know of this capability, even though
it was explained at multiple points throughout the study. We presume that distanced
printer access was the actual cause of the lack of printing. Just as accessing a computer
down the hall presents challenges for some older adults, so does accessing a shared
printer. In future deployments, we will examine whether access to a printer in one’s
home benefits usage. Regarding this, one participant (81, F) said, “.. .if it [would] work
in my printer here [in my home], yeah.”

5.3.2. Perceived Usefulness. One motivation for introducing V-Mail is to understand
whether a voice interface over a traditional phone is a useful alternative for online
communication for older adults who currently do not or rarely use computers. While
we were only able to recruit two individuals who previously did not use e-mail or a
computer and one who did not own a computer nor use e-mail often, these participants
and their social contacts provide insights into the potential of this approach. We exam-
ine these three participants to understand how V-Mail supports non- and novice e-mail
users as well as the reactions to V-Mail by existing e-mail users.

Non- and Novice E-mail Users: One participant (82, F) who did not previously have
an e-mail account relied on another resident at the community, who is an e-mail user,
to be her intermediary and relay information received by e-mail. This participant
learned to use V-Mail and was an active user over the four-week study, printing three
messages, sending four messages, and listening to five messages. After the first week,
she expressed both comments of perceived usefulness and confusion in using V-Mail,
stating “I think [it is useful]... as soon as I understand it completely it will be very
useful.” Her son mentioned that she used V-Mail to print e-mails as a way to remember
information and take notes. This participant stated that she would continue to use
V-Mail after the study if more of her friends were added to the system because she has
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established communication routines with family and is seeking a better way to keep in
touch with friends, particularly those using e-mail.

The other participant (88, F) who did not previously use e-mail nor a computer fell
ill a few times during the four-week study. Although she did not print messages or
listen to messages, she sent four new messages with V-Mail. Moreover, she requested
to continue using V-Mail beyond the study period because she saw it as a way to keep
in touch with her family members who are all heavy e-mail users. We note that she has
Internet access in her apartment and owns an iPad but stated that she does not know
how to use it. Her family members were active in the study and coordinated in-person
“practice” sessions with her. She commented that V-Mail was “easy to use” and “simple”
for sending e-mail messages. She saw V-Mail as being useful for short messages, such
as coordinating meeting times, but also for keeping in touch with family members who
infrequently answer their cell phones, appreciating the asynchronous nature of e-mail.

Similarly, older adults’ social contacts involved in the study explained the benefits of
V-Mail for offline older adults. One contact noted the value of V-Mail “.. for an elderly
person not on the Internet, I do see the upside benefit.” Another stated, “This is a great
app for senior citizens. My mother-in-law would never touch a computer but this would
have worked well for her. I think it is essential to transmit pictures and e-mail messages
as it is presently set up to do.”

Another participant (81, F) was a novice e-mail user who just began using e-mail be-
fore the study, and she used V-Mail frequently. She initially had difficulty understand-
ing how messages were received, asking, “Do they hear my voice?” Although she did not
print messages, she soon became one of the most active users, sending 20 messages and
listening to 16 messages in four weeks. She stated that she wanted to continue using
V-Mail because it is a cost-effective way to communicate with long-distance friends who
tend to have long phone conversations. She also desired a notification feature where
V-Mail called her when a new e-mail message was received, rather than calling each
day to check for new messages.

Existing E-Mail Users: For older adults who already use e-mail, V-Mail offers con-
venience, simplicity, and increased situational access to e-mail. One participant ex-
plained, “It is right here. I do not have go downstairs or upstairs [to the computer room],
the convenience of it” (81, F). Another participant, who also checks e-mail on her iPad
said, “Well actually it’s easier on the phone ... because all you gotta do is dial that
number” (81, F). Another participant said “I do think it is particularly interesting for
older people,” and then continued to note that it enabled new communication for peo-
ple who are offline, “Well, simple because it is a way of ... getting a message and also
getting something for someone who might otherwise not hear from you” (84, F). Given
the “work” required to keep in touch by e-mail [Lindley et al. 2009; Hollinworth and
Hwang 2011; Hope et al. 2014], V-Mail enables sending spontaneous e-mail messages
without accessing a computer. One participant (85, M) explained:

“One thing of course [is] that we could use this if we were traveling ... If you are
away from your computer obviously or you don’t want to go through the bother of
opening up your computer, turning it on, and putting in your password. .. You can
use it spontaneously, if you suddenly have something ‘hey we want to tell you so
and such a thing.” Then that’s easier to do right then while you are thinking about
it. Just grab the phone.”

Similarly, one older adult mentioned the utility of V-Mail when she was ill. One
participant explained, “I didn’t feel good last week. .. I was just really tired” and that V-
Mail made it easier because “I don’t have to go downstairs” (81, F). Another perceived
benefit of V-Mail was for coordinating and communicating with offline peers, which
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was noted early on by Resnick [1992] but is still a challenge today for older adults. An
active computer and e-mail user said, “If that [V-Mail] were my method for contacting
my neighbors here, that would be good...” (81, F). Providing e-mail access to her offline
contacts through V-Mail would help her coordinate events: “If everybody [here] had
been hooked up, that would have been good but see they weren’t. .. And they could have
replied on here. I had to call them all about the open house.”

In contrast to these participants, a few participants did not see any benefit in V-Mail
over ordinary e-mail. These individuals either did not have any challenges accessing
e-mail or had already established sufficient communication routines with their con-
tacts. One participant who is a frequent e-mail user said of his contacts, “neither them
or I are finding this easier than the ordinary e-mail” (89+, M). Another user said she
still checks e-mail on her computer every day and does not find much value in this
approach (84, F).

5.3.3. Social and Conceptual Implications of V-Mail. Drawing on the richness of voice and
importance of phone communication for older adults [Dickinson and Hill 2007], we are
interested in understanding how these perspectives affected interaction with V-Mail,
both socially and conceptually. Older adults and their social contacts appreciated the
e-mails with voice attachments and e-mails being read aloud. One contact said, “It is
most enjoyable to hear the voices of [Allen] and [Rebecca]. . .” Another participant (81, F)
said, “it just seems more personal. . . than sending a regular email [on the computer]” (81,
F). Several participants explained the benefits of conveying a message through speech.
One participant (81, F) said, “I think you can communicate a little better because you're
talking rather than typing out an email. And I think you can explain things better.”
Another person (84, F) commented, “I think it would be easier because I could just chat
with herin a sense, telling her what I want to tell her without having to type it all out...”

As prior research shows, one advantage of composing e-mails on a computer is the
ability to reflect on a message before, and even after, sending it [Dickinson and Hill
2007]. One participant (85, M) mentioned the flexibility of sending messages by phone,
but noted a tradeoff with the reflection afforded by composing on a computer:

“I like writing and composing, and e-mail gives me a chance to write friends and
others and compose things just the way I want, which of course is one thing you
don’t do with voice...there are times where it’s easier to speak than to write... I
guess my main use of the computer is being used on conversations where I can
re-edit and look.”

V-Mail allows users to replay and re-record messages before sending, yet only three
participants used this feature. Furthermore, several participants mentioned that the
system was best for sending short messages, such as “Well, ‘hey we forgot to get in
touch with you on your birthday,”” and for “a quick question someone wants to ask”
(85, M).

Although V-Mail leverages the familiarity of traditional phones, the model of phone-
based communication led to some confusion about the asynchronous nature of V-Mail,
where participants wondered whether their contact would need to be immediately
available to respond. Older adults would often end their e-mail messages with “call me
back later” or ask the researcher “What if they don’t pick up?” Although the familiar
physical interface of a phone was useful in scaffolding interaction with the system,
the social practices of phone-based communication (e.g., expecting communication to
be reciprocated through the same medium it was sent, hanging up the phone after
recording a voicemail, hearing human speech) influenced and sometimes complicated
the experience. For example, the synthetic voice was too realistic for some older adults,
resulting in confusion when they perceived it to be their contact’s actual voice. These
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results open up a broader discussion of how to design effective voice interfaces for older
adults, particularly when voice systems support online interaction for individuals who
are otherwise offline.

6. DISCUSSION

This research contributes new insights into the design and utility of voice interfaces for
older adults, including implications for creating more accessible interfaces, increasing
online access, and challenges and limitations of this approach.

6.1. Designing Voice Interfaces for Older Adults

Results from our iterative design and evaluation of V-Mail provide recommendations
for the development of similar voice-based systems for older adults. We summarize
these recommendations below:

—Use a male, low-pitched synthetic voice, confirming Lines and Hone [2002].

—A natural sounding voice is desirable but may cause initial confusion.

—Support keypad input rather than relying on speech recognition for input, also in-
formed by Patel et al. [2009] and Wolters et al. [2009a].

—Present two to three menu options at a time, with items structured as option descrip-
tion then keypad number.

—Map menu options to a single keypad value throughout the system, even within
submenus, because overloading keys with different commands confused users G.e.,
overloading in Usability and Initial Usage section of field testing).

—Have menu options represented on a printed guide.

Although we used these design recommendations within an e-mail client, they could
be applied to better support older adults using smartphones with speech interfaces as
well as screen readers for older people with vision loss, which we discuss next.

6.2. For Whom and When Is Voice-Based Online Access Appropriate?

Much research focuses on improving interface accessibility for older adults, yet consid-
ering new avenues for increasing online access is equally important. Smartphone and
tablet computers can improve access to online communication for many older adults,
but adoption among the oldest old is low, with less than 10% of seniors age 80+ owning
these devices [Smith 2014]. We see V-Mail as a niche approach that may work well for
select groups of older adults, primarily individuals who are not current e-mail users
due to disability and/or do not have regular access to an online computer.

For many older adults, regular access to an online computer is still a pressing concern
due to physical proximity, income, or disability [Smith 2014; Zickuhr et al. 2013; Aging
in Place Technology Watch 2011]. V-Mail provides Internet access by phone at a rela-
tively low cost in comparison to the monthly cost of Internet service and maintaining a
home computer (e.g., each phone call to V-Mail costs approximately three cents). Such
low-cost online access may be important to some groups of older adults, similar to its
impact in the developing world [Patel et al. 2009; Sambasivan et al. 2011]. Similarly,
phone-based services may be important to older adults who are physically unable to
access a computer. One informant from our field work who was unable to participate
in user testing indicated that severe mobility challenges prevent her from using the
computer, although she would like to. She said that e-mail over a telephone “would be
a miracle” given the barriers she faces in physically accessing and using a computer.
Although most study participants made minimal use of V-Mail during the deployment,
primarily because these individuals could access e-mail through other means, the sys-
tem provided a new way of accessing e-mail for those who were still offline due to cost
reasons, mobility limitations, or challenges learning to use computers.
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Our data suggest that another user group who may benefit from V-Mail’s approach
is older adults with vision impairments who are either offline or are experiencing
increasing difficulty with graphical or visual e-mail clients. Although we do not report
system usage with older adults with vision impairments, study participants noted that
V-Mail may be particularly relevant to these individuals. One older adult mentioned
her neighbor who is “100 years old and very active. .. Her eyesight is going and she
thought this would be a great idea, because she likes to keep in touch and they both
use email over the years but she can’t type anymore or read the messages too well”
(84, F). Another participant mentioned that he does not need V-Mail now but will in
a few years, highlighting both the changing abilities in older adulthood and need for
technologies to help people maintain online communication in the later stages of life.

For seniors who are already active online, V-Mail may not be an optimal solution.
However, our data suggest that V-Mail may, in some cases, help increase situational
access when one is traveling or ill and unable to access a regular computer. In this
way, V-Mail could potentially fill gaps in one’s communication practices rather than
be the primary way of accessing e-mail. Additionally, some participants noted that
the ease of checking e-mail without needing to open up a computer or visit a shared
computer room was an advantage of V-Mail. For older adults without smart mobile
devices, such lightweight alternatives may be important for more spontaneous access
to e-mail, which could help alleviate some of the “work” of keeping in touch described
by older adults who are active on e-mail [Lindley et al. 2009; Hollinworth and Hwang
2011; Hope et al. 2014].

6.3. Supporting Networks with Offline and Online Members

Throughout our data collection period, we observed older adults making great efforts
to connect with their offline peers, and, in parallel, we learned of many older adults
who wanted to use e-mail but were unable to due to various reasons. For social groups
in which some members are still offline, phone-based systems may address important
communication and coordination needs. Active e-mail users in our study suggested
V-Mail as a way of coordinating events with their peers who do not use e-mail on a
regular computer. In turn, others without e-mail were excluded from social events only
publicized online, such as one participant who was left out of book club notifications
by not using e-mail. Understanding how new technologies can foster late-life social
connectedness is a difficult challenge, largely because of the perpetual changes in this
demographic. While the current oldest generation is less likely to be online [Smith
2014], future generations will be more connected. However, a topic of much debate
(e.g., Hanson [2009]) is whether future generations will be able to stay connected in
the later stages of life due to age-related disability. In our research, we have observed
this “drop off” in how older adults access computers and go online due to late-life
disability, and, as such, we see voice interfaces as providing new opportunities for
those who were once active online but face challenges in sustaining computer use due
to age-related impairments.

6.4. Challenges and Limitations of Voice-Based Online Communication

Although the present work provides an exploration into the design of voice-based online
communication for older adults, it also reveals several social and technical challenges
with this approach. We note that one limitation of our field study is that participants
made minimal use of the system. We believe there was limited use of V-Mail during
the field trial because the older adults who self-selected to participate were primarily
already computer owners and e-mail users. Our findings showed that participants who
did not own a computer were more active with the system and thought the system was
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more useful for their own communication needs. Future deployments of V-Mail will
focus on seniors who do not have regular computer or Internet access.

Nonetheless, the present study highlights several social challenges inherent in blend-
ing these modes of communication. As we observed, some older adults were confused
about the asynchronous nature of V-Mail, expecting the system to have the synchronous
nature of phone communication. The development and early field evaluation of V-Mail
raises questions of how blending voice-based interaction via phones with asynchronous
online communication (e.g., e-mail) may affect older adults’ adoption of various com-
munications technologies and their use over time. Computer anxiety and self-efficacy
strongly impact older adult’s usage of technology [Czaja et al. 2006], yet the key pre-
dictors to technology acceptance is ease of use and usefulness [Mitzner et al. 2010].
This prior work shows that older adults already see the value and usefulness of e-mail
for communication [Mitzner et al. 2010], and V-Mail may enable adoption of e-mail for
individuals without the access or ability to use modern graphical displays. Further,
this approach may alter expected patterns of technology adoption, as suggested by the
Technology Acceptance Model [Davis et al. 1989], and change the ways in which both
telephone calls and graphical e-mail accounts are used. For example, longer-term usage
of V-Mail could lead to distinct e-mail practices based on the affordances of voice input
via phones, such as sending longer messages because older adults no longer need to
type out a message or using the system to convey affect not possible in text-only e-mails
(e.g., singing the birthday song). In contrast, using the system over time could lead to
more conversational and informal e-mails from older adults’ social contacts due to the
affordances of having the text-to-speech message played over the older adults’ phone.

Although the basic V-Mail system is useful as a proof-of-concept, there are broader
technical considerations of this approach. For example, with V-Mail, traditional phones
function as an auxiliary interface for e-mail, which requires such systems to work in
conjunction with a traditional e-mail account. Our system forwards messages from an
existing e-mail account to the voice-based system to allow delivery of a subset of content
marked as important by the user, which helps alleviate spam, but may in the long-run
introduce challenges with feature support between these interfaces. Handling e-mails
with heavy graphical content, HTML forms, or attachments will pose other challenges,
and one approach is to identify these messages and provide audio instructions for that
type of content (e.g., print this message). Extending our initial system, other features
such as sending e-mails to multiple recipients and entering new e-mail addresses over
the phone, must be examined. Furthermore, the security and privacy of similar online
systems for seniors is a known concern [Garg et al. 2012], and V-Mail could be improved
by integrating existing techniques (e.g., two-step authentication with a PIN).

Another limitation of voice-based interaction for older adults is that it relies on
hearing ability, and hearing loss is pervasive in older adulthood. We anticipated that
normal late-life hearing loss would present a more substantial problem for older adult
participants than it did, and hearing loss was not raised as a significant issue in the
early prototype usability testing or field study. Although the volume of audio playback
in our particular system must be adjusted, we learned that the quality of the synthe-
sized speech was clear and understandable for most participants using their personal
telephones. Moreover, older adults are already using adaptive techniques with phones
to maintain this critical communication channel (e.g., Bluetooth hearing aids, caption
phones), and it is important to integrate and ensure compatibility with these assistive
devices.

7. CONCLUSION

E-mail is the most common form of online communication for older adults. As such,
much work focuses on designing simplified graphical interfaces to support the needs
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of older adults. However, our analysis indicates that age-related disability, limited
access to computers, and cost structures still present challenges for many seniors in
accessing and maintaining e-mail usage. Grounded in extensive field work, this article
examines the design, usability, and appeal of a voice-based interface for e-mail that uses
traditional phones. Results from a four-week field study of the developed voice-based e-
mail system indicate that this approach has the potential to help older adults maintain
e-mail communication in the later stages of life and presents new opportunities for
interaction among networks of seniors who are offline. Additionally, we provide concrete
and empirically driven recommendations for designing voice interfaces for older adults,
hoping to inform and encourage subsequent work that explores the possibilities of
using the pervasive and familiar interface of phones to foster new forms of online
communication for older adults.
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