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Abstract. We developed a new augmented communications environment  
which aims to engender a greater sense of social proximity to geographically 
distributed family members and improve their emotional well-being. First, a 
field study was conducted to determine important peripheral communication 
cues for sensing presence and mood of family members as well as memory 
triggers. Secondly, the design principles were extracted from the study results to 
guide the development of a first-of-a-kind prototype, the “SharedEpisodes” that 
delivers visual peripheral cues along the line with the story of family episodes. 
Finally, an initial field evaluation was conducted. Overall responses of the 
participants indicated positive for this type of communications environment that 
supports the awareness of the presence and state of family members, and the 
exchange of peripheral communication cues based on family episodes. Future 
works involve methodological improvement and prototype enhancements 
including the choice of alternative modality. 
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1   Introduction 

This paper describes an effort to develop a new augmented communications environment 
which aims to engender a greater sense of social proximity to geographically distributed 
family members. We focus on the issues of supporting the exchange of peripheral 
communication cues individual family cultivated while they lived together [1] and the 
improvement of emotional well-being of families that live apart. The present research 
consists of a field study of peripheral communication cues in family relationships, 
development of an augmented communications environment based on the field study and 
its initial field evaluation. 

1.1   Social Background 

The recent change of the social structure [2] and family composition steadily influences 
the transformation of family functioning [3] and view of the family [4][5]. The number 
of families that live apart, either by choice or necessity, has been increasing due to 
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various social circumstances. Additional trends, in part due to greater longevity, indicate 
a growing elderly population, often living in isolation from the rest of their families. In 
Japan, the percentage of people living alone including elderly people who live solitary 
lives increased by a staggering 28.6% between 1995 and 2005, while there was a drop 
of 2.5% in the percentage of nuclear family households [6]. This seems to be the trend 
for the next decades. Similarly, in the United States, the proportion of nuclear family 
households (two married parents and a child) dropped from 40% of all households in 
1970 to 23% in 2005, while in the same period, the number of single adult households 
climbed from 16% to 28% [7].  

These dramatic shifts in household composition entail significant changes in the 
nature of family relationships and, we argue, place increased importance on the role 
of communications technology for social benefit. 

1.2   Related Works: Supporting Families Who Live-Apart 

Field studies of technology use in the home have been conducted for a variety of 
purposes include natural observational studies of family awareness [8] and assist 
family members living apart, in particular, seniors. Such technologies include a jacket 
for “hug over a distance” [9], family portraits [10], an augmented “planter” [11], a 
synchronized décor [12], information organizing systems [13], and an interactive 
installation supporting touch over a distance [14].  

Social and emotional factors have also been considered within the eldercare 
experience of “aging in place” [15]. However, there have been comparatively few studies 
on the details of background communication among close individuals [11].  

2   Peripheral Communications 

We believe that the reflection of individual family values in their life-world is 
important for developing communications support for family. Those values are 
associated with family episodes, memorabilia, emotional bond or attachments [16], 
habits, communication styles and special objects they keep in their homes [17]. 

People who live together consciously or unconsciously convey, perceive, and share 
various peripheral information in their everyday lives (Fig. 1). Examples include the 
cues of tone of voice, singing in the kitchen or shower, the pace of footsteps, doors 
being opened or slammed shut, light or music leaking through a door, movement of 
personal belongings such as keys, hats and bags of family members, and the aroma of 
coffee brewing or cookies baking. Each family has individual style of using these 
cues to gain awareness of the mood or physical presence of other family members. 
When family members move apart, these cues are no longer shared, which, we 
believe, diminishes the sense of close contact the family previously enjoyed.  

Our research project is investigating how technology can help convey these subtle, 
but significant elements of peripheral information to family members or partners 
living apart, so as to increase peripheral awareness of the state of loved ones without 
the technology becoming intrusive or overly demanding of foreground attention. 
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Fig. 1. Family who live together convey, perceive, and exchange various peripheral 
communication cues among family members. They sometimes use these cues to gain awareness 
of the mood or physical presence of other family members. 

3   Field Study: Seniors and Their Families 

In the design of a communications environment for close individuals who live apart, 
we believe that it is important to understand meaningful peripheral cues and family 
episodes, and how those cues are used by these individuals while living together. We 
conducted a field study consisting of a series of empirical sessions by combining 
multiple qualitative research methods. The aims were to collect and determine 
important peripheral cues for sensing presence and mood of family members, family 
episodes, memory triggers that evoke feelings of missing one another, and verify that 
our assumptions concerning the use of peripheral communications were valid. 

3.1   Method and Research Settings 

The session of the field study involves interactive semi-structured interviews, 
completion of a questionnaire, in-situ contextual inquiry, and open-ended discussion.  

Eight respondents (one male and seven female), ranging between 48 and 83 years 
of age, participated. We also conducted complementary interviews with two care 
personnel of an assisted-living facility to understand background of everyday lives of 
elderly residents staying in the facility. These respondents were classified into three 
classes based on the current resident status; namely an elderly couple, pairs of elderly 
solitary parent and an independent child, and residents living in an assisted-living 
facility. Table 1 summarizes the profile of these individuals.  

The field study took place in the suburbs of Tokyo, Japan, between July and 
December of 2008. The sessions, spread over several weeks, were conducted on an 
individual basis to assure participants’ privacy and divided into two or three 
components. Table 2 describes overview of the sessions of our field study. Prior to the 
interviews, the introductory session facilitated for participants a better understanding 
and awareness of their everyday background communications with family members as 
well as the establishment of an appropriate rapport. The typical topics of the sessions 
included (a) profile information including family structure and overview of family 
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history, conversational partner, topics, frequency, and method of communication, (b) 
cues for sensing presence of other family member, (c) cues for sensing mood of other 
family member, (d) memory triggers that evoke feelings of missing, (e) family 
memorabilia while living together and living-apart, (f) topics they wish to convey, and 
reality of their everyday situations of family communications. 

Table 1. Summary of profiles of the respondents 

Living apart from # Class / Relation Gender 
/ Age Family Duration

Living with 

1 mother F 83 daughter n/a 
2 daughter (married) F 58 parent 

30 years
husband, son 

3 mother F 79 daughter n/a 
4 

 
elderly solitary parent 
& independent child 

daughter (married) F 48 parent 20 years husband, son 
5 husband (in hospital) M 83 partner n/a 
6 elderly couple wife F 74 partner 4 years son 
7 F 81 son 30 years n/a 
8 resident living in an assisted-living facility F 83 sister 13 years n/a 

Table 2. Overview of a structure and topics for the field study session 

# Module Detail 
1 • informed consent, 

rapport building 
• questionnaire,  
• semi-structured interview. 

1. introduction,  
2. profile information including family structure and family history, 
3. conversational partner, topics, frequency, method of communication, 
4. cues for sensing presence and mood of other family member, 
5. memory triggers that evoke feelings of missing, 

 2, 
 

(3) 

• informed consent, 
• questionnaire, 
• semi-structured interview, 

in-situ contextual inquiry, 
• open-ended discussion. 

6. cues for sensing presence and mood of other family member 
(cont’d), 

7. memory triggers that evoke feelings of missing (cont’d), 
8. family memorabilia (while living together and living-apart), 
9. topics you wish to convey, a gap between the wish and reality in 

their everyday family communications, 
10. debriefing. 

3.2   Analysis 

Approximately sixteen hours of verbal reports were obtained from the field interviews 
over sixteen sessions in total and contained a broad range of topics relating to 
communication practice among the families. 

All the verbal reports obtained from the field interviews were transcribed and 
analyzed according to a standardized analysis procedure of the VPA Method [18]. In 
this method, analysts first clarify the analysis viewpoints and define an analytic model 
that consists of a set of specific terms for characterizing the data. Then, analysts 
consistently characterize bulk of verbal reports using a standardized procedure of the 
“Segmentation & Tagging.” All the transcripts are divided into segments. Each 
segment is encoded with a tag, a combination of the attributes selected from each 
analysis viewpoints of the analytic model. In this study, the following viewpoints 
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were established for encoding: (a) topical themes (e.g. recent news, memorable 
episode), (b) situation (Five Ws), (c) relationship with the person mentioned, (d) 
primary modality and (e) emotional response to the topic. 

3.3   Results 

The field interviews involved a very broad topics such as recent joyful news from a 
grandchild, a regrettable incident with a married son, as well as family memorabilia 
during a few decades of family histories, what kind of cues were used, and how those 
cues were used for gaining the awareness of the moods of family members. 

Use of Conventional Communications Media. Several shortcomings of conventional 
communications media were noted. In general, emotional characteristics of 
communications, including one's overall mood and expressions of sarcasm or humor, 
were felt to be not as easily conveyed through communications media as in person. In 
particular, senior participants were hesitant to initiate contact using telecommunications 
technologies even when they wish to speak with their loved ones. 

Peripheral Cues. A total of 54 distinct peripheral communication cues were 
identified. These were analyzed according to the primary modality of individual cues 
(Table 3). Reference data obtained from our previous study using the same research 
framework for young adults in Montreal [1] are also presented (Table 3, right). The 
results indicate that visual (Tokyo:68.5%; Montreal:43.5%) and auditory (13.0%; 
46.0%) were the two dominant modalities of peripheral communication cues with 
family. Very few cues were reported for olfactory (5.6%; 3.1%). A small number of 
cues involved the other modalities of somatosensory (0%; 1.9%), taste (0%; 0%), and 
multiple modalities over a particular interval, or did not involve any particular 
modality information. These were classified in “others” (13.0%; 7.5%).  

Table 3. Summary of peripheral communication cues obtained from the field study for elderly 
persons and their families in Tokyo (left), and reference data from our previous field study 
using the same research framework for young adults and their families in Montreal (right) 

(a) Tokyo (b) Montreal  (Kinoe & Cooperstock, 2007) 
Peripheral cues Peripheral cues # Gender

/Age 
Living 
apart 
from 

Vis
ual 

Aud
itory 

Olfact
ory 

Oth
er 

# Gender/
Age 

Living 
apart 
from 

Vis
ual 

Aud
itory

Olfact
ory 

Oth
er 

1 F 83 daughter 4 0 0 2 1 M 26 brother 14 14 0 0 
2 F 58 parent 6 2 0 2 2 M 23 brother 17 16 1 0 
3 F 79 daughter 4 0 0 1 3 F 19 parent 9 16 0 3 
4 F 48 parent 6 0 0 0 4 F 22 partner 4 3 1 0 
5 M 83 partner 6 1 2 1 5 F 22 partner 13 9 0 4 
6 F 74 partner 8 3 0 1 6 F 23 partner 9 13 3 2 
7 F 81 son 3 1 1 0 7 F 23 partner 4 3 0 0 
8 F 83 sister 0 0 0 0         

Unforgettable Episodes of Family. Interestingly, significant portion of peripheral 
communication cues were mentioned in association with their family episodes. Those 
episodes concretely describe how they used the cues in a particular situation (i.e. Five 
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Ws) with a particular affect. For example, the participant #4 in Tokyo genially smiled 
and described that a mother’s cane staying put in its holder was an explicit cue 
intelligibly indicating her mother was in good condition. 

Family episodes seem essential and sometimes work as a kind of symbol of their 
close relationships among the families that live-apart. Their semantics of the cues 
within family members have been developed through a long period of their life 
history even though these were not so meaningful to others. 

4   Designing Peripheral Communication Services 

Based on the analysis results of the field study, the design principles were established 
to guide the development of a first-of-a-kind prototype for peripheral communication 
services. The principles were continuously refined and played a role of the 
cornerstone throughout the development. 

4.1   Design Principles 

The following principles were established for designing a prototype which aims to 
support geographically distributed families to maintain and cultivate their relationships 
in a natural way. 

 

• Principle #1: Allow family members to exchange their unique peripheral 
communications cues at the adequate level of fidelity. 

• Principle #2: Snuggle up to family members’ everyday lives without their noticing. 
No additional attentions and actions are required for initiating and terminating their 
peripheral communications. 

• Principle #3: Deliver their cues along the line with the story of family episodes. 

4.2   The “SharedEpisodes”: A Prototype for Peripheral Communications 

We developed several types of design prototype for facilitating peripheral 
communications among family members by utilizing different modality of peripheral 
communication cues such as visual, auditory and cutaneous sensation. The 
“SharedEpisodes” is a first-of-a-kind prototype which emphasizes on visual cues. First, 
based on the analysis of field study, several distinctive family episodes were selected 
from the field interviews and decomposed into elements of the target situation. 
Secondly, core features of the target family episode were incorporated into three levels 
of the layers of a prototype, namely basic, common and episode-specific. 

The “SharedEpisodes” senses specific events and peripheral communication cues 
caused by a family member’s behavior and visually delivers those cues to the remote 
party. Fig. 2 shows an example of its application featuring (a) the episode#1 of an 
elderly mother and her daughter and (b) the episode #2 of an elderly couple. 

Focus Episode #1: between elderly mother and her married daughter. A married 
daughter living with her husband and children often concerns health condition of her 
elderly mother who lives-apart. Her mother often enjoys going for a walk and 
sometimes leaves a cane when being in a good condition. While she lived with her 
mother, she reasoned about her mother’s condition by seeing a cane left in its holder 
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near the front door. The “SharedEpisodes” supports their peripheral communications 
based on the episode. It senses contact state between a mother’s cane and its holder by 
using RFID tags/reader and then delivers the scene of her mother’s favorite cane 
resting in its holder to a digital picture frame in her daughter’s house (Fig. 2-a). This 
aims to help the daughter imagine her mother’s condition through visual imagery of 
personal relevance, without any intentional foreground communication. 

Focus Episode #2: between wife and her husband staying in a hospital. The 
husband of an elderly couple had been stayed in a hospital for several years. His wife 
hesitates making a call as it’s limited in a hospital. They engendered various 
heartwarming memories concerning gardening while they lived together. The husband 
well knows his wife enjoys gardening habitually at the turn of the year and 
remembers a beautiful hanging basket she made for him. The “SharedEpisodes” thus 
senses the movement of her trowel used in gardening and contact state between a 
trowel and hanging basket in the garden by using RFID tags/reader and then visually 
delivers the cues to a digital picture frame in a hospital room (Fig. 2-b). This aims to 
help the husband imagine his wife’s everyday life especially gardening through visual 
imagery of personal relevance, without any intentional foreground communication.  

 
 
(a)  
Elderly mother and her 
married daughter 

 

 
 
(b)  
Elderly couple – wife 
and her husband who is 
hospitalized for a long 
time 

 

Fig. 2. The “SharedEpisodes” is a prototype for peripheral communications services. It senses 
meaningful events and peripheral communication cues caused by a family member’s specific 
behavior and visually delivers those cues to the remote party. 

5   Evaluation of the “SharedEpisodes” 

We conducted a quick field evaluation of the “SharedEpisodes.” The aims were to 
evaluate its effects on family communications, their relationships and emotional well-
being, and validate our design principles previously established. 
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5.1   Methods and Research Settings 

The field evaluation took place in the suburbs of Tokyo, Japan, between December of 
2008 and January of 2009. Four respondents including a pair of elderly mother and 
her daughter (participants #3, #4 in Table 1) and an elderly couple (participants #5, #6 
in Table 1) who joined our previous field study, ranging between 48 and 83 years of 
age, again participated. It involves interactive semi-structured interviews, completion 
of a questionnaire and an open-ended discussion. The “SharedEpisodes” was installed 
in their living spaces. Due to the network limitation, the tool was modified to deliver 
the cues previously recorded off-line. The participants were asked to evaluate a total 
communications environment including the tool after they used it for seven days. The 
interview sessions were conducted on an individual basis and also asked to answer the 
same questionnaire at the timing of start and end of the deployment. 

5.2   Results 

Three participants excluding the participant #3 (an elderly mother) claimed that the 
“SharedEpisodes” facilitated increasing opportunities for remembering family 
members and gaining the awareness of their presences. However, their responses were 
not always naively positive, but also contained complicated and sensitive feelings for 
gaining the awareness of the presence of their family members.  

Several changes between pre and post deployment of the prototype were found in 
the responses from the participants #4 (daughter of an elderly mother) and #6 (wife of 
an elderly couple) to a part of questionnaires on the status of their well-being. The 
participant #6 changed her answer to “completely agree” (post) from “agree” (pre) for 
the question “I feel a warm bond with my family member.” She claimed she could 
foster various aspects of her husband staying in a hospital while using the prototype. 
On the other hand, the participant #4 changed her answer to “completely agree” (post) 
from “somewhat agree” (pre) for the question “I get anxious about my life in the 
future.” She explained that after she began to use the prototype she paused to realize a 
great influence of the presence of her mother on her and became anxious with a 
possible pain of the loss of the presence of her mother in the future. 

5.3   Discussions 

Contextual Use of Family Episodes. The participants’ overall responses indicated 
positive for communication support that aims to facilitate peripheral communications 
among family living-apart, along the line with the story of family-specific episodes. 

Mixed Feelings. One of the expected effects was to allay anxieties of the audience; 
however, the responses were more complex. For example, the participant #4’s 
response obviously involved mixed feelings of gratefulness and anxieties for her 
mother while gaining the awareness of the presence of the mother. It is suggested that 
a process of maintaining a close relationship of family involves not only delightful but 
also essentially mixed, sensitive, and sometimes anxious feelings for the family. 

Enhancing the Design Principles. Our strategy is to deploy the design principles 
throughout the development. The design principles #1, #2 and #3 provided a useful 
framework but are insufficient for realizing successful peripheral communication 
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services. The results suggested the importance of allowing users to overlook or be 
unaware of the cues by obscuring them in the background when users don’t need 
them. This requirement closely relates to the key concept “periphery” [19]. 

The Choice of Modality and Presentation Method. A digital picture frame was 
very helpful for presenting the cues visually in a household setting, yet it sometimes 
attracted a certain degree of unexpected attentions of users. Ambient display 
technology or “peripheral audio” [1] will be a considerable alternative. 

Methodology and Process for Developing Peripheral Communications Services. 
Recently, various service engineering processes were presented. Anaby-Tavor et al. 
proposed a model-driven process consisting of a sequence of activities: analysis, 
strategy design, development, and deployment [20]. Our methodology adopted in this 
study provides a sub process that consists of (a) qualitative research in the field, (b) 
qualitative analysis and derivation of family values including cues, episodes, 
memorabilia of family, (c) establishment of design principles, and (d) development of 
peripheral communications environment and its field evaluation. These correspond to 
the analysis, design and development phases of the process. 

6   Conclusion 

We developed a peripheral communications environment which aims to engender a 
greater sense of social proximity to distributed family members by facilitating the 
exchange of peripheral communication cues among family living-apart.  

A field study was conducted to determine important peripheral communication 
cues and episodes in family relationships. The design principles were established to 
guide the development of the “SharedEpisodes,” a prototype that delivers visual cues 
along the line with the story of family episodes. An initial field evaluation was also 
conducted. The participants’ overall responses indicated positive for the tool, but also 
seemed to involve mixed feelings. We are assessing the effectiveness of peripheral 
technologies as related to various design factors such as the choice of modalities, use 
of high- or low-fidelity media, and the contextual use of family-specific episodes, and 
evaluate their influence on users’ emotional responses. Our future works involve 
methodological enhancements, refinement of the design principles and prototype 
including the choice of alternative modality.  

We hope that this study, and the associated technologies being developed, will 
stimulate further research into the use of peripheral communications, helping distributed 
family members maintain awareness of each other’s state and emotional well-being. 
Potential audience of our peripheral technology seems to include close individuals also 
in different conditions of separation such as diaspora and immigrants. 
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