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Abstract. Ambient Interfaces present digital information in the physical environ-

ment of the user (e.g., as light or sound). Connectedness refers to a feeling of 

being connected or related to another person over distance. Since Connectedness 

is a low-fidelity and long-lasting interaction, Ambient Interfaces offer a high po-

tential to support it effectively and efficiently. This scoping review examines 

Ambient Interfaces supporting Connectedness. The goal is to distil the character-

istics of current Ambient Interfaces facilitating Connectedness. We found 671 

publications and reduced it to a final corpus of 24 works, contributing 33 systems. 

Those systems showed interesting patterns of input and output modalities as well 

as direction and user attention. 

Keywords: Ambient Interface, Ambient Display, Connectedness, Literature 

Review. 

1 Introduction 

Seamlessly integrating digital information into everyday settings has long been a topic 

of Human-Computer Interaction and Ubiquitous Computing (cf. [16, 47]). Several de-

vices for presenting information to users peripherally have been researched and devel-

oped. Such devices take advantage of the physical environment and are known as Am-

bient Displays [50]. This concept is extended by Ambient Interfaces, which “use the 

whole environment of the user for the interaction between the user and the system” [18, 

p. 68]. Ambient Interfaces present digital information in the physical environment of 

the user, for instance as light or sound. They can either complement the computer or 

can be used without the computer. Very often, they leverage the user’s peripheral per-

ception. They present information in a subtle way, to inform the user without distracting 

them [17]. This peripheral nature makes them particularly suitable for long-lasting in-

teractions that primarily take place in the background of the user’s attention. 

One such long-lasting interaction in Human-Computer Interaction and Computer-

Mediated Communication is Connectedness, where geographically distributed users 

want to stay in touch with each other. Typically, this staying in touch is in the back-

ground, rather than an explicit high-fidelity interaction such as a phone call or video 

conference (cf. [43]). Connectedness can be defined as “the feeling of being in touch 
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with [another person]” [20, p. 928]. It can be a strong and pleasant experience [20]. 

Connectedness may also reduce loneliness. Decreased social interaction and loneliness 

have been identified as severe problems during the COVID-19 pandemic [13]. How-

ever, data from 2000-2019 (before the COVID-19 pandemic) suggested that problem-

atic “levels of loneliness are experienced by a substantial proportion of the population 

in many countries” [44, p. 1].  

We use the term Ambient Connectedness to describe the intersection of Ambient 

Interfaces and Connectedness—particularly the use of the core capabilities of Ambient 

Interfaces for supporting Connectedness.  

Despite the importance and the timeliness of this topic, systematic overviews of the 

current state of Ambient Connectedness are rare. This highlights the necessity of con-

ducting such a review. Our scoping review sets out to answer the following research 

question: What are the characteristics of the current Ambient Interfaces used for sup-

porting Connectedness? 

In order to address this research question, we searched several databases, yielding 

671 works. We identified 24 works contribution 33 systems facilitating Connectedness 

between humans separated by distance. We identified interesting characteristics of 

those systems, which led us to derive implications for design.  

2 Related Work  

Previous research over the last decades in Human-Computer Interaction and Computer-

Supported Cooperative Work has many contributions on Ambient Interfaces for Con-

nectedness, some literature reviews on Ambient Interfaces per se, and literature reviews 

on Connectedness per se.  

2.1 Ambient Connectedness  

Many works contribute Ambient Interfaces that facilitate Connectedness. Early con-

cepts include Feather, Scent, and Shaker [43]. These objects integrate into the user’s 

environment to subtly signal the presence of an intimate partner or friend. Another early 

example is the Bench object [12, 15]. Paired benches, equipped with heaters and sen-

sors, communicate their occupancy through temperature. “When someone sits on one 

of two cold steel benches located in different cities, a corresponding position on the 

other bench warms up” [12, p. 64]. Other ground-breaking work was conducted by 

Wisneski et al. [50], who introduced several Ambient Interfaces and explained the im-

portance of modalities in such systems. Recent work features wireless networking. One 

example is the Nimio system by Brewer et al. [7]. It consists of connected, interactive 

toys which trigger one another when moved or when a nearby sound is detected. Other 

recent examples include the There Chair, Fragrance Frame, and ReminiScents objects 

by Shakeri et al. [41]. These Ambient Interfaces integrate into the users’ homes and 

facilitate Connectedness between family members separated by distance. 
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2.2 Literature Reviews on Ambient Interfaces  

Three literature reviews provide an overview of works contributing Ambient Interfaces 

and Ambient Displays. Börner et al. [5], Börner et al. [6] conducted two literature re-

views of works featuring Ambient Displays for learning. In the first review, 53 works 

were deemed eligible, while in the second review, 69 works were included. In both 

reviews, they searched the ACM Digital Library, the IEEE Computer Society Digital 

Library, and SpringerLink. The years searched ranged from 2000 to 2010, for both re-

views. The authors employed different search strategies between the databases. They 

used the keyword “Ambient Display” for SpringerLink and IEEE Computer Society 

Digital Library. For ACM Digital Library, they used the author keywords “Ambient” 

and “Display.” In a more recent review, Shelton and Nesbitt [42] provide an overview 

of 459 Ambient Displays from 410 works. They searched the ACM Digital Library, 

IEEE Xplore, Scopus, and Web of Science. The years searched ranged from 1996 to 

2016. The keywords used were “Ambient Display,” “Ambient Information System,” 

and “Peripheral Display.” The authors searched for works in English.  

However, these reviews do not specifically address the intersection with Connected-

ness.  

2.3 Literature Reviews on Connectedness  

Some literature reviews provide an overview of works related to Connectedness. One 

recent example is a broad systematic review by Wenhart et al. [48], which investigates 

works contributing various systems facilitating Relatedness. Relatedness is closely 

linked to but distinct from Connectedness and defined as “the need to feel belonging-

ness and connectedness with others” [39, p. 73, 48, p. 2]. In the 208 works in their final 

corpus, they identified 241 concepts or prototypes of systems facilitating Relatedness. 

They searched ACM Digital Library for works in English.  

However, this review does not specifically focus on Ambient Interfaces and includes 

other types of devices as well. 

2.4 Literature Reviews on Ambient Connectedness 

To the best of our knowledge, a thorough review of works on the intersection of Am-

bient Interfaces and Connectedness has not been conducted. Therefore, there is a need 

to conduct such a literature review. 

3 Method  

Our approach is based on the PRISMA Extension for Scoping Reviews (PRISMA-ScR) 

[45]. Scoping reviews have for our purpose the great advantage over systematic reviews 

that they typically answer broader questions and that they do not require an assessment 

of risk of bias [45]. We also used the previous literature reviews on Ambient Displays 

[5, 6, 42] as well as the scoping review conducted by Ringfort-Felner et al. [37] to guide 
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the design of our method. In this section, we describe our search strategy, screening 

process, final corpus, and analysis. 

3.1 Search Strategy  

We searched subject-specific databases, including the ACM Digital Library, EUSSET 

Digital Library, GI Digital Library, IEEE Computer Society Digital Library, IEEE 

Xplore, and SpringerLink. Our choice of databases was inspired by the previous litera-

ture reviews on Ambient Displays [5, 6, 42], and contained works from journals and 

conferences related to the subject matter. Some examples of journals and conferences 

included are CHI, DIS, TEI in the ACM Digital Library; JCSCW, ECSCW in the 

EUSSET Digital Library; i-com in the GI Digital Library); IEEE Pervasive Computing 

in the IEEE Computer Society Digital Library; IEEE PerCom in IEEE Xplore; and 

HCII, DAPI, etc. in SpringerLink. Additionally, we corroborated our results by search-

ing Web of Science, which indexes works from various sources. We used JavaScript to 

extract the entries from the search results. 

We searched for recent works from the last decade of 2016 until 2025. One reason 

was that we wanted to follow up on Shelton and Nesbitt [42] until the year 2016. We 

were looking for works in English (to ensure international accessibility), and published 

in scientific journals or conference proceedings (to ensure high-quality, academic re-

sults).  

Table 1. Summary of the filters used in our search. 

Filter Value 

Years 2016–2025 

Language English 

Types Journal articles, conference proceedings 

 

We first conducted an initial search on 5 August 2025. Our search query consisted 

of keywords based on the previous literature reviews on Ambient Displays [5, 6, 42] as 

well as keywords commonly associated with Connectedness. The initial search query 

was as follows:  

("Ambient Display" OR "Ambient Information System" OR "Ambient Interface" OR 

"Peripheral Display") AND ("Awareness" OR "Connectedness" OR "Distance" OR 

"Proximity" OR "Togetherness") 

We searched within all available fields. This initial search yielded 573 results. To 

assess the comprehensiveness of these results, we cross-checked them with known 

related work. Thereby, we identified keywords not included in our initial search query. 

We conducted an extended search on 14 August 2025, which included all initial 

keywords as well as the new keywords we identified. The extended search query was 

as follows:  

("Ambient Device" OR "Ambient Display" OR "Ambient Information System" OR 

"Ambient Interface" OR "Ambient Technology" OR "Peripheral Display") AND 
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("Awareness" OR "Connectedness" OR "Distance" OR "LDR" OR "Proximity" OR 

"Togetherness") 

The extended search yielded 671 final results, which included all results of the initial 

search as well as new results. 

3.2 Screening  

Two reviewers independently decided on the inclusion or exclusion of a work by 

screening the title and abstract of the 671 results. Our inclusion and exclusion criteria 

were inspired by Ringfort-Felner et al. [37] (cf. Table 2). Included works had to con-

tribute at least one original concept or prototype of an Ambient Interface facilitating 

Connectedness between humans separated by distance (i.e. Ambient Connectedness) 

(IC1) as well as being academic (IC2). Both IC1 and IC2 had to be met for a work to 

be included.  

As noted in the previous literature by Shelton and Nesbitt [42], Ambient Displays 

are difficult to define. To minimise ambiguity, the reviewers agreed upon the following 

definitions: 

Ambient: Refers to Ambient Interfaces which “use the whole environment of the 

user for the interaction between the user and the system” [18, p. 68]. 

Connectedness: Describes “the feeling of being in touch with [another person]” [20, 

p. 928]. 

Ambient Connectedness: Connectedness facilitated by Ambient Interfaces be-

tween humans separated by distance. 

Works that did not contribute at least one original concept or prototype of an Ambi-

ent Interface facilitating Connectedness between humans separated by distance (i.e. 

Ambient Connectedness) were excluded (EC1). Additionally, we excluded works that 

were not in English (EC2), works that were not primary research (literature reviews, 

meta-analysis, or similar) (EC3), works that were a book, studio or workshop proposal, 

demo, poster, video showcase, forum, anthology, or similar (EC4), as well as works 

that were duplicates of other entries (EC5). If any of these exclusion criteria were met, 

the work was excluded. 

Table 2. Inclusion and exclusion criteria, inspired by Ringfort-Felner et al. [37]. 

Code Inclusion criteria 

IC1 The work contributes at least one original concept or prototype of an Ambi-

ent Interface facilitating Connectedness between humans separated by dis-

tance (i.e. Ambient Connectedness). 

IC2 The work is academic. 

Code Exclusion criteria 

EC1 The work does not contribute at least one original concept or prototype of 

an Ambient Interface facilitating Connectedness between humans separated 

by distance (i.e. Ambient Connectedness). 

EC2 The work is not in English. 

EC3 The work is not primary research (literature review, meta-analysis, or simi-

lar). 
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EC4 The work is a book, studio or workshop proposal, demo, poster, video show-

case, forum, anthology, or similar. 

EC5 The work is a duplicate of another entry. 

 

We calculated inter-rater reliability with Cohen’s Kappa. Cohen’s Kappa is a com-

mon statistical measure, “appropriate for use when there are two coders coding the same 

dataset” [34, p. 7]. We reached a moderate [27] level of agreement (Cohen’s Kappa = 

0.578). The reviewers then discussed the results and reached a 100% consensus. We 

outlined our selection and screening process in a PRISMA flow diagram (cf. Figure 1). 

 

 

Figure 1. PRISMA flow diagram of our review. 

3.3 Final Corpus 

Our final corpus consisted of 24 works. If a work contributed multiple systems, all 

systems were considered individually, as was done in previous literature reviews (cf. 

[42]). To determine the number of systems, the two reviewers first counted them inde-

pendently, and subsequently together. The works in our final corpus contributed 33 

prototypes or concepts of systems with Ambient Interfaces facilitating Connectedness. 
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3.4 Analysis  

To provide an overview of the characteristics of the current Ambient Interfaces facili-

tating Connectedness, we categorised the systems in the final corpus. The two review-

ers first completed the categorisation independently. Subsequently, the results of these 

independent categorisations were compared, and a 100% consensus was reached. Since 

the primary purpose of Ambient Interfaces is on output—that is, the subtle presentation 

of information (cf. [43])—we started with the output before the input, for both the anal-

ysis and the findings. For output as well as input, we categorised which modalities the 

systems used, whether they were multimodal, whether an implicit or explicit action was 

required from the user to interact with the system, and whether peripheral or focal at-

tention was required. We additionally categorised whether the systems used bidirec-

tional or unidirectional communication. 

Output Modalities. First, we categorised the output modalities (visual, auditory, tac-

tile, olfactory, gustatory, other) of the systems (cf. [33]), because in “the presentation 

of ambient media, one of the key elements is the modality chosen to present a source 

of information” [50, p. 8]. To minimise ambiguity, the reviewers agreed upon the fol-

lowing definitions:  

Visual: “Vision, or sight, is the human ability to receive information from the envi-

ronment in the form of visible light” [33, p. 30]. 

Auditory: “Hearing, or audition, is the detection of sound by humans. Sound is 

transmitted in the environment as sound waves – cyclic fluctuations of pressure in a 

medium, such as air” [33, p. 34]. 

Tactile: “Tactile feedback, in HCI, refers to information provided through the so-

matosensory system from a body part, such as a finger, when it is in contact with (touch-

ing) a physical object” [33, p. 36]. Note that the somatosensory system provides other 

information as well, however, in this context we are specifically interested in touch. 

Olfactory: “Smell, or olfaction, is the ability to perceive odours. For humans, this 

occurs through sensory cells in the nasal cavity” [33, p. 36]. 

Gustatory: “Taste, or gustation, is a direct chemical reception of sweet, salty, bitter, 

and sour sensations through taste buds in the tongue and oral cavity” [33, p. 36]. 

Other: Miscellaneous modalities not included in the modalities above, or unspeci-

fied modalities. 

Input Modalities. Because of the importance of modalities in Ambient Interfaces, we 

also categorised the input modalities of the systems. Devices can be equipped with 

“perceptional capabilities” [40, p. 195]. For consistency, we used the same modalities 

for input as we did for output (visual, auditory, tactile, olfactory, gustatory, other). 

These modalities were defined as the equivalent perceptional capabilities of the system 

to the human senses. For instance, a system that could “see” using a camera was deemed 

to have visual input, and a system that could register touch through a pressure sensor 

was deemed to have tactile input. 

Multimodality. The systems may use one or more modalities for output and input. To 

discover which category is more prevalent in the current systems, we categorised 

whether the output and input were multimodal, which was defined as having one or 

more modalities. 
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Interaction. Ambient Interfaces for Connectedness can be specifically designed to sup-

port “implicit, personal, and expressive communication, as opposed to [...] explicit, 

goal-oriented, and informative communication” [43, p. 29]. Because Ambient Inter-

faces integrate into the user’s environment [18, 50], they are particularly suitable for 

presenting implicit output rather than explicit output. Likewise, systems may capture 

implicit or explicit actions for input [40]. To discover which category is more common, 

we categorised whether the systems presented implicit or explicit output, and whether 

they captured implicit or explicit input from the user or the environment. The reviewers 

agreed upon the following definitions:  

Implicit Output: Refers to “implicit, personal, and expressive communication” [43, 

p. 29]. 

Explicit Output: Refers to “explicit, goal-oriented, and informative communica-

tion” [43, p. 29]. 

Implicit Input: An “action performed by the user that is not primarily aimed to 

interact with a computerised system but which such a system understands as input” [40, 

p. 198]. Note that Ambient Interfaces can capture information from the environment 

[17]. Therefore, the environment may substitute the user in this context. 

Explicit Input: “The user tells the computer in a certain level of abstraction (e.g. by 

command-line, direct manipulation using a GUI, gesture, or speech input)” [40] what 

to do. 

Attention. Ambient Interfaces are particularly “useful for situations, in which users 

want and need permanent background information without being disrupted in their fore-

ground tasks” [18, p. 68]. To discover whether the current systems are primarily inter-

acted with peripherally or focally, we analysed the attention required from the user to 

perceive the output and provide input. The reviewers agreed upon the following defi-

nitions: 

Peripheral: Refers to peripheral awareness, which “concerns activities that are not 

foreground tasks” [15, p. 476]. 

Focal: Refers to focalisation, which “implies withdrawal from some things in order 

to deal effectively with others” [21, p. 404, 22, p. 40].  

Direction. Some early concepts for Ambient Connectedness consisted of unidirectional 

systems (cf. [43]). Here, the Ambient Interface acts as an Ambient Display that does 

not capture information from the environment [17], and may instead receive infor-

mation from another device. In contrast, bidirectional systems, such as the Bench object 

by Dunne and Raby [12], can capture information and send as well as receive infor-

mation. Typically, such systems consist of two or more paired Ambient Interfaces of a 

similar type. To discover which category is more prevalent, we categorised whether the 

systems in our final corpus used bidirectional or unidirectional communication. The 

reviewers agreed upon the following definitions: 

Bidirectional: The Ambient Interface can “present as well as capture information” 

[17, p. 61] and typically can send information to and receive information from a similar 

Ambient Interface. 

Unidirectional: The Ambient Interface is “for presentation purposes only” [17, p. 

61] and typically can only receive information from another device. 



 Ambient Connectedness 9 

Pairing of Output and Input Modalities. After the analysis of the individual data, we 

analysed which output and input modalities coincided, to discover how systems used 

for Ambient Connectedness are typically interacted with by the users. 

Connectedness. Additionally, we made some general observations to discover how the 

systems facilitate Connectedness. This was open-ended in nature and not part of the 

categorisation. We observed and identified the scenarios in which Connectedness was 

facilitated as well as the relationships involved, and whether the systems presented in-

formation slowly and continuously in the background or attempted real-time infor-

mation transfer for short-term interactions in the foreground. 

4 Findings  

In this section, we present our findings in the final corpus, including the output and 

input modalities of the systems and whether they were multimodal, the interaction re-

quired (implicit vs. explicit), the attention required (peripheral vs. focal), the direction 

of the communication of systems (bidirectional vs. unidirectional), and parings of the 

output and input modalities. We also present the results of our observations on how the 

systems facilitate Connectedness. 

4.1 Modalities  

We categorised the output and input modalities of the 33 systems into the five modali-

ties (visual, auditory, tactile, olfactory, gustatory) [33] as well as the category “other,” 

for modalities not included, or unspecified modalities (cf. Table 3). The categories were 

non-exclusive. 

The most common output modality was visual: 31 systems (93.94%) included some 

type of visual output component. Eight systems (24.24%) included some type of audi-

tory output component. Four systems (12.12%) included some type of tactile output 

component. Three systems (9.09%) included some type of olfactory output component. 

No systems used gustatory output (0%). Two systems (6.06%) included output modal-

ities categorised as “other”.  

The most common input modality was tactile: 23 systems (69.70%) included some 

type of tactile input component. Six systems included some type of auditory input com-

ponent (18.18%). Three systems included some type of visual input component 

(9.09%). No systems used olfactory or gustatory input (0%). Twelve systems (36.36%) 

included input modalities categorised as “other”.  

Additionally, we analysed whether the systems used two or more output modalities 

as well as two or more input modalities. Eleven systems (33.33%) had multimodal out-

put, and eleven systems (33.33%) had multimodal input. 

4.2 Interaction  

We analysed the action required from the user or the environment, and whether the 

systems presented explicit or implicit output and captured explicit or implicit input. 22 



10  R. D. Cobb and T. Gross 

systems (66.67%) presented implicit output, and eleven systems (33.33%) presented 

explicit output. Twelve systems (36.36%) captured implicit input, and 21 systems 

(63.64%) captured explicit input. 

4.3 Attention  

For both output and input, we analysed whether the systems required peripheral or focal 

attention from the user. For output, 22 systems (66.67%) required peripheral attention, 

and eleven systems (33.33%) required focal attention. For input, eleven systems 

(33.33%) required peripheral attention, and 22 systems (66.67%) required focal atten-

tion. 

4.4 Direction  

Lastly, we analysed whether the systems were bidirectional or unidirectional. Most sys-

tems, 25 systems (75.76%), were bidirectional, and 8 systems (24.24%) were unidirec-

tional.  

Table 3. Classification of our results.  

Variables Values Devices Reference 

Out-

put 

Modality Visual 31 [1, 3, 8-11, 14, 19, 24-26, 28-

32, 35, 36, 38, 41, 46, 51-53] 

Auditory 8 [1, 8, 25, 30, 31, 41, 53] 

Tactile 4 [28, 35, 52, 53] 

Olfactory 3 [32, 41] 

Gustatory 0 - 

Other 2 [41] 

Multimodal Yes 11 [1, 8, 25, 28, 30-32, 35, 41, 53] 

No 22 [3, 9-11, 14, 24, 26, 28-30, 35, 

36, 38, 41, 46, 51, 52] 

Interaction Implicit 22 [3, 9-11, 14, 19, 26, 28-30, 36, 

38, 41, 46, 51, 53] 

Explicit 11 [1, 2, 8, 24, 25, 30-32, 52] 

Attention Peripheral 22 [3, 9-11, 14, 19, 26, 28-30, 36, 

38, 41, 46, 51, 53] 

Focal 11 [1, 2, 8, 24, 25, 30-32, 52] 

Input 

 

Modality Visual 3 [26, 30, 52] 

Auditory 6 [1, 25, 30, 31, 36] 

Tactile 23 [1, 3, 8, 24-26, 28-32, 35, 38, 

41, 46, 51, 53] 

Olfactory 0 - 

Gustatory 0 - 

Other 12 [1, 8-11, 14, 19, 24, 30, 36, 41] 
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Multimodal Yes 11 [1, 8, 9, 24-26, 30, 31, 36] 

No 22 [3, 10, 11, 14, 19, 25, 28, 29, 

31, 32, 35, 38, 41, 46, 51-53] 

Interaction Implicit 12 [9-11, 14, 19, 24, 36, 41, 52] 

Explicit 21 [1, 3, 8, 25, 26, 28-32, 35, 38, 

46, 51, 53] 

Attention Peripheral 11 [9-11, 19, 24, 36, 41, 52] 

Focal 22 [1, 3, 8, 14, 25, 26, 28-32, 35, 

38, 46, 51, 53] 

Direction  Bidirectional 25 [1-3, 8, 9, 11, 19, 26, 28-32, 36, 

38, 41, 46, 51] 

Unidirec-

tional 

8 [10, 14, 24, 25, 30, 52, 53] 

4.5 Pairing of Output and Input Modalities  

We analysed which output and input modalities coincided (cf. Table 4). The most com-

mon modality pairs were visual-tactile: 23 systems (69.70%) had a visual output com-

ponent as well as a tactile input component. This was followed by visual-other. Ten 

systems (30.30%) had a visual output component as well as an input component cate-

gorised as “other”, such as motion or distance. Less common modality pairs were au-

ditory-tactile with seven systems (21.21%), visual-auditory with six systems (18.18%), 

auditory-auditory with five systems (15.15%), visual-visual with three systems 

(9.09%), auditory-other with three systems (9.09%), tactile-tactile with three systems 

(9.09%), olfactory-other with two systems (6.06%), other-tactile with two systems 

(6.06%), tactile-visual with one system (3.03%), and olfactory-tactile with one system 

(3.03%). No systems had other coinciding modalities. 

Table 4. Contingency table of coinciding output and input modalities of the systems in our final 

corpus. 

            Input 

Output 
Visual Auditory Tactile Olfactory Gustatory Other 
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Visual 3 6 23 0 0 10 

Auditory 0 5 7 0 0 3 

Tactile 1 0 3 0 0 0 

Olfactory 0 0 1 0 0 2 

Gustatory 0 0 0 0 0 0 

Other 0 0 2 0 0 0 

4.6 Connectedness 

In addition to the categorisation of the systems, we observed how Connectedness is 

facilitated. We identified the scenarios in which the systems were used and the types of 

relationships involved. 

The first scenario concerned the users’ personal environments, such as keeping in 

touch with a partner, family member, or friend while separated by distance ([1, 14, 19, 

24-26, 28, 29, 31, 36, 41, 46, 52, 53]). The relationships involved in this scenario were 

intimate relationships as well as long-distance relationships, families, parent-child re-

lationships, and other types of social relationships, such as friends. 

The second scenario was related to work, such as remote or hybrid word ([30, 35, 

51]). In this scenario, the relationships were of a professional nature. 

The third scenario was intergenerational, or a scenario involving the care of older 

individuals, ([3, 9-11, 38]). The relationships involved were between caregivers and 

care recipients, or peer relationships between older individuals. 

The fourth scenario involved education, in which Connectedness was facilitated in 

a teacher-student relationship ([32]). 

The fifth and last scenario involved promoting healthy habits through Connectedness 

in intimate relationships ([8]). 

We observed that most systems did not attempt real-time information transfer and 

primarily acted as background medium. This is evident by the fact 22 systems (66.67%) 

only required implicit action and peripheral attention for output. 

5 Discussion of the Findings  

In this section, we elaborate on the typical characteristics of current Ambient Interfaces 

for Connectedness, derive implications for design, and discuss limitations of our re-

view.  

5.1 Characteristics of Ambient Interfaces for Connectedness 

Here we discuss the main findings of our categorisation, including common and rare 

modalities, multimodality, action and attention, and communication. 
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Common Modalities. Ambient Interfaces facilitating Connectedness can potentially 

use various output and input modalities. For instance, early concepts such as the Scent 

object by Strong and Gaver [43] or the Bench object by Dunne and Raby [12] used 

olfactory and thermal output, respectively. 

Indeed, some systems in our final corpus experimented with less common modali-

ties. For example, the Fragrance Frame, which “is a paired picture frame that detects 

when a remote family member is passing by their frame, and emits a scent reminiscent 

of togetherness” [41, p. 3389]. 

However, most of the systems we analysed included a visual output component well 

as a tactile input component. Traditional systems, such as those consisting of a key-

board, monitor, and mouse, which do not take advantage of the environment [50], also 

involve these modalities. 

Tactile and visual, along with auditory, comprise the modality dimension of the cur-

rent iteration of the four-dimensional multiple resource model [49]. The model posits 

that when two concurrently performed tasks occupy the same “category along each of 

the four dimensions of the model [...], then there will be greater dual task interference, 

than when the two tasks share separate levels” [49, p. 713]. Because tactile and visual 

use different sensory channels (cf. [33]), concurrent visual output and tactile input may 

interfere less than when the modalities compete. For instance, a device that uses the 

same modality for output and input at the same time might be difficult to use. Likewise, 

choosing the same modalities as other common devices can result in the Ambient In-

terface competing for the user’s attention: 

“The choice of modality for the background media should be considered with the 

person’s foreground task in mind. For example, if a person is in their office performing 

a visually intensive foreground task [...] a visually based ambient display on the wall 

behind the person might not be as effective as an auditory display” [50]. 

Rare Modalities. Some modalities were largely unexplored. No systems used gusta-

tory output or input. Notably, the Co-Drink system [8] indirectly involved taste, as it 

consisted of “a pair of smart water bottles with ambient light” [8, p. 92], intended to 

facilitate healthy fluid intake in intimate relationships. However, the primary means by 

which the system received input were through a pressure sensor (tactile modality), and 

a water level sensor (other modality). 

Although olfactory output was explored in early work on Ambient Connectedness 

(cf. [43]), few systems in our final corpus used olfactory output, and no systems used 

olfactory input. The three devices that did use olfactory output were Atmospheror [32], 

Fragrance Frame [41], and ReminiScents [41]. 

Olfactory output does not compete for the user’s attention with typical devices (cf. 

[50]) and can be less distracting than auditory or visual output [4]. However, the fact 

that many users are unfamiliar with the use of this modality in such systems may ex-

plain why olfactory output is less commonly used. Olfactory notifications have been 

found to “negatively impact primary task performance” [4, p. 189], possibly for this 

reason. 

Multimodality. Across the systems, we could see many different forms of either users 

giving explicit input to the system or sensors capturing information. Some multimodal 

systems required both user input as well as information from the environment, such as 
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Shared Wind [53], a system for couples in a long-distance relationship. It allowed the 

sender to signal to their receiving partner that wind was blowing by their window, by 

simulating wind at the reviver’s window with a fan and “was designed for situations 

when there was a natural wind blowing [the] sender’s curtain and if the sender chose to 

send out the signal” [53, p. 335]. 

Interaction and Attention. Most Ambient Interfaces can be described as delivering 

lightweight information, often serving as a background medium. One example is Bed-

time Window [26], which links remote couples through a slow photo stream, rather 

than using full-fledged channels such as video conferencing. 

Usually, for input as well as output, implicit action coincided with peripheral atten-

tion, and explicit action coincided with focal attention. EmoTree [14] was one excep-

tion to this rule. Users had to focally communicate on social media for input. However, 

as the action performed was “not primarily aimed to interact with” [40, p. 198] the 

EmoTree, the input was deemed implicit. 

Across the systems, we could see many different forms of either users giving explicit 

input, such as TangiPen [35], to the mechanisms or sensors capturing information from 

the environment, such as Light Bridge [19]. 

Direction. Lastly, one notable finding in our review was that 75.76% of the systems 

we analysed were bidirectional, with the Ambient Interface typically communicating 

with another Ambient Interface of that type. This indicates a preference for such sys-

tems in current research and is in contrast to some early concepts (cf. [43]). Addition-

ally, many of the systems made use of wireless networking. 

5.2 Common Patterns and Implications for Design  

Some common patterns emerged in the systems we analysed. Firstly, most systems did 

not aim to transfer information in real time. Real-time communication is very important 

in Computer-Supported Cooperative Work (cf. [23]). In addition to slowly transferring 

information, most systems were continuously running in the background rather than 

supporting only short interactions between the users. In scenarios of Connectedness, 

less seems to be more with respect to timing. 

Secondly, the use cases, scenarios, and relationship types were diverse. The scenar-

ios ranged from couples in long-distance relationships staying connected while spatially 

apart, such as Shared Wind [53], over professional, intergenerational, and educational 

scenarios, to promoting healthy habits through Connectedness, such as Co-Drink [8]. 

This indicates that Ambient Interfaces can facilitate Connectedness in a wide range of 

scenarios and solve different use cases for different users. 

Thirdly, while some modalities were more common than others, the mechanisms for 

output and input were also diverse. Although visual output and tactile input was com-

mon, Connectedness can be achieved through various modalities, involving user input 

or information captured from the environment. 

Based on our findings, the choice of modality should depend on how the Ambient 

Interfaces are intended to facilitate Connectedness. For instance, devices aiming to sub-

tly signal the presence of another person can benefit from—and may even be made 

more noticeable by—using modalities that do not compete with other devices and do 
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not compete for the user’s attention. One example from the systems we analysed is 

There Chair [41], which—in addition to other output mechanisms—included heating 

pads to simulate the “body heat and passive awareness” [41, p. 3396] of a spatially 

separated family member. 

In contrast, if the intention is to facilitate Connectedness through explicit action and 

to require focal attention, such as through the exchange of verbal or nonverbal mes-

sages, common modalities are needed. This can be seen in some systems we analysed, 

such LUNOST [31]. This system consisted of a pair of Ambient Interfaces that allowed 

for “emoji exchange, voice messaging and weather sharing between teenagers and par-

ents over a distance” [31, p. 127]. It used a tactile input mechanism and included an 

OLED screen for output. Another example is CoCreate [35], an Ambient Interface in-

tended to “enhance interpersonal connectedness in remote group brainstorming ses-

sions” [35, p. 10], which used two tactile input mechanisms, and used an RGB LED 

matrix as its primary output mechanism. 

5.3 Limitations  

Our scoping review is not without limitations. Firstly, while we used the same search 

query for all databases, searches may be processed differently between databases. No-

tably, Web of Science, which indexes works from various sources, did not have the 

option to perform full text searches. However, Web of Science was only used to cor-

roborate our results and did not yield any entries not found by searching the other da-

tabases. Secondly, the two reviewers reached a moderate [27] level of agreement, which 

may be due to Ambient Displays being difficult to define (cf. [42]). However, care was 

taken to define the inclusion and exclusion criteria, and all disagreements could be re-

solved during the discussion phase, in which a 100% consensus was reached. Lastly, 

our review was narrow and focused specifically the intersection of Ambient Interfaces 

and Connectedness. We did not explore related concepts, which may have limited our 

results. 

Despite these limitations, we discovered that most systems in our review used tradi-

tional output and input modalities. The olfactory output modality was used in some 

devices, but olfaction and gustation were largely unexplored. An important finding and 

implication for the design of such systems was that the choice of modalities depends 

on how Connectedness is facilitated. Ambient Interfaces that signal the presence of 

another person can benefit from using non-competing modalities, while Ambient Inter-

faces intended to exchange more explicit messages can require the use of modalities 

that compete with other devices. Lastly, we found that most systems consisted of bidi-

rectional Ambient Interfaces that typically communicated with another device of that 

type. 
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6 Conclusions  

In our scoping review, we identified 33 systems from 24 works facilitating Ambient 

Connectedness. Our research indicates that bidirectional and wirelessly networked Am-

bient Interfaces are commonly used to facilitate Connectedness. The design of these 

systems depends on how Connectedness is facilitated and can be typically categorised 

into devices that require implicit action and focal attention and explicit action and pe-

ripheral attention. While earlier prototypes sometimes used experimental modalities, 

most of the Ambient Interfaces we analysed used modalities familiar to most users. 

These areas are often unexplored in modern systems for Ambient Connectedness. Fu-

ture work could focus on a broad literature review, with a larger corpus. Additionally, 

future research into Ambient Connectedness may apply our findings practically in pro-

totypes and design concepts. 

Acknowledgments. We thank the members of the Cooperative Media Lab at the University of 

Bamberg. We also thank the anonymous reviewers for insightful comments.  

References  

1. Ambe, A.H., Brereton, M., Soro, A. and Roe, P. Technology Individuation: The Foibles of 

Augmented Everyday Objects. In Proceedings of the 2017 CHI Conference on Human 

Factors in Computing Systems - CHI 2017 (May 6-11, Denver, Colorado, United States). 

Association for Computing Machinery, New York, New York, United States, 2017. pp. 

6632-6644. 

2. Bhowmick, P. and Bergqvist, E.S. Exploring Tangible User Interface Design for Social 

Connection Among Older Adults: A Preliminary Review. In Extended Abstracts of the 2023 

Conference on Human Factors in Computing Systems - CHI EA 2023 (Apr. 23-28, 

Hamburg, Germany). Association for Computing Machinery, New York, New York, United 

States, 2023. pp. 1-9. 

3. Bhowmick, P. and Stolterman, E. Enhancing Social Connectivity: Tangible Peer-Based 

Check-In Systems for Isolated Older Adults. In Adjunct Proceedings of the 2023 ACM 

International Joint Conference on Pervasive and Ubiquitous Computing & the 2023 ACM 

International Symposium on Wearable Computing - UbiComp/ISWC 2023 Adjunct (Oct. 8-

12, Cancun, Quintana Roo, Mexico). Association for Computing Machinery, New York, 

New York, United States, 2023. pp. 230-235. 

4. Bodnar, A., Corbett, R. and Nekrasovski, D. AROMA: Ambient Awareness Through 

Olfaction in a Messaging Application. In Proceedings of the 6th International Conference 

on Multimodal Interfaces - ICMI 2004 (Oct. 13-15, State College, Pennsylvania, United 

States). Association for Computing Machinery, New York, New York, United States, 2004. 

pp. 183-190. 

5. Börner, D., Kalz, M. and Specht, M. Beyond the Channel: A Literature Review on Ambient 

Displays for Learning. Computers & Education 60, 1 (2013). pp. 426-435. 

6. Börner, D., Kalz, M. and Specht, M. Closer to You: Reviewing the Application, Design, and 

Evaluation of Ambient Displays. International Journal of Ambient Computing and 

Intelligence 5, 3 (2013). pp. 16-31. 

7. Brewer, J., Williams, A. and Dourish, P. A Handle on What’s Going On: Combining 

Tangible Interfaces and Ambient Displays for Collaborative Groups. In Proceedings of the 



 Ambient Connectedness 17 

1st International Conference on Tangible and Embedded Interaction - TEI 2007 (Feb. 15-

17, Baton Rouge, Louisiana, United States). Association for Computing Machinery, New 

York, New York, United States, 2007. pp. 3-10. 

8. Cui, W., Li, Y., Ma, Y., Zhang, L. and Ren, X. Co-drink: Exploring Social Support Water 

Bottles to Increase the Hydration Status of Individuals With Intimate Relationship. In 

Proceedings of the Ninth International Symposium of Chinese CHI - Chinese CHI 2021 

(Oct. 16-17, Hong Kong). Association for Computing Machinery, New York, New York, 

United States, 2021. pp. 92-100. 

9. Davis, K., Feijs, L., Hu, J., Marcenaro, L. and Regazzoni, C. Improving Awareness and 

Social Connectedness Through the Social Hue: Insights and Perspectives. In Proceedings of 

the International Symposium on Interactive Technology and Ageing Populations - ITAP 

2016 (Oct. 20-22, Kochi, Japan). Association for Computing Machinery, New York, New 

York, United States, 2016. pp. 12-23. 

10. Davis, K., Owusu, E., Hu, J., Marcenaro, L., Regazzoni, C. and Feijs, L. Promoting Social 

Connectedness Through Human Activity-Based Ambient Displays. In Proceedings of the 

International Symposium on Interactive Technology and Ageing Populations - ITAP 2016 

(Oct. 20-22, Kochi, Japan). Association for Computing Machinery, New York, New York, 

United States, 2016. pp. 64-76. 

11. Davis, K., Owusu, E., van den Boomen, G., Apeldoorn, H., Marcenaro, L., Regazzoni, C., 

Feijs, L. and Hu, J. Presenting a Real-Time Activity-Based Bidirectional Framework for 

Improving Social Connectedness. In 14th International Work-Conference on Artificial 

Neural Networks - IWANN 2017 (Jun. 14-16, Cadiz, Spain). Springer, Cham, Switzerland, 

2017. pp. 356-367. 

12. Dunne, A. and Raby, F. Fields and Thresholds. In Spiller, N., ed. Architects in Cyberspace, 

Architectural Design, No. 118. Academy Press, Cambridge, Massachusetts, United States, 

1995. pp. 60-65. 

13. Fiorillo, A. and Gorwood, P. The Consequences of the COVID-19 Pandemic on Mental 

Health and Implications for Clinical Practice. European Psychiatry 63, 1 (2020). pp. 1-2. 

14. Fuentes, C., Rodríguez, I. and Herskovic, V. Making Communication Frequency Tangible: 

How Green Is My Tree? In Proceedings of the TEI '16: Tenth International Conference on 

Tangible, Embedded, and Embodied Interaction - TEI 2016 (Feb. 14-17, Eindhoven, 

Netherlands). Association for Computing Machinery, New York, New York, United States, 

2016. pp. 434-440. 

15. Gaver, B. Provocative Awareness. Computer Supported Cooperative Work 11 (2002). pp. 

475-493. 

16. Gaver, B. and Martin, H. Alternatives: Exploring Information Appliances Through 

Conceptual Design Proposals. In Proceedings of the Conference on Human Factors in 

Computing Systems - SIGCHI 2000 (Apr. 1-6, The Hague, Netherlands). Association for 

Computing Machinery, New York, New York, United States, 2000. pp. 209-216. 

17. Gross, T. Ambient Interfaces in a Web-Based Theatre of Work. In Proceedings of the 10th 

Euromicro Workshop on Parallel, Distributed and Network-Based Processing - PDP 2002 

(Jan. 9-11, Canary Islands, Spain). Institute of Electrical and Electronics Engineers, New 

York, New York, United States, 2002. pp. 55-62. 

18. Gross, T. Ambient Interfaces: Design Challenges and Recommendations. In Stephanidis, C. 

and Jacko, J.A., eds. Proceedings of the 10th International Conference on Human-Computer 

Interaction - HCII 2003. Lawrence Erlbaum, Hillsdale, New Jersey, United States, 2003. pp. 

68-72. 

19. Hommes, J. and Kipp, M. Light Bridge: Improving Social Connectedness Through Ambient 

Spatial Interaction. In Proceedings of the 2024 ACM Designing Interactive Systems 



18  R. D. Cobb and T. Gross 

Conference - DIS 2024 (Jul. 1-5, Copenhagen, Denmark ). Association for Computing 

Machinery, New York, New York, United States, 2024. pp. 1658-1665. 

20. Ijsselsteijn, W., van Baren, J. and van Lanen, F. Staying in Touch: Social Presence and 

Connectedness Through Synchronous and Asynchronous Communication Media. In HCI 

International 2003 - HCII 2003 (Jun. 22-27, Heraklion, Crete, Greece). Institute of Computer 

Science, 2003. pp. 924-928. 

21. James, W. The Principles of Psychology, Vol. 1. Henry Holt, New York, United States, 

1890. 

22. Juola, J.F. Theories of Focal and Peripheral Attention. In Bakker, S., Hausen, D. and Selker, 

T., eds. Peripheral Interaction: Challenges and Opportunities for HCI in the Periphery of 

Attention. Springer, Switzerland, 2016. pp. 39-61. 

23. Kamel, N.N. and Davison, R.M. Applying CSCW Technology To Overcome Traditional 

Barriers in Group Interactions. Information & Management 34, 4 (1998). pp. 209-219. 

24. Kim, N., Yoon, B., Jin, S., Seo, H., Kwon, O. and Kim, J. Internet of Family: Increasing 

Social Presence of Family Members via Sharing Ambient IoT Usage Data. In Proceedings 

of the 11th International Conference on Ubiquitous Information Management and 

Communication - IMCOM 2017 (Jan. 5-7, Beppu, Japan). Association for Computing 

Machinery, New York, New York, United States, 2017. pp. 1-9. 

25. Kivac, R., Klem, S.Ø., Olsen, S.B., Solander, A.B., von Spreckelsen, S.D., Triantafyllou, E. 

and Triantafyllidis, G.A. MUVA: A MUltimodal Visceral Design Ambient Device. In 

Design, User Experience, and Usability, Technological Contexts, 5th International 

Conference, Held as Part of HCI International 2016 - DUXU 2016 (Jul. 17-22, Toronto, 

Canada). Springer, Cham, Switzerland, 2016. pp. 346-356. 

26. Kučera, J., Scott, J., Lindley, S. and Olivier, P. Bedtime Window: A Field Study Connecting 

Bedrooms of Long-Distance Couples Using a Slow Photo-Stream and Shared Real-Time 

Inking. In Proceedings of the 2021 CHI Conference on Human Factors in Computing 

Systems - CHI 2021 (May 8-13, Yokohama, Japan). Association for Computing Machinery, 

New York, New York, United States, 2021. pp. 1-12. 

27. Landis, J.R. and Koch, G.G. The Measurement of Observer Agreement for Categorical Data. 

Biometrics 33, 1 (1977). pp. 159-174. 

28. Li, H., Jarusriboonchai, P., Müller, H., Harjuniemi, E. and Häkkilä, J. Emotional 

Communication Between Remote Couples: Exploring the Design of Wearable Ambient 

Displays. In Proceedings of the 11th Nordic Conference on Human-Computer Interaction: 

Shaping Experiences, Shaping Society - NordiCHI 2020 (Oct. 25-29, Tallinn, Estonia). 

Association for Computing Machinery, New York, New York, United States, 2020. pp. 1-

5. 

29. Li, H., Müller, H. and Häkkilä, J. Our Little Secret: Design and User Study on an 

Electrochromic Ambient Display for Supporting Long-Distance Relationships. In 

Interactivity, Game Creation, Design, Learning, and Innovation, 8th EAI International 

Conference, and 4th EAI International Conference - ArtsIT 2019 (Nov. 6-8, Aalborg, 

Denmark). Springer, Cham, Switzerland, 2019. pp. 611-622. 

30. Liu, L., Van Essen, H. and Eggen, B. Let Information Flow Into Awareness: A Design Space 

for Human-Like Experiences to Promote Informal Communication for Hybrid Work. In 

Proceedings of the 2024 ACM Designing Interactive Systems Conference - DIS 2024 (Jul. 

1-5, Copenhagen, Denmark). Association for Computing Machinery, New York, New York, 

United States, 2024. pp. 1666-1680. 

31. Liu, Z., Cheng, E., Zhang, X. and Ren, X. LUNOST: Connected Tangible Messengers for 

Enhancing Off-Site ParentTeenager Relationships. In Proceedings of the Ninth International 



 Ambient Connectedness 19 

Symposium of Chinese CHI - Chinese CHI 2021 (Oct. 16-17, Hong Kong). Association for 

Computing Machinery, New York, New York, United States, 2021. pp. 127-132. 

32. Lu, Q., Zhang, Y., Zhang, Y., Ma, S.-E., Zhang, Y., Qin, Y., Gao, P., Zhang, Q. and Xu, Y. 

Atmospheror: Towards an Olfactory Interactive System for Enhancing Social Presence and 

Interaction in Synchronous Online Classes. In Extended Abstracts of the 2023 CHI 

Conference on Human Factors in Computing Systems - CHI EA 2023 (Apr. 23-28, 

Hamburg, Germany). Association for Computing Machinery, New York, New York, United 

States, 2023. pp. 1-8. 

33. MacKenzie, I.S. Human-Computer Interaction: An Empirical Research Perspective. Morgan 

Kaufmann, Waltham, Massachusetts, United States, 2013. 

34. McDonald, N., Schoenebeck, S. and Forte, A. Reliability and Inter-rater Reliability in 

Qualitative Research: Norms and Guidelines for CSCW and HCI Practice. Proceedings of 

the ACM on Human-Computer Interaction 3, CSCW (2019). pp. 1-23. 

35. Melniczuk, A., Liang, M. and Preissing, J. Exploring Tangible Designs to Improve 

Interpersonal Connectedness in Remote Group Brainstorming. In Proceedings of the 

Nineteenth International Conference on Tangible, Embedded, and Embodied Interaction - 

TEI 2025 (Mar. 4-7, Bordeaux/Talence, Colorado, France). Association for Computing 

Machinery, New York, New York, United States, 2025. pp. 1-14. 

36. Qian, Z.C., Ma, Y., Chen, Y., Niu, Y. and Xue, C. Ambient Information Design to Amplify 

Connections Between New Empty Nest Parents and Their Children. In Distributed, Ambient 

and Pervasive Interactions, 5th International Conference - DAPI 2017 (Jul. 9-14, Vancouver, 

British Columbia, Canada). Springer, Cham, Switzerland, 2017. pp. 458-471. 

37. Ringfort-Felner, R., Dörrenbächer, J. and Hassenzahl, M. The Quality of Speculation – A 

Scoping Review. Address, 2025. (Accessed Jul. 5-9). 

38. Rodgers, S., Ploderer, B., Maloney, B. and Hang, J. Designing for Wellbeing-As-Interaction. 

In Extended Abstracts of the 2019 CHI Conference on Human Factors in Computing 

Systems - CHI EA 2019 (May 4-9, Glasgow, Scotland, United Kingdom). Association for 

Computing Machinery, New York, New York, United States, 2019. pp. 1-6. 

39. Ryan, R.M. and Deci, E.L. Self-Determination Theory and the Facilitation of Intrinsic 

Motivation, Social Development, and Well-Being. American Psychologist 55, 1 (2000). pp. 

68-78. 

40. Schmidt, A. Implicit Human Computer Interaction Through Context. Personal Technologies 

4 (2000). pp. 191-199. 

41. Shakeri, H., Yuan, Y., Axtell, B., Geiskkovitch, D.Y. and Neustaedter, C. Designing Smart 

Home Technology for Passive Co-presence Over Distance. In Proceedings of the 2024 ACM 

Designing Interactive Systems Conference - DIS 2024 (Jul. 1-5, Copenhagen, Denmark). 

Association for Computing Machinery, New York, New York, United States, 2024. pp. 

3389-3406. 

42. Shelton, B. and Nesbitt, K. A Systematic Review of Ambient Display Modalities, Physical 

Forms and Interactivity. In The Tenth International Conference on Ambient Computing, 

Applications, Services and Technologies - AMBIENT 2020 (Oct. 25-29, Nice, France). 

International Academy, Research, and Industry Association, 2020. pp. 9-15. 

43. Strong, R. and Gaver, W. Feather, Scent, and Shaker: Supporting Simple Intimacy. In 

Proceedings of the 1996 ACM Conference on Computer Supported Cooperative Work - 

CSCW 1996 (Nov. 16-20, Boston, Massachusetts, United States). Association for 

Computing Machinery, New York, New York, United States, 1996. pp. 29-30. 

44. Surkalim, D.L., Luo, M., Eres, R., Gebel, K., van Buskirk, J., Bauman, A. and Ding, D. The 

Prevalence of Loneliness Across 113 Countries: Systematic Review and Meta-Analysis. 

BMJ 376 (2022). pp. 1-17. 



20  R. D. Cobb and T. Gross 

45. Tricco, A.C., Lillie, E., Zarin, W., O'Brien, K.K., Colquhoun, H., Levac, D., Moher, D., 

Peters, M.D.J., Horsley, T., Weeks, L., Hempel, S., Akl, E.A., Chang, C., McGowan, J., 

Stewart, L., Hartling, L., Aldcroft, A., Wilson, M.G., Garritty, C., Lewin, S., Godfrey, C.M., 

Macdonald, M.T., Langlois, E.V., Soares-Weiser, K., Moriarty, J., Clifford, T., Tunçalp, Ö. 

and Straus, S.E. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and 

Explanation. Annals of Internal Medicine 169, 7 (2018). pp. 467-473. 

46. Wallbaum, T., Rauschenberger, M., Timmermann, J., Heuten, W. and Boll, S.C.J. Exploring 

Social Awareness: A Design Case Study in Minimal Communication. In Extended Abstracts 

of the 2018 CHI Conference on Human Factors in Computing Systems - CHI EA 2018 (Apr. 

21-26, Montreal, Quebec, Canada). Association for Computing Machinery, New York, New 

York, United States, 2018. pp. 1-10. 

47. Weiser, M. The Computer for the 21st Century. ACM SIGMOBILE Mobile Computing and 

Communications Review 3, 3 (1999). pp. 3-11. 

48. Wenhart, C., Ringfort-Felner, R., Wallbaum, T., Amidi, M., Albers, R. and Hassenzahl, M. 

Relatedness Technologies: An Online Compendium and Systematic Review. In Proceedings 

of the 2025 Conference on Human Factors in Computing Systems - CHI 2025 (Apr. 26-May 

1, Yokohama, Japan). Association for Computing Machinery, New York, New York, United 

States, 2025. pp. 1-48. 

49. Wickens, C.D. The Multiple Resource Theory and Model: Some Misconceptions in Data 

Interpretations. Proceedings of the Human Factors and Ergonomics Society Annual Meeting 

68, 1 (2024). pp. 713-717. 

50. Wisneski, C., Ishii, H., Dahley, A., Gorbet, M., Brave, S., Ullmer, B. and Yarin, P. Ambient 

Displays: Turning Architectural Space Into an Interface Between People and Digital 

Information. In Proceedings of the First International Workshop on Cooperative Buildings, 

Integrating Information, Organization, and Architecture - CoBuild 1998 (Feb. 25-26, 

Darmstadt, Germany). Springer, Berlin/Heidelberg, Germany, 1998. pp. 22-32. 

51. Xu, Y., Liu, L. and van Essen, H. LiteCo: Illuminating Workspace Awareness and Social 

Connectedness With Ambient Display in Home Office. In Proceedings of the Extended 

Abstracts of the CHI Conference on Human Factors in Computing Systems - CHI EA 2025 

(Apr. 26-May 1, Yokohama, Japan). Association for Computing Machinery, New York, 

New York, United States, 2025. pp. 1-8. 

52. Ylirisku, S., Jylhä, A., Lehtiö, A., Ahmed, I., Stewart, C., Sellen, A., Harper, R. and Jacucci, 

G. Designing for Active Place Presence at Home: The Hole in Space Design Experiment. In 

Proceedings of the 2016 ACM Conference on Designing Interactive Systems - DIS 2016 

(Jun. 4-8, Brisbane, Queensland, Australia). Association for Computing Machinery, New 

York, New York, United States, 2016. pp. 1341-1352. 

53. Yu, X. and Inakage, M. Shared Wind: Creating Awareness by Nature-Related Ambient 

Design for Emotional Communication. In Proceedings of the Augmented Humans 

International Conference 2022 - AHs 2022 (Mar. 13-15, Kashiwa, Chiba, Japan). 

Association for Computing Machinery, New York, New York, United States, 2022. pp. 334-

336. 

 

Works in our final corpus: [1, 3, 8-11, 14, 19, 24-26, 28-32, 35, 36, 38, 41, 46, 51-53].  

 


