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ABSTRACT 

In real-life escape rooms, players try to escape a locked 

room by solving a series of puzzles. Currently, escape 

rooms involve collocated collaboration; however, there is 

potential for them to be distributed. We explored the design 

of a distributed escape room that connected two distance-

separated rooms through audio/video links and shared 

artifacts. We evaluated it with pairs of participants to 

explore the design factors that affected player experiences. 

Results show that an audio connection created feelings of 

social presence. Video links augmented this connection to 

help players share knowledge and artifacts, however, 

showing less over the video feed created curiosity. Players 

expected a parallel setup between artifacts and puzzles in 

the rooms, despite the rooms being designed to vary in 

similarity and how closely players needed to collaborate. 

These results suggest directions for the design of audio 

connections to represent remote players, video feeds for 

sharing artifacts and promoting curiosity, and the use of 

both similar and dissimilar artifacts as a part of puzzles. 
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INTRODUCTION 
Real-life escape rooms are a new genre of game based on 

live-action role-playing games, treasure hunts, and online 

escape rooms [47,52]. Players are locked in a series of 

rooms and must solve puzzles in order to escape. Some 

include technology in the form of programmatically 

controlled doors or lights, computers, or sensors [47,52]. 

Escape rooms have been found to be a potential avenue for 

co-workers or friends to explore and enhance their 

collaboration skills, socialize with others, and build team 

morale [47,52]. Thus, they could be used by researchers or 

designers to explore a range of social and technical 

questions, depending on how they are constructed [52]. 

This is akin to the way alternate reality games (ARGs) have 

been used to explore social questions around trust, learning, 

and relationship building [1,6,9,10] and technical questions 

around connectivity and device usage [2,5]. For example, 

escape rooms could be used to study or improve 

relationship dynamics such as between co-workers, family 

or friends [52]. They could also augment educational 

programs for teaching workplace skills [52]. However, 

given their relative infancy, we know little in terms of how 

to effectively design escape rooms. 

Real-life escape rooms typically involve collocated play 

where groups of players must be in the same physical 

location together in order to participate [52]. Yet, in reality, 

co-workers may be distributed around the world. This 

distance-separation means that they do not have many 

opportunities to practice their collaboration skills or 

participate in team building activities with remote 

colleagues, though it could be highly valuable [50]. 

Similarly, many family members or friends live apart and 

do not have opportunities to perform shared activities 

together over distance [46]. Distributed escape rooms offer 

one potential solution to these problems. By distributed 

escape room, we are referring to an escape room that 

connects two or more rooms over distance where players 

participate as a team, despite being in different locations.  

The challenge, however, is that it is not clear how to best 

design distributed escape rooms to produce an enjoyable 

experience. We do not know: 1) what kinds of video and 

audio connectivity should be used to join the rooms; 2) how 

artifacts should be connected across the rooms; and, 3) if 

and how puzzles should be designed to support independent 

and joint work. To explore these points, we iteratively 

designed a distributed escape room called Escaping 

Together that connects two distance-separated rooms. We 

specifically explored three ways of connecting the rooms: 

video/audio connections, shared artifacts, and puzzle 

design. Next we conducted an exploratory study of 

Escaping Together with pairs who played in the distributed 

escape room—one partner in each of the rooms. Our goal 

was to understand if and why participants felt a sense of 

social presence with their partners; how play manifested in 

the rooms; how partners worked together or apart from each 

other; and, to what extent the design of the rooms affected 

these behaviors. By social presence, we refer to the feeling 

that one’s partner is present and with you in the room [7].  

Our results show that participants strongly valued the audio 

link to connect with their partner, while stationary and 

mobile video links periodically augmented this connection. 
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In contrast to prior research on workplace collaboration 

(e.g., [22,32]), seeing only part of the remote room over 

video was valuable as it created curiosity in players who 

wondered what the remote room was like. Players’ 

expectations of collaboration affected their approaches to 

puzzles. Participants imagined the escape room 

environment (e.g., puzzles, artifacts) to offer a parallel 

setup between rooms; in contrast, the escape room did not 

always require joint work and artifacts were sometimes 

different. These results suggest that distributed escape 

rooms require ways of providing social presence through 

audio that is decoupled from video; video feeds for sharing 

artifacts where it can be valuable to not show all aspects of 

the remote rooms in order to increase curiosity; and, a 

mixture of puzzles and artifacts where some are similar and 

others are not. Similar artifacts and shared puzzles will help 

create feelings of social presence, while dissimilar ones will 

help create feelings of intrigue and curiosity. 

RELATED WORK 

Escape Rooms 

Real life escape rooms are a new genre of game that have 

evolved from live-action role playing games, treasure hunts, 

and online escape rooms where players try to free an avatar 

by solving puzzles [47,52]. Many different types of escape 

rooms exist in various facilities around the world where 

themes vary [47]. Depending on the escape room, players 

solve logic puzzles, spatial or mechanical puzzles, and word 

or math puzzles [47]. A survey of proprietors of 175 escape 

room facilities around the world found that 13% have an 

open model where players solve puzzles in no particular 

order, 37% have a sequential model where puzzles are 

designed in a linear sequence, and 45% have a path-based 

model where there are multiple sequential paths of puzzles 

[47]. Escape rooms are played by corporate groups, adult 

friends or family, and young adult friends [47]. A study of 

collocated players in an escape room showed that escape 

rooms provide players with opportunities to practice 

collaboration skills such as communication, situation 

awareness, and conflict resolution; however, the design of 

escape rooms can restrict such behaviors [52]. We build on 

this work to explore the design of escape rooms that are 

distributed across locations. 

Pervasive Games and Social Play 

Escape rooms are similar to pervasive games—games that 

move beyond computers to take place on mobile or other 

ubiquitous devices. Alternate reality games (ARGs) are a 

type of pervasive game that blends game play with real life 

[3,4,17,36,41], often as a form of transmedia storytelling 

[8,9,10]. Escape rooms are similar in that they include a 

theme that bridges real life and an alternate reality, though 

the level of orchestration in them and attempts to blur real 

life and the game is arguably less than ARGs.  

Distributed collaboration has been studied in several ARGs 

and pervasive games with a focus on exploring trust in 

strangers [1,6], creating and utilizing a sense of community 

[43,44,49], and privacy in public spaces [56]. Studies of 

these games and others have shown that distributed 

collaboration can help players to learn [9], create shared 

understanding [55], increase player motivation [43,44,48], 

and cause reflections on society and technology [1,4,5,6]. 

Collaboration can be aided through the development of 

leadership and roles [54,65] and digital tools that connect 

people across space and time [44,45,54,65]. In particular, 

this may involve online forums if play is asynchronous 

[54,65]. When play is synchronous, audio links have been 

found to make partners feel especially close to one another 

while video is difficult to use to support fine-grained 

collaborative tasks over distance [56]. Our study builds on 

this work to explore how distributed escape rooms should 

be connected and how collaboration should be supported. 

Researchers have also studied social presence and emotions 

during game play more generally. Studies have found that 

social presence (sometimes called spatial presence) is 

higher when people play against other humans as compared 

to strangers or computer opponents [23,58]. Feelings of 

strong social presence have been linked to player enjoyment 

of games [58] and higher arousal levels have been linked to 

playing with a friend [38]. Higher levels of social presence 

can be achieved between distributed players when they are 

working towards collaborative goals [16,62]. We measure 

social presence in our escape room and explore puzzles that 

support joint work and independent work to understand 

their tradeoffs in distributed escape rooms. 

Distributed Collaboration 

Researchers have extensively explored the topic of 

distributed collaboration as it relates to teamwork amongst 

small groups in a work setting. This is similar to what 

occurs in escape rooms, with the addition of a work 

environment and focus. Situation awareness includes 

information about what is happening around oneself and 

how that information can be used now and in the future 

[18,29]. It helps collaborators establish joint goals [18,29]. 

When people collaborate, they maintain a sense of 

workspace awareness: knowledge of the actions of others in 

a shared workspace [25,26]. This awareness allows 

collaborators to coordinate their actions and move into and 

out of closely-knit groupwork [25,26,63,64]. Tightly 

coupled work is when partners need to frequently wait or 

interact with others, or loosely coupled work when partners 

work independently for long periods of time [60].  

Team cognition refers to the execution of coordinated 

behaviors amongst team members where team members are 

aided by awareness, communication [11,21,30], and 

common ground [11], including ongoing knowledge of 

what team members are doing [11,18]. Group 

communication and team dynamics are important factors 

for determining how well teams perform at a given task 

[15,31]. Collaborators also typically develop a shared 

mental model—a shared mental representation of their 

situation, which includes knowledge of the tools available 



 

to them, the goal of their task, and what other team 

members know [13,28,39,40]. Shared mental models are 

valuable in situations where team members all work in 

similar roles [11]. We explore these ideas as part of 

teamwork in distributed escape rooms, noting when and 

how players maintain awareness and shared mental models. 

Distributed Collaboration Puzzles and Tasks 

Studies of workplace collaboration over distance have often 

included elements similar to what one would see in a 

distributed escape room. For example, partners typically 

work in two different locations and share a visual 

workspace of some form [51]. Video or audio systems aid 

communication and collaboration. Within the space, 

partners solve a puzzle or perform a task as a pair or group, 

where many studies have followed a helper/worker 

situation (e.g., [24,34,35]). In these studies, the worker 

completes the task with knowledge shared by the helper.  

We know that sketching interfaces [35], a view of 

unmediated hand gestures [34], and immediate visual 

feedback of collaborators’ actions [24] are valuable and aid 

situation and workspace awareness in shared digital 

workspaces containing video and audio connections. 

Collaborators value a stationary overview camera [22,32] 

along with mobile cameras [57]. Stationary cameras are 

sometimes even preferred over head-mounted cameras [22], 

though head-mounted cameras can provide collaborators 

with proactive assistance [32]. We build on these 

explorations to explore video and audio communication 

within a distributed escape room to understand when and 

how video and audio connections are used between 

partners. Here the difference is that people are participating 

in a game under time constraints with specific design 

elements that may be different than workplace and study 

settings. Players are also working to solve complex puzzles 

that are more varied and challenging than one would find in 

typical controlled experiments of distributed collaboration. 

This makes it unclear if and how findings from distributed 

collaboration in the aforementioned studies apply to 

distributed escape room play and design where there is a 

larger focus on enjoyment rather than getting ‘work’ done. 

DISTRIBUTED ESCAPE ROOM DESIGN 

We designed a distributed real-life escape room called 

Escaping Together to let partners play in interconnected 

escape rooms over distance. The goal was to allow players 

to share the experience together, feel social presence over 

distance, collaborate to mutually exit their locked rooms, 

and have an enjoyable experience. Escaping Together 

contained two rooms, one for each partner. Naturally, there 

are many ways to design a distributed escape room, e.g., 

multiple rooms, multiple players in each room, etc. We 

chose what we felt was a base case for exploring distributed 

escape rooms. Future work could expand on our model. 

We designed our distributed escape room to fit an academic 

espionage theme where one room was a professor’s office 

and the second room was the research lab of the professor 

(Figure 1). As part of the theme, players were told that one 

of them had failed a class and so they were trying to break 

into the professor’s office and research lab in order to try 

and figure out how to change the grade. Grading sheets 

were somewhere in one of the two rooms. Players could 

talk to each other and see what was occurring in the other 

room through an audio and video connection (e.g., Google 

Hangouts) running on both a tablet and a computer in the 

room. Players were told that as soon as they entered the 

rooms, the doors would be auto-locked because there was 

unauthorized access detected. They were given 45 minutes 

to escape their respective rooms before an alarm would 

sound. They could ask for three hints as a team during their 

play by ‘phoning a friend’ (the researchers). 

We focused on exploring three ways of providing 

connectedness to the players—different aspects of the 

rooms that were used to try and create feelings of social 
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Figure 1. The distributed escape room: an office connected to a research lab. 

  



 

presence and a shared experience between players across 

the rooms. The three elements we explored were: 1) Audio 

and Video Links: an audio connection and mobile and 

stationary video feeds; 2) Artifacts: a mixture of shared and 

non-shared artifacts across the rooms, including both 

computational and non-computationally enhanced objects; 

and, 3) Puzzles: a mixture of puzzles where some required 

tightly coupled collaboration and some could be solved 

independently.  

1. Audio and Video Links 

We included two types of video feeds between the rooms as 

a means to help players feel connected over distance and 

share their experiences (e.g., helping each other on puzzles 

or sharing their enjoyment of the room) along with an audio 

link associated with one of the video links. The first video 

feed was a mobile (tablet-to-tablet) connection, and the 

second video feed was a stationary (computer-to-computer) 

connection. Looking at one room’s tablet showed the view 

from the other room’s tablet. Similarly, looking at one 

room’s computer showed the view from the other room’s 

computer. We felt this mapping would make the video 

connections easily understandable.  

We included the tablet as we anticipated that people would 

want a video feed that they could move around to show 

different parts of the escape room and engage in camera 

work as part of the experience; this builds on prior work on 

distributed collaboration [20,22,32,33]. Each tablet was on 

a stand so it could be easily positioned and set down, as 

opposed to having to hold it continuously. We included the 

computer as we anticipated that players would value seeing 

a static view of the entire workspace, akin to the benefits 

found for stationary displays in remote collaboration tasks 

[22,32]. Dashed lines in Figure 1 show the captured area of 

the stationary cameras. 

We pilot-tested different video and audio configurations 

where we changed the starting location of the tablets and 

the locations of the computers to see their effects. We found 

that it was better to have the mobile and stationary cameras 

in different locations so that players would use them at 

different points in time. Having them in the same location 

meant the mobile camera rarely moved. We brainstormed 

the use of a head-mounted camera, but decided against it as 

we felt that, similar to other research, it would be less 

valuable for fine-grained tasks like puzzle solving and large 

amounts of camera movement could be awkward [33,56].  

2. Artifacts 

The rooms contained various artifacts that were needed to 

solve the escape room puzzles. We selected objects for each 

room that we felt fit the theme, style of the rooms, and the 

puzzles. For example, objects included puzzle pieces with 

motion tracking, books, a small travel bag, etc. Thus, 

objects were a mixture of computational and non-

computational. We chose three types of artifacts:  

a) Duplicate artifacts - the same artifact was found in both 

rooms (e.g., the exact same book was in each room). We 

included them to see how connected participants would feel 

when given the opportunity to work on their own (using 

their own object) or help out their partner (since the needed 

object was the same). 

b) Similar artifacts - the same type of object was in both 

rooms but with different content or information (e.g., a 

different book in each room). We included them, again, to 

see how connected participants would feel, this time with 

similar but slightly different objects. This could allow them 

to work on their own or help their partner in a loosely 

coupled fashion by talking about their objects.  

c) Different artifacts - completely different objects in each 

room (e.g., a toolbox in one room, a bag in the other room). 

Our goal was to create intrigue by having completely 

different objects be a part of the puzzle. Participants could 

not always assume that they needed to use the same object 

at the same time and they would likely want to converse 

about the different objects in each room. 

Across all three object types, our goal was to learn how the 

objects would be used, shared, or referred to over the video 

Table 1. Puzzle descriptions and goals. 

Puzzle Description Goal Type of Artifacts Answer 

1: Mirror Each room had its own spatial puzzle 
where partners had to figure out a lock 
code using a mirror and whiteboard 
(Figure 2). 

Have players start by exploring 
their own room and seeing what 
objects were in it. 

Similar – both rooms had a 
mirror and whiteboard but they 
contained different numbers 
on the whiteboard. 

Different – each room 
had a unique answer. 

2: Grade 
Sheet 

An Ottendorf cipher using a student grade 
sheet and books.  

Have players work more closely 
together to achieve the same 
answer, while still giving them the 
chance to work independently. 

Similar – both rooms had a 
grade sheet and books, but 
the contents were different. 

Same – solving the 
cipher in both rooms 
produced the same 
numeric code. 

3: Hockey 
Table 

‘Worker plus helper’ puzzle where one 
partner uses an information sheet to tell 
the other where to position players on a 
table hockey game (Figure 3).  

Force players into tightly-coupled 
work. 

Different – one room had a 
table hockey game, one room 
had an information sheet. 

Same – solving the 
puzzle produces a 
single numeric code 
used in both rooms. 

4: Table 
Puzzle 

A tangible computing jigsaw puzzle [53]. 
Players placed physical puzzle pieces on 
a digital table and moved them around. 
Pieces from both tables were shown on a 
computer screen in each room (Figure 4). 

Have participants jointly come up 
with the final solution to their 
rooms to escape together. 

Similar – each partner had 
different pieces of the same 
puzzle. 

Same – each partner 
produced two numbers 
that, when joined, were 
the final numeric code 
to the rooms’ locks. 

 



 

and audio links. We placed some objects out of camera 

view in the rooms so that players would need to utilize the 

mobile camera to share them. While some objects were not 

computationally-enhanced, we used them to further 

understand how computational objects that had similar 

properties might be designed. Table 1 describes the puzzle-

specific artifacts as part of our puzzle descriptions. 

3. Puzzles 

We designed a series of four puzzles for each room that 

players needed to solve in a sequential order; thus, while 

clues may be visible puzzles at any point in time, the 

puzzles had to be solved in a linear fashion in order to 

escape. We felt that a sequential path would be most 

straightforward for players to understand as a first time 

experience in distributed rooms. This also reflects the style 

of play found in escape rooms within our region of North 

America, though we recognize that escape rooms around 

the world vary and sometimes include multiple paths [47]. 

  
Figure 2. Puzzle 1 with a mirror and whiteboard. 

 
Figure 3. Hockey table in the ‘research lab’ room. 

  
Figure 4. Puzzle 4 containing interconnected playing boxes 

(left) and an on-screen visual (right). 

Table 1 shows details for our puzzles. We included puzzles 

where the goal was to enable loosely coupled collaboration 

or individual work (Puzzles 1 & 2), as well as puzzles that 

required close coordination and consultation between 

partners, in an effort to force collaboration to be tightly 

coupled (Puzzles 3 & 4). While past research has shown 

that collaborative work increases feelings of social presence 

[16,62], we wanted to understand how differences in 

collaborative work would affect player experience and 

enjoyment in the escape room. We conducted pilot tests 

with three pairs to assess the difficulty of our puzzles. Our 

goal was to make the escape room somewhat easier to 

complete than typical commercial escape rooms (10-20% 

success rate) so that, when conducting a study, nearly all 

the players would experience each of the puzzles and be 

able to compare their thoughts on each. We reduced the 

difficulty of our puzzles as a result of pilot testing. 

EXPLORATORY STUDY 

We conducted an exploratory study of Escaping Together to 

understand if and why participants felt a sense of social 

presence with their partners; how play manifested in the 

rooms; how partners worked together or apart from each 

other; and, to what extent the design of the rooms—the 

audio/video links, artifacts, and puzzles—affected these 

behaviors. 

Participants 

We recruited seventeen groups of players, including a total 

of 34 people (21 female). All teams included two people 

who were self-selected as partners, representing co-

workers, friends, or family members. Of these participants, 

27 were aged 19-25, three were 26-30, one was 31-35, and 

one was 41-50. 20 of 34 participants had played at least one 

escape room prior to the study. Most of the participants 

were undergraduate or graduate students.  

Method 

First, players individually completed a questionnaire that 

asked for demographic information and their experience 

with escape rooms. Second, we explained the rules of the 

escape room, which included telling players that they could 

use anything that was present in the rooms to solve the 

puzzles, including computers, but could not open any 

additional applications beyond what was already running. 

This included the video connection and software running 

our tangible puzzle. Next, we described the storyline to the 

players and then brought each player to his or her own 

room. Players were randomly assigned to one of the rooms. 

Players did not see the other person’s room in-person. 

Once players entered the room, they had 45 minutes to 

escape. After playing, participants individually completed a 

post-study questionnaire that had them rate the difficulty of 

each puzzle, the strength of their team work and individual 

work for each puzzle, their enjoyment while completing 

each puzzle, and their sense of social presence with their 

partner. We defined social presence for them as “the feeling 

that your partner was present and with you in the room” [7]. 

Next, we jointly interviewed participants to understand their 

experience. Interviews lasted 20 to 40 minutes. We asked 

them questions about what they enjoyed the most, what 

they enjoyed the least, how they used the video and audio 

communication system, what was valuable or challenging 

with it, and how and when they collaborated.  



 

Audio Communication 

We varied the audio link that was available to connect the 

two rooms during the study because it was unclear what the 

effects would be of having the microphone/speakers on a 

mobile vs. stationary device. We enabled the microphone/ 

speakers on the tablet for half of the participants, and 

enabled them on the computer for the other half.  

Data Collection and Analysis 

We observed all sessions from a remote video feed in a 

separate room and kept notes about participant behaviors. 

We recorded the interviews and fully transcribed all audio. 

We recorded videos of all the study sessions and reviewed 

them to compare participant activities to their responses in 

the interview questions. We coded video transcripts of the 

study sessions noting distinct behaviors. We used 

inferential and descriptive statistics to compare the 

responses on the post-study questionnaire. We performed 

open and axial coding on the transcribed interviews and our 

observational notes to draw out categories of results. We 

conducted a selective coding process where we discussed 

and explored our coding categories as a team of three 

researchers to converge on what we felt were the design 

aspects of the distributed escape room that were most 

critical to the way in which players behaved and 

collaborated. These emerged as situational awareness 

through audio and video, sharing artifacts, expectations 

around collaboration, and puzzle structures.  

Next we present our results where we first present players’ 

general reactions to the escape room along with a 

quantitative analysis of their experience. Following this, we 

explore the qualitative themes uncovered in our analysis. 

We caution that our study entailed a largely exploratory 

approach where we iteratively prototyped a distributed 

escape room with purposeful and thoughtful elements and 

tried it out with participants. Thus, our study was not a 

carefully controlled laboratory study with varying 

conditions that might allow us to draw out clear cause and 

effect relationships while reducing confounds such as 

learning effects. Instead, through observations, interviews, 

and questionnaire responses, we thematically draw out what 

we feel really matters when it comes to the design of 

distributed escape rooms based on the observed and 

reported actions and feelings of participants. 

Table 2. Median/range ratings for each puzzle. 

Puzzle Team Individual Partner Difficulty Enjoyment 

1 Mirror 4 (1 to 5) 3 (1 to 5) 4 (2 to 5) 3 (1 to 5) 4 (2 to 5) 

2 Book 4 (2 to 5) 3 (1 to 5) 4 (2 to 5) 3 (1 to 5) 5 (2 to 5) 

3 Hockey 5 (3 to 5) 4 (1 to 5) 4 (1 to 5) 3 (1 to 5) 5 (2 to 5) 

4 Jigsaw 4 (1 to 5) 3 (1 to 5) 4 (1 to 5) 4 (1 to 5) 4 (2 to 5) 

GENERAL REACTIONS AND EXPERIENCES 

Seven teams were able to escape and the mean time for 

completion was 34±7 minutes (range 23 to 42 min) out of a 

total possible 45 min. This represents a 41% completion 

rate. Five teams ran out of time on the final puzzle, four ran 

out of time on the 3rd puzzle, and one team did not make it 

past the 2nd puzzle. Thus, 12 of 17 teams worked on all 

four puzzles to varying extents. Median times (and ranges) 

spent on puzzles for teams that completed them were (in 

seconds): Puzzle 1, 600s (220-1448s); Puzzle 2, 575s (180-

1740s); Puzzle 3, 750s (240-1560s); and, Puzzle 4, 330s 

(210-580s). Thus, Puzzle 3 typically took the longest. 

Based on the post-study questionnaires, Escaping Together 

was enjoyable for players and created a sense of social 

presence. The median rating of enjoyment by players 

individually (1-Not at all enjoyable to 5-Very enjoyable) 

was 5 with a range from 3 to 5. The median rating for 

having feelings of social presence with one’s partner (1-

Low to 5-High) was 4 with a range of 2 to 5.  

Table 2 shows the median ratings and ranges for a series of 

questions about each puzzle where we have only included 

data for the 12 teams (n=24 participants) that attempted all 

puzzles. Column 2 shows scores for how well the 

participant felt they worked as a team on the puzzle; 

Column 3 shows how well the participant thought s/he 

worked on the puzzle as an individual; Column 4 shows 

how well the participant thought his/her partner worked on 

the puzzle; Column 5 shows the perceived difficulty of the 

puzzle; and, Column 6 shows how much the participant 

enjoyed the puzzle. All were rated from 1-Low to 5-High. 

We found a statistically significant difference in scores for 

how well they worked as a team across all four puzzles 

based on Friedman’s test, χ2(2)=17.79, p=0.0005. Post hoc 

analysis with Wilcoxon signed-rank tests was conducted 

with a Bonferroni correction applied, resulting in a 

significance level set at p < 0.0125. Significant differences 

were found between Puzzles 1 and 3, and Puzzles 3 and 4; 

thus, players felt they worked best as a team for Puzzle 3, 

compared to Puzzles 1 and 4. This likely reflects the strong 

need for tightly coupled work in Puzzle 3. We did not find 

any statistically significant differences in ratings of their 

individual work across all four puzzles (based on 

Friedman’s test, χ2(2)=0.8, p=0.849) or their partner’s 

individual work (based on Friedman’s test, χ2(2)=1.37, 

p=0.711). Thus, participants generally felt that their 

individual performance, as well as their partner’s did not 

vary across puzzles. 

We found statistically significant differences in scores for 

the difficulty of puzzles based on Friedman’s test, 

χ2(2)=9.63, p=0.022. Post hoc analysis with Wilcoxon 

signed-rank tests was conducted with a Bonferroni 

correction applied, resulting in a significance level set at p 

< 0.0125. Significant differences were found between 

Puzzle 1 and Puzzle 2 only.  We did not find significant 

differences for enjoyment of the puzzles (based on a 

Friedman’s test, χ2(2)=6.46, p=0.0913). 

Next we describe a series of themes that emerged in our 

qualitative analysis as critical design factors for distributed 



 

escape rooms. These themes provide elaboration on when, 

why, and how participants felt they worked well or did not 

work well with their partner, and how the various ways we 

designed the rooms appear to have affected play. 

CONTINUOUS AWARENESS THROUGH AUDIO 

First, participants told us that the audio link played a pivotal 

role in creating a sense of presence with one’s partner and 

maintaining situation and workspace awareness of what 

was happening in each room. This was a result of its 

location and ubiquity throughout most of the room (e.g., 

sound could be detected and heard from nearly anywhere). 

Our observations showed that audio was used far more 

consistently throughout all of the teams’ sessions than the 

video link. The audio link allowed players to stay in contact 

with each other while moving around and working freely. 

They would verbally describe what they were trying, make 

comments about things they noticed in the room, and 

answer questions from their partner—most often while they 

were not looking at the video feeds. In this way, the audio 

link provided situation awareness of what each person was 

doing, but only if they chose to verbally describe it. Some 

teams held a conversation nearly continuously throughout 

their entire session. As Team 3 described, this constant 

communication created a strong sense of presence. 

“There wasn't really a lot of moments of silence. Even when 

we were like doing different tasks, we kept the conversation 

up, so I felt like she was actually there instead of only 

talking to each other when we were doing. Like when we 

were trying to solve something, in the process we were still 

communicating constantly and therefore it feels like you're 

right there.” - P6 

We observed that some participants stopped talking with 

each other because they were trying to focus on their own 

tasks. Participants told us that, in these situations, they did 

not know what their partner was working on and many 

assumed it was a continuation of what they had last heard, 

even if this was not accurate. Only when something 

important arose, such as one partner figuring out how to 

solve part of a puzzle, did participants start to talk again.  

In some cases, descriptions of one’s activity over the audio 

link raised confusion and did not suffice since players were 

not always looking at a video feed to see what was being 

referred to. The video display was not always close by 

them, but audio could be captured and heard anywhere. 

In cases where audio was present on the computer, we 

observed that players gravitated towards the desk area with 

the computer, and made use of the stationary camera more 

than the portable one. When audio was present on the 

tablet, players in the office would often work near the table 

that the tablet was placed on. In some cases, they even sat 

on the floor next to it. Consider Team 1:  

P1 and P2 collected the artifacts in the rooms and carried 

them so they were all next to the desk with the stationary 

camera and audio source. P2 even carried the hockey table 

over to the desk—he had to lift it at an awkward angle and 

you could see the strain in his face. After moving the 

objects, P1 and P2 remained seated at the desks nearly 

their entire time in the room. 

As can be seen, the audio source was a magnet for players’ 

location in the rooms. What was most surprising about this 

behavior was that the audio connection picked up audio 

anywhere in the room, and the speakers were loud enough 

that it could similarly be heard from anywhere. Thus, the 

desire to be ‘next to’ the audio source was very strong 

despite its accessibility throughout the room. In fact, nearly 

all participants said that the audio made them feel like their 

partner was ‘right there’; thus, it was the strongest 

representation of the remote person. For example, P20 said 

he felt a lack of togetherness with his partner whenever he 

had to move away from the stationary audio source. 

SHARING OBJECTS AND CREATING INTRIGUE 

Participants described the role of the video as being 

secondary in nature where it augmented the audio link, 

though this did not diminish its importance. Video was 

selectively used in order to communicate information that 

was visually shareable. This is similar to studies of 

workplace collaborations [22,24]. For example, we 

observed that teams would use one or both of the video 

links to show objects in the room that they thought were 

important (e.g., books, the hockey table, the digital puzzle 

pieces). This allowed them to know how similar the two 

rooms were and if the same artifacts were present.  

“For the book one, we can show each other which book. 

We would be like, oh we only have one in common!” –P3 

Participants told us that this process usually worked for 

sharing basic information, such as what objects looked like, 

but it was somewhat inefficient or unworkable for complex 

information associated with the puzzles (e.g., numbers on 

pages, detailed writing). In these cases, the audio link had 

to be used to describe the object or how to use it. 

When puzzles involved loosely coupled or individual work, 

we found that participants most often ignored the video 

feeds and went for long periods of time (e.g., in the order of 

minutes) not looking at them. Thus, unlike studies of 

workplace collaboration [24], immediate visual feedback of 

a collaborator’s activities was not as important for 

completing the task since participants sometimes wanted to 

explore their own ideas for solving a puzzle and cared less 

about seeing their partner’s approach. The time pressures of 

the room meant that they could not linger and watch their 

partner. Like studies of workplace collaboration [22,32], the 

stationary camera helped give team members an overview 

of what was in each room, though it was difficult in practice 

to see the entire room given camera angles and the shape 

and size of the rooms. This meant that what was on or off-

camera mattered. Consider Team 1: 

Upon completion of Puzzle 2, P1 found the lock on a bag in 

her room and applied the combination in order to open it. 



 

P2 figured the lock he was looking for was likely similar to 

P1’s so he started looking around his room for it. P2 told 

P1 that he was still looking for his lock but having 

problems finding it. The camera was positioned in such a 

way that the lock was not visible, so P1 could not help in 

locating the lock despite trying to look at the video feed.  

Conventional wisdom based on the related work would 

suggest that seeing an entire room as part of an overview 

would be extremely valuable [22,32]. However, in contrast, 

a constrained view of the remote room helped create 

curiosity. We observed this as all groups engaged in 

conversations at varying points in time where they asked 

questions about what was in both rooms. They wondered 

how the two rooms might be similar or different and what 

artifacts were in the remote room.  They also spent large 

amounts of time sharing the view of objects over the mobile 

video link. For example, Puzzle 3 required the use of a toy 

hockey rink in the research lab and a list of player positions 

in the office. Because the objects were so different, many 

participants said they felt additional curiosity and 

excitement as they wanted to know details about the object 

in the other room. Consider Team 15: 

P30 was very interested in seeing the hockey table and 

repeatedly asked P29 to show her different views of it with 

the mobile video camera. They were trying to solve Puzzle 3 

by moving players into different positions. After each set of 

movements was complete, P30 asked P29 to see the result 

in spite of P29’s verbal descriptions.  

Some participants told us that they liked that not everything 

could be seen in both rooms. The placement of artifacts 

outside of the camera view meant the room was more 

mysterious. In this way, the low-fidelity video view (a 

small portal on a screen) of the remote location forced 

participants to imagine what the room looked like in detail.  

“I think not being able to see each other's full room 

actually made the experience better.” – P8 

Despite the intrigue that came with different objects in each 

room, players said that they enjoyed the escape room more 

when they were able to use the same types of items together 

at the same time; they felt it increased feelings of playing 

with their partner. For example, this included the digital 

puzzle pieces for Puzzle 4 that were progressively revealed 

as each puzzle was solved—creating sporadic feelings of 

connectedness each time a new piece was found—and the 

book in Puzzle 2 that was the same in each room and used 

for the Ottendorf cipher. For example, P3 said that having 

the book in common made her feel less alone. This was also 

the case with the mirrors in Puzzle 1. 

EXPECTATIONS OF COLLABORATION 

One of the most engaging aspects of the room's design was 

the extent of participants' knowledge of how much or how 

little collaboration was needed to solve the puzzles and how 

much they needed to work together. From a theoretical 

perspective, they were grappling with knowing how much 

of a shared mental model they needed to have. Each puzzle 

had varying degrees of collaboration, but participants were 

not aware of that ahead of time. As a result, participants 

said that the lack of knowledge created curiosity and 

sometimes tension. From our observations, we saw that 

participants tended to assume that the rooms were providing 

a “parallel” setup. Then, as they worked, participants 

adapted their attempts to solve the puzzles by shifting 

between ideas relying on a shared mental model of the 

situation to those involving individual mental models. For 

example, we observed that they would start out by talking 

with their partner to come to an agreement on how to solve 

a puzzle, and, then when realizing this may not be the 

correct way to solve it, they would begin working on their 

own.  By observing partners’ conversations, we saw that 

participants began to realize the rooms were related but not 

necessarily parallel. 

“The whole collaborative part was really interesting. It's 

just that I found that I thought it would be a lot more 

collaboration involved because first two [puzzles] was 

mostly just individual.” – P20 

This challenge came out most strongly for the first two 

puzzles since they were designed to support individual or 

loosely coupled work. In the first puzzle many teams 

initially thought that each mirror would hold the code for 

the lock in the other room rather than their own. Thus, they 

assumed they needed to use the video feed to solve the 

puzzle. Teams tried to solve the puzzle in this way using the 

tablet’s camera to share the whiteboard writing. This was 

often a long process that did not yield the correct puzzle 

solution. Similarly in the second puzzle, participants 

expected the puzzle to require a large amount of verbal 

exchanges. The most commonly observed idea was that the 

numbers would have to be combined across rooms in some 

way and that partners would have to tell the remote person 

their numbers over the audio link. Consider Team 11: 

For Puzzle 1, P21 and P22 attempted to show each other 

their whiteboard markings over the mobile video link. P22 

copied the numbers from the video link on to his whiteboard 

in order to come up with the solution. This did not work, 

however, since the markings and solutions were meant to be 

separate for each room. For Puzzle 2, P21 and P22 talked 

over the audio link to share their cipher numbers with one 

another. Here they tried, again, to link the numbers 

together. This time they were trying to use a series of math 

operations between the sets of numbers in each room. 

The idea that tightly coupled collaboration was always 

required was so strong that some teams even tried ‘extra 

hard’ to work together, even though they did not necessarily 

have to. For example, in Puzzle 2, some players had a more 

difficult time finding the book for the Ottendorf cipher so 

instead of continuing to look for it, they read the numbers 

from their own puzzle sheet to their partner over the audio 

link, who would then use their copy of the book to figure 

out the answer to the puzzles in both rooms. This was 

possible, but not necessary, as the book for the cipher was 

the same in both rooms.  



 

THE REALITY OF THE PUZZLE STRUCTURES 

Once players altered their perception that all puzzles would 

involve closely knit teamwork, the degree to which the 

puzzles were actually interwoven across the two locations 

affected play considerably. That is, the reality of 

collaboration, rather than the perception of it, affected play. 

Our analysis revealed that the puzzles designed to support 

loosely coupled work allowed participants to work 

individually, if they wanted to, and build on their individual 

confidence and abilities. Yet they could still ask their 

teammate for help, since the puzzles were similar. The 

puzzles designed to support tightly coupled work forced the 

teammates to collaborate closely and feel as though they 

were really ‘in’ the escape room with their partner. The 

mixed level of collaboration across the four puzzles was a 

factor that many players said increased their enjoyment of 

the distributed escape room.  

“It's kind of a change to both have puzzles that only you 

can figure out. There's a sense of achievement, personal 

achievement, in that. Then also to collaborate when you do 

need help. Kind of like having a hint system but with your 

team.” – P10 

The downside of having varying degrees of collaboration 

meant that players were not always synchronized in terms 

of which puzzles they were working on. For Puzzle 1, 

partners for 6 of the 17 teams solved the puzzle at 

approximately the same time because they worked together. 

Of the remaining 11 teams, four partners helped and waited 

for their partner to solve the puzzle before moving ahead, 

and seven teams either did not help at all, or tried to help 

while concurrently moving ahead. In Puzzle 2, 7 of 17 

teams finished at approximately the same time, and only 

one teammate waited to help their partner. The time 

pressure of the rooms caused some of the players to 

continue on their own. Because the remote partner was 

relatively small in the video feed and they could easily be 

off camera, our observations showed it was easy for 

participants to forget about them at times. The lack of 

synchronization that resulted became highly problematic 

and meant that even though one partner could help the other 

solve his or her puzzle (given the similarity), they did not. 

The last two puzzles forced tightly coupled collaboration; 

however, a lack of synchronization on Puzzle 2 sometimes 

meant that partners had to wait for each other in order to 

start Puzzle 3. This created confusion if one person tried to 

start Puzzle 3 on their own.  

P33 and P34 progressed independently until P33 reached 

Puzzle 3 and could not move ahead. At this point, they 

began to collaborate more as P34 tried to help P33 catch 

up and move through Puzzles 1 and 2. Both found a bag in 

their rooms and assumed they should be used in the same 

way; however, in reality, this was not the case as P34’s bag 

was used later on since she was ahead in the puzzles. P33 

and P34 became noticeably frustrated and they could not 

continue without a hint.  

It was evident that partners became confused in terms of 

situation awareness. They could see what their partner was 

doing over the video link and hear them, but they did not 

always understand this information, again, because it lacked 

detail to see exactly what the person was doing. Participants 

said that this coupled with trying to understand their own 

puzzle created feelings of panic and tension. For some 

players, this created a lack of enjoyment at times. For 

example, P19 said that he felt nervous when his partner 

moved ahead, as he did not know what she was doing. 

While he could see her over the video link, she worked in a 

very focused manner on her own puzzle and did not explain 

it to him. On the other hand, participants said they felt less 

nervous when they could work closely with their partner. 

DISCUSSION AND CONCLUSIONS  

The goal of our study was to understand what factors are 

important for the design of distributed real-life escape 

rooms to create an enjoyable collaborative experience for 

players where they feel like they are participating in a 

shared experience with remote partners. We now describe 

the design factors that we feel are most important where the 

factors raise important questions for researchers and 

designers who may create distributed escape rooms or other 

technology-supported distributed social activities for team 

building exercises, entertainment, or as research tools to 

explore social or technical research questions. 

Audio for Presence and Awareness 

First, audio was a very critical component of the distributed 

escape room. This is how participants ‘felt’ the embodiment 

of their remote partner—that person’s representation in the 

remote space—and gathered a large amount of situation 

awareness; it was not because of the video feed. This is 

similar to the use of video streaming for distributed 

location-based games [56], yet unlike a lot of research on 

video-mediated workspaces (e.g., [22,24,25,35]). The 

reality is that players in the escape room were so focused on 

solving puzzles and their own efforts to do so that they did 

not often look at a video feed as it relates to focusing on the 

remote partner while performing crucial steps for the 

puzzles. The video feed was typically only helpful when 

tightly coupled work was needed, e.g., solving 

interconnected puzzles or when seeking help, sharing ideas, 

or sharing objects. Audio was lightweight because it did not 

involve camera work or staying in a single position, though 

many people did like to try to stay close to the audio source.  

This raises design opportunities for thinking about ways of 

providing social presence in distributed escape rooms 

through the use of audio that is decoupled from video. For 

example, one may consider supporting social presence 

through various forms of spatialized audio or varying 

acoustics in order to connect people over distance. Similar 

approaches have been explored for other contexts (e.g., 

[42,48]). These findings also mean that if distributed escape 

rooms are going to be used as part of education or training 

setups more broadly that participants in them will likely 



 

focus heavily on the use of audio at the expense of video. 

This may or may not be desired, depending on the situation. 

Video to Create Curiosity 

Second, even though audio was clearly the most important 

connector between the rooms, video still played an 

important role. The stationary and mobile video 

connections were a means for communicating about 

specific items, especially when there was a low level of 

similarity between artifacts for a puzzle. The stationary 

camera also provided an overview of the space, similar to 

studies of distributed workplace collaboration [22,32]. Yet 

what was different, given the focus on entertainment in 

escape rooms, was the value that came from not being able 

to see everything in the remote room over the video links. 

This helped create curiosity and wonder in terms of what 

was in the remote room. Our results also suggested little 

need for additional cameras, such as ones that might 

provide first person views of the remote location, since 

players spent little time looking at their video feeds. The 

only instance where such cameras might be valuable is if 

puzzles require a large degree of tightly coupled work.  

While studies of workplace collaborations suggest camera 

views that are of a high fidelity and offer both an overview 

and close-up view [22,32], our results point to different 

design needs for video feeds in distributed escape rooms. 

Here we see that a balance is required. On one hand, video 

links are clearly needed to gather situation awareness and 

share artifacts. On the other hand, video links that provide 

limited viewpoints can create curiosity, which is likely 

valuable in escape rooms as it could lead to excitement and 

enjoyment for some players who want additional mystery. 

We suggest distributed escape rooms offer players a 

mixture of both worlds by providing video feeds, but 

leaving the display of some information somewhat 

ambiguous. We achieved this, somewhat unexpectedly, 

with overviews that did not show the entire room. Other 

design solutions are certainly possible, such as partially 

obscuring portions of the video feed, providing low-

resolution video, or by progressively revealing video feeds 

as players progress through the escape room. This area is 

certainly ripe for further research and design exploration. 

Designers should also consider that while some players 

might value the additional mystery and intrigue that comes 

from ambiguous video views, other players could find them 

frustrating and this might impede enjoyment.   

Expectations and Perceptions 

Third, it was very clear that participants’ expectations of 

how much they should collaborate with each other strongly 

affected play. Thus, the structure of the puzzles and the 

room’s artifacts (both computational and not) played a 

strong role in the experience. Players came to the escape 

room imagining a parallel setup where artifacts and puzzles 

would be the same. Yet, we had designed the escape rooms 

to vary in this respect and allow players to practice a variety 

of collaborative skills, including both loosely and tightly 

coupled work and the gathering of awareness information to 

aid this understanding and groupwork. This created tensions 

around synchronization and made it hard to maintain 

situation and workspace awareness because the actions of 

others became confusing. Some players liked the intrigue 

that this experience created, but others preferred the 

situations where the puzzles were tightly coupled and the 

artifacts were similar across rooms. Like past research 

[16,62], participants felt strong feelings of social presence 

and participants said this came from working on puzzles 

together and collaborating. 

Overall we suggest that distributed escape rooms should 

focus on puzzles designed for collaborative efforts with a 

mixture of artifact types. Some artifacts should be designed 

to be connected and shared across rooms, in order to 

promote such collaboration. Other artifacts should be 

dissimilar as a means to create intrigue.  With dissimilar 

artifacts comes a need for technology that can allow players 

to share details about the objects between rooms. There is 

also a need for players to understand whether or not the 

experience across rooms, including the design of puzzles, is 

parallel or not and if teamwork is needed.  Our video tools 

were somewhat primitive for supporting such sharing and 

knowledge acquisition.  Future technologies might allow 

the remote user to explore the remote space and objects on 

his or her own using, for example, multiple cameras, pan 

and zoom capabilities, etc. One might also imagine more 

futuristic setups such as the use of mixed reality displays or 

360-degree video connections that might allow players to 

virtually ‘visit’ the other room and allow them to 

temporarily see objects for sharing and conversation.  There 

are also likely many other ways of realizing these design 

goals. The emphasis we make here is on designs that allow 

exploration while not necessarily requiring the help of the 

local player since he or she may be working on their own 

efforts and may not want to engage in camera work that 

might come with supporting remote viewing setups. 

Limitations and Future Work 

Our study is limited in that we only explored one type of 

distributed escape room with only pairs of individuals. We 

also only tested two types of video feeds. Our escape room 

was simpler and easier to escape than many commercial 

escape rooms (given the completion rate). This was 

appropriate for a study exploring the topic, yet it is not clear 

if such completion rates would affect player perceptions of 

enjoyment, difficulty, social presence, and teamwork. 

Future work should continue explorations of distributed 

escape rooms with additional numbers of players and 

rooms, the inclusion of different audio and video setups, 

and the use of additional interconnected computational 

artifacts. Our results suggest directions for each of these 

design investigations. 

ACKNOWLEDGMENTS 

We thank NSERC for funding this research. 

 



 

REFERENCES 

1. Ben Bedwell, Holger Schnädelbach, Steve Benford, 

Tom Rodden, and Boriana Koleva. 2009. In support of 

city exploration. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems 

(CHI '09). ACM, New York, NY, USA, 1171-1180. 

DOI=10.1145/1518701.1518879 

2. Marek Bell, Stuart Reeves, Barry Brown, Scott 

Sherwood, Donny MacMillan, John Ferguson, and 

Matthew Chalmers. 2009. EyeSpy: supporting 

navigation through play. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems 

(CHI '09). ACM, New York, NY, USA, 123-132. 

DOI=10.1145/1518701.1518723  

3. Steve Benford, S., & Gabriella Giannachi. Performing 

Mixed Reality, The MIT Press (2011). 

4. Steve Benford, Gabriella Giannachi, Boriana Koleva, 

and Tom Rodden. 2009. From interaction to trajectories: 

designing coherent journeys through user experiences. 

In Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems (CHI '09). ACM, New 

York, NY, USA, 709-718. 

DOI=10.1145/1518701.1518812 

5. Steve Benford, Andy Crabtree, Martin Flintham, Adam 

Drozd, Rob Anastasi, Mark Paxton, Nick Tandavanitj, 

Matt Adams, and Ju Row-Farr. 2006. Can you see me 

now?. ACM Trans. Comput.-Hum. Interact. 13, 1 

(March 2006), 100-133. 

DOI=10.1145/1143518.1143522 

6. Steve Benford, Andy Crabtree, Stuart Reeves, Jennifer 

Sheridan, Alan Dix, Martin Flintham, and Adam Drozd. 

2006. The Frame of the Game: Blurring the Boundary 

between Fiction and Reality in Mobile Experiences. In 

Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems (CHI '06), ACM, New 

York, NY, USA, 427-436. 

DOI=10.1145/1124772.1124836 

7. Frank Biocca, Chad Harms, and Judee K. Burgoon. 

2003. Toward a More Robust Theory and Measure of 

Social Presence: Review and Suggested Criteria, 

Presence, Vol. 12(5), Octoboer 2003, 456-480. 

8. Elizabeth Bonsignore, Vicki Moulder, Carman 

Neustaedter, Derek Hansen, Kari Kraus, and Allison 

Druin. 2014. Design tactics for authentic interactive 

fiction: insights from alternate reality game designers. 

In Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems (CHI '14). ACM, New 

York, NY, USA, 947-950. 

DOI=10.1145/2556288.2557245 

9. Elizabeth Bonsignore, Kari Kraus, Amanda Visconti, 

Derek Hansen, Ann Fraistat, and Allison Druin. 2012. 

Game design for promoting counterfactual thinking. In 

Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems (CHI '12). ACM, New 

York, NY, USA, 2079-2082. 

DOI=10.1145/2207676.2208357 

10. Elizabeth Bonsignore, Derek Hansen, Kari Kraus, 

Amanda Visconti, June Ahn, and Allison Druin. 2013. 

Playing for real: designing alternate reality games for 

teenagers in learning contexts. In Proceedings of the 

12th International Conference on Interaction Design and 

Children (IDC '13). ACM, New York, NY, USA, 237-

246. DOI=10.1145/2485760.2485788 

11. John M. Carroll, Mary Beth Rosson, Gregorio 

Conertino, and Craig H. Ganoe. 2006. Awareness and 

teamwork in computer-supported collaborations. 

Interacting with computers 18.1 (2006): 21-46. 

12. Nancy J. Cooke, Jamie C. Gorman, Jasmine L. Duran, 

Amanda R. Taylor. 2007. Team cognition in 

experienced command-and-control teams. Journal of 

Experimental Psychology 13, 3 (September 2007), 146–

157. 

13. Janis A. Cannon-Bowers, Eduardo Salas, and Sharolyn 

Converse. 1993. Shared mental models in expert team 

decision making. In Individual and Group Decision 

Making: Current Issues, N. J. C. Jr, Ed. Earlbaum 

Associates, Hillsdale, NJ, USA, 221–246. 

14. Mauricio Capra, Milena Radenkovic, Steve Benford, 

Leif Oppermann, Adam Drozd, and Martin Flintham. 

2005. The multimedia challenges raised by pervasive 

games. In Proceedings of the 13th annual ACM 

international conference on Multimedia 

(MULTIMEDIA '05). ACM, New York, NY, USA, 89-

95. DOI=10.1145/1101149.1101163 

15. Daradoumis, T., and Marques, J. M. 2002. Distributed 

cognition in the context of virtual collaborative learning. 

In Journal of Interactive Learning Research, Vol. 13, 

135–148. 

16. Yvonne A. W. De Kort and Wijnand A. Ijsselsteijn. 

2008. People, places, and play: player experience in a 

socio-spatial context. Comput. Entertain. 6, 2, Article 18 

(July 2008), 11 pages. 

17. Christy Dena. Transmedia Practice: Theorizing the 

Practice of Expressing a Fictional World across Distinct 

Media and Environments, PhD Thesis, School of 

Letters, Art and Media Department of Media and 

Communications Digital Cultures Program, University 

of Sydney, Australia (2009). 

18. Mica R. Endsley and Debra G. Jones. 2011. What is 

Situation Awareness? In Designing for Situation 

Awareness. CRC Press, 13-30. 

19. Elliot E. Entin and Daniel Serfaty. Adaptive team 

coordination. Human Factors 41, 2 (June 1999), 312–

325. 

20. Omid Fakourfar, Kevin Ta, Richard Tang, Scott 

Bateman, and Anthony Tang. 2016. Stabilized 

Annotations for Mobile Remote Assistance. In 

Proceedings of the 2016 CHI Conference on Human 

Factors in Computing Systems (CHI '16). ACM, New 

York, NY, USA, 1548-1560. 

21. Stephen M. Fiore and Eduardo Salas. 2004. Why we 



 

need team cognition. In Salas and Fiore, Team 

Cognition: Understanding the Factors that Drive Process 

and Performance, 1st ed. American Psychological 

Association, Washington, DC, USA, 235–248. 

22. Susan R. Fussell, Leslie D. Setlock, and Robert E. 

Kraut. 2003. Effects of head-mounted and scene-

oriented video systems on remote collaboration on 

physical tasks. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems 

(CHI '03). ACM, New York, NY, USA, 513-520. 

23. Brian Gajadhar, Yvonne de Kort, and Wijnand 

IJsselsteijn. 2008. Influence of social setting on player 

experience of digital games. In CHI '08 Extended 

Abstracts on Human Factors in Computing Systems 

(CHI EA '08). ACM, New York, NY, USA, 3099-3104. 

24. Darren Gergle, Robert E. Kraut, Susan R. Fussell. 2013. 

Using Visual Information for Grounding and Awareness 

in Collaborative Tasks, Human–Computer Interaction, 

Vol. 28, Iss. 1. 

25. Carl Gutwin and Saul Greenberg. 2002. A Descriptive 

Framework of Workspace Awareness for Real-Time 

Groupware. Comput. Supported Coop. Work 11, 3 

(November 2002), 411-446. 

DOI=10.1023/A:1021271517844 

26. Carl Gutwin and Saul Greenberg. 2004. The importance 

of awareness for team cognition in distributed 

collaboration. In Salas and Fiore (eds), Team Cognition: 

Understanding the Factors that Drive Process and 

Performance, 1st ed. American Psychological 

Association, Washington, DC, USA, 177–201. 

27. Derek Hansen, Elizabeth Bonsignore, Marc Ruppel, 

Amanda Visconti, and Kari Kraus. 2013. Designing 

reusable alternate reality games. In Proceedings of the 

SIGCHI Conference on Human Factors in Computing 

Systems (CHI '13). ACM, New York, NY, USA, 1529-

1538. 

28. Jun He, Brian S. Butler, and William R. King. 2007. 

Team Cognition: Development and Evolution in 

Software Projects, Journal of Management Information 

Systems, Vol. 24, No. 2 (Fall, 200), 261-292. 

29. Christian Heath and Paul Luff. 1992. Collaboration and 

Control: Crisis Management and Multimedia 

Technology in London Underground Line Control 

Rooms, Journal of Computer Supported Cooperative 

Work, Vol. 1, No. 1, ACM, 24-48. 

30. James Hollan, Edwin Hutchins, and David Kirsh. 2000. 

Distributed cognition: Toward a new foundation for 

human-computer interaction research. ACM 

Transactions on Computer-Human Interaction 7, 2, 

174–196. 

31. Edwin Hutchins, E. 1991. The social organization of 

distributed cognition. In Perspectives on Socially Shared 

Cognition, L. Resnick and J. Levine, Eds., 1st ed. 

American Psychological Association, 283– 307. 

32. Steven Johnson, Madeleine Gibson, and Bilge Mutlu. 

2015. Handheld or Handsfree?: Remote Collaboration 

via Lightweight Head-Mounted Displays and Handheld 

Devices. In Proceedings of the 18th ACM Conference 

on Computer Supported Cooperative Work & Social 

Computing (CSCW '15). ACM, New York, NY, USA, 

1825-1836. 

33. Brennan Jones, Anna Witcraft, Scott Bateman, Carman 

Neustaedter, and Anthony Tang. 2015. Mechanics of 

Camera Work in Mobile Video Collaboration. In 

Proceedings of the 33rd Annual ACM Conference on 

Human Factors in Computing Systems (CHI '15). ACM, 

New York, NY, USA, 957-966. 

34. David Kirk, Andy Crabtree, and Tom Rodden. 2005. 

Ways of the hands. In Proceedings of the ninth 

conference on European Conference on Computer 

Supported Cooperative Work (ECSCW'05), Hans 

Gellersen, Kjeld Schmidt, Michel Beaudouin-Lafon, 

and Wendy Mackay (Eds.). Springer-Verlag New York, 

Inc., New York, NY, USA, 1-21. 

35. David Kirk and Danae Stanton Fraser. 2006. Comparing 

remote gesture technologies for supporting collaborative 

physical tasks. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems 

(CHI '06), Rebecca Grinter, Thomas Rodden, Paul 

Aoki, Ed Cutrell, Robin Jeffries, and Gary Olson (Eds.). 

ACM, New York, NY, USA, 1191-1200. 

36. Boriana Koleva, Ian Taylor, Steve Benford, Mike 

Fraser, Chris Greenhalgh, Holger Schnädelbach, Dirk 

vom Lehn, Christian Heath, Ju Row-Farr, and Matt 

Adams. 2001. Orchestrating a mixed reality 

performance. In Proceedings of the SIGCHI Conference 

on Human Factors in Computing Systems (CHI '01). 

ACM, New York, NY, USA, 38-45. 

DOI=10.1145/365024.365033 

37. Conor Linehan, Ben Kirman, Shaun Lawson, and Mark 

Doughty. 2010. Blowtooth: pervasive gaming in unique 

and challenging environments. In CHI '10 Extended 

Abstracts on Human Factors in Computing Systems 

(CHI EA '10). ACM, New York, NY, USA, 2695-2704. 

DOI=10.1145/1753846.1753853 

38. Mandryk, R.L., Inkpen, K., Calvert, T. 2006. Using 

Psychophysiological Techniques to Measure User 

Experience with Entertainment Technologies. In 

Behaviour and Information Technology (Special Issue 

on User Experience, vol. 25 no. 2, 141-158. 

DOI=10.1080/01449290500331156. 

39. John E. Mathieu, Gerald F. Goodwin, Tonia S. Heffner, 

Eduardo Salas, and Janis A. Cannon-Bowers. 2000. The 

influence of shared mental models on team process and 

performance. Journal of Applied Psychology 85, 2, 

273–283. 

40. Susan Mohammed, Richard Klimoski, and Joan R. 

Rentsch. 2000. The measurement of team mental 

models: We have no shared schema. Organizational 

Research Methods 3, 2 (April 2000), 123–165. 



 

41. Mark Montola, Jaakko Stenros, and Annika Waern. 

2009. Pervasive Games Theory and Design: 

Experiences on the Boundary Between Life and Play, 

Morgan Kaufmann. 

42. Shohei Nagai, Shunichi Kasahara, and Jun Rekimoto. 

2015. Directional communication using spatial sound in 

human-telepresence. In Proceedings of the 6th 

Augmented Human International Conference (AH '15). 

ACM, New York, NY, USA, 159-160. 

43. Carman Neustaedter, Anthony Tang, and Judge K. 

Tejinder. 2010. The role of community and groupware 

in geocache creation and maintenance. In Proceedings 

of the SIGCHI Conference on Human Factors in 

Computing Systems (CHI '10). ACM, New York, NY, 

USA, 1757-1766. 

44. Carman Neustaedter, Anthony Tang, and Tejinder K. 

Judge. 2013. Creating scalable location-based games: 

lessons from Geocaching. Personal Ubiquitous Comput. 

17, 2 (February 2013), 335-349. DOI=10.1007/s00779-

011-0497-7 

45. Carman Neustaedter and Tejinder K. Judge. 2012. See 

it: a scalable location-based game for promoting 

physical activity. In Proceedings of the ACM 2012 

conference on Computer Supported Cooperative Work 

Companion (CSCW '12). ACM, New York, NY, USA, 

235-238. 

46. Carman Neustaedter, Carolyn Pang, Azadeh Forghani, 

Erick Oduor, Serena Hillman, Tejinder K. Judge, 

Michael Massimi, and Saul Greenberg. 2015. Sharing 

Domestic Life through Long-Term Video Connections. 

ACM Trans. Comput.-Hum. Interact. 22, 1, Article 3 

(February 2015), 29 pages. 

DOI=http://dx.doi.org/10.1145/2696869 

47. Scott Nicholson. 2015. Peeking Behind the Locked 

Door: A Survey of Escape Room Facilities, White 

Paper, http://scottnicholson.com/pubs/erfacwhite.pdf 

48. Shannon O'Brien and Florian "Floyd" Mueller. 2007. 

Jogging the distance. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems 

(CHI '07). ACM, New York, NY, USA, 523-526. 

DOI=10.1145/1240624.1240708 

49. Kenton O'Hara. 2008. Understanding geocaching 

practices and motivations. In Proceedings of the 

SIGCHI Conference on Human Factors in Computing 

Systems (CHI '08). ACM, New York, NY, USA, 1177-

1186. DOI=10.1145/1357054.1357239 

50. Gary M. Olson and Judith S. Olson. 2000. Distance 

Matters, Human Computer Interaction, Vol. 15, 139-

178. 

51. Jiazhi Ou, Xilin Chen, Susan R. Fussell, and Jie Yang. 

2003. DOVE: drawing over video environment. In 

Proceedings of the eleventh ACM international 

conference on Multimedia (MULTIMEDIA '03). ACM, 

New York, NY, USA, 100-101. 

52. Rui Pan, Henry Lo, and Carman Neustaedter. 2017. 

Collaboration, Awareness, and Communication in Real-

Life Escape Rooms. In Proceedings of the 2017 

Conference on Designing Interactive Systems (DIS '17). 

ACM, New York, NY, USA, 1353-1364. DOI: 

https://doi.org/10.1145/3064663.3064767 

53. Rui Pan, Carman Neustaedter, Alissa N. Antle, and 

Brendan Matkin. 2017. Puzzle Space: A Distributed 

Tangible Puzzle for Long Distance Couples. In 

Companion of the 2017 ACM Conference on Computer 

Supported Cooperative Work and Social Computing 

(CSCW '17 Companion). ACM, New York, NY, USA, 

271-274. DOI: 

https://doi.org/10.1145/3022198.3026320 

54. Tamara Peyton, Alyson L. Young, and Wayne Lutters. 

2013. Playing with leadership and expertise: military 

tropes and teamwork in an arg. In Proceedings of the 

SIGCHI Conference on Human Factors in Computing 

Systems (CHI '13). ACM, New York, NY, USA, 715-

724. DOI:10.1145/2470654.2470755 

55. Jason Procyk and Carman Neustaedter. 2014. GEMS: 

the design and evaluation of a location-based 

storytelling game. In Proceedings of the 17th ACM 

conference on Computer supported cooperative work & 

social computing (CSCW '14). ACM, New York, NY, 

USA, 1156-1166. DOI=10.1145/2531602.2531701 

56. Jason Procyk, Carman Neustaedter, Carolyn Pang, 

Anthony Tang, and Tejinder K. Judge. 2014. Exploring 

video streaming in public settings: shared geocaching 

over distance using mobile video chat. In Proceedings of 

the SIGCHI Conference on Human Factors in 

Computing Systems (CHI '14). ACM, New York, NY, 

USA, 2163-2172. 

57. Irene Rae, Bilge Mutlu, and Leila Takayama. 2014. 

Bodies in motion: mobility, presence, and task 

awareness in telepresence. In Proceedings of the 

SIGCHI Conference on Human Factors in Computing 

Systems (CHI '14). ACM, New York, NY, USA, 2153-

2162. 

58. Ravaja, N., Saari, T., Turpeinen, M., Laarni, J., 

Salminen, M., & Kivikangas, M. (2006). Spatial 

Presence and Emotions During Video Game Playing: 

Does It Matter with Whom You Play? Presence: 

Teleoper. Virtual Environ., 15(4), 381–392. 

https://doi.org/10.1162/pres.15.4.381 

59. Paul M. Salmon, Neville A. Stanton, Guy H. Walker, 

Daniel P. Jenkins, and Laura Rafferty. 2010. Is it really 

better to share? Distribution situation awareness and its 

implications for collaborative system design. 

Theoretical Issues in Ergonomics Science. 11:1-2, 58-

83. 

60. Tony Salvador, Jean Scholtz, and James Larson. 1996. 

The Denver model for groupware design. SIGCHI Bull. 

28, 1 (January 1996), 52-58. 

DOI=10.1145/249170.249185 

61. Stacey D. Scott, M. Sheelagh T. Carpendale, and Kori 



 

M. Inkpen. 2004. Territoriality in collaborative tabletop 

workspaces. In Proceedings of the 2004 ACM 

conference on Computer supported cooperative work 

(CSCW '04). ACM, New York, NY, USA, 294-303. 

DOI=10.1145/1031607.1031655 

62. Márquez Segura, E., & Isbister, K. (2015). Enabling Co-

Located Physical Social Play: A Framework for Design 

and Evaluation. In R. Bernhaupt (Ed.), Game User 

Experience Evaluation (pp. 209–238). Cham, 

Switzerland: Springer International Publishing. 

63. John C. Tang. 1991. Findings from observational 

studies of collaborative work. International Journal of 

Man-Machine Studies. 34, 2, 143-160. 

64. Anthony Tang, Melanie Tory, Barry Po, Petra 

Neumann, and Sheelagh Carpendale. 2006. 

Collaborative coupling over tabletop displays. In 

Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems (CHI '06), Rebecca 

Grinter, Thomas Rodden, Paul Aoki, Ed Cutrell, Robin 

Jeffries, and Gary Olson (Eds.). ACM, New York, NY, 

USA, 1181-1190. DOI=10.1145/1124772.1124950 

65. Alyson L. Young, Tamara Peyton, and Wayne G. 

Lutters. 2013. Understanding situated action in ludic 

ecologies. In Proceedings of the 6th International 

Conference on Communities and Technologies (C&T 

'13). ACM, New York, NY, USA, 100-109. 

DOI=http://dx.doi.org.proxy.lib.sfu.ca/10.1145/2482991

.2483000 

 

 

 


