
Monkey Business - Creating social awareness 
among distributed group members, using a 
network of animatronic agents 

Abstract 

Everyday work involves communicating, coordinating and collaborating with others.  In many 
cases employees are situated in geographically distributed offices, and hence lack a general 
sense of their co-workers’ current activities and availability. At present, many companies invest 
money in communication systems that enable formal interactions, such as video conferencing. 
There are however few technologies that focus on supporting spontaneous and informal social 
communication, and awareness.  

For this thesis, I evaluate a novel communication system developed in collaboration 
with students in the Speech Interface Group at the MIT Media Laboratory, which supports 
everyday collaboration within distributed workgroups and provides the users with a sense of 
awareness. The system consists of a network of animatronic agents which are situated in the 
offices of each member in a group.  By monitoring changes in activity in remote offices and 
representing these changes, the agents can provide the group members with information about 
other members’ current activities and availability. The information is conveyed through subtle 
movements, gestures and sounds.  Based on the provided information the user can then make 
decisions regarding further interactions with fellow group members, for example to make a 
phone call or walk over to someone in the group.  

This thesis project focuses on evaluating the behaviors and sounds of the animatronic 
agents. The goals of this project are two-fold. First, I aim to attain a set of behaviors that the 
users find intuitive and straight-forward. Second, I want to achieve an appropriate level of 
intrusiveness, where the agents are active at the periphery of the users’ attention, but still 
intrusive enough to push their way into the foreground when necessary.  

Monkey Business – social interaktion mellan 
geografiskt åtskilda kollegor med hjälp av 
animerade robotar  

Sammanfattning 

Vardagligt arbete består till stor del av kommunikation; att koordinera arbetet och samarbeta 
med andra. I många fall befinner sig de anställda i geografiskt åtskilda kontor och har därför 
svårt att följa varandras arbete och aktivteter. Idag investerar många företag i avancerade 
kommunikationssystem som stödjer formell interaktion såsom telefon- och videokonferenser. 
Däremot finns det inte många system som stödjer mer spontan och informell interaktion. 

 I detta examensarbete ligger fokus på att utvärdera ett nytt kommunikationssystem som 
jag har utvecklat tillsammans med studenter i Speech Interface Group på MIT Media Lab i 
Cambridge, Massachusetts. Systemet är konstruerat för att stödja vardagligt samarbete mellan 
kollegor som arbetar åtskilda genom att förmedla information om gruppmedlemmarnas 
aktiviteter och tillgänglighet. Systemet består av ett nätverk av animerade robotar, där varje 
gruppmedlem har en egen robot och placerar denna i sitt kontor. Robotarna ”lyssnar” 
kontinuerligt efter aktiviteter i gruppmedlemmarnas kontor och informerar därefter 
medlemmarna om dessa aktiviteter med hjälp av diskreta rörelser och ljud. Grundtanken är att 
gruppmedlemmarna sedan kan använda denna information för att fatta beslut om vidare 
interaktion eller informationsutbyte.  



 

 

Preface 
One of the most common questions I get from people when I tell them about my thesis project 
at the MIT Media Lab is: “But how did you make it to MIT?” Therefore, I decided to begin this 
thesis report with the story of how I ended up conducting my thesis project at MIT, and 
specifically, why I chose the topic: animatronic monkeys. 

 About a year and half ago, in November 2004 I started thinking about possible thesis 
projects. I knew that I wanted to do the project in an academic institution, preferably abroad. At 
some point, I cannot recall exactly when and how, I started considering the MIT Media Lab. 
Due to my passionate interest in cognitive science in general and Human Computer Interaction 
(HCI) in particular I had become familiar with some of the research projects carried out at the 
Lab. I got the impression that the Media Lab was an ideal academic milieu for anyone who 
wants to do research that aims at bringing technology closer to the users. I expected to find 
people who shared my interest in understanding the human mind and the way we interact with 
our surroundings. Hence, I started searching for an appropriate research group on the Media Lab 
website and quite soon found what I was looking for: the Speech Interfaces Group. Since I was 
majoring in Audio Technology, the work conducted in this group suited me particularly well. I 
decided to send an email to the director of the group: Christopher Schmandt. I wrote a couple of 
sentences about myself and about the fact that I wanted to do my thesis in his group, added the 
bold subject: “Prospective student”, and sent the email. Now, I must admit that I did not expect 
much. I considered the idea as yet another one of my crazy and quite irrational whims. 
However, to my surprise, I received a reply shortly after. I did not know it then, but the email 
turned out to be the beginning of a six-months-long email-based discussion regarding the 
possibilities of a joint thesis project. In May 2005, I finally got a positive reply. Thanks to a 
delayed Master of Science student, who would not turn up until February 2006, it was now 
possible for me to join the group for six months to conduct my thesis. Needless to say, I was 
delighted.  

 I visited the Speech Interface Group in June 2005 to get better insight in their current idea 
to use animatronic agents to support remote interaction. The idea eventually resulted in a project 
called Monkey Business. Monkey Business is a spin-off project, based on the concept of 
Autonomous Interactive Intermediaries, developed by Stefan Marti (Marti & Schmandt, 2005). 
When Stefan was still a PhD student in the Speech Interface Group, he got the chance to visit 
Japan and was fascinated by the Asian pet cell phone covers. By covering the cell phones in 
padded pet covers, the Japanese make the cell phones more personal and unique. Considering 
the limited period of time, Chris and I agreed that the most plausible solution would be for me 
to join an ongoing project. Since I liked the fundamental idea behind the Monkey Business 
project, that is supporting social interactions in geographically distributed work groups with 
light-hearted and sociable interfaces, we decided that my task would be to help the graduate 
student in charge of the project, Rachel Kern, to further the project. Now, I would be telling a 
lie if I told you that I was thrilled with the idea of working with animatronic monkeys. The truth 
is that I have gone through periods of doubt and despair. Although some people, especially 
Asians, really like the concept of animatronic agents, most people are not open to the idea. For a 
long time, I tried to convince people that the main advantage of animatronic monkeys are the 
fact that they are more intuitive and less intrusive than traditional interfaces, without really 
believing in it. However, not until Chris one day made it clear to me that I was making the 
project more complicated than it really is - first and foremost we chose animatronic agents 
because they are cute and therefore fit well in the context of lightweight communication - I 
started feeling better about the project as a whole and could conduct demonstrations with more 
confidence. Yet, after having studied how people embrace and interact with the animatronic 
agents, I still doubt that an office environment is the right context for the agents. Then again, I 
have heard that the Media Lab is all about “Inventing the future”. Maybe this time, I have gotten 



 

 

myself involved in a project that is so ahead of its time that not even its creators can 
comprehend its grandeur. 

 

* * * * * 

 

This Master’s project was conducted at the MIT Media Laboratory, Cambridge, Massachusetts, 
USA in collaboration with the Department of Speech, Music and Hearing at KTH (Royal 
Institute of Technology) in Stockholm. The project, Monkey Business, was theorized by 
Principle Research Scientist and Director of the Media Lab Speech Interface Group Chris 
Schmandt, who was also my supervisor at the MIT Media Lab. Supervisor at Speech, Music and 
Hearing, was Doctor Mattias Heldner and the examiner, also at Speech, Music and Hearing, was 
Associate Professor David House.  

 I would like to thank both Chris Schmandt and Mattias Heldner for their patience, 
excellent support and critical eyes. I also want to thank Chris for accepting me as a visiting 
student. Further, I want to thank my partner in research, Rachel Kern, for letting me take part in 
the Monkey Business project, for teaching me the importance in being consistent and prepared, 
and for spreading love in her own charming way. Many thanks go to the rest of the graduate 
students in the Media Lab Speech Interface Group – Jae-woo, Chaochi, and Matt for their 
patient and endless support, as well as to the subjects who participated in the user study of this 
thesis project. Finally, I would also like to thank my family and friends, who have put up with 
my frustration and failing self-esteem during the past 38 weeks. 
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1 Introduction 

Technology and networking have made it possible for people to cooperate over large distances. 
Co-workers no longer have to be situated in the same office or building in order to work 
together. However, though these technologies help distributed colleagues to structure and 
coordinate their daily work tasks, they often fail to address the need for more informal and 
spontaneous interactions. Research conducted within this field indicates that co-located 
individuals often benefit from spontaneous meetings and discussions (Bly et al., 1993).  
Through these recurring encounters the group members get a chance to share ideas in an 
informal and implicit manner. Remote co-workers, on the other hand, are limited to the 
communication channels provided by the available technology. For example, teleconferencing 
and video conferencing systems normally only support synchronous interactions where the users 
have to agree on when to meet, and hence limit the users both regarding time and space.     

 The potential of using technology to connect spatially distributed workgroups has been 
recognized for many years now. In 1993, Bly et al. (1993) presented the concept of media 

spaces - systems designed to use audio, video, and other media to create shared spaces in which 
distributed work groups can operate continuously and conveniently. Like conferencing systems, 
media spaces typically support explicit and formal communications between individuals, as well 
as the use of shared technologies through networking. However, media spaces also attempt to 
go beyond this to support more informal types of interaction and awareness of other members’ 
activities and level of availability.  

 One distinguishing feature of shared workspaces is the possibility to gain knowledge 
about the state of other group members’ work by observing them. Normally, video cameras are 
used to support this feature (Bly et al., 1993; Ishii, 1990). Though video images can convey 
important information about the activities of individuals, they normally require the observer’s 
full attention, rather than being at the periphery of the user’s attention. Furthermore, it has been 
observed that a key factor determining a person’s availability is their verbal activity, for 
example a person who is talking on the phone or engaged in a conversation with a colleague is 
most likely not interruptible (Fogarty et al., 2004; Whittaker et al., 1994). Another central aspect 
is the fact that the displaying of video images raises questions regarding privacy and personal 
integrity.    

 In this project I am evaluating a system called Monkey Business that implements 
animatronic agents in the form of stuffed monkeys to support distributed co-workers in informal 
and implicit communications. Animatronic interfaces have the advantage of conveying 
information in an intuitive, yet sketchy manner (Marti & Schmandt, 2005). Further, thanks to its 
repertoire of movements and sounds, the animatronic interfaces can adjust their level of 
intrusiveness to the situation. They are subtle enough to be at the periphery of the user’s 
attention, but can still make enough movement and sound to catch the user’s attention if 
necessary. In either case, the user is always free to either ignore, or act upon the provided 
information. 
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2 Scenario 

In this section I present a scenario that illustrates the purpose and functionality of the Monkey 
Business system. The scenario highlights the features of the animatronic agent that were 
described in the introduction above; most importantly the agent’s ability to be both subtle and 
noticeable. It should be pointed out that even though the included scenario is highly plausible, it 
covers only one of many potential situations. 

* * * * * 

Jim Atkins is a 30-year-old man who works as a sound engineer for a medium-sized game and 

software development company in Little Rock, Arkansas. The company, Grapple, holds a total 

of 52 employees. Currently, Jim is engaged in a rather small project called ExploreIT. The goal 

of the project is to create a novel interactive and collaborative application that young school 

kids can use for interacting and sharing ideas with teachers and friends. Five people, including 

Jim, are involved in the project. At Grapple the employees all have their own office. As a sound 

engineer, Jim is located on a different floor than the programmers. He appreciates being able to 

work undisturbed; usually his colleagues are only a phone call or an e-mail away. However, 

every now and then his colleagues, who all have their offices next to each other, have 

spontaneous meetings when they talk about the project, or simply socialize. Since these 

gatherings are informal and spontaneous, Jim’s colleagues normally do not notify him. At the 

same time, Jim knows that it would be too time-consuming and intrusive for him to try to keep 

tracks of these gatherings. Sometimes, when he walks over to his colleagues common office 

space he walks right into an ongoing conversation. Since it takes time for him to catch up on the 

topic, these situations usually makes him feel quite awkward and left-out. Luckily, Jim’s 

supervisor, Lynette, is very attentive and realizes that something has to be done to change the 

situation. She decides to invest in a new computer-supported collaborative system to bring the 

distributed groups members closer to each other. The system consists of five connected 

animatronic agents – puppets equipped with motors to enable movement. Each agent listens for 

activities in the office that it is situated in and broadcasts information regarding these activities 

to the other animatronic agents in the network. Upon receiving data, the agents convey the data 

to the group members through movements and sound. More generally, the agents function as 

substitutes for the physically absent colleagues. The agents are supposed to be personal, why 

each user gets to choose his or her puppet. Since Jim has always been fond of monkeys, he 

chose a small dark brown monkey. The monkey, called Bruce, is now hanging upside down from 

a rod next to his desk. 

* * * * * 

Jim sits at his desk. He is stressed; the prototype that he is currently working on is due in three 

days and he is far from finished. He is deeply concentrated; writing code, line after line. Jim is 

alone in his office, apart from a little animatronic agent: Bruce. Every now and the Bruce 

moves; usually very slowly, but sometimes more intensely. Jim barely notices Bruce. Most of the 

time, he is simply too busy to pay attention to him. Still, the short and subtle sound snippets that 

Bruce occasionally plays make Jim aware of his presence. In addition, those clips and 

movements make Jim aware of his colleagues’ presence and activities. Right now, Bruce is 

barely moving, which means that not much is going on in the others’ offices. Based on the audio 

streams, Jim can tell that his colleagues are currently all typing at the computers; most likely 

working on the project. Jim continues typing. He looks at the clock. It is 11.33 am; thirty 

minutes until the daily lunch meeting starts. Jim’s goal is to finish the part of the code that he is 

working on before the meeting. Suddenly Bruce makes an intense movement; he looks up and 

starts swaying back and forth, at the same time as he is waiving his arms. He seems eager to tell 

Jim something. Jim can tell by the sound snippets that the agent was triggered by a 

conversation. He can clearly hear Lynette, Joe, and Sajid discuss something quite intensely in 

Joe’s room. Jim cannot hear the exact words, because the sound clips have been distorted prior 

to being broadcasted. However, based on the sound level and intensity of the conversation, it 
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seems like Lynette is upset. Hence, he makes the decision to walk over to the office. After all, it 

could be something important. 

 

   

  

 

Figure 1. Monkey Business Scenario.
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3 Research review 

The idea of using computer-supported communication and awareness systems to support remote 
collaboration is not new. One of the first demonstrations of such a system was presented by 
Engelbart and English back in 1968. However, it was not until the Xerox PARC Media Space 
was developed in 1985 that multimodal communication systems became a research topic of its 
own (Mantei et al., 1991).  A media space is a system that uses integrated video, audio, and 
computers in any configuration to support collaborative work within geographically distributed 
workgroups. In addition to more traditional features, such as teleconferencing and video 
conferencing, media spaces also support more spontaneous and informal interactions, such as 
just saying “Hi, I just got in”. Due to the fact that media spaces are almost always turned on, the 
systems support incessant awareness of the group members’ presence and activities. 

 The communication and awareness system developed in this project differ significantly 
from the more traditional systems, such as the Xerox PARC Media Space; in particular 
regarding the interface. Rather than using software interfaces that are limited to the computer 
screen, we have chosen to implement animatronic agents, in the form of stuffed monkeys, to 
provide a sense of awareness. Partly because of their human like features, animatronic interfaces 
have the advantage of functioning as a relatively natural substitute for physically absent 
colleagues. In addition, studies indicate that the appearance of the interface strongly influence 
the nature of the interaction. Our aim was to implement an interface that strongly corresponds to 
the characteristics of the interaction that we want the system to support: lightweight, 
spontaneous, and public.              

 This section contains a general introduction to the research field of embodied and robotic 
interfaces, followed by a presentation of a number of projects that in one way or another have 
implemented embodied and animated interfaces to support remote communication and 
awareness. 

3.1 Embodied interfaces 

Animals and humans all manifest social qualities and skills. Dogs have their way for expressing 
dominance and submission by changing their body posture, ears and face. In the same way, an 
important part of human interaction relies on non-verbal cues. We make complex gestures with 
our hands, change our facial expression and gaze, and use the pitch and melody of our voices to 
emphasize and clarify what we are saying, thinking and feeling. The repertoire of skills used for 
human conversation involves most of the specific characteristics of the human body. For many 
years now, the concept of these communication characteristics has been applied to human-
computer interface design, including mixed initiative conversational models, gaze tracking, 
context sensing, and emotional awareness and expressiveness. However, not until recently 
computer interface designers have seriously attempted to design computer interfaces and agents 
that go beyond these metaphors by physically embodying human characteristics. Because 
conversation is a central and natural skill for humans, and because the human body supports 
non-verbal conversation so well, embodied agents may turn out to be a powerful way for 
humans to interact with computers and with each other. However, in order for these agents to 
live up to this promise, their implementation must be accurate and convincing. Thus, thorough 
studies of human-human conversation, as well as repetitive user evaluations of the developed 
embodied agent, are required.  

3.1.1 Embodied interfaces as social entities 

The idea of implementing human characteristics in computer interfaces is far from new. Clifford 
Nass and Byron Reeves of Stanford University (1996) and others have shown that humans in 
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some situations respond to computers as if they were social entities. Even experienced computer 
users interact with their computers according to prevailing social rules. Some researchers argue 
that these tendencies suggest that human-like interfaces are favorable (Cassell, 2000). Still, 
critics, such as GUI design expert Ben Shneiderman (1998), maintain that anthropomorphized 
interfaces only lead to slower user response times and confusion. I argue that this critique might 
be motivated in cases where embodied interfaces are implemented for no particular reason other 
than that they are cute or amusing. We cannot expect embodied interfaces to improve human-
computer interaction unless its functionality specifically supports the main aims of the system. 
Hence, building an anthropomorphized agent simply for the sake of likeability or aesthetics is 
not an adequate motive. However, well-designed and well-motivated embodied agents address 
particular needs that conventional graphical user interfaces, which are equipped with keyboard, 
mouse and screen, fail to meet. Such needs include making dialogue systems robust despite 
imperfect speech recognition, supporting collaborations between humans, making the 
interaction believable and intuitive, and support emotional articulacy. These missing ingredients 
in computer interfaces are exactly what human-like features can bring to conversation. In 
addition, these communication protocols are free in the sense that users need no training. The 
only challenge is that these conversational or expressive protocols have to be executed correctly 
for the embodiment to bring benefit to the interface (Cassell, 2000).   

3.1.2 The uncanny valley 

When the concept of developing embodied interface agents, such as avatars or autonomous 
synthetic characters, first became popular in the early 1990s the researchers focused on 
successfully implementing general social interaction skills and behaviors, rather than on 
believable and robust conversation models as researchers tend to do today (Cassell, 2000). 
These researchers came to realize that the best way to produce convincing interactive agents 
may not be through the exact modeling of life. Instead, studies indicate that the exaggeration 
and stylization, as used by animators and other artists, successfully increases the sense of reality 
of interactive characters. In other words, a cartoon-like avatar is bound to generate relatively 
modest and reasonable expectations on the complexity of the system (Bates, 1992). Today, as 
the complexity of computer interface agents increases, the research focus has shifted onto 
imitating photorealistic (lifelike) agents and faces and conversational skills to ensure that their 
interfaces share the conversational skills of human beings. Even though these lifelike agents 
might serve a purpose in supporting complex behaviors, they also bring about fundamental 
issues. The theory of the Uncanny Valley, as presented by the Japanese robot researcher 
Masahiro Mori in 1970, explains why.   

 The Uncanny Valley is a principle of robotics concerning the emotional response in 
human-computer interaction. The principle states that as a non-human entity is made more 
humanlike in appearance and motion, the emotional response from a human being will become 
increasingly positive and empathic, until a point is reached at which the impression of the robot 
becomes strongly repulsive. As the appearance and motion of the robotic entity gets even more 
humanlike, the emotional response will once more become more positive and approach empathy 
level corresponding to those found in human-human interaction (see Figure 2).  
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Figure 2: The Uncanny Valley. 

 This gap of negative response aroused by a robot with appearance and motion between a 
"barely-human" and "fully human" entity is called the Uncanny Valley. The name refers to the 
idea that a robot that looks or acts almost exactly like a human being will seem overly strange 
and thus will fail to evoke empathetic responses. There are several possible explanations as to 
what causes the Uncanny Valley to occur. Either way, it is clear that lifelike non-human entities, 
such as avatars and robots, do not meet our expectations. At first sight we expect the human-like 
agent to be lifelike with respect to both appearance and movement. As a result, when the agent 
turns out to be only almost human, the non-human characteristics will stand out, leading to a 
feeling of awkwardness, disbelief or even amusement in the human viewer (Wikipedia, 2006). 
The theory of the Uncanny Valley suggests that until we are able to create fully human-like 
agents, aiming for less lifelike agents will result in more satisfactory and authentic human-
machine interaction experiences, as seen from the user’s point of view. 

3.1.3 Sound in Media Spaces 

A central aspect of human-to-human interaction is the use of verbal cues and sounds. Tone of 
voice and emphasis, among other things, provide us with information about the emotions and 
intentions of the people we interact with. Further, by listening to the sounds around us, we can 
get a sense of the activities that are taking place nearby; people talking, a phone ringing, a 
crying child, or a colleague leaving his office. Regarding media spaces and other awareness 
applications, research indicates that audio communication is a significant factor in supporting 
informal interactions. For example, Whittaker et al. (1994) have shown that a key factor in 
determining a colleague’s availability is their verbal activity; it is socially less acceptable to 
interrupt someone who is engaged in a conversation. In fact, some research projects suggest that 
audio itself can be used for attaining a usable media space (Ackerman et al., 1996). The 
significance of audio has been one of the most convincing outcomes of this project. Initially, the 
animatronic monkeys were not making sound. However, after having interacted with the agents 
for a couple of weeks it became clear to us that the movements of the agents were too 
ambiguous to be used alone. In an initial user study conducted in the Monkey Business project 
(not presented in this report), where the subjects were asked to identify a set of emotional 
expressions, the subjects mentioned audio as one of the most significant factors.  

 However, even though audio is considered an important factor in artificial shared spaces, 
continuous audio also brings about problems. Constantly hearing audio is not necessarily a good 
thing. Even though audio can help convey many underlying metaphors that are being used and 
hence make the information less ambiguous, audio is an inherent public medium that influences 
both the user and his or her local environment. It can be annoying and disruptive. In addition, 
distributing speech and audio offers little privacy and might therefore be considered a violation 
of personal integrity. Since the animatronic agents used in this project are used at all times, they 
are active in a variety of contexts. Consequently, one crucial question is how the style of the 
interaction and audio can be adapted to the user and the current context. This question is critical 
as audio will not always be appropriate, for example when the user is having a meeting. Further, 
it might not be necessary to emphasize all activities with sound. Instead, it is important to 
determine what characteristics of the animatronic interface are central to the user’s 
understanding of it. The challenge is to design the animatronic agent to be more than just 
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another noisy gadget that calls for the user’s attention, by balancing tension between annoyance 
and information, as well as between personal integrity and group awareness. Careful sound 
design can help minimize annoyance and a combination of sound and system design can help 
protect the users’ privacy. 

 Based on our own experience of the animatronic agents, we have also come to realize that 
audio is very much a matter of individual preference. While some find the sounds of the agents 
annoying, others find them subtle or even calming. Peoples’ reactions to audio tend to be 
personal. Hence, the design of auditory cues involves careful understanding of what people 
expect to hear, as expectations and experiences influence their perception to a great extent. One 
part of the project was to evaluate the role of audio; individually, as well as in relation to the 
implemented movements.  

3.1.3.1 Implementation 

A number of different strategies have been developed for designing audio cues. Beaudoin-Lafon 
& Gaver (1994) present three basic categories of function that have emerged within the field of 
audio cues: 

� Feedback: what you are doing; 

� Notification: what the system is doing; 

� Awareness: what other people are doing. 

In the Monkey Business project we focus on the latter category by implementing audio cues to 
augment the sense of awareness provided by the animatronic agents. There are several strategies 
for achieving this. One option is to use real audio. In such a system, live audio is streamed from 
the setting where the activity is taking place. There is one obvious advantage of using natural 
sounds: realism. Because the sounds are natural, the mapping is bound to be natural. If 
automatic activity sensing and sound analysis are not options, broadcasting real audio enable the 
users to analyze and interpret the audio cues. Most likely all users can identify the sounds and 
therefore no additional training is required. In addition, real sounds ought to be more efficient 
when it comes to creating a sense of awareness and presence; there is a natural passage into that 
remote office. However, broadcasting real audio also bring about privacy concerns. As 
Ackerman et al. (1996) point out, continuous media spaces increase the risk for unwanted 
disclosures. Users easily forget that the system is recording, and therefore forget to turn it off 
when engaged in private activities. Another potential problem in continuous collaborative 
spaces is the use of loud and sudden noises. Ackerman et al. (1996) show that any low-level 
background noise was considered acceptable by their users. However, the users did not 
appreciate loud nuisance sounds, such as computer generated tones, the sound of falling books, 
and telephone bells. Body noises such as eating and coughing also caused annoyance. The main 
challenge is to find a sound level and broadcasting algorithm that is appropriate for the whole 
spectrum of sounds. Short and alarming sounds might need further processing to make them less 
intrusive.  

 An alternative to real audio are prerecorded audio cues that represent different activities. 
In this case, each audio cue would correspond to an activity or a change in activity. Several such 
strategies, each with different strengths and weaknesses, have been suggested over the years. 
Auditory icons (or audio icons) are everyday sounds designed to convey information about 
events by analogy to everyday sound-producing events; the sound of something being thrown in 
a trash bin when deleting a file is an example of an audio icon. Such sound cues were 
implemented by Gaver (1993) in his computer-supported collaborative system EAR 
(Environmental Audio Reminders). This system plays a variety of non-speech audio cues to 
keep the users informed about events taking place in the office environment building. For 
instance, the sound of murmuring voices is played ten minutes prior to a meeting. Buxton et al. 
(1994) argue that these sounds are effective because of their cartoon-like nature. Stereotyped 
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sounds are usually easier to remember than computer generated beeps and signals. Besides, like 
naturally-occurring sounds, audio icons can be shaped to be unobtrusive; “they are designed to 
fit into the existing office ambience rather than intruding upon it” (Buxton et al, 1994). The 
study suggests that audio icons can be helpful in supporting collaboration and providing 
background information about ongoing activities. Both regarding real audio and synthesized 
audio icons, subtle continuous sounds have the advantageous property of fading to the 
background of attention over time. They become part of the peripheral information space that 
people continuously have access to, and only call for peoples’ attention when a change occurs.   

3.2 Privacy concerns 
Media spaces and other computer-supported cooperative workspaces that in some form attempt 
to distribute information about its users raise obvious, yet complex, questions regarding privacy 
and personal integrity. Consequently, privacy concerns have been widely recognized within the 
research field of awareness systems from early on. One of the first media spaces, developed at 
Xerox Parc in 1985 (Stults, 1986), provided a naive lock down feature to ensure user control 
and privacy. Still, the system was first and foremost controlled by social rules; before joining 
the media space the users were introduced to the culture of the work group, as well as to the 
norms that prevailed therein. Since then many different solutions have been proposed, all with 
the common goal of sufficiently countering the main challenge in systems that attempt to 
support awareness and collaborative work: managing the fundamental design tension between 
privacy and awareness.  

3.2.1 Privacy in computer-supported collaborative systems 

A large number of media spaces and other collaborative systems have been developed 
throughout the years; each with a different configuration and consequently also different 
privacy concerns. One common technique in video-based collaborative systems is to pixelize or 
blur sensitive areas, such as faces (Boyle et al., 2000). Correspondingly, Smith and Hudson 
(1995) developed an audio processing technique that minimizes the intrusive aspects of shared 
audio, such as identity and content, and still maintains many of the advantages of sound cues, 
for example the sense of presence. Smith and Hudson highlight a very significant aspect of 
media spaces: due to limitations in the visual and auditory cues provided by media spaces, 
privacy concerns can actually be more crucial in these virtual spaces than in physically shared 
spaces. For example, due to fixed camera positions, blind spots, and continuous audio 
recording, it is not always possible for the users to tell who is currently listening or observing. 
For this reason, participants in Smith and Hudson’s study frequently used more private back 
channels for sensitive conversations.  

 Ackerman et al. (1996) address the same kind of issues in their audio-only media space, 
Thunderwire. Privacy violations, such as accidental disclosures, were an obvious concern for 
the users. Still, the users were all aware of the fact that privacy “traded off with what they liked 
about the system – its telepresence and sociability”. The paper highlights one of the most crucial 
aspects of shared media systems: even though these systems have the advantage of supporting 
spontaneous conversations and social interaction, the importance in controlling (private) 
information, both incoming and outgoing, is strongly related to the process of interaction. We 
know from real-life experiences that people wish to control their interactions. Interactions are 
based on a continuous feedback mechanism of, for example, facial expressions, gestures, and 
voice characteristics. Most likely, the same concept can be applied to interaction via cooperative 
systems; the users need feedback regarding the status and availability of the other participants 
with whom they are interacting, as well as the information that is provided to these participants 
about their own current status. As Ackerman et al. (1996) point out accidental or unintended 
disclosure can be very disturbing and bring about serious consequences. In other words, 
continuous feedback and user control are key aspects of user satisfaction. Even though 
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Thunderwire is an audio-only media space, these privacy guidelines can be applied to all 
computer-supported communication systems.  

3.3 Relation to previous embodied and 
animated interfaces  

In this section I present a number of applications and interfaces that all have something in 
common with the Monkey Business system. I discuss common features, but also present 
differences in order to highlight the unique and novel features of Monkey Business.   

3.3.1 Autonomous Interactive Intermediaries and Cellular Squirrel 

Cellular Squirrel (Marti & Schmandt, 2005) is a mobile robotic agent that helps the user to 
manage incoming phone calls. The agent uses subtle, non-verbal cues to get the user’s attention 
and interrupts the user in a human-like way through small movements and gaze, rather than 
through ringing or vibration. The user can whisper and listen to the animatronic squirrel, when 
receiving and replying to voice instant messages. The agent functions as a secretary in that it 
recognizes the availability of the user and manages incoming calls accordingly. If the user is 
busy, the agent asks the caller to either leave a message or call later. 

 While the physical appearance of the cellular squirrel is similar to that of the animatronic 
monkeys, the aim of the two projects differ significantly. The cellular squirrel is supposed to be 
used primarily in formal contexts, and hence focuses on the intrusiveness and aptness of 
interactions. The monkeys are first and foremost used for providing informal social interaction 
and remote awareness. Therefore, interruptibility is just one of many concerns.   

3.3.2 Tangerine  

Like Monkey Business, Tangerine is a tangible awareness system that was developed to support 
informal, social interactions between spatially distributed individuals. Lock et al. (2000) 
attended to the need for a lighthearted, fun-to-use interface by implementing a wooden, motor-
driven parrot, operated via a serial connection to a web server in the office. However, unlike our 
animatronic monkeys, Tangerine was exclusively used for explicit interactions. Remote users 
could send specific event messages to the web server by pressing a button on a website and 
thereby cause the parrot to spin and make bird sounds for a short period of time. In addition, 
despite being used in public spaces, the system was personalized by adding external devices, 
such as vibrating plants, to notify specific users that an event has been received. 

 Tangerine addressed the advantages of implementing lighthearted embodied interfaces, 
for example for supporting ambience and social interactions, but did this in a very limited 
manner; there are only a limited number of messages a rotating wooden parrot can express. In 
Monkey Business, we chose to implement embodied monkeys in order to convey information in 
a more human-like way in order to minimize confusion and the need for learning. 

3.3.3 Nabaztag  

Nabaztag (2006) is another light-hearted embodied awareness agent that supports explicit 
interactions. Unlike the Cellular Squirrel and Tangerine, Nabaztag is a commercial product. The 
system is similar to Tangerine in that it is used mainly for sending explicit, prerecorded audio-
based messages to friends and colleagues. It has the shape of a bunny and conveys information 
by moving its ears and changing colors. Like Tangerine, the system has been extended with a 
web application that provides a large number of event messages and enables the user to send 
these to other peoples’ agents. In addition, Nabaztag is able to display several live datasets, 
including weather forecasts, traffic situations, air quality measurements, and current email 
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status.  The system does however not focus on providing information about the current state and 
whereabouts of other users. Neither does it take intrusiveness into consideration. 

3.3.4 MSN Messenger  

Microsoft’s MSN Messenger (2006) is an example of a communication and awareness 
application whose repertoire of animated features increases steadily. Today, this application not 
only supports the use of emoticons (also referred to as smileys), but also includes animated 
emoticons and icons called winks, as well as a nudge function that rattles the conversation 
window. The evolution towards more animated functions suggests that people generally seem to 
appreciate dynamic interfaces. It is likely that using emoticons and other animated features is 
not only used for making the interaction more robust and clear, but a means by which one can 
bring the conversation to life, as well as make it more humorous, light-hearted and personal.     
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4 Monkey Business  

When I joined the Monkey Business project in September 2005, five monkey puppets had 
already been bought and equipped with servos. In addition, a microphone, a loudspeaker, and an 
amplifier had been placed in one of the monkeys. The group had been considering a number of 
different puppets, but eventually chose monkeys because of their relatively human-like 
appearance and cute appearance. At this point, my main task was to put together and install 
controller boards, microphones, and loudspeakers for the rest of the monkeys, all with the 
support of graduate student Rachel Kern who was in charge of the Monkey Business project. It 
should be pointed out that the Monkey Business project includes far more than the aspects that 
are covered in this thesis report. The project not only started before I arrived, it continued for 
another three months after I left. The final aim of the project was to create a fully functional 
network of five animatronic agents that all sense, capture, and broadcast information about 
occurring activities and events through subtle sounds and movements. This thesis project, 
however, was an initial evaluation of how potential end-users in general is effected by, perceive 
and attend to the animatronic agents by conducting a longitudinal user study. The user study had 
two main objectives. First, the goal was to attain a set of behaviors and sounds that could 
convey the intended information in a straightforward manner. Second, I wanted to achieve an 
appropriate level of intrusiveness where the agents are active at the periphery of the users’ 
attention, but still intrusive enough to get the user’s attention when necessary. Consequently, 
assembling monkeys that I could use in the user study became my first task in the project.  

In this section the basic configuration of the network is presented. Even though the 
design of the network is not a central part of this thesis, the description provides a context that 
hopefully makes it easier for the reader to understand the concept behind the animatronic 
agents. In addition, it should be pointed out that a partly similar network setup was established 
during the user study in order to control and observe the animatronic monkeys.        

4.1 System architecture  
The animatronic monkeys used in the project were constructed out of monkey puppets.  They 
each contain five servo motors:  one for the head, one for each of the arms, one to make the 
monkeys turn from left to right, and one to enable him to swing from his tail, giving the 
monkeys a total of five degrees of freedom. We decided to construct the monkey so that it 
would hang upside-down from its tail, rather than sitting upright.  In order to do this, we had to 
insert an aluminium rod into its tail, to make the tail stiff and strong enough to enable this 
hanging position.  We also constructed a stand for each monkey to hang from.  The stand is 
built from a chemistry lab support stand, a clamp, and a metal rod.  The monkeys hang from the 
rod as shown in Figure 3. 

 
Figure 3: An animatronic monkey hanging from its tail in an office. 
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We used a Pontech SV203 servo controller board, which is pictured in Figure 4 and Figure 5, as 
the microcontroller for the monkeys.   

 

 
Figure 4: SV203 microcontroller board with 

servos, power, and serial port plugged in. 

 

 
Figure 5: Monkey body open, exposing 

servos, rods and microcontroller board. 

To this board, we attached the five servos, as well as power supplies and the serial port.  The 
board is powered by wall plugs, and has a serial port, enabling us to connect it to a computer via 
a long cable that extends from the monkey to the computer.  This connection allows the monkey 
to communicate with any computer through its serial port.  A server application on the 
connected computer sends out signals over the serial port to a microcontroller board, also 
located in the monkeys, which then controls the servos that make the monkey move. Although a 
wireless configuration would have been more ideal, this setup was chosen in part as a cost-
saving measure, and in part to avoid having to continually recharge the batteries. The monkeys, 
once connected to computers, are able to communicate with each other via their respective 
computers’ network IP addresses. 

The monkeys have an internal speaker and microphone, so that they can both listen to 
sounds in the office, and broadcast sounds that are sent from other offices.  The speaker sits 
toward the back of the monkey’s head and is connected via rainbow cable wire to a small one-
watt audio amplifier kit.  The amplifier receives its audio signal from the speaker (or line-out) 
port of the computer, enabling the monkey to use the computer’s sound card as its source of 
sound. The microphone sits inside the monkey’s body; it originated as a small cellular phone 
headset, from which we stripped away all the external housing.  We soldered the microphone to 
a rainbow cable wire, which we attached at the other end to an audio connector.  The audio 
connector plugs into the microphone (or line-in) port of the computer. 

The monkeys’ microphones are used for gathering audio data from the space they inhabit 
in order to either simply broadcast audio to the other monkeys, or in order to detect certain 
activities conducted within this space1. In the future, the monkeys will also be equipped with 
motion and proximity sensors to enhance the activity awareness of the agents. The 
implementation of sensors is however beyond the scope of this thesis. The events that the 

                                                      
1 The exact implementation of audio had not been set at the time of writing this thesis.  



Monkey Business Monkey Business   

13  

monkeys can recognize are a limited set of basic events and activities suggested to be accurate 
indicators of availability (Fogarty et al., 2004). These events and activities are: entering and 
leaving the office; being engaged in a phone conversation; typing at the computer; and having a 
conversation with co-located people in the office.  Upon detecting any of these events and 
activities, the agents execute a specific sequence of movements to indicate the change.  In 
addition, the monkeys make sounds to convey information about office activity. In this project, 
prerecorded audio cues were used. However, it is possible that real audio will be broadcasted in 
future implementations. Audio is a crucial factor that can turn out to be both helpful and 
disruptive, depending on how it is implemented. Sound level, sound quality, and continuity are 
factors that may influence the interaction. Considering that the animatronic monkeys indicate 
activities on a continuous basis, adding sound effects or audio cues may increase the level of 
intrusiveness considerably. Based on theories about intrusive audio (Smith & Hudson, 1995), 
one possible approach is to have a constant level of ambient noise that is only vaguely changed 
when an event occurs. In Monkey Business, audio is only played back when something has 
occurred. Regardless of which approach is being used, the main challenge in media spaces and 
other sociable and collaborative systems is to find an appropriate level of intrusiveness. The risk 
of implementing subtle signals is that the user misses out on valuable information.   

 One approach is to allow the owner of each monkey to specify a level of intrusiveness for 
his agent.  A user who knows that he will have a very busy day, during which he will not want 
to be interrupted except for something important, may choose a setting that only conveys 
particularly valuable information. This approach has not been considered in this project.  

4.2 Challenges and considerations  

4.2.1 Encountered hardware concerns 

During the construction phase of project we encountered several problems that in particular 
concerned hardware. Early on we decided to bend the main spine aluminum rod of the monkey 
in order to make his face more visible. However, we failed to recognize that the new default 
posture of the monkey, which was now more horizontal than vertical, increased the stress on the 
tail servo that holds up the animatronics’ body considerably. These miscalculations lead to 
several of the servos’ gear-wheels wearing out. 

 In addition, the power supplies turned out to be a source of problem. Initially, we used 
one 6 V power adapter to power both the servos and the microcontroller that controlled the 
servos. However, since the servos were jittering we made the assumption that the 6 V power 
supply was not powerful enough to run the microcontroller. Hence, based on recommendations 
from the company that makes the servo controller board, we disconnected the servos and the 
microcontroller and got a 9 V power supply to run the microcontroller. This rearrangement 
seemed to work rather well until the animatronic agents suddenly stopped working while 
moving and had to be unplugged in order to run again. After having consulted a number of 
colleagues around the laboratory, we finally managed to solve the problem by plugging a 
regulated 6 V bench power supply to the microcontroller. It turned out that the source of error 
was the irregularity of the power adapters. A high and irregular voltage level caused the 
microcontroller to overload and overheat, which made the controller board shut down 
temporarily.   

4.2.2 User study 

As mentioned before, the major challenge of this thesis project was to determine the right 
combination of motion, gesture and sound for the monkeys to communicate information 
effectively and non-intrusively within distributed workgroups.  One crucial part of this process 
was to design movements and sounds that are as intuitive to humans as possible. Considering 
the animatronic monkeys’ relatively limited repertoire of movements, this task is far from easy; 
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several questions have to be answered: Should the monkeys adapt human behaviors or more 
monkey-like movements? Should the events be represented directly by having the agent raise its 
arm toward the ear to indicate a phone call, or in more sketchy manners? Should the monkeys 
indicate changes in activities, such as “Somebody just got a phone call”, rather than states, such 
as “Somebody is currently on the phone”?  

 A basic condition for answering these questions is to understand the nature of human 
communication and perception, as well as the way people interact with technology in general 
and robotic agents in particular. Many research projects have focused on animated avatars and 
autonomous robots (Cassell, 2000; Sundblad & Sundblad, 1998). The idea of using embodied 
agents to support interactions between distributed individuals is however relatively unexplored. 
Therefore, a central aspect of the project is to involve potential end-users in the design process 
by conducting studies in a context that is as authentically as possible. Evaluating systems that 
are intended for long-term use require that the user study spans over a longer period of time; 
partly due to the fact that it takes time for the user to adapt to a new interface.   

 A qualitative study requires extensive and thorough preparations and planning in order 
not to jeopardize the reliability and validity of the study. As a researcher it is crucial to 
communicate intensions, expectations and results in a straight-forward and objective manner, to 
all parties involved, in order to minimize the potential influence of bias. Because qualitative 
studies normally are less reliable due to uncontrolled external factors, it is extremely important 
to strive for focus, consistency and transparency.2 

4.2.3 Animatronic agent repertoire 

One of the most urgent questions is whether the monkeys should represent states, such as 
present or absent, rather than changes, such as leaving the room or entering the room. Instant 
Messaging (IM) applications, for example, represent states; you can tell who is logged on, who 
is busy, etcetera. In our project however, this approach brings about several issues. First, forcing 
the animatronic monkeys to stay in certain “unnatural” positions will eventually wear out the 
servo gears, and will therefore decrease the durability of the hardware. Second, the goal is to 
create a network of animatronic monkeys, in which each monkey represents the activities in all 
the other rooms. Hence, I would argue that it is impossible for the animatronic monkey to 
display the states of each room simultaneously. A more feasible approach is to have the monkey 
represent changes. In this case, the agents can raise their heads and show their faces to inform 
the users that somebody just entered one of the offices in the social space. 

 Another crucial question is whether the monkey should express the specific activities, or 
if it should represent the availability of the involved persons. Making the monkey express 
explicit actions such as talking on the phone or writing on the computer may not be desirable. 
Hence, since one of the main incentive for expressing other co-workers’ activities in this project 
is to communicate information about how available they are, a more reasonable approach may 
be to make the monkey express level of availability. In any case, it is clear that the monkeys, 
with their five degrees of freedom, will not be able to express information in a fully human-like 
or intuitive way. Most likely, the meaning of the monkeys’ expressions has to be taught to the 
users. Still, the goal of this project was to make the behaviors as intuitive and natural as 
possible. 

 In addition to movements, this thesis involves evaluating the possibility of enhancing the 
monkeys’ repertoire of movements with sound cues in order to make the expressions more 
clear. The final application, where several monkeys will be networked, the audio cues may 
consist of short snippets of real audio, streamed from the office where the activity is occurring. 
Nonetheless, for this user study different pre-recorded audio clips, both explicit, such as the 
sound of a phone ringing, and more ambient and abstract will be tested. Another interesting 
aspect of audio is the use of headphones. What happens if the user listens to music and therefore 

                                                      
2 For a more thorough description of reliability and validity, see section 5.1.3. 
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does not hear the sound at all? An obvious solution would be to design movements that are 
clear enough to function independently. However, considering the animatronic agents’ rather 
limited repertoire of movements, these expressions have to be learnt. Hence, once the users are 
familiar with the expressions, recognition will not depend on the sound cues. Again, in the case 
of real audio broadcasts it is of great importance that the audio clips are relatively long to ensure 
that the user has time to take his or her headphones of when the animatronic agent moves in 
order to get further information regarding the occurring event.     

4.2.4 Privacy  

In Monkey Business privacy and personal integrity are secondary concerns. The system is 
mainly used for supporting lightweight and spontaneous interactions in public office 
environments, and is as such meant to be used as a collective and social tool. However, it is still 
of importance that the users feel comfortable with using the system. To some extent, the concept 
of implementing an abstract and ambient interface such as a puppet is based on the concept of 
privacy. The animatronic agents are designed to provide information about the activities of the 
users. Still, due to limited expressions and sensor sensibility, the information provided by the 
system is relatively vague. Almost certainly, the most crucial aspect of this system is its 
continuous nature. In an ambient continuous broadcast space it is very easy to forget that the 
system is on. Ackerman et al. (1996) showed that even warning lights tend to be ignored over 
time. Even though it might be difficult to indicate who is actually paying attention to the 
system, there are several possible and reasonable ways to address the privacy concerns. First, it 
is fairly easy to enable the users to determine the level of detail of the outgoing information 
(including turning the agent off) by adjusting either the sensitivity of the sensors or the network 
threshold. Second, since the system already is used for sensing presence, providing information 
about who is currently present and hence might be paying attention should not be too 
complicated. Lastly, a control mechanism for incoming data is most likely sought-after, for 
example during meetings and other situations that require a high level of concentration.  

 Regarding audio, real audio in the form of recorded audio clips will most likely be 
implemented in the Monkey Business system in the future. In this case, audio is broadcasted 
when the agent is triggered by an event or activity. Even though the audio implementation is 
still an open question, it is likely that some sort of audio processing technique, similar to the 
techniques presented by Smith & Hudson (1995) and Vallejo (2003), will be used to garble the 
audio stream. It should be pointed out that the exact implementation of audio and the privacy 
concerns that come with it were not covered in this thesis. Rather, the project focuses on 
evaluating the general role of audio in the context of remote awareness and animatronic agents. 
Most importantly, I have studied in what way and to what extent the users attend to the provided 
audio clips. Nonetheless, as pointed out before, the audio must support the light-weighted and 
informal nature of the interactions supported by the system, without jeopardizing the users’ 
personal integrity and privacy. Nor should the audio intrude on the users’ current work and 
activities. It is crucial that the users understand the fundamental purpose of the system; it is 
supposed to be used for exchange of information within equal groups, rather than for 
surveillance and monitoring.   
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5 Method 

This section contains a description of the methods used in the evaluation part of this thesis 
project. The evaluation, which is the main part of this thesis project, consisted of a longitudinal 
user study that was conducted in order to evaluate the behaviors of the agents, regarding both 
movements and sound, as well as to see how potential end-users adapt to and make use of the 
animatronic agents in their daily work lives. All video and sound clips that were used in the user 
study can be downloaded from http://www.media.mit.edu/~paulina/portfolio/mit.htm, section 
Monkey Business User Study (Modlitba, 2006). 

5.1 User study design 

5.1.1 Qualitative approach versus quantitative approach 

There are mainly two ways for approaching research problems: (1) quantitatively, which means 
studying phenomenon that can be described in numeric values, and (2) qualitatively, which 
means focusing on the characteristics or quality of something. Quantitative researchers normally 
favor an experimental approach in which they try to systematically observe changes in the 
phenomena of interest while they manipulate what they believe to be causal influences. 
Researchers using qualitative methods may be more concerned with the individual’s personal 
experiences of the problem being evaluated.  

 The choice of method is strongly related to the problem at hand. In this particular project 
the main goal was to evaluate the animatronic agent in a natural setting, and in relation to real 
end-users. Thus, since the aim of the user study was to analyze and illustrate the general quality, 
characteristics, and influence of the agent, rather than to assess particular data, all methods 
implemented in the project have a qualitative approach. As such, I have chosen not to focus on 
traditional experimental techniques that advocate control of extraneous variables, a carefully 
chosen sample of the population of interest, and rigid statistical procedures, but to concentrate 
on establishing and studying a test setting that is as natural as possible and to minimize my own 
interference. The user study was conducted as a field observation, where the research and data 
collection was carried out in the subject’s own environment; in this case his or her office. It was 
based on a pre-defined set of aims and a broad theoretic framework (see sections Introduction 
and Research review), but the approach was relatively open and interpretive compared to pure 
quantitative studies.  

 The open structure of the qualitative approach brings about both advantages and 
disadvantages. One of the most essential benefits is the direct interaction with the subjects in 
their natural context. The main data collection instrument in a qualitative study is often the 
researchers themselves. If the study involves observing social interaction, such as certain events 
and behaviors, as well as patterns of interaction, a human observer is most likely the only 
sufficient measuring instrument. Humans are superior when it comes to recognizing the often 
very subtle cues that accompany social interaction. However, qualitative methods also bring 
about crucial concerns. Obviously, since qualitative studies often involve both human subjects 
and researchers, they are normally sensitive to bias. For example, a friendly and close 
relationship between the researcher and his or her subjects may encourage trust and hence 
benefit the study as a whole, but may also influence the results. It is crucial that personal 
relationships and expectations are not allowed to confound the data collection. Possible 
measures are, for example, to let external individuals give feedback to the answers during the 
study, or that the surveys and interviews are designed in a way that obstructs overly positive 
answers.  

http://www.media.mit.edu/~paulina/portfolio/mit.htm
http://www.chssc.salford.ac.uk/healthSci/resmeth2000/resmeth/chap2.htm
http://www.chssc.salford.ac.uk/healthSci/resmeth2000/resmeth/chap3.htm
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5.1.2 Bias 

In this section I will present and discuss some of the factors that may have influenced the 
outcome of the user study. The section should not be viewed as a saving clause, but simply as a 
way for me, as the researcher, to make it clear that I was aware of these potential pitfalls during 
the study, and hence did my best to avoid them. As a matter of fact the personal preferences and 
ideas of researchers almost always influence the design and outcome of the study to some 
extent. Thus, it is important to be aware of these influencing factors in order to minimize their 
effect. In this study, there are several risk factors when it comes to bias. I have chosen to 
mention only the factors that I consider most significant: 

� I am the constructor of the system that was evaluated 

� I designed the user study; surveys and interview questions 

� I carried out the study and interviews 

� I chose the subjects 

� The subjects were all familiar to me, and I was familiar to them 

� I evaluated the result 

The concerns listed above are all related; together they bring about conflicts. The fact that I was 
evaluating a system that I partly designed myself influences many other factors. There is an 
obvious risk that I shape and direct the tests, interviews, and surveys to provide me with 
answers that are in favor of my goals and ambitions (Preece et al., 2002).  

5.1.3 Reliability and validity  

Reliability and validity are two ways of evaluating research. A user study or experiment that 
yields consistent, stable, and uniform results over repeated observations or measurements is 
considered reliable. Validity concerns the accuracy of the study or experiment. A study that 
measures what it is supposed to, in accordance with its fundamental purpose, is valid (Preece et 
al., 2002).  

 In qualitative studies, the concepts of validity and reliability may have to be adjusted to 
the fact that these studies normally are not concerned with exact measurements and statistics. 
For example, it is almost impossible to assure consistent and uniform results in an observational 
field study; partly because people tend to change and behave differently over time, partly 
because external factors are not fully under control. In this section I mention some of the aspects 
of reliability and validity that concern this particular study, as well as in what way and to what 
extent I chose to attend to them: 

� Internal validity (credibility) 

• Communicative validity. By clearly describing my intensions and expectations, 
comprehension, as well as the processes that constitute this project (data collection, 
selection, and analysis) I clarify how the research process as a whole may have 
influenced the validity of the study. 

• External control. This aspect involves giving the subjects a change to review and 
clarify data that they have provided, for example interview transcripts. In this 
project, the subjects were unfortunately not asked to go through any transcripts and 
surveys. Neither did the subjects request such reviews.   

• Triangulation. I used several methodologies, more specifically observations, 
surveys, and interviews, to be able to compare different types of viewpoints. In this 
way the weaknesses in any one method is compensated for by the strengths of 
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another. In addition, corresponding results in most cases increase the validity of 
these results. 

� External validity (generalization) 

• When it comes to external validity there are three factors that are particularly 
interesting and influential:  time, place and people. The challenge is to convince 
people that the results of your study, which was done in a specific place, with 
certain types of people, and at a specific time, can be generalized to another context 
where some or all of these factors may be different. In this thesis I have chosen not 
to assess the degree to which the conclusions in this study would hold generally; 
mostly regarding the location and people. The group of subjects was rather small 
and uniform in the sense that the subjects were all working at the MIT Media Lab. 
Still, it should be pointed out that the subject group was fairly heterogeneous 
regarding gender, age, and occupation (see Appendix B: Subject data). As for 
location, the studies were all carried out at the Media Lab. It is highly possible that 
other, for example less technology oriented, contexts would have generated 
different results.  

� Reliability  

• In qualitative studies reliability concerns both the technology and humans that are 
involved in the study. For example, it is important to describe the technologies and 
applications that were used for collecting data; web based surveys, cameras, 
microphones, and loud speakers. Such a description can be found in the sections 
Monkey Business and Method in this report. In addition, assuring high reliability 
involves describing and evaluating the role and capabilities of the researcher. An 
adequate researcher is able to explain his or her own expectations and knowledge, 
as well as understand the flow of the research process, for example how different 
aspects of the project influence other parts of the project. The researcher should also 
be able to conduct sufficient observations and interviews without biasing the 
subjects. The quality of the support provided by the researcher’s supervisors and the 
researcher’s ability to make use of this support are other central aspects (Preece et 
al., 2002).  

5.2 Experience Sampling Method 
To evaluate the behaviors of the animatronic monkeys I used an approach influenced by the 
Experience Sampling Method (ESM), as theorized by psychologist Mihaly Csikszentmihalyi 
(Larson & Csikszentmihalyi, 1983). ESM is a surveying process that not only charts how people 
feel about particular things, but also how they feel during certain activities and with certain 
people. At the signal of a pager or watch, each participant writes down in a booklet where he is, 
what he is doing, what he is thinking about, and whom he is with. In addition, the subjects rate 
their current state of consciousness on various numerical scales. The study is usually preceded 
and concluded with an interview. The strength of the ESM approach is that it provides a 
relatively continuous and realistic overview of the participants’ daily activities and experiences. 
The ESM method has been seen to be useful under mobile evaluation conditions, such as for 
example mobile phone applications evaluations (Isomursu et al., 2004). In addition, it can be 
used to detect interruptibility in a straightforward and instant manner without interrupting the 
daily activities of the subjects (Nagel et al., 2004).  

 In this particular project, some central aspects of the ESM method were used to evaluate 
the users’ reactions to and attitude towards the animatronic agents. The user study was carried 
out as a long-term Wizard-of-Oz observation, which means that the behaviors of the 
animatronic monkeys were controlled manually by me, as opposed to being controlled by the 
actual system.   
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5.2.1 Background 

Testing devices that are meant to be integrated in the users’ daily lives, and hence used during a 
relatively long period of time, bring about several concerns regarding reliability and validity. 
The main challenge is to make the testing procedure as transparent as possible in order to make 
it natural. Laboratory settings allow researchers to carefully look at variables of interest, but 
they normally cannot account for the complexity and richness of daily activity and interactions. 
Ethnological studies, on the contrary, give researchers greater access to the subjects’ 
experiences. Often these studies require the physical presence of the researchers, which can lead 
to issues with interference and hence puts reliability and integrity at risk. As a further 
complication, ethnological studies require significant investment of time.  

 An alternative approach to collecting the opinions and attitudes of the subjects is carrying 
out interviews.  Unstructured interviews encourage the subjects to reflect on and discuss their 
experiences with the support of the interviewing researcher. If anything is unclear, the 
researcher is free to ask follow-up questions. The main drawback of this approach is the fact 
that people have a tendency to forget everyday events. In addition, studies show that interview 
responses are subject to a number of response biases. Often, subjects adjust their responses to 
existing social norms or to what they think the interviewer wants to hear (Nagel et al., 2004; 
Whitley, 2002).  

 One solution to the problem with failing memory is self-reported diary studies. In these 
studies the research subjects are instructed to write down specific information or thoughts at 
regular intervals. This enables the subjects to reflect on their experiences and activities soon 
after they occur. In reality however, subjects tend to forget to write in the diary. Further, the 
self-reported diaries are sometimes fuzzy, since the subjects are supposed to reflect on and 
describe their general impressions and feelings, rather than specific data.  

 The Experience Sampling Method (ESM) is a method that was developed in order to get 
around many of the issues mentioned above. In an ESM study, the subjects normally wear some 
kind of pager or PDA that goes off at random occasions. The signal is used to alert the subjects 
that they are expected to fill out a survey regarding their experiences, attitudes and activities. 
This survey is only active at the moment the pager or PDA goes of. If the subject does not 
answer the questions within a certain period of time, the survey is deactivated. In this way, the 
problems with memory distortion can be avoided.  The ESM method is not always the best 
evaluation approach. Like other approaches, it has several drawbacks. The choice of method 
depends on what kind of questions you want to answer. One of the most crucial disadvantages 
of the ESM technique is also one of its main advantages: random, incoherent samples. Because 
data is sampled from the subjects on random times, ESM can provide a relatively 
comprehensive picture of the activities and behaviors of the research subjects. At the same time, 
ESM studies do not provide data regarding transitions and relations between these samples. For 
example, ESM does not tell you how a person organizes and reacts to the experiences once the 
events have passed, nor does the approach counteract biased answers. In addition, experience 
sampling is not a good approach for covering rarely occurring events, since the probability of 
timing these events is fairly low. Hence, using a combination of methods with different 
approaches is usually the most advantageous strategy (Larson & Csikszentmihalyi, 1983; Nagel 
et al., 2004).  

5.2.2 Approach 

In this evaluation study, the approach, as described above, has been modified to better fit the 
research setting. Like with most ethnological studies, this study was carried out as a longitudinal 
(long-term) study. The study spanned over a period of four weeks, of which the first two weeks 
were used for pilot studies.  

 In the beginning of the study, a survey was sent to all subjects to get a picture of the 
subjects’ daily routines and general experiences of interactions with colleagues and 
interruptions (see Appendix A: Pre-study questions). The study was carried out as a Wizard-of-
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Oz observation (Dahlbäck et al., 1993). This means that the subjects interact with the system, in 
this case the animatronic monkey, believing that it is autonomous, while the system is actually 
being operated (or partially operated) by me. More precisely, pre-recorded sequences of 
movements and sounds were sent to the subjects’ monkeys, approximately every ten minutes, to 
simulate activity. Once every hour, at the same time as the monkey is triggered, the subjects 
were notified that an online survey, consisting of 9-17 questions regarding the animatronic 
monkey’s latest expression, is available. The surveys were sent to the subject at random 
occasions, as well as in a random order, in order to get a more comprehensive picture of the 
interaction between the monkey and the user. Eight different surveys, depending on the current 
combination, were used throughout the pilot and main studies. In the main study, a total of six 
surveys were used; two for each of the three tested combinations sound (see Table 3). Extended 
versions of each survey, containing comparative questions such as “How intrusive was the 

monkey compared to yesterday?”, were used after the first day of the study. As seen in 
Appendix C: Surveys, the majority of the questions recurred in each survey, while some 
questions were adjusted to the current situation and behaviors being tested, among other things. 
The aim was to keep the surveys short and easily comprehensible in order to minimize the time 
that the subjects have to dedicate to them.  

As pointed out, pagers and PDA’s are normally used for collecting data in ESM studies, 
both for alerting and for distributing the surveys, in order to enable subjects to move between 
different locations. In this project, the study focuses on evaluating the interaction between the 
subjects and their office-based animatronic agents and is as such limited to the offices of those 
subjects. As a result, mobility is not a primary concern. The surveys were accessible from the 
subjects’ computers only. The subjects were notified of the surveys either by SMS, IM, email, 
or any combination of these three techniques, depending on the preferences of the subjects. The 
surveys were disabled ten minutes after the subjects have been alerted to assure that the 
questions were recorded close to the time of the alert. In addition, subjects could take no more 
than ten minutes to answer the questions. 

 As a way of compensating for the drawbacks of experience sampling, each study was 
concluded with a follow-up interview. In this way, both qualitative and quantitative data was 
collected. In addition, the subjects were free to comment on the behaviors of the animatronic 
agents after each day of the user study. The interviews were all semi-structured, meaning that 
they were based on a closed set of questions (see Appendix D: Post-study questions), but 
allowed both subjects and researchers to bring up additional topics and steer the direction of the 
interview. The interview protocol included questions regarding both the specific expressions of 
the animatronic monkeys, for example if the expressions are straightforward and frequent 
enough, and regarding the subjects’ general impression, for instance if the monkey provides a 
sense of awareness and conveys sufficient and interesting information. 

   Initially, I intended to place a video camera in at least one of the offices to enable 
continuous observation in real-time. However, cameras are often seen as an intrusion on 
personal integrity and should not be used unless it is considered necessary and has been 
approved on. In this study, a video camera could indeed have provided additional information 
regarding things that happen in between samples (surveys). Further, video recordings could 
have revealed details that the subjects are unaware of, or choose not to mention in surveys or 
interviews. However, since the focus of this study was to survey the subjects’ experiences and 
attitudes, which are probably best expressed explicitly, I decided not to involve video cameras. 
Instead, I implemented webcams to monitor the animatronic agents. These webcams were 
directed so that only the agents were captured.   

5.3 Subjects 
The study involved a total of seven subjects. Ideally, the study should have involved a larger 
number of subjects in order to increase the level of reliability. However, due to time restrictions, 
I made the decision to limit the number of subjects in favor of the time spent on each subject. 
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Qualitative study that involves novel technology normally requires time to override novelty 
effects. The subjects were of varying age, gender and technical background (see Appendix B: 

Subject data). The only specific requirement I had regarding the subjects was availability. I 
wanted subjects who spend a lot of time in their offices (at least during the week that the study 
is conducted) to maximize the outcome of the study. A large number of ignored surveys would 
have undermined the reliability and validity of the study. 

To make monitoring more easy, these subjects were all people working at the MIT Media 
Lab. Considering the fragility of the hardware implemented in the monkey, this was also to 
ensure that I would be nearby if something suddenly stopped functioning. Due to the fact that I 
had access to only two monkeys, I was limited to conducting two tests simultaneously.  

5.4 Configuration 
During the user study an animatronic monkey was placed in each subject’s room. The monkey 
was connected to the subject’s computer via its serial port; its audio jack was plugged into the 
audio port of the computer. The server application, programmed in Visual Basic (see Figure 6) 
by Stefan Marti (2005), was installed on the subject’s computer to control the servos of the 
animatronic monkey.  

 

 
Figure 6: Visual Basic application graphical user interface. 

 

The application was controlled remotely by a Java-based client that was running on my 
computer and was connected to the server on the subject’s computer via a socket connection. 
During runtime, strings of concatenated filenames were sent from the client to the server 
application. The filenames indicate which behavior files (.txt) should be opened and run on the 
subject’s computer and sent to the servos of the monkey, as well as the order in which the files 
should be run. In theory, the server application can take any number of files, as well as files of 
various lengths. This configuration enabled me to control the remote monkeys in a simple and 
straightforward manner, without having to interfere with or restart the subject’s remote server. 
First, I recorded a sequence of movements by using the VB animatronic control application that 
had been installed on my computer. I then placed the text files in the subject’s local behavior 
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folder. Lastly, when an expression was to be triggered, I sent a command to the subject’s server 
application to run this particular file.  Figure 7 shows a diagram over the configuration.  

 

 
Figure 7: User study system configuration. 

 

In addition to sending the behaviors, a short web-based survey, based on the server-side 
scripting language PHP, were made accessible on the Internet approximately every ten minutes. 
When submitted, the survey answers were stored on my local server, in a MySQL database, 
along with information about the subject’s IP-address, date, and time, so that the answers easily 
could be tracked to a certain occasion or events. Thereafter, the answers were gathered and 
analyzed manually. 

5.5 Movements used in the user study 
A set of five activities were recognized as being of particular significance for this project: 
entering the room; leaving the room; receiving a phone call; talking with someone in the room; 
and typing on the keyboard. Consequently, the initial behavior repertoire consisted of five 
different movements, each representing one activity. In addition, four expressions that were 
designed to express different levels of urgency or intensity were introduced (see Table 1). Each 
expression spanned over a period of approximately 10-15 seconds.  

Video clips can be downloaded from http://www.media.mit.edu/~paulina/portfolio/mit.htm, 

section Monkey Business User Study (Modlitba, 2006). 

  

Table 1. Movements used in user study. 

Activity Description 

Activity  

Phone 

The monkey nods its head and waives its 

arms for approximately 10 seconds 

without looking up to indicate that a 

conversation is going on. The lower head 

represents unavailability (private 

conversation). 

http://www.media.mit.edu/~paulina/portfolio/mit.htm
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Talking 

Like phone, except with a raised head to 

indicate availability (public 

conversation). 

Entering 

Same as headup1: The monkey lifts its 

head up and looks at you. After about 10 

seconds it lowers the head. 

Leaving 

The monkey lowers its head to hide its 

face. The hidden face represents 

unavailability. 

Typing 
The monkey looks up and moves its arms 

intensely to indicate typing. 

Level of activity  

headup1 

The monkey lifts its head up and looks at 

you. After about 10 seconds it lowers the 

head. 

Armsslow 

The monkey looks up and moves both 

arms slowly. After about 10 seconds it 

stops moving its arms and lowers the 

head. 

Armsfast 

The monkey looks up and moves both 

arms intensely. After about 10 seconds it 

stops moving its arms and lowers the 

head. 

Sway 

The monkey looks up, moves both arms, 

and sways back and forth from its tail. 

After about 10 seconds it stops moving 

and lowers the head. 

5.6 Sounds used in the user study      
Two different kinds of sounds were implemented in this study; one to represent the over-all 
levels of activity or availability, another to represent specific activities (see Table 2). The 
sounds were used to evaluate the role and potential of audio cues. How important are the sound 
cues for the over-all impression of the animatronic agent’s expressions, and what kind of 
information can be distinguished by the users? For level of activity, we used the same audio clip 
for all four expressions, the sound of murmuring voices, but the sound clip was played back at 
different volumes. A low volume represented a low level of activity, whereas a high volume 
represented a high level of activity. Four different levels were used. As for specific activities 
and events, such as typing at the computer, talking on the phone, and entering the room, 
corresponding recorded sound clips were used. The sound clips did not fully model real audio, 
since the same clip for each activity was used throughout the study. However, the sounds were 
indeed recordings of real sounds and should as such be considered as the more realistic sound 
category of the two. Five sound clips were used; one for each activity: phone, conversation, 
entering, leaving, and typing. The sound clips were all about ten seconds in length (Modlitba, 
2006). The length was decided based on the knowledge that short and abrupt sounds usually are 
considered more intrusive (Buxton et al., 1994). In addition, a longer clip increases the chance 
of the user noticing it.  

All sound clips can be downloaded from http://www.media.mit.edu/~paulina/portfolio/mit.htm, 
section Monkey Business User Study (Modlitba, 2006). 
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Table 2. Sounds used in user study. 

Sound Description 

Activity  

OfficePhone3x.wav/PhoneRing3x.wav 
A phone signal repeated three times 

over a period of 5 seconds. 

Level3.wav 
Mumbling voices played at sound level 3 

(second highest level). 

SilenceLongDoorOpen2x.wav 

Approximately 5 seconds of silence 

followed by a door opening, repeated 

twice. 

LongSilenceDoorSlam2x.wav 

Approximately 5 seconds of silence 

followed by a door slam, repeated 

twice. 

Typing_long.wav 
10 seconds of quite intense keyboard 

typing sounds. 

Level of activity  

Level1.wav 
Mumbling voices played at sound level 1 

(lowest level). 

Level2.wav 
Mumbling voices played at sound level 2 

(second lowest level). 

Level3.wav 
Mumbling voices played at sound level 3 

(second highest level). 

Level4.wav 
Mumbling voices played at sound level 4 

(highest sound level). 
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6 Results 

This section contains a description and a discussion of the execution and results of the user 
study. The study was designed based on the theory of the Experience Sampling Method (ESM) 
that was developed specifically for capturing different aspects of peoples’ current impressions 
and thoughts in real time. The evaluation method is particularly appropriate in studies where 
there is a risk that the physical presence of the researcher would interfere with the results of the 
study. In this project, the aim was to make the evaluation context as realistic as possible.  

 The user study consisted of two main parts; surveys to capture user experience on a 
continuous basis during the study, and a concluding post-study interview. The two techniques 
were chosen because of their different approaches. Whereas the surveys can generate both 
quantitative and qualitative data, depending on the nature of the questions, interviews normally 
result in qualitative data.  

 The study spanned over four weeks and involved a total of seven subjects. The first three 
subjects were eventually deemed as pilot subjects and are therefore not included in the main 
analysis of this report. However, since the results of the pilot studies underlie the final studies 
and contain generally adequate and interesting reflections that to a great extent correspond to 
those of the main subjects, I made the decision not to exclude these results completely. Still, the 
two studies are discussed in separate sections to emphasize the difference. 

6.1 Towards a satisfactory user study design 
This section describes how the final design of the user study came about. The section shows 
how an iterative approach, where the subjects’ feedback is fed back into the design process, can 
lead to more satisfactory results.  My initial plan regarding the layout of the user study was to 
conduct a pilot study to put my ideas to the test. In reality, however, it took me two evaluation 
studies and three subjects to finally reach an adequate approach. Frustration, confusion, and 
decreasing response rates indicated that the study design required improvement in order to 
provide useful data. 

6.1.1 Pilot study 1 (subject 1) 

The first pilot study spanned over a time period of four days and involved one subject; a woman 
who is in charge of a small group of administrative personnel (see Appendix B: Subject data). 
Two variables were tested in the study: (1) level of activity versus activity and (2) sound versus 
no sound. These two variables generated four different combinations (see Table 3); thus, a 
different combination of movements and sounds was tested each day.  

 

Table 3: The four main combinations used in the study. 

Sound No sound 

Level of activity Activity3 

 

                                                      
3 This combination was excluded after the first pilot study. 
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6.1.1.1 Customized surveys 

The order in which the four combinations were tested was randomized to avoid the risk of 
order effects.  A survey was sent to the subject approximately once every hour. My ambition 
was to cover as many of the displayed combinations as possible. I therefore aimed for a rate of 
approximately four to five surveys per day and subject. Initially the same survey was used all 
four days. The survey contained questions that address different aspects of the subject’s 
interpretation of the monkey’s movements and sounds (see Appendix C: Surveys). The 
questions were all initially open, which means that no options or indications were provided. 
However, it soon became clear that the repetitive surveys made the subject bored, and in some 
cases even frustrated. Already after the first day the answers became less detailed and the 
response rate decreased significantly. During the follow-up interview the subject explained that 
she considered the surveys a more serious and annoying intrusion than the animatronic agents:  

I could choose to ignore the monkey, but I couldn’t ignore the surveys… You should 

change the questionnaire over the course of days. More provocative questions over 

time will make it more interesting for the subjects [subject 1].  

Consequently, the surveys were modified to better correspond to each particular test day. The 
main part of the survey, that is the part that contains questions about the current state of the 
subject, was retained. However, comparative questions, such as “How intrusive was the monkey 

compared to yesterday?” and “Do you feel more accustomed to the monkey today than you did 

yesterday?” were added to attain a sense of continuity. In addition, the surveys were customized 
to better fit the current combination of movement and sound. Days when no sounds were 
played, questions that specifically concerned the sounds were excluded. The main goal was to 
keep the surveys as short as possible.  

6.1.1.2 Three combinations 

Another adjustment that was made based on results in the first pilot study concerned the 
number of combinations included in the study. It soon became clear that the animatronic 
monkeys did not make sense without sounds:  

There was not any meaning to the particular movements other than how urgent it is. 

It’s a little annoying to know that something urgent is going on but without having 

any correlation to a specific activity [subject 1]. 

Quite clearly, the difference between the two soundless combinations was not significant 
enough for the subject to consider them meaningful. Based on the feedback, I made the decision 
to exclude the sound-less combination that seemed to cause the highest level of confusion and 
frustration: activity without sound. As a result, the subsequent six studies only involved three 
combinations: level of activity with sound, level of activity without sound, and activity with 

sound.   

6.1.2 Pilot study 2 (subjects 2-3) 

6.1.2.1 Closed questions 

Like the first subject, the second and third subjects were both women working with 
administrative tasks. The first subject received open questions, whereas the third subject 
received closed questions with options. The results of the second study were very similar to 
those of the first study. Even though the subjects did not complain about repetitive and 
redundant questions, they described a similar state of frustration. One of the subjects used an 
illustrative baby analogy: 

The more animated movements, without sounds, made me concerned about what he 

was trying to tell me. “What do you want?!” I started making up stories about what 



Monkey Business Results   

27  

he was telling me. It was almost like dealing with a baby. “What’s wrong?” You have 

no idea. [Subject 2] 

Due to complications, I never conducted a follow-up interview with the third subject. However, 
during the informal conversations I had with the subject after each day, she mentioned several 
times that the options provided in the surveys made the expressions make more sense. The 
feedback provided by both subjects lead me to change the questions once more. It was now 
obvious that the animatronic monkeys’ expressions were not clear enough for the subjects to 
understand them. Further, the combination of ambiguous expressions and open questions clearly 
caused frustration, which eventually led to a significant decrease in the subjects’ over-all 
engagement. At this point, I realized that the open-ended questions caused more problems than 
they were constructive. Despite the fact that the animatronic agents, thanks to their servos and 
joints, can make fairly human-like movements, the movements were only adequate when it 
came to expressing level of urgency. Quite clearly my initial ambition to use open-ended 
question in order to evaluate the lucidity of the animatronic agents did not work out as expected.  

 There was, however, one exception; the explicit combination of activity with sound was 
received positively by both subjects. On the fourth and last day of the second study, I decided to 
test the closed set questions on the second subject. The feedback was clear and convincing: 

Yesterday, the monkey suddenly made sense because of the sounds. It was much less 

frustrating. You knew there was a phone call. One time the movements of the monkey 

were timing with an event in the office. It was almost like he was reacting to the 

event. That made him much more alive. That was nice. [Subject 2] 

Consequently, I decided to introduce closed questions with options whenever the explicit 
expressions, such as phone and entering, were tested. For example, the question “What do you 

think the monkey was trying to demonstrate?” was followed by seven possible answers: 7 = 
phone, 6 = entering, 5 = keyboard, 4 = conversation, 3 = leaving, 2 = none of the above, 1 = I 
have no idea. In the case of more abstract expressions that represented level of activity, the 
questions were kept open. 

 As a consequence of including closed questions, I had to change the order in which the 
combinations were presented to the subjects, since showing the closed questions with options 
prior to the open questions most likely would influence the subjects’ answers to the open 
questions. Hence, instead of playing the combinations in a random order, the two combinations 
for level of activity were played before the more specific combination for activity.    

6.1.2.2 Target group 

Last, but not least, the pilot studies helped me realize that I had involved subjects that were not 
potential end-users. I got the impression that the subjects, in particular the first one, had a hard 
time understanding and embracing the fundamental concept of the animatronic monkeys. In the 
case of the first subject who functioned as a director, the main concern was the structure of the 
group that she works in. Since the work group was hierarchical, rather than equal, she did not 
feel an explicit need to be aware of her co-workers: 

The hardest part of my workday is juggling priorities: phone, email, people stopping 

by, and figuring out what is most important…If the monkey could help filter this 

input, that would be most helpful. It might be different in a more egalitarian work 

group. My work dynamic is more independent – not group-based. [Subject 1] 

The subject clearly was not comfortable with using the animatronic monkey, since she was in 
charge: 

When does the monkey become Big Brother?  When is it helpful and when is it 

oppressive? There is a trade-off between convenience and privacy. [Subject 1] 



Monkey Business Results   

28  

The second subject is not really a part of a work group. She belongs to an organizational group, 
but the group members all have independent tasks. When asked what she thought the 
animatronic monkey could be used for, she replied: 

He could be useful for remote offices when I can’t get hold of people. Sometimes 

nobody answers the phone; it could give information about when the people get back. 

Yes, to get hold of people. [Subject 2] 

Even though the subject touches the aspect of awareness, the fundamental idea of group-
working and collaboration seemed to be missing.  

6.1.2.3 Urgency     

In addition, a question that touches the aspect of urgency more explicitly was added to the 
surveys: “How urgent/important would you say the monkey's message seemed to be overall?” 
First and foremost, the question was included because urgency seemed to be on of the most 
central aspects of the subjects’ interpretation and experience of the animatronic monkeys. 

6.1.2.4 Longer sound clips 

Regarding the expressions, no major changes were made. One concern that I had was that the 
sound clips seemed too be too sudden and short; several subjects reported that they did not hear 
certain sounds clips at all. There are many possible explanations to why the sounds clips were 
not discerned, for example fairly loud motor noises, surrounding noises, or simply that the 
sound level was too low or the sound clips too short. Since no changes could be made to the two 
first factors, I decided to extend each sound clip from 5 seconds to approximately 10 seconds.   

6.1.3 Pilot study interviews 

Each user study was concluded with a semi-structured follow-up interview. In hindsight, I 
consider these interviews the most valuable and appropriate part of the study. Even though the 
surveys made it possible to sample the subjects’ experiences and thoughts in real-time, the 
interviews allowed me to further discuss these experiences and thoughts. Not only did the 
interviews provide a broad and detailed picture of the subjects’ point of view, but it did so in a 
dynamic and efficient manner, since the semi-structured interview layout allowed both me and 
the subjects to deviate from the original topics and questions. Hence, the interviews allowed 
free scope for discussions and issues that I did not expect or consider myself; in particular ideas 
that concerned the structure of the study, as presented above. 

 The feedback that was provided by the pilot subjects was interesting for many reasons. 
There is however one aspect that I consider particularly valuable. Compared to most people at 
MIT, the administrative personnel have relatively little experience of the practical and 
conceptual aspects of technology. This may explain why they were somewhat more critical. 
However, the critical feedback provided by the pilot subjects may actually be a reflection of 
their personality traits. Nonetheless, the comments differed quite significantly from the 
feedback that I got from technology savvy subjects.       

 One of the most interesting comments that were uttered during the interviews with the 
pilot subjects concerns the sociable aspects of the animatronic agents: 

Whenever there was someone else in the room and the monkey moved, the 

conversation turned toward the monkey. He was much harder to ignore with other 

people in the room…It is hard for people to not react to the monkey. It’s similar to 

when someone brings a dog or other pet into the office. [Subject 1] 

Even though this particular concern was only brought up by one of the subjects, I consider it 
significant enough to be pointed at; partly because I had so far only focused on the subjects’ 
experience of the monkey without taking other “non-users” into account; partly because it 
highlights one of the most significant aspects of the animatronic monkeys and the system as a 
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whole: sociability. It is clear that even though the actual user gets accustomed to the 
animatronic monkey, the fact that the monkey is a public system sometimes result in awkward 
situations and interruptions. However, thanks to its cute and light-hearted appearance, the 
monkey normally is not considered annoying: 

The monkey was a pleasant distraction. He was a cute little monkey; therefore his 

movements were endearing. I was never annoyed at the monkey because he was cute. 

[Subject 1] 

The second subject described how the monkey was received by the work group as a whole: 

I loved having him in the office, because he lighted things up. When we had a 

meeting, seeing the monkey move made everything much nicer. It was a happy time. 

Everybody were smiling when they passed by. It is nice when people smile even if 

they are not smiling at you. [Subject 2] 

6.1.4 Analysis of pilot studies 

Despite the fact that the process of designing the user study ended up being more extensive and 
complex than I had expected, I am more than pleased with the outcome; both regarding the 
actual study, more specifically surveys and interviews, and the subjects. As pointed out before   
I chose to involve administrative personnel to maximize the response rate. I expected 
administrative staff to spend more time in front of their desks than other workers, and based my 
selection on that belief. However, during the actual study I came to realize the difference 
between physical and mental availability. The subjects were indeed present the majority of the 
time, but they were often engaged in several tasks simultaneously and were therefore relatively 
stressed and preoccupied. In addition, they were rarely alone in the office. The first subject had 
meetings in her office. The most crucial concern however, was the fact that the pilot subjects 
did not belong to the intended target group. In hindsight, I am however happy that I chose to 
involve them. Without the pilot subjects, I would probably not have been aware of how 
significant the structure of the work group is when it comes to computer-supported collaborative 
systems. In addition, using subjects with restricted knowledge about technology, to some extent 
generated less biased answers.  

6.1.5 Conclusions 

The three pilot studies generated the following design measures: 

� Customized surveys with a higher level of variety and relevance were introduced to 
increase subject engagement; for example comparative questions, such as “How 

intrusive was the monkey compared to yesterday?”, were implemented to attain 
continuity in the study;  

� Four test categories (combinations) were reduced to three: level of activity with sound, 
level of activity without sound, and activity with sound since the differences between the 
four combinations turned out to be too insignificant for the subjects to notice them; 

� Four days were reduced to three days; 

� Open questions were replaced by questions with a closed set of options to minimize 
confusion and distress;  

� The order in which the combinations were introduced to the subjects was fixed: abstract 
expressions (level of activity) are always played before concrete expressions (activity) to 
avoid possible training effects; 

� A question that more explicitly addresses the crucial aspect of urgency was added; 

� The sound clips were made longer to make them more noticeable. 
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6.2 The main study 
The main user study was conducted over a period of two weeks. The study included four male 
graduate students who were selected mainly because of their experience of working in equal 
groups. At this point, I felt that I had finally reached a user study design that was structured and 
focused enough to provide valid and reliable data. The study still consisted of two parts: a 
remote observation that utilizes surveys to gather quantitative and qualitative feedback from the 
subjects, and a semi-structured follow-up interview for more extensive quantitative feedback. 
Changes were however made to make the study less confusing and tedious for the subjects. For 
example, the time span of each user study was reduced from four days to three. As a result, the 
following three combinations were tested: (1) level of activity with sound, (2) level of activity 

without sound, and (3) activity with sound.   

6.2.1 Surveys 

6.2.1.1 Results 

An essential part of the user study was to learn more about how potential end-users experience 
and interact with the animatronic agents. Online surveys were used as a tool for sampling these 
experiences in real-time without interfering with the subject. About once every hour the subjects 
were asked to fill in a new survey. No changes were made during the day. Different surveys 
were however used on different days. Even though the majority of the questions were fixed, 
there were some significant differences between the surveys. In general, more questions were 
added over time since questions that compared the experiences over time were included. All 
surveys can be found in Appendix C: Surveys.  

The response rate in the main subject group was 36 out of 45, i.e. 80.0%; a rather high 
number. Compared to the pilot subjects, the main subjects’ schedules were more varying. Not 
only did they get in to the Lab relatively late, they often were away for longer periods of time 
(two-three hours) due to classes, meetings, and demos. As a result, the daily sessions had to be 
extended to generate a sufficient amount of data. My initial goal was to gather a minimum of 
one submitted survey per expression, 4-5 responses per day. This goal was eventually changed 
to three responses per day. 8 out of 13 days generated three responses or more. In the case of 
subject 6, two additional days were added due to unexpected activities and distractions during 
both the third and fourth day of the study.  

 Since most of the qualitative data that was brought up in the surveys was discusses in the 
follow-up interview, only the quantitative data are presented in this section (see Table 4). A 
likert scale from 1 to 7 was used for the quantitative questions (see Appendix C: Surveys). For a 
full presentation of the qualitative data, see section Pilot study interviews below. 

 

Table 4: Results from the survey-based evaluation of the animatronic agent’s expressions (* = 

expression with sound).
4
 

Most intrusive expressions  

 talking* (5 out of 7)  

 armsslow, phone* (3.5 out of 7) 

Least intrusive expressions  

                                                      
4 Note that the values in Table 4, e.g. “5 out of 7” refer to the likert scale used in the web based surveys. 
See Appendix C: Surveys.  
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 headup*, leaving*, headup (2 out of 7)  

Most intuitive expressions  

 entering* (1 out of 7) 

 leaving* (2 out of 7) 

Least intuitive  expressions  

 armsslow (6.5 out of 7) 

 sway (5 out of 7) 

Most urgent expressions  

 sway (5 out of 7) 

 talking*, phone*, sway* (4 out of 7) 

Least urgent expressions  

 entering* (1 out of 7) 

 headup (1.5 out of 7) 

 

The most intrusive expression, according to the four subjects, was talking with sound. This 
expression is a combination of several smaller movements; the animatronic monkey lifts its 
head to indicate that it wants your attention, nods to show that it is listening, and waives its arms 
to indicate engagement. Simultaneously, a sound recording of a conversation (reduced to 
mumbling voices) is played. The least intrusive movements were headup, both with and without 
sound, along with leaving, played with sound. I have no good explanation for why leaving with 
sound was considered less intrusive than the sound-less version of the same expression. It is 
possible that the sound effect disguised the somewhat annoying motor noises of the agent. 
Another possible explanation is that the sound effect made the expression make more sense, and 
was therefore considered less intrusive. However, considering the limited number of subjects, I 
have chosen not to attach great importance to this particular outcome. 

 The most intuitive expressions, meaning the expressions that the subjects thought were 
most straightforward, were leaving and entering with sounds. These movements are both rather 
simple; in the case of leaving the animatronic monkey lowers its head to hide its face, in the 
case of entering it lifts its head up. This outcome is somewhat surprising considering the fact 
that most subjects, according to their own statements, never actually heard the sound effects that 
accompanied these two expressions. Most likely both sound clips were too abrupt and short to 
be discernable. One subject heard the sounds but thought they were gun shots. The expressions 
that were considered least intuitive were the sound-less versions of armsslow and sway. In the 
former expression, the monkey lifts its head and moves both arms slowly back and forth. In the 
latter, it lifts its head, moves its arms, and sways back and forth from its tail. Armsslow got 6.50 
out of 7.00, which suggests that the expression is close to indiscernible.  

 Since the majority of the pilot subjects described the expressions in terms of urgency, I 
decided to include a question that specifically concerned the experienced urgency of the 
expressions. According to the four main subjects, the expressions that conveyed the highest 
level of urgency were sway without sound, followed by talking, phone, and sway; all with 
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sounds. Sway is definitely the most intense movement; the animatronic monkey uses all its 
degrees of freedom. It simultaneously looks up, waives both arms, and sways from its tail. 
Talking is similar, but the expression does not involve swaying. Phone and talking are identical, 
except that in the case of phone the monkey does not look up. Again, just like in the case of 
armsslow in the section about intrusive expressions above, I have no direct explanation to why 
the soundless sway expression was considered more urgent than the same movement with 
sound. However, by analyzing each subject separately, only one subject out of four actually 
considered sway without sound more intrusive that sway with sound. The results just happened 
to be distributed so that the median of the former expression exceeds the latter one. The least 
urgent expressions were entering with sound and the soundless version of headup. These 
expressions are both based on the same movement; the animatronic monkey looks up during ten 
seconds before lowering the head again.  

 In addition to the questions that regard the expressions the, questions that concerned the 
intrusiveness and intuitively of the sound clips were included in the surveys. According to the 
feedback, the most intrusive sound clip was the clip that accompanied the expression sway, i.e. 
mumbling voices played at the highest sound level (Level4.wav). The least intrusive sound clip 
was the one for headup, i.e. the sound of a door opening (SilenceLongDoorOpen2x.wav). In 
fact, this sound clip might even have been too subtle and ambiguous, since several of the 
subjects did not at all distinguish the sound clip. The same goes for the door closing sound 
effect that was used for the expression leaving. The most intuitive sound clip was the office 
phone sound used for the expression phone, whereas the sound clip Level3.wav (mumbling 
voices), used for both headup and talking, was considered the least intuitive.    

6.2.1.2 Considerations 

The surveys did not provide any surprising or contradictory results. Apart from some minor 
inconsistencies, such as the fact that some expressions were considered more intrusive or urgent 
without sound, most results correspond to and confirm the qualitative data that was collected in 
the follow-up interviews. A more thorough review of the results can be found in the interview 
section below.  

 One major drawback considering the quantitative data is the fairly limited number of 
subjects. One sample per subject is most likely not enough to come to general conclusions; 
particularly considering the fact that the subjects most likely were exposed to and influenced by 
many different factors during the study. The influence of external factors is probably one of the 
most problematic aspects of studies that are conducted in a natural setting. In the case of 
inconsistencies, such as the one mentioned above, it is therefore hard to identify which factors 
underlie the outcome. For this reason, I would argue that quantitative data, when used 
independently, are insufficient. However, in combination with qualitative feedback, quantitative 
data can function as an accurate complement. There is at least one aspect to this accuracy 
analysis. Whereas the follow-up interviews were conducted after the actual study, the surveys 
were filled out in real time. Hence, the feedback provided by the interviews should be viewed as 
a summarization of all of the subjects’ impressions and ideas; seen in hindsight. Ideally, a 
follow-up interview should have been carried out after each day to minimize the influence that 
the different combinations, that is level of activity with sound, level of activity without sound, 
and activity without sound, had on each other. 

 Another major concern is the structure of the surveys. The concern is two-fold. First, it is 
hard to evaluate the accuracy of the subjects’ answers. It is known that the answers do not 
always reflect the reality; partly because subjects sometimes have problems with understanding 
and quantifying their own preferences and thoughts, partly because the survey questions may be 
ambiguous or leading (Whitley, 2002). It is also possible that the subjects were influenced by 
implicit expectations and ideas, such as that positive feedback would please me, as a researcher 
and constructor of the agent, more than negative feedback. Some researchers argue that it is 
pointless to ask subjects’ for their opinion, since they usually are not fully aware of what they 
want. According to these researchers, it is therefore sometimes more efficient to observe the 
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subjects and ask indirect questions, rather than asking explicit questions. I argue that it is a 
matter of context and aim. As a researcher it is crucial to make clear what aspects you want the 
study to focus on. When you have specified these aspects, it is significantly easier to choose 
methods. In many cases, triangulation, which means combining several different (qualitative 
and quantitative) techniques to test the same phenomenon, can be used for disambiguating the 
outcome, as well as for illustrating different views. This is the reason why I chose to implement 
both surveys and interviews in the user study. The outcome of the interviews is presented next.                    

6.2.2 Interviews 

The interviews provided many interesting results, considering many different aspects of the 
animatronic agent. In this section, I will present and discuss the results that I consider most 
significant:  

� the animatronic agent corresponds to the subjects’ initial expectations and mental 
models of the agent 

� the subjects get emotionally attached to the agent 

� the agent is sufficiently intrusive; it is easy to ignore when busy or concentrated 

� the is an obvious novelty factor that wears off after about one-two days 

� the movements express urgency 

� the sound clips express explicit information regarding the activities 

� the sound clips made the expressions more clear 

� the subjects did not get the level of activity sounds where the same sound clip is played 
back with different sound levels   

In the following sections these results will be presented and discussed in detail. 

6.2.2.1 General affordances and mental models 

The four main subjects were all asked questions regarding their expectation on the animatronic 
monkeys based on the monkeys’ appearance and features:  

� What expectations did you first have of the monkey before the study started?  

� Did the monkey correspond to those expectations?  

The feedback is mixed. The animatronic agent seems to live up to expectations regarding 
complexity; the agent’s rather simple and light-weight features of the agent generate relatively 
low expectations: 

I thought it would move its head and arms, and not much more than that. [Subject 5] 

I had seen a little presentation on it
5
, so I saw how it moved, and what noises it made, 

so that’s already what I knew about it. I didn’t know about the other noises it made. I 

sort of expected the movements that it was going to make. [Subject 6] 

However, several subjects pointed out that they expected the movements of the animatronic 
agent to be more straightforward: 

                                                      
5 In this presentation significantly different movements and sounds were used, primarily to express 
emotions such as happiness, sadness, and anger. See (Kern, 2006) for videos of these expressions. 
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I thought that there would be a more noticeable difference in the monkey's behaviors. 

Even if I didn't know the message its movement/noises were suppose to convey, I 

expected that there would be a more distinct variety. Unless I was paying very close 

attention, I only noticed two distinct attention getters – one, the subtle movement, and 

the second, the agitated movement. [Subject 1 – pilot subject] 

I expected the movements to be more meaningful; I didn’t find the movements to be 

meaningful… Either it moved or it didn’t move. How long it moved was the only 

variable. The position itself didn’t mean anything to me. [Subject 4]  

Quite clearly, as pointed out before, the movements were not clear enough to be used 
independently. The subjects could discern a certain change in intensity, but could not identify 
specific expressions.  

6.2.2.2 Emotional attachment 

One of the most significant and convincing outcomes of the study is the high “cuteness factor” 
of the animatronic monkeys. Most subjects referred to the monkeys as cute and pleasurable; 
some of them wanted to name the animatronic monkeys and one subject even wanted to keep 
her monkey, which most likely indicates a certain level of attachment.  

If I had the monkey longer, I think I would get emotionally attached to the monkey. 

Because it is more human-like, it’s an animal. It’s part of the environment. I think I 

would always notice when the monkey moves. It’s like a pet. [Subject 4] 

6.2.2.3 Sufficient level of intrusiveness 

Several times during the study the subjects were not able to answer the surveys; mostly the 
questions that regard the sounds. Later, when I addressed this issue, it became clear that in 
situations where the subjects were very busy or concentrated, they sometimes did not pay 
enough attention to the agent to discern specific movement or sounds. The subjects usually 
noticed that the agent moved, but could not describe the movement in detail. Since the main 
goal of the project was to design ambient expressions that are subtle enough to be at the 
periphery of the user’s attention, but still noticeable, I consider this outcome particularly 
valuable and positive. It is important that the animatronic agent does not intrude in the daily 
activities of the user. For example, if the user is talking on the phone, the movements and 
sounds must not interfere with the conversation. The animatronic agents used in this project 
clearly did not get in the way of occurring activities. 

6.2.2.4 Novelty factor     

Both the surveys and the interview address the novelty factor of the animatronic monkeys’; how 
does the relationship and interaction between the subject and the agent change over time? All 
subjects reported that they were more or less accustomed to the agent already after the first two 
days. However, it was rather clear that the fact that new expressions were presented every day 
maintained a certain level of novelty.  

It took a day or two to get accustomed to having the monkey. As his behavior 

changed, I would be more aware of it but it took less time each day to adjust.  

[Subject 5]   

One subject specifically described the animatronic agent shifting from an explicit mode to a 
more ambient mode after a day or two:  

I think I became more aware of it, but I had to pay less attention to notice it.  At first I 

paid attention trying to work out what it was doing.  After, I noticed when it moved 

but it didn’t have to interrupt me. [Subject 7] 
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Several of the subjects mentioned off the record that they thought the animatronic monkeys’ 
repertoire of movements were exciting. Every morning they looked forward to seeing what kind 
of expressions the monkey was going to use that particular day.  

6.2.2.5 Movements versus sounds 

As pointed out before, the animatronic agent used in this project is not advanced enough to be 
able to convey specific information through its movements. It is possible to design movements 
that are different enough to be discerned. However, these movements are far from intuitive. 
Rather, the expressions have to be learnt by the user. Still, all subjects mentioned that the 
specific sounds, such as a ringing phone and people talking, made the expressions clearer.  

The sounds helped clarify the expressions, because the movements were a bit vague. 

You could learn the types of movements the monkey was making and maybe attribute 

those to certain messages, but the sounds helped with that. [Subject 6] 

Whereas the movements express urgency or level of activity, the sounds convey information 
about the specific activities. 

The last day there were noises that were interpretable in terms of human behavior: 

typing, phone calls. In these cases, noise by itself was enough to understand activity. 

But the movements help me to notice the sound, and realize the scale to which the 

event was taking place, for example furious typing as opposed to light typing.  

[Subject 5]   

As for the level of activity expressions, none of the subjects seem to have identified the different 
levels of activity based on the sounds (a conversation being played back with different sound 
levels). For the most part the subjects could not even tell the difference between the sound clips. 
Instead, the movements seemed to be the key cues in this regard. 

The sounds were definitely helpful. The task noise was really clear. For the cocktail 

party noise, I couldn’t understand what was being said, it was almost ghostly. I was 

trying to understand it, but I couldn’t. [Subject 5] 

I thought it was live sound samples from someone else’s room
6
.  It wasn’t really clear 

enough to discern what it was.  It was too noisy to work out what it really was.  It 

might have been office sounds, but it was hard to say, kind of background noise.  

Once I decided it was people speaking, it made a lot of sense, but that was more of a 

logical deduction than really knowing what it was. [Subject 6]    

One of the subjects listened to music most of the time that he spent in his office. He used 
headphones and hence did normally not hear the sounds clips that were played. The feedback 
provided by this subject is particularly interesting and significant since it clearly shows that the 
animatronic agent can function sufficient even without sound.  

At first, when I saw the monkey moving, I would take off my headphones to hear the 

sound.  But when I learned to recognize the movement, I no longer needed to remove 

the headphones, since the sound went with the movement.  Then it didn’t matter that I 

was wearing headphones. [Subject 6]   

Hence, as long as the expressions have been learnt, a glance is enough to recognize the 
expressions. This finding makes the role of the movements and sounds somewhat more 
complex. Even though the movements first and foremost express urgency and intensity, using 
the movements only for that purpose is probably not enough. It is crucial that the users can 
discern information regarding the events even when they do not pay attention to the sounds. 

                                                      
6 This comment refers to the “level of activity” sound clips, i.e. the sound of people talking with different 
sound levels.  See (Modlitba, 2006). 
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Therefore, I would argue that there are two options that are particularly interesting and 
adequate. First, if the aim is to convey information regarding both which specific event is taking 
place, as well as the intensity or urgency (level of activity) of that event, I would suggest an 
approach where sound and movements are jointly used to represent the specific event, at the 
same time as movement is also expressing level of activity. Second, if the main goal is to only 
represent urgency or intensity, I would advocate an approach that utilizes movements to 
represent this level of urgency, whereas sounds can be used to provide secondary information 
concerning the activity. For example, live audio can be broadcasted to enhance the experience.          

6.2.2.6 Continuity 

In addition to the feedback presented above, a number of specific remarks regarding future 
features were provided by the subjects. One of these remarks concerns the continuity of the 
system. At this point, the animatronic monkey only moves every now and then. In between 
these occasions the agents are in a default position, which means that all of the agents’ servos 
are in their middle positions, so the head and arms are in the middle, facing front. Several 
subjects mention in the interviews that they would prefer the agent to move incessantly to 
emphasize the idea of a continuous system. 

It would be cool if it’s in a continuous level of moving and showing information. 

Sometimes the monkey seemed to be dead. It would be cool if he was always alive. 

[Subject 4] 

It would be useful if it could do some subtle, micro stuff at all times, so it’s constantly 

moving at least a little. This gives more of a continuous window into a person’s life. 

The on-off quality of it was one of the weirdest things since it’s not like the other 

person turns off. [Subject 5]    

6.2.2.7 Context 

One concern that all four subjects mentioned during the interviews relates to the context or 
environment in which the animatronic agent is used. They all thought that the agent, due to its 
light-hearted appearance, was more appropriate for family-related interactions.  

If I were to use this, I would use it more for knowing what’s happening in my house in 

Mexico. If my sister enters the house, then I would like to generate the sound of her 

voice. [Subject 4] 

An obvious use of the monkey is to have sense of presence with significant other, 

parent, or someone you’re close to.  The monkey might not be the best tool for 

monitoring other people, like a manager keeping tabs on employees.  Better for 

parent-child, boyfriend-girlfriend, husband-wife. [Subject 5] 

It was an interesting context, right now, I think everybody’s pretty isolated in this 

office building; it’s nice to have another way to communicate.  I don’t know if there’s 

a better setting.  It would be good in places where there’s low social interaction.  

Maybe [I’d want to use the monkey] with friends, or long-distance relationship… add 

a different set of sounds, or different actions that you’d want to convey. [Subject 6] 

6.2.2.8 Additional considerations 

In addition to the results presented above, the user study raised a number of crucial questions 
that I unfortunately did not have time to analyze or test further. These questions were all 
brought up during the follow-up interviews; either through direct comments from the subjects, 
or implicitly, by reading between the lines. 
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One monkey, one person? The first concern regards the mapping between agent and 
colleagues. In the current system setup, one animatronic agent represents all other group 
members. Hence, each worker has one agent that streams data from the other offices. Based on 
the subjects’ comments it was quite obvious that the subjects could not relate to this one-to-
many representation. The subjects usually spoke about the animatronic agent as if it was 
representing one specific person. For example, subject 4 describes the agent as a “continuous 

window into a person’s life” and mentions a number of one-to-one relationships, such as 
husband-wife, as more appropriate users (see sections Continuity and Context). Subject 4 also 
mentioned: 

I think it’s good to see what other people are doing. I would use it more for tracking 

people than for tracking events in a room. It’s more like messenger
7
, when you have a 

message saying how you feel, or what you’re doing. Telepresence. The monkey 

represents one person. One agent per person. [Subject 4]  

Another subject mentioned that he does not find the agent particularly useful since there 
probably is not a specific room that he is interested in: 

I don’t know if I’d actually use it, because you’re limited to one room.  I guess if I 

really cared about that one room, then maybe it would be useful.  No I take that back, 

I think it would be useful.  A lot of times, I’m waiting for my advisor and if I could 

select a small group of people it would be useful, otherwise I forget who I’m looking 

for.  I’d have to pick where the target room is.  If there was some sign behind it 

(telling who it was representing) then that would be useful. [Subject 7] 

Live or recorded sound? Most of the subjects seemed pleased with the pre-recorded sound 
clips used in the study. Subject 4 expressed a certain preference for customized sounds: 

I don’t know if the idea is to map the sounds from a microphone to the monkey, or 

more like, when this happens, make this specific sound. In an on/off situation it would 

be cool to allow people to map the sound they want. Customization is very important. 

[Subject 4] 

Correspondingly, subject 5 mentioned that pre-recorded sound clips would be more appropriate 
due to privacy concerns. 

I think I’d keep most of the same sounds (the office sounds).  When the telephone 

rang in the monkey, it was signaling that maybe the phone was ringing in someone 

else’s office.  I think that’s good, mimicking the exact sounds of what’s going on 

somewhere else.  Maybe it would be better to go with just a few standard sound clips 

to represent each action (because of privacy concern of hearing actual audio).  If you 

have a closer interaction with a person, maybe the microphone would be better. 

[Subject 5] 

The last sentence highlights an interesting aspect; the possibility to use different levels of detail. 
It suggests an approach where the default mode of the system is based on simple and 
customized audio icons. However, on top of this fairly shallow interaction, the system supports 
live audio one-to-one interactions. This approach may be a sufficient solution to the issue of 
information overload. In this case, the animatronic agent represents information from all other 
connected agents in a fairly subtle and infrequent manner. However, if a particular event catches 
the user’s attention, the user can find out more about that particular event by notifying the agent. 
One possible technique that was discussed in the project group, but was not implemented, is 
based on proximity; the user expresses interest by moving closer to the agent.   

                                                      
7 Microsoft MSN Messenger 
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What is level of activity?  Another open question is the nature and functionality of the level of 

activity category. A majority of the subjects could discern a certain variation in urgency or 
energy in the movements of the agent. However, it is not clear what this dynamic aspect 
actually represents, or rather, what it should represent in a final implementation. In the current 
system implementation, the sound level of occurring events and activities is detected. In other 
words, the system does not represent urgency. Most likely, users want the representation to be 
based on their personal preferences. As such, the system should inform them about the urgency 
or relevance, as seen from their point of view. Thus, a conversation that is considered 
particularly interesting or important by a specific user would be represented with more 
emphasized and dramatic movements.      

Customization versus standardization.  As mentioned above, one subject expressed a desire 
to customize the agent. The topic of customization was brought up several times during the 
project. However, the discussions concerned the appearance of the agent, rather than its 
movements and sounds. More precisely, we discussed the possibility of using customized 
puppets; a dog-person may prefer having a dog, but did not consider using personalized 
expressions. Using personalized sounds and movement might actually be a good approach for 
making the agents and the interaction more engaging and straight-forward.  

Localization. It had not yet been specified how the users can know the exact location of the 
current events or activities. Several possible solutions have been discussed, such as preceding 
audio icons and blinking lights. The question regarding identifying users and offices was not 
covered in this thesis, but is nonetheless very important.  

6.2.3 Analysis of main user study 

In general, the feedback provided by the four main subjects corresponded to that of the first 
three subjects. They all describe the movements as ambiguous. Not until the specific sound clips 
were added, the expressions of the animatronic agent made sense. However, there was one 
significant difference; in the main study the subjects did not at all complain about the structure 
of the surveys or the ambiguity of the animatronic agents. The subjects referred to some of the 
expression as indistinguishable, but did not describe them as frustrating. One possible 
explanation is the fact that the four subjects are all technology students. As such, they might be 
more tolerant and open-minded. However, most likely this is only one of many factors.  

 I chose to engage students in the main user study mainly because they are potential end-
users. They are all used to working in groups; normally equal groups with other students. This 
may explain why the students generally seemed to be more open to and familiar with the 
concept of remote presence and computer-supported awareness systems. The feedback they 
provided focused on the features of the current system, rather than on the concept as a whole. I 
consider this diversity in viewpoints as one of the most significant strengths of the user study. 
As a result, I could gather feedback regarding a wide range of aspects despite a small number of 
subjects.  

6.3 Conclusion and design proposals 
In this project, I partly designed and evaluated a system called Monkey Business that 
implements animatronic agents in the form of stuffed monkeys to support distributed co-
workers in informal and implicit communications. The evaluation part of the thesis project was 
conducted as a longitudinal user study that spanned over a period of four weeks and involved a 
total of seven subjects. The user study suggests that Monkey Business, thanks to its repertoire of 
subtle movements and sounds, can be used as a continuous ambient awareness tool. The varying 
degrees of expressiveness and urgency conveyed by the animatronic monkeys make it possible 
to adjust the agents’ level of intrusiveness to the situation. The agents are subtle enough to be at 
the periphery of the user’s attention when the user is concentrated or busy, but can still make 
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enough movement and sound to catch the user’s attention when necessary. Further, the study 
confirms the idea that the appearance of an interface influences the expectations of the user. In 
the case of Monkey Business, the light-hearted features of the system make the users expect 
light-hearted and basic interactions. Thus, it looks like there is a strong correspondence between 
the system’s interface and its functionality. However, it seem like the context has to be 
reconsidered. A majority of the subjects suggested that the agents would be more appropriate in 
a less formal context, such as between wife and husband or between parent and child.      

 Based on the results presented above I suggest the following design solutions:  

� The features of the animatronic agent, that is the stuffed animal interface with 
sound capabilities, are generally sufficient for supporting informal and light-weight 
interactions. The interface lives up to the users initial expectations, both regarding 
functionality and complexity. The cuteness factor of the agent makes it less 
interruptive and frustrating.  

� The movements of the agent always express intensity and urgency to some extent. 
The head and arms of the agent are key indicators of urgency. The head usually 
expresses relatively subtle messages such as “saying hi” or telling somebody that 
you are awake or present, whereas the arms require direct attention and response – 
“Hi, look at me, I have something important to tell you”; 

� The sound level is not a satisfactory technique for expressing level of activity, since 
(a) the events usually do not occur close enough to be compared, hence the users do 
not discern the difference in sound level, (b) the sound clips seem to be secondary 
cues that the users do not attend to when busy or concentrated;  

� If the purpose of the system is to convey information about both specific activities 
and the level of activity (intensity or urgency), the movements should be used to 
represent both the specific activity and the level of activity or urgency, whereas the 
sound clips should be used specifically to indicate specific activities. In this case, I 
would suggest the following expressions: 

o Enter. When an animatronic agent senses that someone has entered a room, 
the animatronic agents in all the other rooms will lift their heads and either 
make a door opening sound or broadcast approximately 10 seconds of 
streaming audio from the particular office; 

o Leave. Similarly, when the agent senses that someone has left a room, the 
agents in all the other rooms lower their heads and make a door closing 
sound; 

o Phone. When the agent detects a ringing phone in the office, the agents in 
all the other offices will wave both arms without lifting the head, nod their 
heads, and either play a phone ring audio clip or broadcast approximately 
10 seconds of streaming audio from the office where the phone call is 
taking place; 

o Typing. When the agent detects the sound of typing in the office, the 
agents in all the other offices will wave their arms without lifting their 
heads and either play a typing audio clip or broadcast approximately 10 
seconds of streaming audio from the office where the typing is taking place; 

o Talking. When the agent detects the sounds of voices talking in an office, 
the agents in the other offices will lift their heads and either play a 
conversation audio clip or broadcast approximately 10 seconds of 
streaming audio from the office where the talking is taking place; 

� If only the level of activity is detected and conveyed, movements are adequate for 
representing this information, whereas sounds – live or recorded – can be used as a 
secondary cue. In this scenario, a possible repertoire of expressions could be: 
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o Level 1 (lowest level of intensity). When an animatronic agent senses that 
something of very low intensity or urgency is occurring, the agents in all 
the other rooms will lift their heads slowly, before lowering their heads 
again after approximately 10 seconds. At the same time live audio is 
broadcasted from the current location; 

o Level 2. When an animatronic agent senses that something of fairly low 
intensity or urgency is occurring, the agents will lift their heads and wave 
their arms slowly one-two times during a period of about 10 seconds. At the 
same time live audio is broadcasted from the current location; 

o Level 3. When an animatronic agent senses that something of quite high 
intensity or urgency is occurring, the agents will lift their heads and wave 
their arms moderately three-four times during a period of about 10 seconds. 
At the same time live audio is broadcasted from the current location; 

o Level 4. When an animatronic agent senses that something of high intensity 
or urgency is occurring, the agents will lift their heads and wave their arms 
fast five-six times during a period of about 10 seconds. At the same time 
live audio is broadcasted from the current location; 

o Level 5. When an animatronic agent senses that something of very high 
intensity or urgency is occurring, the agents will lift their heads and wave 
their arms fast seven-eight times during a period of about 10 seconds. The 
agent may also sway back and forth during that time. At the same time live 
audio is broadcasted from the current location; 

� If live audio is being broadcasted, audio should be played back throughout the 
whole sequence (about 10 seconds), to ensure that the user has time to attend to and 
analyze the sound if desirable. Correspondingly, if recorded audio cues are utilized, 
the clips should either span over the whole sequence (10 seconds), or, if short clips 
are being used, be delayed about four-five seconds, since it usually takes time for 
the user to become aware of and attend to the sound.    
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7 Discussion 

The specific results of this thesis project are discussed in the section above. In this section, the 
study is highlighted and analyzed from a broader point of view. The project is characterized by 
the fact that it constitutes the initial part of a longer project. This basic condition influences both 
the technical complexity and comprehensiveness of the project. For example, since the system 
has not been completed yet, I mention things such as “When an animatronic agent senses that 

someone has entered a room”, without explaining exactly how the agent senses such an event. 
Further, due to time limits and the evaluative nature of the study, not all questions have been 
fully answered. In some situations, such as in the case of activity versus level of activity 
presented above, additional user studies would be appropriate for settling which of these two 
approaches is more adequate. In these cases, I simply present several options, since there is not 
enough data to back-up specific conclusions. 

 I would argue that the lack of follow-up studies is the most significant drawback of the 
project. The goal of the user study, to conduct an iterative study where the subjects’ feedback is 
continuously fed back into the evaluation process, where not fully attained. In reality, at least in 
the beginning, the study came to focus on the study layout rather than on the system. Ideally, 
more time should have been allocated for pure pilot studies. In my case, user studies that were 
initially intended as real studies were reconsidered when it became obvious that they were too 
unstructured and inconsistent to be reliable and valid. As a result, I spontaneously chose to 
prolong the study to fit another four subjects.  

 Still, despite the somewhat unexpected execution and outcome, I do not consider the 
project a failure. The study attends to the main thesis of the project by providing a relatively 
clear and extensive picture of the functionality of the animatronic agents, as well as of the 
relationship between the agents and their users; many questions are addressed, even though 
some of the answers are indications or guidelines rather than specific solutions. Even though the 
methods used in the study are adequate, the limited number of subjects may put the reliability of 
the study at risk. 

 The uniform subject group is one concern. Even though the subjects have different 
backgrounds and varied regarding age and gender, they are all working at the MIT Media Lab 
and are thus exposed to novel technologies on a continuous basis. The Media Lab is generally 
known for its open-minded attitude and far-sightedness vis-à-vis technology. This technology-
friendly approach may well have influenced the result of this study by generating overly 
positive results. However, regarding the appearance of the animatronic agents, reactions from 
people in general suggest that the system, like many other avatars and animated interfaces, are 
considered particularly likeable and humane. It is clear that the appearance of the interface 
strongly influences the experience and attitude of the users, as well as the nature of the 
interactions between the users and the agents. This is the essence of Human Computer 
Interaction in general, as well as for this project thesis in particular.          
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8 Future work  

Based on the results from the study, as well as my personal assumptions and ideas, I suggest 
the following adjustments and measures: 

� Change the context to even more informal situations, such as interactions between 
husband and wife or parent and child; 

� Enable customization so that the users can create their own movements and sounds, 
as well as a personalized interfaces; 

� Enable mobility by, for example, implementing mobile technology in the agents; 

� Let one physical agent represent one remote person; 

� Conduct additional longitudinal iterative user studies for further evaluation of both 
audio and movements; 

� Conduct further evaluation of the privacy aspect of the system.  

The Monkey Business project will most likely go on even after the project will be finished in 
June 2006. Since I have been accepted as a full-time Master of Science student in the graduate 
program in Media Arts and Sciences at MIT, starting on September 2006, it is likely that I will 
be responsible for promoting the system, as well as for answering the questions that are yet to 
be answered.  
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10 Appendix A: Pre-study questions 

1. Please enter your age. 

2. How much time do you spend away from your desk in an average day? 

� Almost none of the time 

� 1 hour or less 

� about 2 hours 

� about 3 hours 

� 4 or more hours 

3. Briefly describe what your main tasks are at work. 

4. How much of the time that you spend at your desk are you highly non-

interruptible?  (unwilling or unable to respond to interruptions) 

� Almost none of the time 

� 1 hour or less 

� about 2 hours 

� about 3 hours 

� 4 or more hours 

5. How often do you interact with other people who are physically in your office 

space? 

� Never 

� 1-2 times per day 

� 3-5 times per day 

� 6 or more times per day 

6. How often do you talk on the phone during a typical day? 

� Never 

� 1-2 calls per day 

� 3-5 calls per day 

� 6 ore more calls per day 

7. Do you use any instant messenger chat clients? 

Yes    No 

8. If yes, how much time do you spend using your chat client? 

� Almost none of the time 

� 1 hour or less 

� about 2 hours 

� about 3 hours 

� 4 or more hours 
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11 Appendix B: Subject data 

 Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7 

Please 
enter your 
age 

46-55 46-55 26-35 26-35 26-35 26-35 18-25 

Briefly 
describe 
what your 
main tasks 
are at 
work. 

Director of 

Communi

cations 

 

writing 

Tech Talk 

arts stories, 

maintainin

g MIT arts 

web site, 

compiling 

arts listings 

Website 

maintenan

ce, 

administrat

ive duties 

 

reading, 

email, web 

browsing, 

IM 

 

Coding, 

Reading, 

Building 

stuff 

(soldering, 

working in 

shop, 

sewing, 

etc.) 

software 

developm

ent 

 

Research 

assistant 

 

When do 
you 
usually 
arrive in 
the 
morning? 

9:30 

 

8:30am 

 

10am 10am 

 

10AM - 

Noon 

 

1pm 

 

9 or 10 

a.m. 

 

When do 
you 
usually 
leave 
work? 

Between 

6:00 and 

7:00 

 

5pm (or at 

least, that's 

when my 

day is 

supposed 

to end) 

6pm 6pm 10PM – 

12:45AM 

 

12pm 

 

5:30 or 6 

p.m. 

 

How much 
time do 
you spend 
away from 
your desk 
in an 
average 
day? 

About two 

hours 

1 hour or 

less 

About two 

hours  

About 

three hours 

About 

three hours 

About 

three hours 

About two 

hours 

How much 
of the time 
that you 
spend at 
your desk 
are you 
highly 
non-
interruptibl
e 
(unwilling 
or unable 
to respond 
to 
interruptio
ns)? 

NA Almost 

none of 

the time 

4 hours or 

more 

1 hour or 

less 

About two 

hours 

1 hour or 

less 

About two 

hours 

How often 
do you 
interact 
with other 
people 
who are 
physically 
in your 
office 
space? 

6 or more 

times per 

day 

3-5 times 

per day 

3-5 times 

per day 

1-2 times 

per day 

6 or more 

times per 

day 

3-5 times 

per day 

3-5 times 

per day 

How often 
do you 

3-5 calls 

per day 

6 or more 

calls per 

1-2 calls 

per day 

Never 1-2 calls 

per day 

6 or more 

calls per 

1-2 calls 

per day 
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talk on the 
phone 
during a 
typical 
day? 

day day 

Do you 
use any 
instant 
messenger 
chat 
clients? 

NO NO YES YES NO YES YES 

If yes, how 
much time 
do you 
spend 
using your 
chat 
client? 

NA NA About two 

hours 

About two 

hours 

NA About two 

hours 

1 hour or 

less 
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12 Appendix C: Surveys  

12.1 Level_of_activity 

1. What activity are you currently engaged in? 

2. How many people, yourself included, are currently in the room? 

3. On a scale from 1-7, how busy are you at the moment (7 = Extremely busy 

and 1 = Not at all busy)? 

4. Did you notice if the monkey just recently moved? 

5. If yes, how intrusive was the monkey on a scale from 1 to 7 (7 = Very intrusive 

and 1 = Not at all intrusive)? 

6. What do you think the monkey was trying to demonstrate? 

7. How straightforward (as in not ambiguous) was the monkeys demonstration (7 

= I have no idea what the monkey was telling me and 1 = I know exactly what 

the monkey was telling me)? 

8. How intrusive was the monkey compared to yesterday (7 = Much more 

intrusive and 1 = A lot less intrusive)?8 

9. Do you feel more accustomed to the monkey today than you did yesterday? 
8
  

10. How urgent/important would you say the monkey's message seemed to be 

overall (7 = Very urgent and 1 = Not at all urgent)? 

11.   Any additional comments? 

12.2 Level_of_activity + sounds 

1. What activity are you currently engaged in? 

2. How many people, yourself included, are currently in the room? 

3. On a scale from 1-7, how busy are you at the moment (7 = Extremely busy 

and 1 = Not at all busy)? 

4. Did you notice if the monkey just recently moved? 

5. If yes, how intrusive was the monkey on a scale from 1 to 7 (7 = Very intrusive 

and 1 = Not at all intrusive)? 

6. What do you think the monkey was trying to demonstrate? 

7. How straightforward (as in not ambiguous) was the monkeys demonstration (7 

= I have no idea what the monkey was telling me and 1 = I know exactly what 

the monkey was telling me)? 

8. Did you notice if there was any accompanying sound to the monkey’s 

movement? 

9. If yes, how intrusive was the sound on a scale from 1 to 7 (7 = Very intrusive 

and 1 = Not at all intrusive)? 

                                                      
8 This question was excluded if this combination was tested on the first day. 
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10. What do you think the sound was trying to indicate? 

11. Was the sound that the monkey made easy to interpret (i.e. did it have 

meaning to you) (7 = Very difficult to interpret and 1 = Very easy to interpret)? 

12. Did the sound make the expression of the monkey more clear? 

13. How intrusive was the monkey compared to yesterday (7 = Much more 

intrusive and 1 = A lot less intrusive)?
8
 

14. Do you feel more accustomed to the monkey today than you did yesterday?
8
  

15. How urgent/important would you say the monkey's message seemed to be 

overall (7 = Very urgent and 1 = Not at all urgent)? 

16. Any additional comments? 

12.3 Activity + sounds 

1. What activity are you currently engaged in? 

2. How many people, yourself included, are currently in the room? 

3. On a scale from 1-7, how busy are you at the moment (7 = Extremely busy 

and 1 = Not at all busy)? 

4. Did you notice if the monkey just recently moved? 

5. If yes, how intrusive was the monkey on a scale from 1 to 7 (7 = Very intrusive 

and 1 = Not at all intrusive)? 

6. What do you think the monkey was trying to demonstrate (7 = phone, 6 = 

entering, 5 = keyboard, 4 = conversation, 3 = leaving, 2 = none of the above, 

1 = I have no idea)? 

7.  If your answer to the previous question was "None of the above", what do you 

think the monkey was trying to demonstrate? 

8. How straightforward (as in not ambiguous) was the monkeys demonstration (7 

= I have no idea what the monkey was telling me and 1 = I know exactly what 

the monkey was telling me)? 

9. Did you notice if there was any accompanying sound to the monkey’s 

movement? 

10. If yes, how intrusive was the sound on a scale from 1 to 7 (7 = Very intrusive 

and 1 = Not at all intrusive)? 

11. What do you think the sound was trying to indicate? 

12. Was the sound that the monkey made easy to interpret (i.e. did it have 

meaning to you) (7 = Very difficult to interpret and 1 = Very easy to interpret)? 

13. Did the sound make the expression of the monkey more clear? 

14. How intrusive was the monkey compared to yesterday (7 = Much more 

intrusive and 1 = A lot less intrusive)?
8
 

15 Do you feel more accustomed to the monkey today than you did yesterday?
8
 

16. How urgent/important would you say the monkey's message seemed to be 

overall (7 = Very urgent and 1 = Not at all urgent)? 

17. Any additional comments? 
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13 Appendix D: Post-study questions 

 

1. What expectations did you first have of the monkey before the study started? 

2. Did you feel more or less comfortable with having the monkey in your office 

after a period of time? 

3. a) If your experience changed over time, how long did it take you to get 

accustomed to the monkey? 

4. b) If you still are aware of the monkey’s novelty, how long do you think it 

would take before the novelty wears off? 

5. How did the presence of other people affect your awareness and/or the 

intrusiveness of the monkey? 

6. Did you notice whether the monkey’s behavior changed from day to day. If 

so, what was different? 

7. Was there a particular day when the monkey was most/least expressive 

and/or intrusive? 

8. Given the movement limitations of the monkey, what kind of movements 

would you use? 

9. When the monkey made sounds, did the sounds clarify what it was 

expressing? I.e. were they more helpful or just disturbing?  

10. Did you notice that there were different kinds of sounds? If yes, what was the 

difference? 

11. Were there any particular sounds that you found more/less informative? 

12. If you were choosing the types of sounds that the monkey makes, what kind 

of sounds would you use?  

13. Do you think the monkey should make “monkey sounds”? 

14. Do you think the monkey is a good tool for intuitive expression in general?  

Why or why not? 

15. In which situations do you think the monkey could be most helpful? 

16. Did the monkey live up to your initial expectations? 

17. Further comments regarding the behaviors of the monkey or the user test in 

general. 
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14 Appendix E: Movements and sound 
files  

The table below provides an overview of the movements and sounds that were used during the 
user study. More thorough descriptions of the expressions can be found in Table 1 and Table 2. 

 

Activity Sound 

Activity  

Phone OfficePhone3x.wav/PhoneRing3x.wav 

Talking Level3.wav 

Entering SilenceLongDoorOpen2x.wav 

Leaving LongSilenceDoorSlam2x.wav 

Typing Typing_long.wav 

Level of activity  

headup1 Level1.wav 

Armsslow Level2.wav 

Armsfast Level3.wav 

Sway Level4.wav 
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