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Abgtract

In thisthesis we creste a method to alow dogs and humans to interact over the
Internet. In particular, we generadize an established dog training technique known as
“clicker-training” such that the remote and co-located interactions are reported by dog
ownersto be smilar. In the process of creating this computer-mediated interaction,
we learn what it meansto design an interface for a creature with very different
sensory modalities than humans. Dogs are not “furry humans’ but entirely different
crestures with very different perceptua, motor, and cognitive systems than humans.
Thiswork is significant because by sysematicaly applying HCI design principlesto
non-humans, we include animasin the HCI community. This cregtes an opportunity
for the evauation of the generdity of much HCI literature, aswell asincreasng the
sources from which we can draw inspiration.
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1 Introduction

The god of thisthessisto combine principles of interface design and anima
behavior to create an interface to dlow adog to interact with aremote human viaa
computer.

Thisthess begins by Stuating the sudy of anima-computer interaction in the context
of the maturing fidd of human-computer interaction (HCI). With this relationship
established we then search the HCI literature for specific methodol ogies that can be
eegantly generdized to non-human animas. In particular, we discuss User Centered
Design (UCD), a popular and well-established user interface methodology that turns
out to have relevance beyond humans. We dso evaluate some of the more modern
descendants of UCD.

Thiswork isequdly informed by anima behavior. Some notable experimentsin
anima psychology are evauated from the perspective of sound interface design.
Some of the most ggnificant research in anima communication and language can
been seen asthe result of carefully designed interfaces that take into account the
uniqueness of the species being sudied.

In order to build interface devices for dogs, an understanding of their physiology,
psychology, and socid behavior is necessary. We andyze canine sght, smell,
hearing, and touch, paying attention to the technicd feasibility of piping each sensory
mode over aremote network. We aso look at how these sensory modes coud
combine to build a sustaining remote socid interaction.

Sengtivity to physiologica and psychologicd differences between humans and dogs
suggests computer-mediated interaction will have asymmetric interfaces for each
creature — how the dog experiences the interaction is different from how the human
experiencesit. Because dogs and humans have very different input and output
systems, interfaces for each cresture will be correspondingly different.

With this theoreticd framework in place, we describe the gpplication of these
principles to the congtruction of an artifact for supporting remote dog-humen
interaction. ldedly, this device will take advantage of established rituas.
Egtablished rituds provide a conceptua model for a remote interaction thet will
leverage familiar play patterns.

One suchritud isdicker training. Thisisnot only an increasingly popular dog
training method, but dso its affordances are compatible with current computer input
and output devices. Clicker training is based on gpplied operant conditioning, and
uses a click sound in conjunction with food treet rewards as a powerful tool for
shaping canine behavior. Perhaps of greatest importance is that pet owners percelve
clicker training to be an entertaining activity for themsaves and their pets. For this



reason, dong with technica feaghility, clicker-training was chosen asthe modd for a
remote interaction.

The basic Rover@Home device consists of a computer-controlled treat dispenser to
reward the dog, awebcam for visudly monitoring the dog, and a spesker for the dog
to hear dlicks and the owner’svoice. Engineering challenges include bandwidth
limitations and latency. We designed novel solutions for these impediments to
redtime remote interactions.

We tested the device with severd dogs and present the results of two sets of field
trails. In both instances, the dog — owner interaction encouraged further work. Based
on these results, we present a more rigorous process for introducing dogs and owners
to the Rover@Home setup. We dso outline a future research direction aswell as
gpplications of Rover@Home.

A technical appendix describes the software and hardware developed for thisthess.

2 Background and Motivation

There are three main ingpirations for thiswork. First isthe emotiona and egditarian
(and perhapsirrationa) desire to create an interaction that allows dogs and humansto
sustain a meaningful interaction while separated. Second isthe intellectud

opportunity to systematicaly apply HCI design principlesto non-humans. Findly,

we see thiswork as being part of alarger trend of affording dogs many of the same
entitlements as humans.

2.1 Emotional Need for Remote Dog-Human Interaction

Thirty-three percent of dog-owning Americanstak to their dogs on the phone or
through an answering machine when away from home (Consumer Reports, 1998).
This demongrated human desire for remote interaction is & the core of
Rover@Home. Thereis clearly a craving to remain in touch with petswhile
separated. Live webcams are increasingly becoming a stlandard part of “doggie day
care€’ S0 remote owners can verify that their dogs are happy and well cared for'. We
have received anecdota reports of owners who take employment only close to home
S0 they can vist their dog during lunch.

Thisdesire for pet closeness should not be surprising in light of the degp emotiond
bonds humans form with their pets. “Heismy firstborn” declares a pet owner,
without any sense of ingncerity. In the United States, 65% of dog owners report
buying a Christmas gift for their dog, and 21% report celebrating their dog' s birthday .
41% of Americans display a picture of their pet in their home and the most popular

! Three easily found (and cleverly named) examplesare: “Canine To Five”, Lake Worth, FL
(http://www.caninetofive.com/), “It'sa Ruff Life”, Phoenix, AZ (http://www.itsarufflife.com/), and
“Central Bark”, Los Angeles, CA (http://www.lacentralbark.com/).



place for adog to deep is on the owner’s bed (American Pet Association, 1998).
87% of dog owners consder their dog to be a full-fledged family member. Perhaps
most significant isthat one third of dog owners report they are closer to their dog than
to any family member (Barker and Barker, 1988).

From this data, as well asinforma observations of humans with their dogs, we
conclude thereis a need for ameans for humans and dogs to interact while separated.
Asthe world becomes increasingly wired to dlow more remote interactions between
humans through telephone, email, videoconferencing, online chat, Internet telephony,
and fax, it makes sense to research a method to alow remote connections with the
furry members of one sfamily.

2.2 Intellectual Merit of Applying HCIDesign to Non-Humans

Frameworks for devel oping computer interfaces for non-human crestures smply do
not exist. If we want the process of creating aremote dog-human interaction to be
guided by some type of design principle, we are either going to have to sart from firgt
principles or to generdize an exigting body of work to our needs. Wefind thefield of
Human Computer Interaction (HCI) particularly relevant because it dedls with the
adaptation of mechanized sysemsto biologicd sysems. Insofar as humans and dogs
both have brains, eyes, and ears, but not hard disks, microprocessors, and keyboards,
the interaction between dogs and humans could likely be guided by our understanding
of successful interactions between humans and computers.

To the best of our knowledge, thisis the first instance of non-human animasbeing
sudied under the framework of HCI. Computer interfaces for animas, most notably
primates, have been researched and developed, but none of them has made reference
to HCI literature (Rumbaugh, 1977; Gardner, Gardner et a., 1989; Savage- Rumbaugh
and Lewin, 1994; Fouts, 1997). Utilizing HCI for the purposes of human-animd
communication creates the opportunity to evauate the generdity of this body of work
to non-human animals. Even the mogt anti-canine would probably find merit in the
prospect of discovering unexpected universality to a body of research.

In addition to using HCI research to guide development of computer-based
interactions for dogs, one can take the results of these investigations and bring them
back into the body of HCI research. We will show that including dogs under the HCI
umbrellais not only good for dogs, but good for humans as well.

2.3 Societal Trend of Affording Dogs Similar Entitlements as
Humans

While Rover@Home may seem far-fetched (no pun intended), it appropriatdly fits
into larger trends of affording pets many of the same entitlements as humans. Thisis
becoming especidly true in modern countries where couples have fewer children later
inlife. Humans have been living in the company of domegticated dogs for between
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10,000 and 100,000 years (Clutton-Brock, 1995), inviting them into their homes, and
often treating them as furry humans or surrogate children. Including dogs as
beneficiaries of computer technology isalogica continuation of this trend.

Americans certainly spend fredy on their pets. The over 43 million dogsin the
United States representing ownership by 60% of dl US households (American Pet
Association, 1998) consume $30 billion ayear on pet food, supplies, veterinary care,
and other services (Tribune Business News, 2000). This breaks down to an average
of $650 per dog, per year.

Thereis certainly no shortage of opportunity for pet related spending. Availableto
the discerning customer are pet hedth food (Duin, 1998), pet nutritionists, pet
aromatherapigts, pet acupuncturists, pet loss support groups (Williams, 2001), pet
psychiatry, pet massage therapy, and pet chauffeurs (lovine, 2000) to transport a
beloved pet between play dates. Thereis even aminiger in Cdiforniawho performs
wedding ceremonies for dogs about to be mated (Beck and Katcher, 1996).

Figure2-1: Dog sporting a
$150 leather jacket from
Coach. Coachisan upscale
human clothing accessory
retailer that sells quality
canine clothing without any
touch of irony.

© 2001 Coach
http://www.coach.com

Associated with this trend is a strong anthropomorphization of our pets. The place
people would leave their pets while on vacation used to be called a“kennd.” Now
these establishments typicdly are named “Pet Spas,” “Pet Camp,” “Pet Daycare,”
“Pet School,” and “Pet Retreats.” All of these words connote a place a human would
gladly visgt. In contragt, “kennd” conjures images of caged dogs given little more
than food and water.

The adaptation of human products and services to dogsis not limited to frivolous or
commercia endeavors. Serious scienceis aso pursuing dog-related endeavors.
Thereis adog genome project, (Rine, 2001) attempting to map dog DNA in much the
same way as the human genome project is trying to chart the human genome.

Smilarly, the“Visble Animd Project” (Béttcher, 1999) has asitsfirdt creature a
cross-sectioned dog available for online viewing.
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Petsare dso gaining legd status. In  addition to severa books advocating
“personhood” for animals?, the Berkeley city council has become the third city in the
United States to pass a resolution requiring dl legal language relating to human
animd reationships to refer to the human asthe pet’s “ guardian” as opposed to
“owner” (Brown, 2001). The city felt the word “owner” implied that a pet was
endaved or otherwise robbed of its status as an independent cresture. The city
atorney has been advised that dl pending civic activity should reflect this change®.

Six states have outlawed dogs in the back of pickup trucks, sgnifying the first
legidative activity centered on pet automotive safety. Similarly, Saab has declared
itsdlf to be the first automotive company to come out with aline of products
specificaly aimed at pet safety and comfort in cars. Properly restrained dogs are
more than a persond safety decison. Unrestrained dogsinvolved in acollison
hamper rescue operations and create additional hazards, which presents a public-
safety issue thet will likely drive additiond legidation and consumer demand for
associated pet safety products.

3 Design Goals and Methodology

Here we describe the intellectua process for understanding how to build a device
leading to computer-mediated interaction between dogs and humans. This discusson
garts with an analysis of how the body of existing HCI work is relevant to the study
of computer interfaces for animals. Care has been taken not to over-generdizeto dl
animd life, but certainly many of the lessons here will likely be gpplicable to
creatures other than domesticated dogs.

3.1 Situating Animal-Computer Interactions in an HCI
Framework.

In many ways, the inquiry into animal-computer interaction iswell underway. If
humans are considered to be a subset of animals, the vast and growing body of
human-computer interaction can be seen as being a specid case of the wider fidd of
anima-computer interaction. Rather than put al humans into one category and lump
al other non-human animas into another category, it is preferable to see humansasa
subclass of dl animds.

2 For example, “Rattling the Cage” by Steve Wise (Perseus Books, 2001), “ The Case for Animal
Rights’ by Tom Regan (Univ California Press, 1985), and “Animal Liberation” by Peter Singer
gAvon/ Hearst Corporation, 1991)

Thisthesis makes use of the word “owner” to describe the person who feeds and shelters hisor her
dog. Similarly, we useword “pet” as opposed to “companion animal”.

12



Animals
Humans
Domasticated
Dags

Adults Horses
Chil diren Fuppies

T Poodles

Spaclal
Mends

Bears

Figure 3-la: A possible
framework for
investigating animal-
computer interactions.
Humans and Animals are
distinct groups, each with
their own field of study.

Animals

Humans

Domosticated
Dogs
Crildren | | Adults Ui Puppias
Foodies
Special
Meeds
Bears

Figure 3-1b: Our
approach to investigating
animal-computer
interactions. Humans are
simply the most studied
member of a larger
category. Domesticated
dogs are also members of
this category.

This didtinction highlights two important points. Firg, it makes the existing body of
human-computer interactions much more relevant to our study. If human-computer
knowledge islooked at as Smply a specia case of anima-computer interaction, one
has amuch easier time generdizing its methodol ogies and lessons to other animals.
The body of HCI literature immediately becomes more relevant to this inquiry when
humans and animals are not separated into two distinct categories.

Smilarly, it will be easier to goply insghts about non-human anima's back to humans
when humans are seen as belonging to the same superclass as domesticated dogs. A
secondary hope of thisthesisis to increase understanding of human-computer
interactions through the study of animas. Similar to how many scientific endeavors
have greetly benefited from anima experimentation, human-computer interaction

might be asimilar beneficiary”.

Second, this grouping highlights the falacy of bundling al non-human animds into

one big category and studying them en-masse. Just as humans have been studied asa
gpecid case of animds, dl other species must dso be given individud attention.
Redligtically, as more species are sudied, we would hope to gain greater appreciation
for generd rules of anima-computer interaction, but as an initia approach, it would

be a mistake to study horses, bears, and dogsin the same iteration. For these reasons,
we have chosen to view dogs as having the same categorica relaionship to humans

asthey do to bears.

We use liberadly use the term “HCI” to include subspecidties perhaps more
gppropriate to the artifacts developed in thisthesis. Technicaly, HCI refers only to
actua interaction between humans and computers, whereas Rover@Home is

4 Fortunately, animal based HCI research would not typically come at the expense of the animal’s

welfare.
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technology mediated interaction between humans and animas. Therefore,
Rover@Home more gppropriately belongs in the realm of computer supported
cooperative work (CSCW) and human-computer, computer-human (HC-CH)
interaction. Because both these specidtiesinclude HCI as a subcomponent, we
generdize the literature under the dl-purpose term “HCI.” Future iterations of this
work would do well to be more specific about identifying relevant festures of the
various research agendas that investigate how humans and technology interact, and
how technology in generd and computersin particular support human-human
interaction.

3.2 Scope

The focus of this research is stated to be domesticated dogs. But as the previous
section might suggest, it should not be taken for granted that this grouping is optimdl.
Just as we claim the category of “non-human animas’ istoo generd, so too might be
“dogs” Thereisthe option to specidize further within dogs and examine only
certain breeds. On the other hand, the category of “dogs’ might be overly specific.

The decision to study domesticated dogs is somewhet arbitrary, made in part for
research convenience — we have access to domesticated dogs as research subjects, but
not necessarily sgnificant numbers of any particular breed. There also seemsto be

an intuitive logic in this grouping. People often define themsdves as* cat people’ or
“dog people,” but lesstypicdly as*herding dog people’ versus “retriever dog

people.”

Domesticated dogs can be further subdivided along breed, breed group (e.g. terrier,
sheepdog, retrievers), task (scenthounds, companion, herding, hunting)®, gender, or
even sze. Dogs are noted for the remarkable plagticity they exhibit across breeds,
with wide variations in amina, sensory perception, size, agility, and emation (Fogle,
1990) But these are all matters of degree. No breed possesses an ability completely
absent in another breed. Furthermore, one of the most smilar features between dogs
isther cognitive power (Fogle, 1990). And because the artifacts of this research rely
less on any specific motor function and more on adog' s cognitive power, the
grouping of dogs makes sense.

To some degree this may seem like using the conclusion to judtify the hypothesis, and
perhapsit is. Had theinteraction developed depended on adog' s ingtinctive herding
impulse or weighing a certain size, we would certainly have had to take note of breed

® Thereis no shortage of meansto group breeds. The American Kennel Club classifies dogs into
“Sporting”, “Hounds’, “Working”, “Terriers’, “Toys’, “Non-Sporting”, “Herding”, and
“Miscellaneous’. The FCI (Federation Cynologique Internationale) groups dogs according to:
“Sheepdogs and Cattledogs’, “ Pinschers, Schnauzers, mastiffs, and Swiss mountain & cattledogs”,
“Terriers’, “Dachshunds’, “Primiitve Type Dogs and Spitzes’, “ Scenthounds and related breeds”,
“Pointers’, “Retrievers, Water Dogs, and Flushing Dogs”, “Companions and Toys’, and
“Sighthounds”.
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differentiation. But because we ultimately chose an interaction based on adog's
cognitive ahility, breed differences count for less.

Finaly, one of the gods of this research isto develop an interaction for al domestic
dogs, not just asubset. There was no desire to give one type of dog preferentia
treatment.

Future interactions based on this research would do well to pay attention to breed
differences, and future evaluations of this interaction would definitely benefit from an
andysis of therole of breed and breed group. We leave this for future work.

3.3 HCIBackground applied to Animal-Computer Interaction
Design

The human-computer literature is replete with methodologies for creating human
usable machine interfaces, and if humans are understood to be a subset of animdls, all
these methodologies are potentidly generdizegble to dl animads. It isour hopeto
extract particularly relevant features of afew of these methodologies and develop a
design methodology appropriate for development of technology for dogs. We will
then attempt to understand how this relates back to the more specific field of human-
computer interactions.

We gtart with Donald Norman's work on User Centered Design (UCD). Thisis
widely regarded as a basis of much modern interface work. Thiswork is chosen not
just for its popularity but aso because it contains design sophistication without
human-specific overspeciaization. After adiscusson of UCD, we proceed to look at
three post-UCD paradigms.

A firgt pass for much of our gpproach isto read the HCI literature and subgtitute the
word “pet” or “dog” for the word “human” or “child.” In many ingtances, this
subdtitution works well, and yidds useful and functiond ingghts. In other cases,
such subgtitutions are ingppropriate and even comica. In either case, it issafeto
assume the authors never expected their work to be applied outside the domain of
humans, so any relevance can readily be ascribed to true universdlity and not an
academic desire to create one big theory that explains everything.

3.3.1 Prelude to UCD: Animal Trainers and Interface Designers

Much of User Centered Design is an effort to bridge the gap between the designer’s
intentions and the user’ s desires (Norman and Draper, 1986). All too often the user
cannot understand the interface, and the designer cannot understand why the user is
confused. To the designer, the interface is perfectly logical and needs no explanation.
To the user, the interface is obscure, and intuitive legps from one feature to the next
areimpossible. Idedly al users would have continuous access to the designers of
their technology, but thisis not redigtic. Therefore, communicating meaning and
coherence across this gap isthe god of interface designers. A well-implemented
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interface harmonizes the user with the designer, alowing the user to operate the
software as the designer intended (Norman and Draper, 1986).

Overcoming this communication gulf isaso the god of animd trainers. Trainers

seek to shape adesired behavior, or extinguish destructive and anti-socid behaviors
(Ramirez, 1999). Y et the channels of communication between trainer and animd are
amilarly circuitous. Trainers cannot use plain English (or French, or Russian) to
explain to the animd what they want, and why it isimportant. Trainers can become
frudtrated trying to understand why the animal has difficulty acquiring a new behavior
or extinguishing an objectionable one. Similarly, animas can exhibit heightened
digractibility during these difficult times. Both animd trainers and interface
designersrely on adetailed knowledge of their target audience to nuance the
interaction in ways thet optimize clarity and information transfer.

But while interface designers may become frugtrated with users, thereislittle
controversy about the common ground they do share. Interface designers can assume
acolor or shape placed on a computer screen will appear as that color or shapeto the
user. Smilarly, interface designers can intuit user keyboard and mouse dexterity by
extrgpolating from their own experiences. Interface designersfor other humans are
correct to assume their users bear a certain amount of physiologica and cognitive
amilarity to themsaves.

This becomes less true as the target user deviates from the mainstream. Disabled and
young users have a spectrum of specid needs and different abilities that may not be
readily inferred from one€' s own experience. The younger or more disabled the user,
the more these basc mechanisms of acquiring and processing information and acting
upon it will be different from those of the typicd interface designer. Furthermore, it

is not necessarily the case thet this user population has overdl diminished

cgpabilities. Visudly impaired humans become more sengtive to taste and smell
(Smith, Doty et d., 1993), and newborn human babies prioritize simuli differently
from adults. An optimized interface would take advantage of these heightened
abilities and different attention to stimuli.

This assumption of sensory and behaviora correspondence is even less true between
tranersand animas. Animals have very different perceptual, cognitive, and motor
abilities from humans, some of which are bdow human abilities while others are
quite superior. But much less can be extrapolated from our own experiences. An
interface desgner focusing on animas would do well to take advantage of some of
the superior sensory abilities many non-human animals posses. Studying animal
anatomy and behavior in order to adopt a*“least-common denominator” approach to
interface design for human-anima interaction is only dightly better than ignoring
anima uniqueness entirely.

Given that User Centered Design isintended to be used by humans for humans, it is

not surprising that a thorough understanding of the perceptud and motor system is
not emphasized. Much attention is paid to understanding the cognitive and
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motivationa modd of the user, but not to basic sensory abilities (Norman and Draper,
1986). However, it is definitdy within the spirit of User Centered Design to
implement this step as gppropriate. To thisend, an andlyss of canine physiology

with respect to currently available technology is included.

3.3.2 UCD and Non-Human Animals

With congideration gven to the importance of understanding non-human animd input
and output modes, we are ready to look at four intellectua cornerstones of UCD.
Below isadiscusson of task domains, affordances, cognitive modeling, and direct
manipulation, and how they gpply to non-human animas.

The following four sections are dl taken from “User Centered Design,” edited by
Donad Norman and Stephen Draper (Norman and Draper, 1986).

3.3.2.1 Task Domains

Over-generdity snksinterfaces. The more an interaction can address a specific need,
the greater its chances for success. In fact, the successful identification of ahuman
task can compensate for apoorly designed interface. If acomputer alows a human to
perform an action a he is motivated to perform he will be willing to learn and use
interfaces that are difficult to understand and awkward to use. Early spreadsheets
such as VISICALC were popular not because of awonderful interface, but because
they alowed accountants to modd financia interactions thet were previoudy

panfully tedious. The task of rgpid scenario manipulation compensated for the
counter-intuitive keyboard-only interface of VISICALC.

Difficulty in learning a new interface should idedly be because of poor undersanding
of the task domain, not poor understanding of the interface domain. If someoneis
having difficulty with adrawing program, it is hopefully because the user has an
incomplete understanding of color mixing or arbrush operation. Even the best-
designed interface cannot compensate for lack of competency with the basic skillsthe
interface represents. The most sophisticated word processor, complete with spell and
grammar checkers, cannot compose compelling publishablefiction. That struggleis
left to the user.

Appropriate task domains are rlevant to design for animals. One must be clear about
what anima behavior is being replicated, augmented, or leveraged. The interface
must alow transparent access to the task the animal seeks. The result of the
technology interaction must be something the anima craves, and the path to that
interaction must not be obscured by an opaque interface. Furthermore, if the task
domain is clear, shortcomings in the interface will be compensated for by the desire

to accomplish the given task.
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3.3.2.2 Affordances

An interface should reved its functiondity through its affordances. A hammer comes
with no ingruction manual because it is clear what part isfor hammering and what
patisfor holding. Aninterface should invite the user to interact in the intended
manner. If someoneis given ahammer for the first timein ther life (such asa child),
they may atempt to hold it incorrectly, but experimentation will quickly leed to the
optimd grip the hammer designer intended.

As interfaces become more complex and control greater amounts of functiondlity,
smple sngle-dimensiona hand-toal like affordances become more complex. But the
idea of keeping interfaces salf-discoverable through exploration remainsintact.
Affordances emphasis “recognition over recall,” where an object’ s use does not have
to be memorized, but can be readily inferred from its design.

Affordances are especidly relevant to animas because, like many humans, animas
do not read manuals. Artifacts of an anima-computer interaction must present
themsdvesin an intuitive manner thet requires minima training. Although it can be
expected animaswill learn or be trained to participate in an interaction with the
computer, careful attention to affordances will minimize this step and make it more
natura. Affordances condgstent with an anima’s naturd biology aso make learning
new festures or nuances much easier.

Figure 3-2: Dog-human tug toy. The
shape of the toy implies where it should
be grabbed and what it should be used
for. It'safortuitous coincidence the
affordance for canine gripping in

mouth is the same as human gripping in
hand. Neither dog nor human hasto be
trained to use thistoy. The proper use
isimplicit in the design

3.3.2.3 Cognitive Modeling

An interface should alow a user to interact with his or her environment in a manner
consstent with his or her cognitive mode of the task. If | am using aword processor,
and want to cut and paste, | create a cognitive modd of removing some text from the
document and placing it into atemporary container, followed by amode of inserting
the contents of that container into a different location in the document. A well-
designed interface takes advantage of user’s cognitive models by acting consstently
with their expectations.
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When gpplying this guiddine to animas, we take “ cognitive’ to include all

behavioral models, encompassng ingtinctud, conditioned, and learned. What is
essentid isthe interaction must be based on some known behavior aready resident in
the animal. For example, foraging ingtincts can provide a cognitive / behaviord

modd when designing an interaction for birds. Smilarly, it can be argued the success
of firg-person “shoot-em-up” games such as “Doom” are based on cultura and/or
biologicd predator ingincts in human maes.

3.3.2.4 Direct Manipulation

In addition to how an interface should leverage a cognitive mode, it should, to the
extent possible, dlow auser to fed asif he or sheis directly interacting with the task
eements. The user’sinteraction with the task should not be obscured by the
interface, but be focused on the actud task. Inthe mogt literal sense, direct
manipulaion implies the computer is completey trangparent and the user is
physicaly moving objects with his or her hands.

Thisideais especidly important for animals. It is not reasonable to expect them to
have a sophisticated understanding of symbolism or iconography. For them,
interfaces need to be asliterd and direct as possible. Dogs cannot be expected to
understand that pressing a button is the same as interacting with its owner.

3.3.3 Post-UCD paradigms

User Centered Design has been successful as establishing afoundation for human
computer interaction development. Recent work has focused on how the user is
studied and included in the design process. The generd trend has been towards a
more naturaistic gpproach to studying the user and his or her relationship with the
computer. Augmenting laboratory studies of human motor control and perceptual
abilities are methods ingpired by fields such as Ethnography and Anthropology
(Preece, 1994). These evaduation methods study the user’ sinteraction in a natura
socid setting, typical of actud conditions under which the technology will be used.
Although an understanding of the componentsis essentid, we bdlieve the evauation
of the complete socid animd interacting with its environment is fundamentd to the
successful development of animal-computer interactions.

3.3.3.1 Contextual Inquiry

Contextud Inquiry (Beyer and Holtzblatt, 1997) tells us that researchers should
collect datain the user’ s own environment as opposed to studying usersin the
laboratory. Much traditional HCI research focuses on humant-factors such as Fitts
Law, which isthe mathematica expresson of the time it takesto hit atarget given the
gze of the target and the distance from the target (Fitts, 1954). Fitts Law does not
take into account (nor does it need to) the environment in which the user resides. Itis
an expression of human physiologica ability abstracted from any environmentd
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concerns. However, psycho-motor investigations are only one part of the picture
when desgning effective user interfaces.

Although asmilar functiona understanding of canine cognitive and motor abilitiesis
essentid to building a successful interface for them, we agree that studying dogsin
the full complexity of their naturd world will yied insghts beyond what a piecemedl
decondtructionist approach can offer. This evolution towards interaction and
collaboration over observation and andyss reflects a amilar trend among some
anima behavior researchers away from traditional Skinnerian analysis taking placein
highly controlled laboratory studies, and towards an ethologica approach that sudies
animasin their naturd socid and environmentd settings (Gray, 1994). Itis
interesting to note that in the field of anima behavior, the more naturdigtic the
eiting, the greeter the reported results, and the more vociferous the criticism
stemming from accusations of inadequate adherence to reproducible laboratory
control (Fouts, 1997; Pepperberg, 1999).

3.3.3.2 Cooperative Inquiry

Continuing this line of reasoning, Allison Druin goes well beyond the |aboratory

sudy of humans interacting with computers and considers the children she works
with to not be study subjects, but actua research participants with equa footing to the
adult researchers. These “intergenerationd” teams, as she calls them, form the core
development group for the children’ s software she designs (Druin, 1999). She works
in groups ranging in age from seven to adult, and the groups will stay together for as
long astwo years.

Isit fair to think of our interaction with pets as an “interspecies collaboration?” Can
we truly consider dogs to be full-fledged research partners, deserving of having their
names listed on peer-reviewed journd submissions? The children in Druin’steams
rangein agefrom 7 — 11 years old, and no mention is made of any cognitive or
behaviord difficulties that might otherwise interfere with age-appropriate use of
human language. Therefore, these children are able to express themsdves verbally,
draw pictures and diagrams representing internd ideas, and participatein
collaborative activities with some understanding of adult capabilities.

Cooperative Inquiry is where the trend of increased user participation loses rlevance
to our gpplication of HCI to dogs. Dogs clearly cannot communicate & the level of
the children in Druin’steams. Although the trend of increased user participation is
helpful in understanding dogs, Cooperative Inquiry is perhaps where we draw the
line.

3.3.3.3 Anyone, Anywhere ... Any Species

The dogan for the 2001 Conference Computer-Human Interaction (CHI) was
“Anyone Anywher€’, projecting a conference theme of designing for computer users
who are traditiondly left outsde the technology umbrdla. In his plenary address at
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CHI 2001, Gregg C. Vanderheiden encouraged interface designers to think of
disabled users even when designing for amainstream audience (V anderheiden, 2001).
He cites the classic example of curbcuts — a utility designed for people in whedchairs
but employed by a much wider population such as bicyclists, parents with srollers,
and delivery people. By thinking about a differently abled audience, the creetors of
curbeuts intentionaly or unintentionaly benefited a much wider population.

Similarly, designing for people who are hard of hearing or low vison has utility for
userswho arein noisy or poorly lit environments. Expanding products to include
these less maingiream users not only serves avaluable socid good, but also increases
ther utility to the maindream. Thinking of dissbled audiencesis avauable design
exercise in a product development cycle.

Extending this theme of “Anyone, Anywhere’ to nonhuman animalsisalogica next
gep. Thinking through how an anima would interact with a given device or interface
might be a ussful exercise in understanding various scenarios. In the * Future Work”
section, we describe how developing a device to alow remote dog-human interaction
has darified our thinking on how a similar device would work for pre-verba human
children.

3.4 Previous Work in Animal — Computer Interaction

Although we bdlieve this to the first work in computer-animad interaction to be
explicitly placed within a HCI framework, prior relevant work isto be found in the
field of animal behavior. Some of thiswork even includes use of a computing device
as an intermediary between humans and animals. Whether acomputer is used or not,
much human underganding of animd behavior relies on an underdanding of the
“interface’ between human and animd. Thisinterface andyssis relevant to our

inquiry.
3.4.1 Interface for Animal Communication

Successful language work with animds starts with an understanding of thelr
“interface’ with humans. Early work in anima communication labeled animals “less
intelligent” because they could not talk with humans using human words. When
Winthrop and Luella Kellogg raised a chimp, Gua, dongside their newborn son
Donad, the hope was that by cross-fostering Guain the same environment asa
human child, Guawould pick up Smilar linguidtic abilities. Unfortunately, Donad
learned more from Gua that the other way around. The study concluded that
chimpanzees physically develop much faster than humans, but are unable to learn
human language. When Keith and Cathy Hayes repeated asimilar experiment in
1952 with Viki, another cross-fostered chimp baby, the results were only dightly
better. Vicki learnedto say: “mama,” “papa,” “cup,” and “up,” but not much else.
The concluson was amilar:  chimpanzees were unable to learn human language
(Gardner, Gardner et ., 1989).
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It was not until 1969, when Bestrice and Allen Gardner raised Washoe with
American Sign Language (ASL) as her primary means of communication, that
scientists had any success teaching language to aprimate. What the Gardners showed
isthat the barrier was not cognitive, but one of voca production. Once Washoe was
given ameans to express hersdlf, she could use her signsin nove contexts, for
indance Sgning “water bird” for swan (Fouts, 1997). As soon as an appropriate
interface was developed, Washoe was no longer constrained by the affordances of
vocal-centric language, and could express hersdf closer to her cognitive capacity.
Sign language took the language problem out of the interface domain and into the
task domain. Previous research had suffered from an inability to get away from
overly human-centered interaction design, and therefore only focused on a struggle
with a poor interface.

In deciding to use sign language, the Gardners were influenced by research indicating
the primary means for communication among wild chimpanzees was gesturdl.
Although chimpanzees possess a smdl repertoire of fixed vocalizations, most of these
were tied to the limbic system, alow-level areaof the brain triggered by prima
emotions such asfear or excitement (Fouts, 1997). By studying the physology and
socid behavior of chimpanzees, the Gardners were able to develop an appropriate
interface for human-animal communication.

Although the nature and degree of language acquisition in these primate studies have
come under scrutiny, the breskthrough of relying on sign language instead of vocal
production remainsintact. The controversy revolves around whether or not the
animas truly understand what they are Sgning, or are smply repesating learned
patterns. But nobody debates that for chimpanzee language studies sign language is
superior to voca language (Shettleworth, 1998).

With an undergtanding thet the human-animal interface is fundamenta, researchers
are able to better appreciate that non-human animas each have unique way's of
interacting with the world. In thislight, bird songs and dolphin chirps are not only
pleasant noises, but unique modes of interaction. Recent work with Elephants shows
seismic communication over extremdy long distances (O'Conndll-Rodwell, Arnason
et d., 2001). Only with an appreciation for the serstivity of an eephant’ sfoot, can
one harness this modality as a potentid source of interaction.

These bregkthroughs in human-anima communication are possible because of the
careful evduation of what the target animas are capable of doing. Aslong as
researchers persisted in using a human-centered interface to communicate with
animdls, they were not set up for success. With an understanding of how animas
interact with the world, these pioneers were able to break through the physiologica
barriers to expose the degper cognitive mechanisms.

Although this language work has focused on direct human-anima communication,

careful atention to the notion of interface has proven valuable. Below are listed three
projects that include explicit interaction with machines.
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3.4.2 Duane Rumbaugh and Lana

In an effort to reduce some of the ambiguity and subjectiveness of ASL interpretation,
Duane Rumbaugh and colleagues created a custom compuiterized system for their
chimpanzee Lana (Rumbaugh, 1977). All communication with Lana was through a
specid language, Y erkish, developed specificdly for humananima communication.
By employing acomputer insteed of ASL, not only was alarge source of ambiguity
removed, but Lana s entire linguistic output could be recorded and stored for
evauation by impartid scientists not involved in the project. The god was to remove
accusations of cuing and imitation being mistaken for cognition and innovation in
primate language sudies. By having a computer mediate the entire interaction, all
parties have equa access to the same data. Furthermore, because Lanawas
interacting with a computer, she could engage in training 24hours/ day, not just when
trainers were present.

Communication took place a a keyboard containing up to 4 sets of 25 “yerkish”
lexigrigphical symbols. By creating grammétically correct sentences, Lana could
request objects or socid interaction. For instance “please machine give Lana coke”’
would dispense a Coca- Cola™ from a vending machine,

When Lana pressed a key, it would illuminate, giving her feedback as to her action.
The lexigraph would a so be projected to an “input” area above the keyboard, where
she could view the sentence being formed. Pressing the “period” lexigraph ended the
sentence and submitted the request to the computer. A separate “output” area
projected responses from trainers or interrogations from trainers to which Lana could
respond. Although socid interaction and play with trainers to whom Lana had
formed attachments was a powerful motivator for Lana, dl verbad communication
took place through the keyboard and screen

In thisinstance, the computer was introduced more to address the issue of credibility
and control, than to enable an interaction not previoudy possble. Infact criticisms of
this project center on how use of a keyboard interfereswith norma socia use of
language. The necessity of the research anima being in front of the keyboard in
order to communicate interferes with the anima’ s aility to improvise and perform
word-play (Fouts, 1997).

Despite these criticisms, thisis probably the best-known example of a norhuman
using acomputer to communicate with a human.

3.4.3 Vivarium Program

The Vivarium Program was an ambitious effort by agroup at Apple Computer to,
among other things, create a computer interface for captive Gorillas. In particular,
they were working with Koko, a Western Lowland Gorilla (Gorilla Foundation, 2001)
with an American Sign Language vocabulary of 600 words. The ultimate god of the
project was the adaptation of aMacintosh 11 to allow Koko “to have avoice.” Using

23



an icon driven touch screen, Koko could interact with her world by causing the
computer to emit human synthesized speech. Configuration screens available to the
human researchers allow them to customize the screen to best suit Koko's needs
(Clark, Ferraraet a., 1990).

Their approach seemsto mirror the successful teaching of American Sign Language
to Koko, except ingtead of communicating with hand gestures, she communicates via
acomputer attached to a voice synthesizer.

A computer interface, however, goes beyond the exclusvely communicative ability

of ASL by alowing Koko to control her environment. By attaching various controls
to the computer, Koko would have the ability to ater the world around her. One of
their investigatory questions was whether or not Koko would begin to do for hersalf
tasks she previoudy relied on others to implement. Unfortunatdly, the project has not
published results much beyond the concept phase.

3.4.4 Dolphin and Keyboard Research

A research program at Marine World Africa USA constructed a specia keyboard for
dolphins, which was used to by the dolphins to associate vocd |abels with objects
(Reissand McCowan, 1993). The dolphinslearned to request objects, food, and rubs
by pressng symbolic keys on a specidly designed keyboard. Although ergonomics
was not centrd to this experiment, the construction of the submergble keyboard
required a basic analyss of the appropriate means for alarge aguatic animd such asa
dolphin to interact with a computer interface (Lynn, 2001). In other words, care was
taken to ensure the learning was in the task domain and not the interface domain.

3.5 Dog-Human Communication Modes

We have now established that animal-computer interaction must start with an
understanding of the anima’ s basic physiology and psychology, and successtul
interfaces between animas and computers have taken these considerations into
account. Below isadiscusson of four sensory interaction modes between dog and
human, taking into account the physiology of both creatures. We dso evauate
available technology for implementing aremote interaction that supports each mode.
From thisandlysis, we hope to have a clearer understanding of the shape of aremote
dog-human interaction.

24



Figure 3-3: © 1986 United
Features Syndicate, Inc.

@

=
&
:
g
:

g
g
E
o

Darn these hooves! 1 hit the wrong switch again!
Wha designs these instrimneri paneis, raceoons”
3.5.1 Audio

Canine hearing is a least as good as human hearing, making audio a ussful mode of
interaction:

... human hearing usudly ranges from alow of 13 — 20 Hz (cycles per
second) to a high 16,000 — 20,000 Hz, about seven octaves.
Audiologigts say that humans hear best between 1,000 and 4,000 Hz
... The auditory range of dogsis somewhat grester than that of
humans. The region of maximum senstivity, or best hearing, is 200 —
15,000 Hz. At the low frequencies of 20 — 250 Hz, dogs and humans
hear with the same acuity. Above 250 Hz, the dog has a lower
intengity threshold to response, and its best sengitivity with lowest
intengty isa gpproximately 8,000 Hz. The upper limit of the canine
audible frequency range varies consderably from 26,000 Hz to
between 70,0000 and 100,000 Hz (Beaver, 1999).

Not only do dogs possess the apparatus for hearing, they can distinguish between
amilar sounding human vocdizations. The Ethologist Victor Sarris had three dogs
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named “Aris” “Paris” and “Harris,” and successfully trained the dogs to digtinguish
between the very smilar sounding names without confuson (Coren, 2000).

The frequency response of atypica two-piece PC speaker (no satdllite subwoofer) is
70Hz — 20,000 Hz (Sweset, 1999), making these low-cost devices appropriate for
rendering sound to both humans and dogs. These speakers clip high frequencies right
around the threshold of human hearing, but well below that of dogs. However, they
dill fal within the boundaries of maximum canine hearing sensitivity. While the
relationship between live and rendered sound is probably perceptudly different for a
dog and a humean, thereis likey sufficient smilarity between human and canine
hearing to assume correlation between the ability to interpret sounds coming from a
gpeaker and live sound. The artifacts aloudspeaker introduces are probably not
sgnificant.

Audio is dtractive because audio transmission is technicaly mature, can be digitaly
trangmitted using bandwidth reasonably available to the average Internet user, and

does not require any special equipment. For these reasons, we expect to make audio a
cornerstione of any remote interaction between humans and dogs.

3.5.2 Vision and Video

In contrast to hearing, canine and human vison share less Smilarity. The most

smilar feature is binocular vision dlowing both dogs and humans to perceive depth

and distance. Contrary to what many people think, dogs are not colorblind. Dogs can
successtully perform color discrimination. The controversy around dogs and color
vison iswhether dogs actudly use color in their daily lives (Beaver, 1999).

Dogs do not perceive fine details as well as humans, probably because they do not
possess the corresponding fine motor control that would utilize such visud acuity.
However, dogs are about four to five times more sendtive to low light than humans.
Dogs are d'so most sengitive to moving objects, probably an evolutionary adaptation
for hunting. Dogs recognize moving objects at 810 — 900 meters, and stationary ones
at 585 meters (Beaver, 1999). Anecdotdly, herding dogs are able to correctly
recognize a shepherd’ s hand sgnas from a great distance, indicating visud acuity on
the same order of magnitude as a human. Dogs can aso be trained to perform tricks
on hand signd cues from their owner.

Although it is clear that gppedling to the sense of vison is an important component of
the interaction, it is unclear whether current CRT and LCD technology for rendering
€lectronic images means anything to adog. Modern human-readable displays are
highly optimized to spedifics of human retind physiology, and will, in generd, fail

for non-humans (Fleishman, McClintock et d., 1997). Furthermore, no depth cues
are provided with two-dimensiond displays— foreground / background images do not
move relative to each other with viewer head movement. Unlike loudspeakers that
reproduce sound by actudly producing sound, €lectronic displays do not reproduce
the object. They rely on visud trickery to reproduce the red, green, and blue
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components of an object that correspond to our uniquely human perceptua
physiology.

It istherefore unlikdly a dog can acquire much meaningful informeation from a
computer display device. While dogs can probably distinguish shapes and some
colors on a computer screen, they are probably not able to fuse these into meaningful
images they can recognize. Thisfact isdearly sated in “ Canine Behavior — A Guide
for Veterinarians’

Most dogs do not watch television, probably for other reasons than the
quality of shows available. Although certain sounds tend to draw a
dog's attention, the poor form recognition of their vison may make the
picture inggnificant. 1t has also been suggested that the scanning rate
of the gun in the picture tube, which updates 60 times per second, is
too dow to keep afull picture for adog, which seesonly aflicker. In
support of this supposition, dogs can discriminate individua flickers of
light & rates much higher than humans can. Whereas humans can
usudly detect 50 — 60 Hz, dogs can detect 80+ Hz (Beaver, 1999).

However, anecdota testimonias from ownersingst their dogs are watching TV with
them. There are two explanationsfor this. Firgt, the dog is smply attending to the
sound of thetelevison. Second, the dog is attending to the object of the owner’s
attention. Dogs have the ability to follow and be directed by a human gaze (Miklos,
Polgardi et a., 2000). Gaze following likely evolved for usng non-voca channelsto
coordinate pack hunting. Therefore, the center of the owner’ s gazeis of logical
interest to adog, especidly if this behavior is reinforced by human affection and
praise. Thedog learnsthat when it looks at the TV, it gets rewarded. In summary,
we do not take testimonids of dogs watching TV to be evidence of adog watching
televison for the actua content. We have been unable to find any controlled
laboratory studies of canine interest in televison. However, we must admit the
intengty of these televison-watching daims makesit difficult to discount them
entirdy, but in the aosence of hard evidence, we rely on the physologica and
anaiomica sudies indicating computer screens are ingppropriate devices for dogs.

Beyond the canine physiologica shortcomings of modern eectronic display devices,
design issues surround the inclusion of video. Assuming adisplay could be modified
to utilize components compatible with canine vison, it should not be taken for
granted video would play a useful role in remote dog-human interaction.

Videophones for human-human communication have been one of this century’s most
gpectacular technology failures (Egido, 1988). Almost since the invention of the
telephone, people have been predicting that the videophone would replace the
conventiona voice telephone, yet the videophone has made little penetration into the
commercid market and virtualy no penetration into the home market. Much of this
falureis based on economics and technica shortcomings. Videoconferencing
systems tend to be very expensive, suffer from poor resolution, poor synchronization
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between image and sound, and unacceptable amounts of latency. Videoconferencing
solutions have aso been marketed as replacements for person-to-person interaction,
ingead of improvements to the conventiond phone (Egido, 1988). But despite these
logigtical shortcomings, one would expect that if humans truly wanted
videoconferencing for remote interaction, economica and technicaly feasble devices
would have come to fruition. At best, videoconferencing affords adightly richer
interaction than email or telephone, but does not approach the reported quality of
person-to-person interaction (Fish, Kraut et d., 1992). Based on itsrdlative falure
between humans, why would one expect it to be useful for dogs?

Isaacs and Tang, however stress video' s importance for conveying nonverba cues.
“...rdaiveto audio only, video would a0 be of use for handling other highly
interactive Stuations when nonverba cues are most helpful, such as negotiating or
creating rapport” (Isaacs and Tang, 1993). Furthermore, many of the shortcomings of
video, such as the inability to have Sde conversations, do not gpply to dogs. Dogs do
not have side conversations. And because communications with dogs rely grestly on
non-verba cues such as ear and tail position (Coren, 2000), video could be an
effective addition to an audio interaction.

In terms of technica feagbility, redtime desktop video interfaces connected to PC
computers are fast becoming inexpensive and reliable. With the proliferation of
highspeed networks to support video bandwidth, the infrastructure for video
transmisson isfaling into place aswdl. A typicd system will transmit ablack &
white 160 x 120 pixel image a 60 HZ. Inclusion of redltime video istherefore
technicdly feesible.

From the human perspective, being able to see the dog clearly makes sense. Dog
owners acquire information about adog’ s emotiona state through its body pose, and
have the cognitive and optical ahility to trandate moving images on a15” screeninto
arepresentation of our dog. We have received severd reports of people who
regularly monitor their dogs over webcams.

From the dog’ s perspective, the present state of video isless clear (pun intended).
Technical considerations aside, dogs are indeed sufficiently visudly oriented to
benefit from avisud sgnd. Video fals only when it is consdered from the
viewpoint of implementation. Furthermore, beyond the perceptud issues, the screen
has no depth, and it repositions and resizes images ingppropriately as relaive
orientation changes. For these reasons, video for adog will probably not be akey
component of the interaction, and could even be perceived as a distracting flicker.
Therefore, interactions making heavy use of subtle visua sgnas should probably be
avoided.

® Technical data taken for the 3Com HomeConnect digital webcam: 3Com home connect webcam -
http://www.3com.com/products/en_US/detail .jsp?pathty pe=purchase& tab=f eatures& sku=003718-00
This camerawas top rated by http://www.cnet.com and costs about $125 dollarsin 2001.
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Although there is no research on developing a canine- appropriate video display, there
iswork on adding more co-located nuances to video interaction. Systems such as
ClearBoard alow collaboration between remote parties using a video system that
preserves gaze (Ishii and Kobayashi, 1993). The system gpproximates two people on
elther sde of a glass screen, both with markers that can be used to write or paint on
the board. Given that dogs have the ability to follow human gaze (Miklos, Polgardi

et d., 2000)(and we accept the reverse is true), this ability to communicate focus of
atention would clearly be useful to both dog and human. Assuming the technica
display hurdles outlined above could be overcome, this would be an ussful

component of a remote dog-human interaction.

3.5.3 Olfaction

Olfaction is probably the sense for which dogs and humans have the least in common.
Dogs have a highly developed sense of smdll — reported to be up to 50 times as great
asthat of humans (Syrotuck, 1972; Pearsall and Verbruggen, 1982). One eighth of a
dog's brain is devoted to processing olfactory sgnds (Syrotuck, 1972). Dogs would
likely appreciate the opportunity to receive a*“live’ smdl of their ownerswhile
separated. Given that humans can discriminate between the sweaty smell of test
subjects watching a happy movie versus a sad move (Chen and Haviland-Jones,
2000), it reasonable to speculate dogs pick up significantly more emationd content
from our odor. Thisis probably even truer when the smell comes from ahuman a
dog knows very well and for whom has had more time to learn associations between
smel and mood.

Even though olfaction is not as developed in humans, it is not totally dormant.

Babies and mothers can recognize each other with smell done other shortly after birth
(Porter, 1999). Much of the effect of odor on humansis emotional and subconscious.
Human subjects exposed to various smells report norttrivial mood changes despite
the fact they are just aslikely to articulate an aversion to the odor as an affinity (Chen
and Haviland-Jones, 1999). Findly, human test subjects have been ableto
successtully idertify their dog through odor done (Wells and Hepper, 2000). So an
interaction with a dog could possible be enhanced by the human’s ability to smell

their dog.

Unlike color, which (for humans) decompaoses nicely into red, green, and blue
components, odor has no clean dementa components. English does not even have
words to describe platonic odor forms. Linguistic references to odor properties tend
to cite instances of odors, e.g. garlic, gasoline, or “new-car” as opposed to categories.
The few ingtances of more universa odor tokens such as “musty” tend to conjure
gpecific images such asan old shoe. This system of odor classfication issmilar to
identifying color only through instances of objects, eg. “fire-truck color” or *banana
color” (Kaye, 1999).

Because odor is such achemicaly dependent process, it resists attemptsto recast it in
an opticd or dectrica mechanism that can be eadly tranamitted over distance.
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Devicesthat detect odor are expensive, dow, and have limited generdity. A typicd
sensing product such as the Cyrano Sciences Cyranose 320 detector takes about 10
seconds per sample, and can only compare the sample to a database of previoudy
learned samples. It isintended more for “smell and tell” applicationsSmilar in
sengtivity to human smdl (Cyrano Sciences, 2001). Because of these technica
shortcomings a genera purpose “odorphone” smply cannot be part of this
interaction. Similarly, commercia devices that recreste generdized smdls are only
beginning to emerge and are not forthcoming with details (Digisents.com, 2001)”.

Perhaps we can implement a subset of scent? Some research projects have
investigated the use of limited scent production to foster aremote interaction. Rob
Strong and Bill Gaver developed a system using scent to indicate remote presence of
another human (Strong and Gaver, 1996). When one person picks up a picture frame
asgna issent to aremote location. A heeting dement warms an essentid ail, which
releases asmdl into the environment, letting the other person know they are being
thought about. But the scent intengity is difficult to modulate, and is purely one-
dimensiond, giving the recipient more or less atwo-hit sgnd.

Given adog's sengtivity to scent, thisingdlation is akin to aremotely controlled
tape recorder thet is ether silent or repesats “I’ m thinking of you ... I'm thinking of
you ... I'mthinking of you.” Such an interaction contains only the barest hint of
information. Even though this operates over an acoustic channel, one would hardly
equate it with atelephone.

Similarly, Joseph Kaye has developed various scent output devices, including a 2-bit
device conssting of peppermint and anise. Even though humans had moderate
successin identifying various mixtures, for a dog this would probably be smilar to
the above implementation, but with two tape-recorded messages instead of one.

Despite the low fidelity of these implementations, they till could neverthdless play a
role in aremote dog-human interaction. A smdl amounts of informetion is ill more
information than no information, especidly if it gopedsto an otherwise under-
utilized sense.

3.5.4 Touch

Touch isafundamenta part of the human-animd relationship. Stroking apet’sfur is
speculated to be amagor component of the relaxationa benefits of pet ownership
(Beck and Katcher, 1996). When the designers of the Dogz and Catz virtua pet
software were faced with creating aredigtic interaction with a computer pet, one of
the most common questions was *“how do you pet acomputer anima” (Resner, 2001).
The idea of a pet without touch goes againgt our fundamenta notion of pet

enjoyment?®.

" The Digiscent company website (http://www.digiscent.com) saysiScent is a speaker-sized device that
can emit “thousands’ of smells. Littleinformationis given on the variety of available smells.
8 Fish are anotable exception; Pet fish do not normally exchange touch with humans,
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Unfortunately, like remote olfaction, generdized transmission of touch suffersfrom
technicdl difficulty. But unlike remote olfaction, touch is an important sense to both
humans and dogs, and creating a shared sense of touch is atopic of human-computer
research (Brave, Ishii et d., 1998).

Human-oriented projects such asinTOUCH and PSyBench (Brave and Dahley, 1997,
Brave, Ishii et d., 1998) and LumiTouch (Chang, Koerner et a., 2001) attempt to
recreate a sense of touch through interaction with shared objects that maintain a
synchronized state. Physical changesto one set of objects are reflected in an identical
corresponding physical changesto the peer object. This creetestheillusion of

directly interacting with the remote person. These devices support non-verba
communication ether in isolation of verba/visud interaction, or as a supplemen.

All of these devices, however, rely on the use of manipulatable physical objectsto
represent something else. In the case of PSyBench, each user has a chessboard like
grid on which severd tagged pieces are placed. Moving a piece around the board
causes the corresponding remote piece to make the identical move, thus maintaining a
synchronized gate. This interaction is not interesting because users enjoy seeing
pieces magicaly move around aboard or derive an intringc pleasure from moving
pieces, but rather because the movement of a piece represents volition on the part of a
remotely located human. If acomputer were controlling the pieces, interest would
probably not be sustained. Similarly, users engage the pieces on their board because
they understand the motions to be smilarly interpreted by their remote peer as
representing themsalves. There is probably not much intrinsic pleasure in Smply
moving pieces around a board.

Petting is not an intellectud representation of a hgopy animd, but a primary viscerd
animal/human response to physica contact. Petting isavery literd interaction
between pet and human. Subdtituting petting by a more abgtract physicd interaction
might give the human some sense of the pet, but it would probably contain very little
meaning for the animd. Similarly, expecting an anima to manipulate an abgract
object as away of conveying meaning to its remote owner iswell beyond the

cognitive capacity of dogs.

Because of anima’ s limited ability to ded with complex abstraction, touch and
petting will not be part of our interaction.

3.6 Asymmetric Interfaces: Creating an Artifact For Human—
Non-Human Interaction

Our god isto condruct adevice that dlows pets and pet owners to have meaningful
interactions while geographically separated. In the same way a telephone alows two
digant humans to communicate in a meaningful and rewarding manner, we hope to
develop a device that performs a samilar function for pets and humans.
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Figure 3-4c: Human-animal Figure 3-4d: Human-animal interaction
interaction. Circlesand squares mediated by technology device drawn in
represent the generalized modes of blue. Developing such a deviceisthe

communication each creature produces. goal of thisthesis.

Figure 3-4. Schematic of technology mediated human-human conversation, and how it
inspires our search for a similar human-animal interaction that can be mediated by the
computer.

The four parts of Figure 3-4 outline our approach. Fgure 3-4a shows a human
human interaction void of any technologicd mediation. Figure 3-4b shows the same
interaction, but mediated by a piece of technology (in this case atelephone). The

tel ephone microphone transduces each speaker’ s voice into an eectronic stream and
recongtructs avery similar acoustic stream on the other end.

|dedlly the telephone is transparent to the interaction — it faithfully transmits dl the
components of a conversation. In practice, however, not al of the interactionis
relayed. In the case of atelephone, one cannot see the other person and cannot
interact with shared objects. But atelephone is nevertheless a popular device because
enough of a conversation is transmitted that is il feds like socid interaction.

For as long as phones have existed, people have probably been putting them up to the
ears of their pets and searched for a signs of recognition. Why do pets and humans
have a difficult time communicating with a phone? Because thereis no red-world
precedent for this behavior — pet owners do not have symmetrica back-and-forth
verba dialogs with our pets. Telephones take advantage of adog’ s ability to hear,

but do not compensate for their inability to speak. Pet ownerstalk to their pets, and
given that dogs have hearing at least as sendtive as human's, it is reasonable to assert
they recognize our voice. But they don't respond in kind. They may respond with a
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howl, tail wag, or purr but (so far) pets do not talk back to usin kind®. Symmetricdl
verba communication isinconsstent with our task analys's of dog-humean
interaction.

Figure 3-5: The telephone,
which is designed for symmetrical
human-human communication, is
not appropriate for a dog.

Next time, try Rover @Home!

Photograph ©1998 TCL/FPG
International

Figure 3-4¢ shows how pet owners interact with their pets. The circles and squares
represent abstract modes with which each creature expressesitsaf. For example, the
circles could represent a dog wagging itstail or acat purring, and the squares could
represent a scratch behind the ears, the throw of abdl, or verba praise. Thecircles
and squares are anything pets and humans do to interact with each other. Similar to a
human conversation, the human and anima are engaged in an exchange, but a least
one party is not using words.

Figure 3-4d shows how we plan to take these inputs and outputs, digitize them, and
pipe them over the Internet where they are recongtituted for the remote cresture. This
crestes dua chalenges. Fird isthe discovery of sometype of sufficiently ritudized
interaction that can be eectronicaly tranamitted over the Internet. Second is actudly
building and testing such adevice.

° Notable exceptions are parrots, with their unique ability to vocalize human speech.
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What is notable about this diagram is that the human and anima communicate
asymmetricaly. What the human getsis different from what the anima gets.
Devicesfor human-human communication tend to be symmetric because most
humans have the same physiologica and psychologica apparatus as other humans. A
telephone unencodes information the opposite of how it was encoded to fecilitate
remote conversation. Both participants in a human-human conversation have the
same input and the same output organs. Thisis not necessarily true for interactions
between humans and pets.

3.6.1 Human-Human Asymmetric Interaction

It istempting to draw pardles between the asymmetrical communication between
humans and anima's and the unique communication modes that exist between
differently abled humans. These differencesin ability can be permanent asisthe case
with deafness, or temporary, asfound in avery noisy environment. In both instances,
the person has an impaired ability to hear and must communicate through means
other than verbal speech.

In the case of deafness, the two basic methods for communicating with ahearing
population untrained in Sgn language are writing or keyboard-based devices such asa
TTY, and speechreading (reading lips) for input / talking for output (Also caled the
“Orad Method”) (Communication Technology Lab at Michigan State Universty,

1995; Zak, 1999).

Use of keyboard-based devicesis symmetric. Both parties output informeation by
typing on akeyboard or paper, and both input information by viewing the results.
Vidon is subgtituting for hearing, and handwriting or typing is substituted for

gpeeking. There is aone-to-one mapping between the two conversational modes, and
Symmetry is preserved.

Speechreading / talking is, on the other hand, indeed asymmetric. The deaf person
acquires information through visua observation, and emits information by producing
sound. Thisisin contrast to how the hearing person participates in the conversation.
But the emphasgis of the asymmetrica interface is different. The god of teaching desf
to speechread and talk isto alow them to better maingtream into a hearing
population. A deaf person adept a speechreading and vocaization places little to no
obligation on the hearing person to change behavior. Unfortunatdly, speechreading
does not play to the strengths of a deaf person. It requires the speaker to talk dowly,
be unobstructed, and be well lit. It isamuch less effective communication method
for the average deaf person than symmetricd Sgn language. The burden of
communication is almog entirely on the deaf participant. For this reason,
gpeechreading is controversia among many deaf advocates (Nussbaum, 1999).

Thisisin contrast to Rover@Home. We are not trying to make the dog appear to bea

human to an unsuspecting or uneducated human participant. Quite the opposite —we
are trying to highlight the dogginess of the dog to the human participant. Our god is
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to provide the same qudity of co-located dog-human interaction in aremote setting.
And we expect both dog and human to share respongibility for any training necessary
to make such aremote interaction possible. The communication modes are
asymmetric between dog and human, but the deviation from co-located togetherness
isin fact symmetric.

Smilarly, it istempting to draw parallels between, for instance, someone talking on a
telephone in acar, and someone talking on atdephone in an office or a home. The
person in acar is perhaps distracted by traffic, while the person in the office is
cgpable of focusng on the conversation. But the focus of any device to assst the
driver centers on bringing the driver to the same level asthe person in the office.
From smple devices such as hands-free interfaces to more complex devices that
automaticaly mute conversation during difficult driving Situations such as merges or
sudden stops, the emphasisis on the driver. We know of no commercia devices that
help the ationary cognitively unimpaired tel ephone spesker understand the specia
needs of the driver.

We therefore find this pardld weak. Without making avaue judgment, the god of
technology for people with disahilities is generdly to mitigate their differences from
maingream abilities. Steven Hawking's eye movement communicator dlows him to
talk in avoice that any English speaker will understand. His verba output may be
dower, but no specid training is required to interact with him. It is his responsbility
to communicate. Our goa with animasis not to bring them up or down to the level
of humans, but treet them as unique cregtures and symmetricaly digtribute the
responsibility of computer-mediated communication onto both creatures.

3.7 Established Rituals and Task Domains

When designing technology for humans, the interface designer sarts by observing
what humans do. These are the naturdly existing task domains to be recreated in an
electronic setting. In the example of the telephone, humans spend agreet dedl of time
having conversations. So it should not be surprising that devices that endble
conversationd tasks over arbitrarily long distances are popular with humans.
Telephones work because they can leverage an exigting ritua between people.
Beyond the setup procedure of diaing and connecting, every verbaly communicative
human dready knows how to use a telephone — they smply do what they are dready
doing. A tdephone faithfully relies on a cognitive modd of interaction and
information exchange with another human. No additiond training isrequired. Those
unable to use a telephone are likdly impaired by more fundamentd limitationsin the
task domain, such as not being cognitively able to sustain conversations. Physicad
shortcomings to the typica telephone interface can be overcome with a different
interface such as avoice or eye-moation dider, but no interface can compensate for a
lack of socidly gppropriate verba expresson.

Edtablished rituds are the low-tech prototypes for more advanced technologica
design. They are proven modes of interaction — operationa for no other reason than
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their functiondity. Modding these rituds in atechnology-mediated setting makes
sense, because much of the conceptud heavy lifting has dready been done.

One of the most successful computer interfaces based on established rituas has been
the graphical user interface (GUI). It works by taking advantage of the * desktop
metaphor” (Apple Computer Inc., 1992) that recreates on the screen the samerrituas
and interactions users have with atypica office environment. There are filing
cabinets, folders, and trash bins. The graphica representation alows direct
manipulation -- the user can grasp objects on the desktop and move them to another
location, dispose of them, or file them. Desktop interfaces work for awide cross
section of people because the cognitive mode required for use of aGUI issmilar to
the cognitive modd necessary for using ared-world desk. Theintuitive affordances
of aGUI further amplify use. Findly, the rituals for interacting with one's dek are
fairly condgstent across the desk-using population.

Smilarly, adevice for remote human-animal interaction should leverage existing
interactiond rituds. Although it is possible to train the human and/or pet to
understand a brand new interaction, our job will be dgnificantly eesier and likely
more rewarding if the interaction works off an established ritua that requires minimal
novelty. Our search, therefore, isto find an anima-human ritua that can be
transduced into adigital signa on one end and adequately recreated on the other end.
As mentioned earlier, atelephone could be used for the human to communicate with
the animal, but is not an gppropriate tool for the animd to reciprocate.

In practice, not every aspect of the ritud will survive digitization and recongtitution
over an eectronic network. The challengeisto pipe through enough of the
interaction that it will dtill be recognizable. It isimportant that what we build capture
the essentid feature of the inspiring play pattern. The closer the eectronically-
mediated interaction resembles the source interaction, the more familiar it will be, and
the lessretraining will be necessary. Given that dogs have a much harder time
generdizing to new context than humans, thisis particularly important.

Theided interaction will be sufficiently ritualized that it can be abstracted away from
the physica co-located redim. By being able to take advantage of ardatively fixed
et of rules, the job of recreating the essence of the interaction across remote settings
becomes much more straightforward. Conversely, the interaction needs to be
aufficiently flexible to afford opportunity for improvisation, optimization, and
ultimatdly the expresson of a more complex and unique emotiond state. Anoverly
ritualized interaction risks tedium and ultimately neglect.

Anided example of aritudized and enduring canine interaction isfetch. Therules
are smple and universa — human throws ball and dog returns ball to human. Perhgps
agame of keep-away isinserted between the dog returning the ball to the proximity
of the human, and actudly releasing the bdl. Additiond variants are as numerous as
individual dogs. But the essentid interaction of fetch is congtant. It is safe to assert
that any dog owner could play fetch with any dog that shows an interest in the ball or
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gick. The game might not be as satisfying with a strange dog, but the essentid
interaction is recognizable to dl involved.

Fetch takes advantage of a dog’s naturaly evolved predator ingtincts to chase a
moving object. Sdective breeding has reinforced this behavior in certain breeds of
dogs. Fetch isvery much an encoded behavior from which humans assume dogs
derive an intringc pleasure.

Unfortunately, fetch does not easily lend itsdlf to remote interaction. Firg, thereis
the problem of safely launching an unattended projectile. But much more seriousis
the problem of bal return. As previoudy mentioned, most dogs only return the ball
to the proximity of the user, not actualy at the user’ sfeet. Without employing
complex robot arms controlled with redtime vison analyss, an attaingble
computerized fetch relies on the dog' s ability to successfully placethe bl ina
designated receptacle. As mentioned before, this step is not part of atypica dog's
fetch repertoire. Only in remote fetch, doesthis previoudy trivid step become
critica. Thisisnot to say fetch isout of the question. With training, the
shortcomings of fetch can be overcome.

3.8 Low-Tech Prototype: Clicker Training

With these caveats and design gods in mind, we st out to find an interactiond ritud
that dogs and humans find inherently rewarding, and could be implemented with
currently available technology. As mentioned before, fetch is a great ritua, but
technicdly chdlenging.

Theided interaction will use audio for both human and dog, video for the human,
olfaction for the dog, and as much touch as technology will alow.

3.8.1 Clicker Training Background

Clicker training is an established animd training technique that associates the sound
of atoy clicker with afood reward. Clicker training hasitsroots in the work by B.F.
Skinner on operant conditioning in the 19405(Burch and Bailey, 1999). Two of
Skinner’s studerts, Keller and Marian Breland, were the first actively to
commerciaize Skinner's academic work and created a successful business
“manufacturing” dicker-trained animals for zoos, parks, and fairs. Theword
“manufacturing” is used because of the engineering cookbook approach the Brelands
took in their gpproach to clicker training (Breland and Breland, 1951; Breland and
Breland, 1961). They felt they had discovered truths about animal behavior that
could be used systematicaly to shape any behavior an animd is physcaly cagpable of
performing. Included in their product line were chickens that play tic-tac-toe and
ducks playing basketba | (Burch and Bailey, 1999).

It was not until 1984 when aretired dolphin trainer, Karen Pryor, wrote “Don’t Shoot
TheDog” (Pryor, 1984) that clicker training became an option for amateur dog
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owners (Wilkes, 1995). “Don’t Shoot The Dog” was the first non-academic book to
apply the operant conditioning work of Skinner in acasud and populist style. Its
relevance was not just to dogs and other animals, but to humans as well.

In 1992 dog trainer Gary Wilkes started using clicker training as a method to control
and shape dog behavior (Wilkes, 1995). Dog trainers became excited about clicker
training because it offered an effective method of dog training that did not center on
punishment or other aversve simulus. Beyond ethical congderations, they aso
found clicker training to be a highly effective means for controlling and shaping a
dog's behavior. Thisthesisrevolves very tightly around the work Wilkes has done
with dlicker training.

3.8.2 Clicker Training Process

Clicker training unfolds in three basic eps (Wilkes, 1995; Spector, 1999). Thefirg
step isto associate the sound of atoy clicker with afood reward. At first dogs are
likely to be startled by the sound of a clicker, but even the most skittish of dogs
quickly learns that the sound of aclick is an accurate predictor of afood trest.
According to traditionad Pavlovian conditioning, the click becomes just as good asa
food reward, and dlicits the same expectant behavior response of sdlivation and
begging as does actud food (Gray, 1994). A dog conditioned to the clicker should
expectantly look for atreat upon hearing the click sound. Dogs new to clicker
training will often ignore or be sartled by the click. It isimportant to note thereis
nothing specia about the click. Pavlov used abdl, and dolphin trainers use awhistle
(Pryor, 1984; Ramirez, 1999). Clicksare good for dog training because they can be
heard over long distances, are easy to condstently administer by anyone with a
clicker, have a unique and unmistakable sound, are not modified by emotional
infection, and are very short duration (Spector, 1999).

The reward should be anything the dog enjoys, but istypicaly afood treet. Aslong
as the dog understands the click to be an accurate predictor of some type of reward,
the clicker is considered to be “charged.” This meansthe clicker sound has meaning
to the dog beyond a staccato ambient noise. The motivationa significance of the
clicker can beincreased if working with ahungry dog, and for this reason, many
clicker trainers give a portion of the dog’s evening medl as part of a clicker-trained
dinner appetizer.

The second step isto lure abehavior such as“st”. Thisisdone iteratively, by
rewarding successive gpproximations towards afull stting behavior. As soon asthe
dog makes the dightest itting motion, click and treet. After afew iterations, the dog
will learn that lowering his hind-quarters earns areward and will eagerly repest this
behavior. By dowly raising the threshold for a click, the dog learns he must come
lower and lower to the ground until the dog is eventudly fully seeted.

In practice, smply waiting for adog to initiate a St can take way too long — a dog
may lose interest well before he offers enough sits for areward pattern to emerge.
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Clicker trainers use a process of luring to hasten results. Holding a piece of food in
front of the dog and dowly moving it over and behind the dog’ s head will cause the
dog to back up and lower its hind-quarters. At thispoint thetrainer clicks. By luring
the dog into position, the trainer greatly increases the opportunity to reward the dog.
Asthe behavior becomes more established, the lure can be faded.

Figure 3-6: Using food to lure a dog from sitting to lying down.
Iterative clicking at intermediate stages between sitting and down
will keep the dog interested and hasten the learning. While the
trainer uses a lure, the trainer never actually touches the dog or
forces the dog into position.

Drawing ©1995 Gary Wilkes, Click& Treat Training Kit, Version
2.0.

Another common luring technique is atarget sick. Dogs that are trained to follow
thetip of the target stick can be lured into any variety of configurations, which can
then be rewarded. How to teach adog to follow atarget stick? Clicker training, of
Course.

Thethird and find step in clicker training isto add a discriminative simulus --
extinguish the behavior in a dicker-training sesson in the absence of averbd cue. At
the end of step two, one has a dog that congtantly Stsin anticipation of atreat. But
the god of the training is adog that Sits only when told to sit, and does not St during
asession when not told to sit.

Even though the trainer has probably been saying “st” while luring the dog into a
gtting position, in this step the verbad command becomes sSgnificant. The dog learns
the command “gt” is not background noise, but an opportunity to exhibit a behavior
that will dicit areward. This creates a behavior on a cue, and extinguishes the
behavior in the absence of the cue.

Aswith the clicking sound, there is nothing specid about the utterance “st.” Any
uniquely percaivable externa stimulus such as ahand signd, an odor, or sound may
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be employed asasgnd. Aslong as the dog can recognize the signd, it can be used
to dicit the behavior. Often the trainer thinks the dog is atending to the verbd cue,
when in fact, the dog is responding to a hand signd, facid tic, or some other
unconscious gesture.

Proponents of clicker training assert that it not only crestes obedience, but isaso a
fun and exciting activity for dogs. Dogs come to understand clicker-training sessons
as an opportunity for food reinforcements and socid interaction with owner. A happy
and excited dog is essentid for clicker-training success. Because the dogs must
discover successful behaviors on their own, dogs unwilling to explore will have a

very difficult time creating opportunities for rewards. Dogs that are punished or
subject to aversve simulus are more likely to display stereotypica behavior such as
crouching, cringing, and hiding.

A key feature of clicker training isthe lack of physica contact between dog and
owner. Traditiona dog training techniques that shove the dog's hind to the ground
while saying “st” teach the dog the word “Sit” means 1’ m going to shove your hind
to the ground now” (Pryor, 1984). With clicker training, it is essentia the dog
discover the behavior onitsown. Luring only gives the dog clues, the trainer ill
relies on the dog' s voluntary cooperation to discover the desired behavior. No
amount of luring will ever get afrightened dog to cooperate. A dog that becomes
excited during a dlicker training sesson is going to be making alarge effort to
discover the behavior that causesits owner to click and trest. Often trainers have no
clear god in mind — they smply watch their dog and click when the dog does
something new and interesting.

3.8.3 Paradigm versus Implementation: Varieties of Clicker
Training

Asdlicker training has grown in popularity, there have been inevitable splits of
doctrine. Mogt sgnificant is the judtifiable gpplication of punishment or aversve
gimulus. Some clicker trainers believe aversve stimulus such as gtriking, yanking,
shocking, or scaring the dog is never gppropriate, and with proper training, such as
teaching an incompatible behavior, al unwanted behavior can be extinguished
without punishmert (Pryor, 1984). Other trainers are more liberd in their gpplication
of punishment, stating when used gppropriately it is ahumane meansto control an
animd that would otherwise become unsuitable for domedtic life, and ultimatdy be
destroyed (Wilkes, 2001). Itisunclear what percentage of the 2 to 18 million dogs
killed in the United Statesin anima shelters each year (Beck and Katcher, 1996) are
due to behaviora problems, but thereis clearly anecdotal evidence to support
uncontrollability as afactor in the decision to bring adog to an anima shelter.

Clicker trainers dso disagree about the removad or fading of the clicker sound

(Wilkes, 1995; Ramirez, 1999; Spector, 1999). Some fed the clicker sound must
away's be present, while others adopt a* crossover” gpproach, trangtioning into more
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traditiond training techniques after using clicker training to shape and mature the
trick.

Further ideologica differences center around the use of continuous versus variable
reinforcement, and the associated practice of jackpotting — giving the dog an
occasiona huge reward -- “Extras for Excellence’(Wilkes, 1995).

These debates focus on the implementation of clicker-training and are a heathy
component of any deveoping scientific methodology (Kuhn, 1962). Even though
trainers differ about how to implement clicker training, al are working within the
clicker-training paradigm. All agree that clicker training and pogtive reinforcement
isan optima means for communicating intent to a dog and therefore an idedl method
for shaping new behaviors.

Thisthes's and associated artifacts fully accept the clicker-training paradigm and
explore the use of clicker training in settings where dog and owner are not co-located.
But we do not add to or comment on the debates within the clicker training
community. We are building devices that dlow the clicker training paradigm to be
performed remotely. We do nothing to indst on any particular implementation. We
amply provide the tools and methodology for remote clicker training. It isup to each
trainer to decide what to say, when to click, and when to treat.

Although we have not created any averson devices, nothing in ether the technica
implementation or desgn methodology precludes the use of aversve simuli, such as
citronella spray, mild electric shock, or startling noise. But building such devices
would be an implicit endorsement of their use, whereas omisson dlows usto remain
neutrd.

It isour intuition that canine behaviord problems should not be dedt with remotely.
Behaviord shortcomings are a delicate issue best resolved in a co-located situation
where both dog and owner have full benefit of dl nuances of faciad and body
expression, odor, sound, and especialy touch. Rover@Home has is not intended to
treat, diagnose, or remedy any condition that is best addressed by a qudlified
professond canine behaviora consultant.

3.9 Clicker Training as Dog-Human Communication

Clicker-training creates a communication pathway between human and dog. The
click becomes a precise means for the owner to communicate intentiondity to their
clicker-trained dog. Properly administered, the clicker sound gives the dog the
following two pieces of unambiguous information:

Event Marker: What exactly the dog did to earn the reward. The clicker
marks the exact point in time of optimal behavior rendition.

Behavioral Transtion: The above behaviora feedback aso signasthe trick
isover, come get your reward. Some clicker trainers use the click to mean:
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“getting close, kegp going,” but this message conflicts with the click asa
predictor of reward (Spector, 1999). How can adog both continue a trick and
come and get areward? Asa conditioned reinforcer, the click must be
temporally associated with atreet to retain meaning.

Morgan Spector succinctly states the communicative ability of the clicker in his book
on dicker training:

“ ... [clicker-training] restson atraining ‘bargain’ between you and
the dog. Simply stated, you say to the dog, ‘Y ou give me what | want,
and I'll give you what you want.” The training process then becomes a
dialog between you both. The dog looks to you for direction
(information about what you are asking for) and confirmetion (that the
dog gaveit toyou). Itisyour job to be clear, consistent and far.

“The click sound made by a hand-held clicker isthe primary way that
you ‘tak’ to the dog in the training process. It works because you
consstently deliver what the click promises, so the dog becomes
comfortable with its unambiguous message’ (Spector, 1999).

Much dog-human interaction, especidly with training, revolves around praise.
But praseis doppy information. Praise builds esteem and confidence, but it
does not provide the dog with knowledge about what specificaly it did to earn
areward. Praise can be the unconditioned stimulus associated with clicker
training, but it is hard to make it information. Clickersareided at conveying
precise information that is the foundation of adidog.

A popular joke with clicker trainers says tha the human thinksit istraining
the dog, but the dog thinks it istraining the human. Thedog asks “what do |
need to do to get this silly human to give me atreet.”

3.10 Clicker Training as Computer Interface

Severd features of clicker training make it ided for use in a setting where dog and
owner are not co-located. The modes of interaction between dog and owner are
highly ritualized, and are amenable to tranamisson over adigitd medium. Thereisa
large ingtalled base of clicker-trained dogs that are aready prepared for
Rover@Home.

Most importantly, clicker training does not fundamentally involve contact between
dog and human. In fact, versons of clicker training which most closely adhere to the
origind works of B.F. Skinner highlight the importance of not manipulating the dog.
Only if the animd is dlowed to discover the behavior onits own will it leern (Burch
and Bailey, 1999). Physicdly moving the dog into position is viewed as “cheating”
and contrary to the learning process. While most clicker trainers are more relaxed
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about this dictum and actively pet their dog as areward, being able to congtantly
touch adog is not afundamenta component of clicker-training.

Odor 2
""" Face / Body Pose ",
Physical Presence . ’

*
o
o
*

Luring

Verbal Praise

Fully transmitted
Limited transmission
-------------- Not tfransmitted

Figure 3-7: Communication modes between dog and human using clicker
training. The solid lines (green) are reproduced with Rover @Home, while the
dotted lines are lost when the computer mediates the interaction (red). The
dot-dash lines (yellow) are only partially reproduced.

3.10.1 Human to Dog Communication

The owner’s primary means of communicating with the dog is through the precise
deivery of adlicking sound. Thisisthe signd that tdlsthe dog its owner is pleased
and the dog is about to receive afood reward. Delivery of afood treat is another
mode the owner uses to communicate with hisdog. Verba praise dong an audio
channd isathird mode. All three of these modes are easy to control over aremote
network.

The owner dso communicates with the dog through luring, ether with their hand or
with atarget sick. Unlike remote delivery of clicks, food, and verba praise, arbitrary
moationsin three-dimensiond pace are not easy to implement. But while luring to
any object dong any path isdifficult, subsets of luring are possible. If the god of
luring isto give the dog a clue as to the desired behavior, then flashing lights and
sudden sounds are sufficient for many task domains.
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Our hypothessis the absence of fully generdized luring will impair the dog' s ability
to learn completdy nove tricks, but will have a diminishing effect as the desired
behaviors become more familiar. 1n the absence of novelty, luring becomes dmost
unnecessary. A dog that knows how to St should be able to it without any luring a
dl.

The owner dso communicates through display of visua cues. Many owners believe
their dogs are responding to verba cues, when, in fact, they are responding to subtle
hand signals or body cues (Ramirez, 1999; Spector, 1999). If the intent of clicker
training isto prepare adog for remote interaction, it becomes important to avoid
superfluous movement so that the dog truly learns the importance of the verba cue.

Andysis of clicker-training videos shows that during clicker training sessions, dogs
are primarily focused on their activity and not looking & the trainer (Pryor; Wilkes,
1995). Dogslook at their trainers between tricks, when expecting rewards, and when
frustrated. But in generd, while discovering new behaviors, dogs seem primarily
focused on their own activity.

Olfaction isdso alikely component of the interaction between dog and owner. As
mentioned earlier, given the sengtivity of adog's nose, dogs very well may be ableto
gather information about the owner’s emotiona state through the redtime emission of
pheromones or other body secretions. Unfortunately detection and recondtitution of
odor is not technicaly feasble.

Findly, the owner communicates through physical presence. Even if the owner is
dlent and ill, the owner’ s existence in a shared space can be an indicator that a
clicker training sessonisin progress. This presence derts the dog to be expectant of
verbal commands, clicks, and treats, and not to wander off or be distracted.

3.10.2 Dog to Human Communication

When dog-human communication is sudied, asmilarly sraightforward interaction is
found. The dog communicates by performing the desired behavior. The owner
typicaly evauates acceptability by visudly inspecting the behavior and rewards as
gppropriate. Therefore, if the trick involves abody pose, avideo channd from dog to
human is essentid, and audio actudly becomes superfluous in terms of the owner’s
ability to competently eva uate successful trick completion.

However, if thetrick exclusvely involves vocd production on the part of the dog,
audio becomes fundamental and video becomes secondary. If an owner is content
only to train vocally oriented behaviors such as* spesk” or “whimper”, higher-
bandwidth video becomes superfluous and only audio is necessary.

In practice, though, owners are likely to want both audio and visud input. Video
without sound fedls eerie, and audio without video interferes with the owner’ s ability



to creste a sense of interaction with the dog. We believe owners want to see their
dogs, and hear the ambient sounds dogs make — even if these cues are not essentid to

the core interaction.

4 Design and Issues of Sample Implementation

4.1 Implementation

At Work |

Laptop runs web page containing

owner bo remately “click” and treat.

video stream of pet dog, and enables P

\Webcam leis
owner watch dog
during sessions.

Dog hears owner's
voice and clicker
sound through PC
speakers.

Cwvener releases
treats from feeder
wihen trick
performance is
acceptable

Figure 4-1: Minimal Rover @Home setup. More advanced version include
instrumented props which aid the remote interaction and help make it more

similar to co-located clicker training.

The minima Rover@Home sstup isoutlined in Figure 4-1. At the user’shomeisan

| nternet-connected computer with a webcam, PC speakers, and a custom-made food
dispenser. Thefood dispenser isthe only custom hardware in thisbasic setup. All
other components are off the shelf and can be obtained from avariety of vendors.
Microsoft NetMesting is used for the audio/video link between the home and remote
computers. The dog’'s computer runs custom software that serves aweb page
containing the controls for operating the Rover@Home equipment.

The remote or traveling computer has no specid hardware or software requirements.
The computer must have Internet Explorer 5.0 and Microsoft Net Mesting (which is
free to download and ingalled by default with Windows 2000). Therefore, any
recently updated Windows computer should be able to act as a Rover@Home client.
Thisease of use was an engineering cornerstone, included to make Rover@Home as
convenient and ubiquitous to use as possible. We want usersto be able to interact
with their dogs from avariety of locations, including work, client locations, friend's

homes, and Internet cafes.
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Care was taken to keep any dangerous voltages well away from the dog. All cords
attaching Rover@Home peripheras to the computer are standard 4-wire RJ-12 phone
cables, which are harmless to the dog if chewed and readily replacesble from awide
variety of sources such as Radio Shack.

Regular Internet
Explorer 5.0 or
better. Sorry,
Netcape not
supported

Undock
NetMeeting for

larger view ~

Clicker button

Alley-ocop - icon
animates when
dog touches alley

=10 x|

‘A Rover@home - Microsoft Intes

Edt Vew Favortes Took r”;-
: Address [ http: i/ buick media. mit eduy M.

:__@Back - = - G) [ ﬁsmh .
B

i

Web address of
Rover@Home host
(computer where
dog is located)

Microsoft
NetMeeting
window,
embedded as
Active X
controller

— Treat button

Provision to add a

oop. Pressing —

~ second alley-oop,

button activates T Tigoeed I Dol colored red
alley-oop lure. | | T2 | o
Auto click & [ R Jet
treat controls _ xl

[&] pone {2 Local intranst y
Figure 4-2: The Rover @Home web page used by the remote user. Any
computer with Internet Explorer 5.0 or greater and Microsoft NetMeeting
(free to download, installed by default on Windows 2000) can communicate
with the Rover @Home computer. Thanks to Scott Eaton for the graphic

design of thisinterface.

Figure 4-2 shows the Rover@Home web page the user employsto interact with the
user’sdog. Theuser typesin the URL of the home computer where their dog resides.
This can be either afixed IP address or aname that will be resolved into an IP
address. The custom software on the home computer serves the Rover@Home
webpage and establishes the Microsoft NetMeeting link.

The user can click and treat, just asin the co-located interaction. A video window
dlows the owner to view the dog. All controls provide visua feedback that the action
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has been taken. Furthermore, the treat icon displays awarning if the treat dipenser is
empty or was otherwise unable to release atreat. A mafunctioning treat dispenser
could eadly jeopardize clicker-training.

I nteractions with Rover@Home proceed very much like co-located dlicker training
sessons. Just asin co-located clicker training, the user initiates sessonswith afew
clicksand trests to “ charge’ the clicker. The user watches the dog in the webcam
window, and once the dog is properly attending to the clicks, the training on can
begin. The user speaks a command into the microphone, whereiit is played to the
dog. If thedog' s behavior is sufficient, the user clicks and treats. For instance, the
user would say: “sit,” and if the dog sits, the dog gets aclick and atrest.

Thered and yelow “dley-oop” buttons and checkboxes underneath are used in
conjunction with more advanced features, explained below. Alley-oops are props that
dogs are often trained to “touch,” which means they touch the tip of their nose to the
tip of the dley-oop.

A =

I,. = L
User speaks “ sit” into User watches in webcam User presses” click”
microphone. as dog performs sitting button to release click.
behavior (or sufficient
approximation).

° &
1 X

o e mAnA
User presses“ treat” User praises dog for job
button to release treat. well done.

Figure 4-3. Basic Rover @Home interaction.
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Multiple users can run concurrent Rover@Home sessions, but only the first user can
get video. Furthermore, if one user treets, the other user receives symbolic
information about that action. The states of al users control panels are kept
synchronized by the server software.

4.2 Implementation Issue: Potentially long latency

One of the most difficult aspects of clicker training, especidly for new trainers, isthe
careful synchronization of the dlick with the desired behavior. Missng the critical
moment by even a second is enough to confuse the dog as to the precise behavior that
elicited the click and associated reward. It isvery important to click at precisdy the
moment of optimal behavior. Many novice trainers intellectudize and even discuss
the dog’ s behavior before issuing a reward, losing the moment and rewarding the
incorrect behavior.

Network latency on the Internet (or any shared network) only compounds this delay.
Even near-ingtantaneous reactions on the part of an experienced trainer can
nevertheless result in adelay between trick performance and click ddlivery. By the
time the owner seeswhat the dog is doing, the dog is aready seconds past the trick,
and then it can take another second or two for the click and food to reach the dog.
Rover@Home needs to effectively ded with unpredictable network latency up to a
few seconds.

4.2.1 Theoretical Solution

Wha if the dog’s compliance could be determined by methods other than remote
human observation? What if the computer could be used to administer perfectly
timed clicks and treats? Instrumenting a dog is awkward and difficult, but monitoring
interaction with indrumented toys is quite feasible. Instead of visudly observing
obedience, the dog’s behavior can be inferred by its interaction with awired toy and
perfectly timed rewards delivered gppropriately.
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Figure 4-4a: Alley Oop detectstilt Figure 4-4b: Sgueaky Toy detects
Alley Oop © 2001 Gary Wilkes Squeeze
http://www.clickandtreat.com

Gary Wilkes uses an “aley-oop” (Figure 4-4a) device asaprop in histraning
regime. Alley-Oops are the first use of non-edible target in animd training (Wilkes,
2001). Dogs aretrained to “touch” thetip of the alley-oop, or “plunk” the base with
their paw. Other variations are certainly possible.

An dley-oop could be wired in severd ways. Mogt basic is atilt sensor that
determines when the dog is actualy moving the dley-oop. Thisisabinary “tilt” /
“no-tilt” signd that is unable to discriminate how close the dog is to the dley-oop or
how much it isdisplaced. More sophisticated sensing includes a proximity detector at
the tip that can give information about how close the dog isto the dley-oop. This
incrementd information is useful for shgping a“touch” behavior where the owner

sets athreshold and the computer automatically rewards the dog smply for
approaching the aley-oop.

Similar to the Alley-oops, squeeze toys fitted with air pressure sensors can trangmit
whether or not they are being squeezed. Dogs can be trained to pick up a specific
queeze toysin response to verba commands. When the dog grips the squeeze toy in
its mouth, pressure sensors will relay thisinformation to the owner. An example of
Sueeze-toy interaction would be * get pandd’ or “squeeze panda.”

An dternative to ingrumented toys is to ingrument the dog' s environment. A fixed
camerawith avantage of the dog's environment could feed into smple image

analysis software to determine the dog' s location through motion energy. When the
computer determines the dog's interaction is above an owner-set threshold, clicks and
treats are delivered.

The use of an insrumented environment or toy places necessary restrictions on the
behaviors an owner can train. For ingtance, with an ingrumented environment, tricks
such as“runincircles’ or “go to corner™ are easy problems for vison andyss, while
more standard dog tricks such as*“sit,” “paw,” and “down” would be significantly
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more difficult for today’ s vison anadysis software, especidly if there is no guarantee

of the dog's orientation and position in the room.

4.2.2 Implemented Solution

[# dago Chick
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I~ Triggered
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I Ao Tieat
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microphone It will automatically auto
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time alley-oop is displaced.
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...and the computer ... and treats.
automatically clicks...
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well done, just like before.
For the dog, thisis simply
a well-timed interaction.

Figure 4-5: Solution to latency and bandwidth. Computer automatically clicks and
treats when dog touches alley-oop. User still gives the dog verbal praise, decides which
behavior to work on, and how long the session lasts.

For thisthesis, only the aley-oop with the basic tilt sensor, and squeeze toy panda has
been implemented. In Figure 4-5 above, the three checkboxes under each aley-oop
control the automatic deliver of clicks and trests. When the “triggered” checkbox is
selected, the next time the dog displaces the dley- oop, the computer releases aclick
and atreat. The“triggered” checkbox is then automaticaly cleared to prevent the
dog from recaiving additiond trests for touching the dley-oop. Remember, the goa
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isfor the dog to only be rewarded if the behavior is preceded by averbd or other
unique command. Simply touching the dley-o0op is not good enough; the dog needs
to touch the dly-oop because he was told “touch.” The user needs to re-check the
“triggered” checkbox for each ingtance of “touch.”

If the owner s0 desires, he can automate either clicks or treats and perform the other
part manudly. The checkboxes*Auto Click” and “Auto Treat” control what the
computer does when the aley-oop is displaced.

The Rover@Home control panel dso includesa“Ping Host” button that timesthe
round-trip time of a packet of information. This gives a good gauge of expected
network latency. In practice, we have found latency to be anywhere from amost zero
to about one second.

4.2.3 Total Automation

While the computer controls the precise ddivery of clicks and treets, the owner ill
retains overdl control of the training sesson. The owner determines when to focus

on adifficult trick, when to move on to anew trick, and when to end the sesson. The
owner draws on his extensve knowledge of his dog's particular temperament and
learning style to customize each training sesson. Additiondly, dogs are extremely
sengtive to emotiond inflection in their owner’ svoice. Because verbd praiseislive
for each trick, it ishighly tailored for that exact Stuation.

A fully automated interactive clicker training system is definitdly an interesting
research direction, but it will not be pursued in thisthesis. The challenges of a
synthetic trainer than can learn the nuances of the dog’s moods and ddliver
appropriate motivational cues are tremendous, and deserve an independent research
effort. The god of thisthesisisto enrich the experience for both the owner and the
dog. We do hope, however, thiswork assists future efforts to develop a more
automated system.

4.3 Implementation Issue: Large Bandwidth Requirements

The use of video requires ardatively large amount of bandwidth. For home users,
this means at least a clean 56k, and most likely a cable or DSL connection. Slower
diaup connections smply do not support the video resolution necessary to support
interactive dog training. Most current generation Internet-enabled handheld devices
arewd| below the minimum bandwidth cutoff, with maximum data rate typicaly not
higher than 19.2k baud™°.

The ingrumented toys developed above provide an eegant solution to augment or
replace a video sream. By tranamitting symbolic information about the insrumented

10 Figures taken from wireless Palm VI,
https://store.palm.com/Catal og/ProductDetail sChild.asp?ProductNr=3197
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date of the toys, the owner can infer what the dog isdoing. In the implementation of
the dley-oop, the dley-oop icon animates back and forth when the dog touchesiit.
Therefore, owners do not need to actualy see their dog touching the aley-oop, they
can reliably determine this from their Rover@Home control panel.

Taken to its exireme, these insrumentations could potentialy remove the need for
video. Thiswould dlow Rover@Home over lower-bandwidth |ow-resol ution screen
devices such as wireless PaAms or web-enabled cellphones. An areaof future
research would be to investigate the degree to which video could be removed and
Rover@Home 4till provide a meaningful interaction.

Figure 4-6: Inthe future, this man will use his
web-enabled cellphone to interact with his dog
over a 19.2 k baud connection.
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4.4 Implementation Enhancement: Luring

Figure 4-7. Alley oop
instrumented to overcome
issues of latency, badwidth,
and luring. LEDsand
beeper can be remotely
activated to attract dog’'s
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Wilkes
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As mentioned before, arbitrary luring in three-dimensionad space is beyond the scope
of thisthess. But luring to one of the aley-oop or squeeze toys described above is
quite possible. An dley-oop or squeeze toy fitted with lights and / or noisemaker can
be remotely actuated, just like the treat dispenser. Thiswill attract the dog's
attention, which is abehavior that can be clicked and rewarded. Successive iterations
of lure— click — treat can teach the dog to look at the desired object. It is hoped this
interaction can be shaped from “look-at” to “touch” by requiring the dog to take steps
towards the object in order to receive areward. Naturd curiosity, combined with a
clicker-trained dog's desire to explore new behaviors might be sufficient to entice to
dog to approach the target object.

Furthermore, it is hoped that after a dog has learned to touch afew different props by
following flashing lights and pulsing sounds, it will be able to generdize that

flashings lights and sounds means “reward for gpproach.” Thisis an interaction that
can be strengthened in a co-located setting.

Luring, however, is somewhat vulnerable to the latency and bandwidth requirements
outlined above. Because a firdt the interaction with the prop is nothing more than a
gaze, machine evauation is difficult. And because this gazeislikely very short
duration, precise dicking is essentid. Alley-oops with proximity sensors can detect
changeis distance from the prop, but they cannot determine gaze or stance.

Instrumenting the props to detect eye gaze through optica eva uation of retina
pigments or corned reflection is technically possible, but outside the scope of this
thesis'*. This sensing would alow the computer to determine glancing at the object,
and automaticaly reward thisfirst step towards “touch.” Successve gpproximations

1 The ‘red-eye: phenomena associated with flash photography is the basis of an effective gaze
detection module.
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could be evauated by combining eye gaze detection with physicd location in the
room, either through proximity detectors on the toy, or afixed cameramonitoring the
entire room.

For thisthesis, an dley oop with atilt sensor, LED array and beeper was constructed
(Figure4-7). Also constructed was a wirdless squeeze toy that could be remotely
triggered to emit a panda- bear like sound.

4.5 Implementation Issue: Poor Timing

Most new clicker-trainers require time to learn the subtle art of clicker training. They
need practice to ddiver well timed clicks, aswdl as learning what motivates their
dog, and how long their dog is likely to remain interested and focused in clicker
traning. Rover@Home is amply a computerized interface to clicker-training. It
does not teach clicker-training, but dlows aremotely located clicker-trainer to
perform asmilar interaction at adistance.

Computerized control of insrumented toys dleviates some of the burden of accurate
timing, but the trainer till hasto direct the overdl route of the clicker-traning
sesson. Trainers who cannot perform thisin co-located settings will likely have
amilarly disgppointing results with Rover@Home. Rover@Home competency il
resdesin the origind task domain of clicker-training.

5 Results

5.1 Modes of Evaluation

5.1.1 Human Reporting of Dog Interaction

Subjective words such as“enrich” and “meaningful” are extremdy difficult to gpply

to animas. How can humans determine if their animas do indeed “enjoy” or are
benefited from the devices we have built? Perhaps the easest way to determine the
vaue of Rover@Home for dogsis to ask dog owners. Because we are working with
pets, and not wild animals, we can expect the human to be a guardian who not only
feeds and cares for the animal, but dso has the ability to articulate what the human
sees asthar pet’sinner menta date.

Clinton Sanders, in his sociologica book on the relationship between humans and
dogs, doquently states. “Because the animal is*mute’, caretakers often find
themsaves in the Stuations in which they mugt * speek for’ their nonhuman
companions. In so doing, they make use of arich body of knowledge derived from an
intimate underganding of the anima-other built up in the course of day-to-day
experience. Dog owners commonly give voice to what they perceive to be their
animd’s menta, emotiond, and physica experiences.” He does not seem troubled
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that hisinsights into dogs come from the mouths of their owners and takes these
evauations at face value (Sanders, 1999).

Because our triads have been mostly exploratory, owner reporting is our primary
method of evauation. We assume owners advocate in the best interest of their pets,
and would not praise a device that causes their dog distress or harm.

5.1.2 Professional Evaluation

We also dlowed professona dog trainers to use Rover@Home and record their
opinions. These experts have the experience to provide ingghts into the unknown
behaviord effects of devices such as Rover@Home. Dog training experts aso can
articulate technological and design improvements.

5.1.3 Correspondence With Co-Located Activity

We can completely avoid thorny issues such as anima enjoyment, and smply show a
behavioral correspondence between co-located and remote interactions. Instead of
evauating whether or not Rover@Home is aworthwhile activity, we Smply show

that it crestes an interaction Smilar to clicker training, upon which it was based. We
leave it as alegp of faith on the part of the owner, that their dog enjoys clicker
traning. We make no clams asto whether or not the dog “enjoys’ being clicker
trained, and avoid the debate of anima consciousness. We smply show the degree to
which Rover@Home reproduces clicker training in aremote setting.

To some degree, the methodology section of this thesis has been concerned with this
endeavor. We have taken pains to show the modes that are reproduced in
Rover@Home, and the modes that are lost. We then attempt to analyze the effect of
these omitted modes on the overdl interaction. None of this andyss rests on any
assumption of enjoyment or pleasure.

5.1.4 Physiological Metrics

The most quantitative evauations are physiologica. Measuring data such as gaze,
ear dertness, blood pressure, wags per minute, or stance can be interpreted to
represent an emotiona sate. These are aso useful for determining correspondence
between co-located clicker training and Rover@Home.

We do not explicitly record physiological data, but expect observable canine features
are qualitatively incorporated into professond and owner evauations. An evauation
of fear, for example, isin large part based on observations of body pose and
respiration rate.
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5.1.5 Elimination of behavior problems

Dogs subjected to socid deprivation exhibit the same emotiond problems as humans
in smilarly stressful Stuations (Beaver, 1999). Acting out behaviors such as chewing
or urination become more commonplace in these Stuations. Many owners ae
these incidents with coming home late or weekend trips away from their dog.

Demondtrating that Rover@Home eliminates these behaviors would reinforce our
assertion that Rover@Home successfully creates arewarding socid interaction. If an
owner could continue to work late, but measurably mitigate behaviora problemswith
afew daily Rover@Home sessions, these data would imply Rover@Homeisa
meaningful interaction for the dog and an effective socid subdtitute.

Although the high degree of measurability of this evauation method mekesis
powerful, it is difficult to understand how it will generalize to dogs without
quantifidble behavior difficulties Elimination of pathological behaviors does not
necessarily imply hedlthy dogs will amilarly benefit.

Findly, thereisthe ethical component of asking adog owner to continue a pattern of
socidly isolating their dog in order to attempt an experimentd trestment.

5.2 Clinical Trials

We performed two types of clinicd trids. Thefirst were severd sessonswith
Sydney, a3 /12 year old neutered mae Silky Terrier and his owner Bruce. The
second type of trials was one-day trids a Gemini Dog training center of Littleton
M assachusetts.

5.2.1 Trial 1: Sydney and Bruce

Figure 5-1; Bruce(left) using Rover @Home with Sydney(right). Sydney is
“touching” the alley-oop in response to Bruce's vocal command. Note the
feeder on top of the red box in the upper left corner of the picture. The
webcam s placed on top of the feeder.
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Sydney came to Rover@Home with 2 %2 years of clicker-training experience. We
performed four sessonsin Sydney’s home over the course of nine months. Al trials
used two computers directly connected by aloca area 10 Mbit Ethernet connection.
For dl trids, Bruce wasin one room and Sydney was in another. Normal
conversation and vocal commands could be heard & an attenuated level from one
room to the other. Because of network delay, Bruce's verbal commands would be
produced by the PC speaker with about ¥ second delay. The rooms were totaly
opticaly isolated — Sydney’ s only sense of Bruce's presence was audio (and perhaps
smdl). Sydney had been clicker-trained in this room prior to Rover@Home, so he
was not only familiar with the surroundings, but aso familiar with being clicker-
trained in these surroundings.

Unless otherwise noted, only Bruce and Sydney were present at these sessions.

5.2.1.1 Session 1: October 2000

Figure 5-2: Med-Associates feeder (left) and enclosed in tamper-resistant
case (right). Use was discontinued because of large size and stutter noise
frightened dog. Shown with clicker for size comparison.

Thisinaugurd session used acommercid feeder from Med-Associates encased in a
large blue tamper-resistant container (Figure 5-2). The largeness of the feeder,
coupled with the stuttering and grinding noise it made while emitting food Sartled
Sydney and the sessions were discontinued.

This early verson of Rover@Home also included alight to be remotdly activated

indicating: “sesson in progress.” Thiswas intended to replace some of the sense of
presence missing in the remote interaction.
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5.2.1.2 Session 2: October 2001

For this sesson we constructed a custom feeder. It was much smdler in Sze, used
transparent plastic alowing the dog to view the contained food, and made a quieter,
more even noise. Sydney was accustomed to the feeder over two evenings. Bruce
performed norma co-located clicker-training sessons, but used the computer to
deliver clicksand treets. Thisfamiliarized Sydney with the unique timbre of aPC
Speaker rendered clicker sound, and obtaining food not from Bruce, but from the
feeder. We dso diminated the light because of technicd difficulties.

After afew iterations of clicking and treating, Bruce did some smple tricks such as
gt, down, and touch [the dley-oop]. All trick evauation was visud, through the
NetMeeting video window.

The session lasted about 15 minutes. The session was not videotaped or observed by
any third party. Bruce reports Sydney responded to the verbal commands and his
behavior was consstent with a co-located clicker training session. We considered
thistrid a success.

5.2.1.3 Session 3;: December 2001

This session was the same setup as the previous session, and was filmed by a
professond cameracrew for Scientific American Frontierswith Alan Alda. The
crew consisted of Alda, a cameraman, sound engineer, producer, and production
assgtant. Researcher Ben Resner was aso present. Sydney wastold to Sit, down,
and touch as before. Again, his behavior was reported by Bruce to be congstent with
his co-located clicker-training behavior.

We adso included the wireless squeeze toy panda pictured above. Bruce made severa
attemptsto lure Sydney to the panda by activating a digital sound chip embedded in
the panda, and rewarding as Sydney increased interaction with the panda. Thiswas
the first use of acoustic luring. Bruce reports Sydney responded to the sound of the
sgueeze toy and began to pick it up on cue. The sessions with the panda were
discontinued after Sydney repeatedly removed the electronic innards. Given
Sydney’ s generd interest in plush toys, it was unclear if Sydney was actudly learning
any asociation between the verba command “panda,” or just exhibiting his natura
interest in plush toys.

5.2.1.4 Session 4: January 2001

Again, this was the same setup as before, but without the electronic panda. This
sesson was aso filmed for archival purposes. The videotape clearly shows Sydney
responding to sit, down, and touch commands. Furthermore, Bruce reports Sydney’s
orienting towards and attending of the feeder was smilar to how he responded to a
person. Sydney would remain relatively motionless and attentive while awaiting
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commands, and only moved in response to avoca command. This sesson included
researcher Ben Resner.

This atentiveness clearly demongtrates Sydney’ s ability to recognize and respond to
voca cues when coming from outsde the room. Sydney was also able to generdize
from ared clicker and hand delivered treet to adigitally sampled clicker and machine
delivered treat. Aiding this generdization isthe fact Sydney is used to being clicker
trained in the exact environment where the Rover@Home testing took place.

It isimportant to reiterate that Sydney could hear Bruce's commands from the other
room about ¥4 second before they arrived over the spesker.

5.2.2 Trial 2: Gemini Dog Training Center

Figure 5-3. Gemini Dg training sessions. Paul using the interface (eft), and Steiff
“ plunking” 12 the alley-oop (right). Note the feeder behind Seiff's head.

We ds ingdled Rover@Home a Gemini Dog Training Center, Littleton MA.
Three professond dog trainers used the system with four dogs over the course of
three hours. Both dogs and trainers were videotaped, and trainers were asked to
narrate their experiences. The trainers were given a brief introduction to the
Rover@Home interface. All sessons started with afew iterations of clicking and
treeting with the trainer in the room. Beyond this, the sessions were unstructured,
dlowing the trainers flexihbility in improvising an gppropriate course of action. All
dogs had been previoudy click-trained.

The dogs were placed in one room, and the trainersin another. The rooms were
acoudtically isolated at norma conversationd levels. Ydling and other loud noises
could be heard from one room to the other.

The trainers used a 900 MHz Dédll Inspiron and the dogs had a 650 Mhz Sony Viao
Laptop. The two computers were directly connected via a 50-foot crossover Ethernet
cable. The Rover@Home setup included the feeder, PC speakers, and webcam. The

12 By convention, “plunking” or “bonking” generally means touch the base of the alley-oop with a
paw, whereas “touch” means touch the tip with the nose.
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setup aso included an dley-oop wired with atilt-sensor and optical/audio lure placed
on the sem, right below the tip. Similar to the setup with Bruce and Sydney, there
was gpproximately a %/ second audio transmisson delay.

Attending the sessions were the trainers mentioned below, researchers Ben Resner
and Bruce Blumberg. Also present was Spencer Lynn, avisting Media Lab Graduate
student from the department of Ecology and Evolutionary Biology a Universty of
Arizona. At different points during the sessons other trainers would come and go,

but the mentioned trainer drove each session for the entire time.

5.2.2.1 Session 1. Lilly, Boston Terrier, 7-8 yearsold, spayed female

Trainer: Janet

Lilly was skittish, and the feeder frightened her. She would est the food from the
feeder, but only tentatively, and nervoudy atending to the feeder the entiretime. She
became a bit habituated to the feeder after afew cycles of clicking and treating, but
never got closeto performing tricks. Lilly had exaggerated displacement behavior —
she would get sartled, runin circles, lick hersalf, bark, and then eat the dispensed
treat crouched in aflight postion. Lilly would have required severd sessionsto fed
comfortable with the feeder. Lilly was dso the only dog to actudly paw the feeder.
This behavior suggests that despite her fear, Lilly understood alink between feeder
noise and treat ddlivery.

We made afew attempts to get her to perform with the trainer in the other room, but
gave up after it was clear Lilly would require much more time over many sessonsto
fedl comfortable with this new context.

5.2.2.2 Session 2: Elliot, Miniature Black Poodle, 18 months,
neutered male

Trainer: Janet

Elliot isamuch braver, more curious and animated dog. It only took one or two
clicksfor Elliot to overcome any fear of accepting treats from this mysterious
dispenser. When we attempted remote training sessions, Elliot became much more
interested in the feeder than any vocal commands coming out of the spesker. Hewas
too excited about this strange feeder object to attend to any of the stimulus coming
through the speaker. He was not considering the PC spesker as a source of
information. After afew trieswith Elliot, we gave up.

5.2.2.3 Session 3: Steiff, Jack Russell Terrier, 16 months, neutered
male

Trainer: Carolyn
Seiff had aparticularly solid clicker-trained background, so we were optimistic. But
Steiff seemed largely to ignore his owner's voice coming over the speaker. When |
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briefly entered the room to change the tape on the camera, Seiff made play overtures
with abdl asif he were dl done and nothing ese was going on. This behavior is
incong stent with how Steiff would react to a stranger’ s entrance during a co-located
clicker training sesson.

Steiff had been trained to interact with the Alley-oop in two different ways. He could
"touch" which means touching his nose to the bal on the top, or "plunk,” which

means touch the base with his paw. One of hisfirs commandsto "plunk” produced
the behavior, but directed at the feeder, not the Alley Oop. Unfortunately we failed to
reward the behavior and by the time we redlized our error, the behavior had
extinguished. It would have made sense to reward the behavior, even if directed at a
different object, in order to maintain enthusasm with the sesson. The fact Seiff
displayed the plunking behavior shows he has the physiologica mechanismsto
understand vocal commands from the PC speaker, and can a least partidly generdize
from his co-located training experience to this new remote context. Had we been
more prepared for this behavior and rewarded it we may have been able to strengthen
it. A biglessonisfor trainersto be very prepared to reward anything that's the least
bit amilar to any behavior the dog dready knows.

5.2.2.4 Session 4. Daria, Burmese Mountain Dog, 9 months, intact
female

Trainer: Paul

Daria had the mellowest persondity. She seemed to balance Lilly's skittishness and
Elliot's kineticism. Darias owner Paul did not gart right off with drills. Insteed, he
would click, treat, and then say: "find the biscuit” or "find the cookie." His command
to the dog was very smple -- obtain the treat from the dispenser. Instead of usng the
treat as areward for another behavior, the treat was the reward for finding the treat.

Paul talked about "charging the spesker.” Clicker trainerstak about "charging the
clicker" which means doing severd rapid sequences of clicking and tregting. This
builds up (charges) the association between clicking and treating, and highlights the
clicker as highly rdlevant behavioral simulus. Paul was doing the same thing with
the computer speaker. Because NetMeeting uses various compression schemes to
optimize audio transmission, combined with the fact the PC speakers do not have a
full frequency response, what the dog hears may not sound &t al like the owner's
voice. But if the speaker can be "charged,” the dog can learn to pay attention to what
it hears, and respond asiif it wasthe owner. From our experience with Steiff's
plunking behavior, we know the dogs can parse sound information from the PC
Speaker.

This strategy seemed to be successful. Darialearned to sit and lay down, and did
severd cycles before losing interest and wandering off. Daria inserted a superdtitious
haf turn before each sit, which shows she was actudly learning a new behavior
instead of generdizing from an existing one. Dariawas dso the only dog to orient to
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the speaker. Thisindicates attentiveness to the speaker as a source of information
about the opportunity for a click and food reward.

Paul (the trainer) was the most comfortable with the Rover@Home setup. He was the
only trainer to operate the interface himsalf. The other two trainers gave vocd
commands while one of the researchers (Ben Resner) held the computer mouse and
pressed the buttons. This created obvious difficultiesin timing. Having the trainer

a0 operate the interface helped synchronize events.

Findly, Paul was the most comfortable talking to his dog through a microphone while
being watched by two people and videotaped. The verbal reassurance was likely a
positive factor, and helped create a sense of presence for Daria. The other two
trainers were more economica with their verba praise, reflecting their co-located

training philosophy.
5.2.25 Session 5: Stelff (repeat)

Trainer: Carolyn

Our success with Darialed usto try another session with Steiff, this time charging the
speaker before proceeding to more complex tricks. The second trid we did have
success with "down”, which is his default behavior -- thefirgt trick he learned, and
the trick he reverts to when he's not sure what to do. In contrast to Daria, Steiff was
gpplying previoudy learned behavior to the new context. Steiff'strainer Carolyn said
she fet Steff would have to rdlearn afew of histricks before he "got it" thet al his
previous clicker training appliesto this new context. Carolyn was optimistic Steiff
would evertualy generdize from co-located to Rover@Home.

5.2.2.6 Session 6: Sydney (Silky Terrier).

Trainer: Bruce

Thisisthe same dog / owner pair from thefirg trids. We wanted to compare
Sydney's performance at the dog-training center with how he performed in Bruce's
home. Thiswould give us some measure of scientific control. Thetrid was rushed
as Gemini clients were garting to come in to pick up their dogs from the daycare
Gemini runs. Sydney largely ignored the device and was distracted by outside noises
in the same way asthe other dogs. Bruce reports this distraction was in part because
Sydney was aware of Bruce being just outside the room and was angry and frustrated
a this partid aandonment. Furthermore, even though Sydney was familiar with
being clicker-training in the Gemini training facility, he had no experience being

trained in that particular office.

In summary, Sydney’ s behavior was much more consistent with the other four dogs
than with how he reacted in his home setting. This tends to indicate the setup at
Gemini was more digtracting to the dogs than a quieter, more controlled home
environment. Thiswas likdly sgnificant for al dogs at the Gemini trids
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5.2.3 Gemini Results Conclusions

The dogs seemed unexcited about the cat food we used as treats (Many dogs
view cat food as atreat — thisis hopefully not an example of apoorly
understood interface). Food is not mativationdly significant to dogs that are
overly disracted or not hungry.

The motor sounds seemed to be as much of a conditioned imulus asthe
click. For example, Lilly did not orient to the food until she heard the motor
sound. The click seemed unimportant — ambient clutter that contained very
little useful information. Thisis not necessarily a problem. Aslong as some
sort of precise means exists to mark the behavior, the clicker training concept
isintact. The motor Sarting is a sufficiently staccato signd to be an effective
event marker.

Although the dogs were curious about the feeder, none of them attacked it or
otherwise attempted to break into it. As previoudy mentioned, only Lilly
actudly touched the feeder, and only tentetively.

Although the dogs had a hard time generdizing from their co-located clicker
training to remote clicker training, the trainers had ahard time aswell. One of
the trainers asked aresearcher: “when should | click and treat?” Thistrainer
was told: “click when you would normaly dlick, and treat when you would
normally treet.” It took afew cyclesfor the trainer to redize the fundamentd
gmilarity between co-located clicker training and Rover@Home. Just asthe
dogs had difficulty generdizing, so did the trainers.

This shortcoming can be dleviated by alowing the trainersto first use the
Rover@Home interface in a co-located setting. Thiswill give them afed for
the interface, and give them aviscerd sense of the reationship between
clicking a button to reward, and the sound of the clicker and dispensing of
treat. Without this co-located experience, it was perhaps too abstract to click
on a button to reward their dog. Bruce (Sydney’ s owner) had the advantage of
seeing Rover@Home working in a co-located setting®®, so he had solid
reinforcement for the relationship between abstract mouse clicks and canine
rewards.

The PC speakers were originally placed about two feet apart for stereo
separation. We redlized this probably means nothing to a dog, and unplugged
one of the speakers turning the sound into more of a point source. This
seemed to help the dogs orient towards the speaker.

Additiondly, inexpensive PC speakers were used at Gemini, whereas

13 Bruce supervised the writing of this thesis, so was quite familiar with the development of
Rover@Home.
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expendve oneswere used a Bruce shome. Future trias should investigate
the importance of speaker fidelity for Rover@Home remote clicker-training
sessons.

All thetrainers talked to the dog asif the dog was aware of the source of the
camera. They would say thingslike: "get back in the picture’ or "l can see
your tal." At one point a Steiff went off-camera and then suddenly appeared
right in front of the camera. Everyone knew this was accidenta, but it was
funny nevertheless. While camera placement does not matter for the dog,

good camera placement seems to not only increase enjoyment for the owner,
but aso be an important factor in an owner’ s ability to determine trick
compliance as well as dog attention. Camera placement on top of the feeder is
probably the best place, because thisis a natura place for dogsto orient.

Optimal camera placement was problematic a Gemini. The layout of the
room was such that no one location was both accessible and provided aview
of the entire room. This contrasts to Bruce' s home where the camerawas
placed againg awell in such away Sydney would naturdly orient towards the
camera and could not easily go out of view.

Additiond solutions are to employ amovable camera or multiple cameras.
While technically feasble, we fed thisis an unnecessary complexity.
Additionaly, the motorized sound of a moving camera could potentialy
digtract and / or frighten the dog.
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Figure 5-4: Comparison of floor plans at Bruce's home (left)
with Gemini (right). At Bruce' s home, the camera is placed
such that Sydney will not generally be out of view. This
contrasts Gemini, where the dogs often went out of camera view
to investigate noises coming from the doors.

View frustum of camera is designated in gray.

One of the trainers suggested including a punisher such as an automated
Sorayer. The owner could release treats and then punish the dog for egting the
treat without waiting for averba “eat” command. Thiswould force the dog

to attend to the speaker as an information source about when food can be
consumed. This could aso extinguish any interest in Rover@Home.

6 Discussion

While actud testing was brief and informal, it tends to support our hypothesis that
Rover@Home successfully reproduces enough of the clicker-training interaction to be
asmilarly rewarding experience for owners. Owners report their dogs ether respond
favorably to Rover@Home, or are confident they would if given sufficient exposure.
None of the dog owners expressed reluctance towards using the device, or in any way
felt Rover@Home posed a hazard to their dog.

An unexpected result was the need for increased emphasis on owner training, and
giving the owner time to become familiar with the interface. Jugt as the dog needs
time to generdize from co-located to Rover@Home, so does the trainer.
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6.1 Future Trials

From our present experience with Rover@Home, a methodology for introducing new
dog/owner pairs to the device can be developed. This appliesto both in-hometrids
and trids a indtitutiond locations such as Gemini Dog Training Center. This
methodology assumes dogs are dready clicker trained, but will likely work just as
well with non-clicker trained dogs. Each step will smply take much longer. But no
fundamental changes for dogs unfamiliar with clicker training are necessary.

6.1.1 Design Changes

In amagjority of cases, clicks are followed by trests. An “click and treat” button that
does both with one press would smplify the interface for the human, and perhaps
optimize timing for the dog. We il give the human the ability to dick without
tresting and trest without clicking.

Furthermore, in light of the fact dogs seem to attend to the starting of the motor asthe
conditioned stimulus, collgpsing the click and treet into one signd could provide
clarity for thedog. Futuretrids should investigate this change as well as diminating
the clicker entirely and only using the gtart of the motor as the conditioned stimulus.

In this case, it would be nice to have some means of starting and stopping the motor
without actudly releasing atregt o trainers can offer the conditioned stimulus

without the associated treat.

6.1.2 Setup

Spend some time investigating the dog' s favorite feeder-compatible treats. Place the
feeder in corner of room with camera on top of feeder. Thetop of the feeder isthe
ided vantage point for the human, and placement in a corner makes sure dog cannot
go off-camera. Use only one speaker placed close to the feeder. With this
arrangement, the speaker, feeder, and cameraare dl very close. Dogs attending to
either the speaker or the feeder appear to be gazing at the owner.

6.1.3 “Charge” the Feeder

Do some co-located clicks and treats with the feeder until dog understands
clickg/motor arting is an indicator of treet. Do thisuntil dog isno longer Sartled at
feeder. Could potentidly take severa sessons and much trainer reassurance. The
feeder is charged when the dog orients towards the feeder in response to a click.

6.1.4 Do some co-located clicker training

In a co-located setting, run through some of the dog's strongest tricks with clicks and
treets coming from the computer instead of the trainer. Thiswill aso accusom the
trainer to the computer interface, and reinforce the trainer's ability to apply their
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clicker training acuity to the remote setting. It's not just the dog that needs to
generdize.

Asin co-located clicker-training, it isimportant for the trainer to keep the dog
interested in the training session through a reward schedule that motivates the dog to
work.

6.1.5 “Charge” the Speaker

Thisisthe firs remote dog-human interaction. Get the dog used to hearing avoice
coming from the spesker. Thistrains the dog that sounds coming from the speaker
indicates the opportunity to perform abehavior that can earn areward. Charging the
gpeaker conssts of the following three steps:

(@ say: "find thetreat” / "find the cookie" (or smilar enticement)
(b) click
(c) treat

Thisisadifferent order from how Paul "charged the speaker” (he did click-treat-
goek). By placing the verba command firdt, it initiates a series of events that
eventualy leadsto atreat. Even though Paul did have success, we fed this
arrangement will be even better. Stimuli occurring after the unconditioned stimulus
are lessmativationdly sgnificant.

The trangtion from co-located to remote interaction can optionally be broken down
into samdler steps where the owner is not completely acoudtically or visudly isolated
from the dog. Recdl that the sessons with Bruce and Sydney did not have complete
acoudtica isolation. This could have been afactor in Sydney’ s rdative ease to
generdize from clicker training to Rover@Home.

6.1.6 Train behaviors

Start with the dog' s strongest tricks. Trainers should do their best to talk to their dog
continuoudy in order to maintain a presence. Provided the speaker has been charged,
dogs should aready be attentive to the PC speaker.

Trainers should be prepared to reward incomplete or dternative versions of existing
behavior in the interest of sustaining mativation. But thisis not just temporarily
lowering expectations, it entails being open to an dternative set of expectations. Had
we rewarded Steiff’s blonking behavior directed at the feeder instead of the aly-oop,
we may have been able to shape abehavior and sustain hisinterest in Rover@Home.
We were too focused on the actua behavior to spend time creeting enthusiasm about
the Rover@Home device.
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6.1.7 Project Owner Presence

We should experiment with other means of projecting owner presence beyond
constant vocalization. In some environments, constant chattering into a computer
microphone might not be gppropriate. Reintroducing the training light used in the
earliest working verson could be sufficient. We would expect optima results when
the light is dso illuminated during co-located clicker-training sessons. This
reinforces its meaning as “training in progress now — opportunity for human
interaction and treats.”

Another possible means to project owner presence is scent. Asdiscussed earlier, the
best “scent renderers’ are about equivaent to atape recorder that is either off or
repeating “I’'m thinking of you ... I'm thinking of you.” Thisisdl the information
necessary to project a sense of presence. If aparticular odor is always associated with
co-located clicker-training sessions, that odor could serve as a powerful cue towards
generdization for remote clicker-training. Because odor isunused in dl other parts

of the Rover@Home interaction, it presents an uncluttered sensory space for remote
digita control.

6.2 Applying HCIto Animals — Three “Gotchas”

During the Rover@Home design process, mistakes tended to be combinations of
three issues, which we discuss below. These gotchas are certainly a problem with
traditiona human-computer design, especidly with children, but are particularly
difficult to avoid when designing for animals. All three of these gotchas are variants
of careless anthropomorphism.

Anthropomorphism is mideading not just to interface designers, but animd trainers
aswdl. For trainers, anthropomorphism leads to making excuses for the animd, and
reinforcing for projected beiefs of the animd, not for actua behavior (Ramirez,
1999).

6.2.1 Gotcha 1: Giving Human Technology to Animals

Interfaces designers for animal's need to be careful not to take devices built for
humans and amply put them in front of animals. One needs to respect the fact that
tools gppropriate in a human task domain are not necessarily useful in a northuman
task domain. When searching for a remote interaction between dogs and humans,
video was an intuitive and dmost obvious first step. Nonverba communication
immediatdy makes most humansthink of video. Thisisamos certainly influenced
by the wide availability of video rendering devices for humans. The existence of
high-resolution information rich display devices creates an incredible temptation to
include video in an interface designed for an anima with visud acuity in the same
order of magnitude as a human. It was only after we examined canine physiology and
psychology that we redized present-day video technology would probably not be a
cornerstone of aremote interaction.
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To some degree use of human technology is unavoidable. Development of smilarly
sophigticated display devices optimized for anima vison iswell outside the scope of
thisthesis. If it were fdt that some type of ectronicaly reconfigurable display was
crucia, we would probably just have to make do with atraditional CRT or LCD
display and hope to optimize the interaction to make use of the sirengths of the
display with respect to the creature’ s ocular physiology.

6.2.2 Gotcha 2: Devices That Lead to Humanlike Interactions

This usudly manifests itsalf as the temptation to build devices that would leed to
funny or cute interactions from a human perspective. A common comic techniqueis
for an entity to behave in amanner beyond its accepted menta and physica
cgpabilities. Televison commercids are filled with toddlers talking about their
brokerage accounts or environmentally conscious performance sedans. People find
this entertaining because kids this age do not normaly discuss adult mattersin such a
matter-of-fact tone of voice. Other commercids show animasdriving acar or using
acredit card to buy mailorder dog toys.

Figure 6-1:
Everyone knows
dogs do not use
the Internet, yet
this now famous
cartoon has a
power ful
influence on
design
sensibilities.

When we describe
our work, thisis
what people think.

R s

STEINER FIOM CARTGONEANK.CUN, ALL RIGITS HESEHYED

© 1993, The New
Yorker Collection,
Peter Seiner,
From
Cartoonbank.com.

& THE NEW YORKER COLLEATEY e

“On the Internet. nobody knows you're a dog.”

When we describe our research, we often hear: “Wouldn't it be cool if your dog
could send email to its owner or surf the Internet.” Thiswould be entertaining to
humans, and would further a desire to devate animas to human status, but it is
incongstent with what animals want to do. The device needs to be good for the dog.
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It needs to ddliver something the dog actualy desires, not a projection of our own
desres. While adog could potentialy dert its owner of its desireto play by
activating a device that derts the owner through an email, it isnot redly fair to dlam
the dog is “usng the Internet” in any way smilar to how most humans “use the
Internet.”

Owners can even go so far asto train adog to use adevice in such away that is
amusing to ahuman. But that does not mean “the dog likesit.” The dog may seek
out theinteraction in the hopes of being rewarded, either with atreat, or with
increased socid interaction. But dl that has been shown isthe dog is physicaly
capable of using such adevice. Thereisnothing intringc in the device or interaction
that brings pleasure to the dog. It issmply a prop that mediates human-dog
interaction. Crestion of an artifact a dog enjoysis certainly not a bad thing, but one
needs to be careful to understand the true motivation behind any interaction,
especialy when attempting to learn from the interaction in order to make to more
generd or increase its appedl.

When searching for a suitable interaction between animas and computers, it took usa
while to redlize clicker training was the perfect established ritud. Clicker training has
no red analogue in humar+ human interaction™* and it does not involve fancy gadgets.
It was not immediately obvious that a 50-cent clicker held the key to remote
interaction between humans and dogs. It was only when we looked carefully at dog-
humean interactions as digtinct from human-human interactions that we redized the
power of clicker training.

6.2.3 Gotcha 3. Devices Uninteresting to Humans

It istempting to think that because animals are incapable of performing many human
tasks, they are smilarly incgpable of gppreciaing al human sophidication. This can
lead to “designing-down” to the perceived inferiority the animds. If adeviceis
uninteresting to a human, one needs carefully to consder why it might be interesting
to an anima. For example, if adevice produces an overly repetitive output, one
should question why an anima would not become bored of this same output when a
human mogt certainly would.

When we developed a music switcher for “InterPet Explorer,” an interactive
electronic environment for African Grey Parrots, Alex, a 25-yearl old bird, was
initidly using the device, but then his interaction dropped off after afew days. We
redlized his only options were the same four songs, over and over and over. No
wonder he became uninterested — without fresh content, he became bored. But we
did not redize this shortcoming until we evaluated the device from our human
perspective. Somehow, we thought that because the deviceis intended for abird, it

14 Operant conditioning, upon which clicker training is based, certainly exists among humans. But we
know of no human-human rituals that explicitly depend upon operant conditioning. Infact, explicit
behavioral control of children with operant conditioning is generally frowned upon.
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would be interesting in some way totaly unfathomable to humans. This shortcoming
was quickly remedied with the addition of live Internet radio streams.

However, one needs to be open to the possibility of the existence of adevicethat is
captivating to animals, but quite dull to humans. In the same way the televison series
“Tde-Tubbies’ isfascinating to one year olds, yet a complete mystery to most sober
adults, one need to be on the lookout for an interaction that might captivate our pets
even though it bores us. Being uninteresting to humans does not mean adevice will
amilarly be uninteresting to animals— but it could be, and for the same reasons. The
domain of interactions uninteresting to humans but compelling to dogsis the hardest
placeto look, and is perhaps the most fruitful. Asmentioned in the last section,
clicker-training was not immediately obvious as the bad's of a remote human-anima
interaction.

6.3 Analysis of Rover@Home as Co-Located Substitute

Steve Benford et d andyze remote interactive environments according to three
vaiables Trangportation, Artificidity, and Spatidity (Benford, Greenhadgh et d.,
1998). Wefind thisauseful framework in understanding Rover@Home and possible
optimizations. In our desgn of an asymmetric interface for human-anima
communication, we come up with smilarly asymmetric vaues for transportation,
atificidity, and atidity.

Trangportation is the degree to which the participants leave their loca space and enter
anew remote space. With Rover@Home the human leaves ther office computer and
entersthe world of their dog. The human'sfocusis on the video feed from the
location where their dog resides, not on their local surroundings. The owner seesthe
familiar furnishings of the dog' s present surroundings, and is trangported there. For
the dog, there is no transportation. The dog remainsin his home, and isgiven no
sense of the owner’s setting.  The dog has no indication of the owner’s location.

Artificidity is the degree to which the shared environment is synthetic. Immersive
virtud redity is highly synthetic in that the world rendered to the user istotdly the
cregtion of the computer. For the human, Rover@Home is very unsynthetic. The
environment the user observes is not computer generated, but most likely the owner’s
home. For the dog, however, the setting is more artificial. Even though the objectsin
the dog’ sworld are redl, the treat dispenser and computer-generated clicker sound are
gynthetic e ements compared to a live owner with amechanica clicker. To adog,
these artifacts are subgtitutions for human presence and therefore artificid. Just as
humansview aVRML (Virtud Redity Markup Language) 3D world as a synthetic
representation of the real world, the dog will probably respond to the feeder and
clicker sounds as variants of more familiar objects, and its behavior towards these

obj ects reflects non-synthetic experience.
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Soatidity isthefiddity with which the medium supports the ability to express
Cartesan reationships such as containment and orientation. The human observesthe
dog's surroundings and can therefore eva uate the dog' s location in its environment.
To alesser degree the dog has a sense of the owner’ s spatidity as expressed through
interaction with the instrumented props such as the aley-oop and squeeze toy. The
owner can lure the dog to a specific prop by activating its sounds or lights. By
changesin the dog’ s physica location or gaze through activation of a prop, the owner
can project presence in different parts of the room. Spatidity for the dog could easily
be enhanced with a computer controlled laser pointer accompanying commands such
as “over there” or “touch laser.”

In terms of audio, the dog has no sense of the owner’s spatidity. Thetested verson

of Rover@Home uses a single spesker and no video, yielding no spatia information.
The owner is completely unable to augment commands such as“over there” with
gpatia cues such as pointing or audio orienting. This begs the question of how
increased acoudtic and visua spatidity provided by stereo speskers enhance the dog's
participation in Rover@Home.

6.4 Is Rover@Home a “Tangible Interface?”

A common misperception of tangible interfaces is to think anything attached to a
computer that is not akeyboard or mouse isatangible interface. But thereisan
emerging intdlectud framework for evauating tangible interfaces (Ullmer and Ishii,
2000), and it is indructive to see how Rover@Homefits in this paradigm.

6.4.1 TUI Framework

Beow we andyze Rover@Home according the four principles for Tangible User
Interfaces as described in “ Emerging Frameworks for Tangible User Interfaces.”
(Ullmer and 1shii, 2000).

6.4.1.1 Physical representations are computationally coupled to
underlying digital infor mation.

When the owner clicksthe “treat” button on the interface, an eectronic ping is sent to
the dog’'s computer. This causes the computer to release atreat for the dog. If the
dispensed morsdl of food is consdered part of the interface, then Rover@Home
presents a clear example of digitd information (electronic ping) being rendered
through a physica device (food morsdl). We propose thisis the first example of an
“Edible User Interface (EUI),” which we introduce as a legitimate subset of the
tangible variety. The owner’s action is clicking a button, but the dog’ s perception of
this action isrecelving atredt.
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6.4.1.2 Physical representations embody mechanismsfor interactive
control.

Rover@Home uses very different mechanisms for input and output. The treat
dispenser, click sound, and speaker are purely output devices. The dog earns treats
through compliance with verba commands, not by any direct manipulation of the
treat digpenser or speskers. In fact, atypicad Rover@Home user will likely
discourage tampering with the dispenser by the dog. Therefore the physical
representations of input and output are quite distinct.

The wired dley-oops are perhaps closer to providing interactive control because they
have input and output sensors on the same device. But the inputs (tilt) and outputs
(flashing light / sound) are grictly either input or output modes. The lights flashing
does not change the nature of how the dley-oop inputs informetion; smilarly, the act
of being tilted does not change how the device flashes and beeps. With the current
dley-oop, thereis no means of interacting that treats it Smultaneoudy as an input and
output device.

6.4.1.3 Physical representations ar e per ceptually coupled to actively
mediated digital representations.

Let us consider the owner’svocal commands over the PC spegker to be adigital
representation of the owner, or & least the owner’ sintention. Generally, when
humansthink of “digitaly reconfigurable representation,” they think of video

displays, but because there is no video display for the dog, € ectronic reconfiguration
takes the form of a PC speaker. As pointed out earlier, we consider thetreat to bea
physicd representation of owner satisfaction. The dlick can actudly fal in either
category. Itisrendered by the speaker, but it is strongly linked to a physical device,
(infact, atest verson of Rover@Home used a solenoid to activate an actud clicker —
from the dog’ s perspective there is no difference between the two). The owner gives
the dog a command, and if the dog’ s behavior is satisfactory, the dog getsa click and
aphysica trest.
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Figure 6-2: The mechanical
clicker originally used in

Rover @Home. The solenoid
presses down on the orange
clicker. Because of the different
resonance of the box, this clicker
sounded different than when held
by a user’shand. For this, aswell
asreasons of simplicity, we
decided to instead render the
clicker sound through the PC
Soeaker.

The association between the physical representation (treat) and digita representation
(owner’svoice) is greater Hill if the treat is aso accompanied by verbd praise. This
strongly couples a physical morsd of food with a digitally reconfigurable acoustic
rendering of the owner’ s voice.

For Rover@Home to be effective, both the physica and digital channds are
necessary. The owner’s dissmbodied voice without any reinforcing stimulus does not
provide the dog with a channedl to respond, and atreat dispenser without
reconfigurable acoudtic rendering does not dlow much variaion in the interactivity.

6.4.1.4 Physical state of tangibles embodies key aspects of the digital
state of a system.

If we consider the dispensed food part of the interface, then each morsel consumed by
the dog represents a physica change in the dog's hunger. Thisin turn can affect the
motivational sgnificance of additiond treats. Asthe Rover@Home interaction
progresses, the dog becomes increasingly satiated, a physiologica effect that aters
the state of the interaction. By measuring the dog's hunger or motivation to earn an
additiond trest, auser can infer the duration of the Rover@Home sesson and the
success of the dog’ s ahility to obey verba commands.

Thisline of reasoning is open to debate. One could use thislogic to say a computer
monitor is tangible because it causes eye fatigue, which can be measured and
therefore used to infer the amount of time the user has been staring at the screen. Or
one could measure tendon strain to gauge keyboard use. These are both instances of
digital information (duration of exposure to device) encoded in physicd date
(fetigue).

We fed the concreteness of the food combined with the tangibility of caoric intake
separate Rover@Home from the above reasoning by a matter of degree. Agreed,
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there is no fundamenta difference between the two. But the cdoric intake represents
an intentiona and ddiberate change in the system, not an unintended consequence of
use. Keyboards and monitors are not designed to cause drain; thisissmply a
byproduct of their use.

6.4.2 TUI Analysis

While thereisa srong case for Rover@Home being a TUI, it fals short of full
indusonin the TUI framework. If the basis of the interaction were the dog
manipulating some type of device that could release food, thiswould bring
Rover@Home closer into the TUI redm.  In this scenario, the means of control (dog
correctly manipulating device) are closdly coupled to the physicd representation
(release of food).

Not to worry. Our goa for Rover@Home was not to design a TUI for adog. We
andyze Rover@Home as a TUI smply to understand the relationship between the
two, and the hope it will point us to design optimizations.

6.5 Rover@Home as a Ubiquitous Interface

From the dog' s perspective, Rover@Home is much closer to being ubiquitous
(Weiser, 1991) than tangible. In hisnow landmark 1991 article, Marc Weiser
predicts the trend in computing towards machines seamlesdy integrated into our
environment. The dog is certainly unaware of the existence of a computer mediating
theinteraction. While the interaction may be strange to the dog, the dog is unaware
where the computer ends and the real world starts. For the dog, it isall red world.
The computer is nicely hidden well outside the dog's awvareness. The feeder and
other Rover@Home props are specia- purpose devices designed to imitate, as closely
as possible, the real-world anal ogues the dog has become accustomed to.
Furthermore, Rover@Home alows the dog to perform a specific task — participate in
aclicker-training sesson.

Adapting computers for animas will probably follow this strategy. Genera-purpose
configurable devices will probably be too difficult for a non-human to learn (they're
difficult enough for many humansto learn). Single function devices designed for a
gpecific implementation are much more suited for the use by animals.

7 Applications

7.1 Operant Conditioned Interfaces

JR. Anderson suggests that learning unfolds in three stages (Preece, 1994)™:

15 From J.R. Anderson: The Architecture of Cognition, Harvard University Press.
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1. Cognitive Stage: Acquiring declarative knowledge reevant to the kill being
learned. Thisincludes memoarizing subtasks important to the overal goa

2. Asociative Stage: Integrating various bits of knowledge learned in the
cognitive stage into larger chunks. Thisis dso where many errors are
diminated

3. Autonomous Stage: The declarative knowledge of the previous two stages
become secondary, and the skill is reflexively performed without active

cognition

Rover@Home goes through these stagesin reverse. We start with the autonomous
conditioning of an association between food and aclick. Only after the dog has a
firm association between clicking and treating, does a user move to the more
cognitive e ements of the interaction — the dog figuring out what trick the owner
desires. Clicker trainerstalk about the anima “getting it,” when they figure out thet
clicker training is aguessing game of diciting the desired behavior (Pryor, 1984).
Dogs come to understand that clicker-training follows a higher-leve form where the
owner wants the dog to do something, and the dog hasto figureit out — and be
rewarded in the process.

Wendy Macaky et d crested a human controlled interactive character named “McPie’
used to shape human behaviors (Mackay, Svendsen et a., 2001). For thisingdlation,
an unsuspecting user and the character would interact, with a hidden researcher
controlling the character. The character attempted to get the user to touch his hands
above his head. When the user made hand motions above his or her heed, the
character would smile and gaze at the user. When the user made motions away from
his head, the character would look away and frown. In thisway, the user was
encouraged to perform the desired behavior.

Similar to how Rover@Home builds its foundation on principles of operant
conditioning the McPFie project is an example of applying these same principlesto
humans. We suggest thisis afruitful research direction. Instead of exclusive rdiance
on conscious cognition as ameans for training usersin new interfaces, operant drills
could be an efficient replacement to reading user manuas most users do not read
anyway. For ingtance, key combinations or Ssmple operations could be operantly
trained before any explanation of the interaction is explained.

For example, the PAm Pilot taught its custom “graffiti” pen input language not
through charts and diagrams, but by creeting a game that gave users the opportunity
to practice keystroke entry in atime-pressure situation.

7.2 Applicability to Very Young Children

Dogs are smilar to very young children in that they have a difficult time expressing
themsdlves verbdly to adults -- telephone mediated interactions with babies are
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generdly one-sided and unsatisfying. Just as Rover@Home as enabled interaction
with dogs through non-verba channds, it could point the way towards remote
interaction between very young children and traveling parents.

From the perspective of remote interaction, the main difference between dogs and
human babiesisthat dogs are typicdly left unsupervised during the day, while pre-
verbd children have congtant supervision. The expectation of adult intervention
while the baby is interacting with the remote parent could dramaticaly dter the
nature of the interaction, and create exchanges not possible in an unsupervised
Setting.

The methodology developed hereis gpplicable to svdl children -- search for a
ritudized interaction between parents and children that is amenable to transmission
over adigitd network. Aswith dogs, this mostly diminates touch, and will likely
emphasize Sght, sound, and interaction with instrumented props.

Similar to Rover@Home, aremote interaction with a very young child could very
likely center around some type of training or ingtruction. Parents spend a greet dedl
of time teaching their children labels such colors, shapes, anima sounds. Thereisno
reason for this interaction to be restricted to co-located settings. Instrumented
children’ s toys containing shapes and colors could be activated by a parent in
connection with verba reinforcement about object properties.

7.3 Consumer Product

Perhaps the most obvious gpplication of Rover@Home would be acommercid
product alowing consumers to interact with their dog while geographicaly separated.
As dated in the introduction, the pet market is strong and growing, and pet owners
have a strong desire to interact with their dogs while separated.

From atechnical perspective, Rover@Home faces smilar hurdles to those of the
home automation industry*®. L ong a science-fiction dream, the widespread
deployment of highspeed Internet connections is making home automeation once again
attractive to entrepreneurs and inventors dlike. Similar to home automation,
Rover@Home in acommercid setting facesissues of security and rdiability.
Ingtaling software and hardware that allows visud accessinto one' s home requires a
strong measure of trust. Asfar as home automation is concerned, once a connection
from an arbitrary computer to one’ s home has been made, usng Rover@Home to
interact with on€ s dog is technicaly smilar to controlling and monitoring any
homebound appliance. Therefore, Rover@Home makes an excdllent add-on to
differentiate otherwise Smilar home-automation services.

Rover@Home requires a broadband connection at both work and home. Of the 130
million U.S. Internet users (Gannett News Services, 2001), 33% have accessto a

18 http://www.xanboo.com
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broadband connection, either at work or a home (Arbitron Inc & Coleman
Associates, 2001). Of this broadband connected population, 15% have broadband at
both work and home (Arbitron Inc & Coleman Associates, 2001). Thistrandatesinto
6.5 million homes with the infrastructure necessary to run Rover@Home.

Furthermore, an additiona 2.8 million people have broadband at home, but not at
work (Kinetic Strateges, 2001), making them potentid users of Rover@Homein
remote environments other than the workplace. 1t is unclear how broadband
connectivity and 60% of dog owning households overlap. A linear overlay would
yeild 3.9 million dog owners capable of running Rover@Home.

7.4 Pets and Health

Thereisastrong link between pet ownership and hedth (Beck and Katcher, 1996).
Friedmann et d have shown increased survivd rates for pet owners one year after a
coronary care unit (Friedmann and Thomas, 1995). Similar studies have increased
aurvivd rates for other allments. 1t follows to reason this effect would only increase
if patients could interact with their dogs while till in the hospital, not just &fter they
get back home. Although hospitalized patients can receive vidts from family and
friends, they are totaly cut off from their pets. Thisis especidly troublesome for
people living aone, whaose pets experience tremendous isolation during owner
hospitdizations. Rover@Home could at least partidly dleviate this additiona stress
by dlowing hospitdized pet ownersto continue interacting with their pets. This
could be especidly beneficid for people undergoing longer-term hospitaizations or
placement in aretirement home,

It isunclear how pets have this beneficid effect on hedth. Onetheory isthat pets
increase the amount of socid interaction for their owners (Beck and Katcher, 1996).
Presence of adog was the largest factor in increasing the number of random socid
interactions to atest subject. Changing clothing from scruffy to neet, shaving, or
gender had smdller effects on the number of random socid interactions than presence
of adog (McNicholas and Callis, 2000).

Following thislogic, Rover@Home would not have the same hedlth benefits because
it does not engender public socid interaction. Therefore Rover@Homeis an idedl
research tool for teasing out the mechanism by which pets have such an incredibly
positive effect on humans.

7.5 Pets and Disabled / Elderly

Studies have shown connections between the socia acceptance of disabled people
and pet ownership. Rover@Home can be viewed as an assstive device dlowing
physicaly disabled people to have interactions with their dog. Someone unable to
operate amechanica clicker or throw adog treat could instead use any number of
exigting access devices such as eye position sensors, tongue controls, or voice
interfaces to connect with Rover@Home. This could enable pet ownership for a
population that previoudy lacked the meansto interact. This could aso strengthen
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the bond between disabled persons and their service dogs. Findly, Rover@Home
could be a powerful tool for adisabled person to further optimize the utility of a
service dog' s behavior.

8 Future Work:
8.1 Other Animals

There is nothing unique to dogs about clicker training. Clicker training is based on
goplied operant conditioning, which is universa to al animas, including humans

(Gray, 1994). Any anima motivated by treats dispensable by the Rover@Home treat
dispenser and capable of hearing verbal commands over a PC spesker can
theoretically interact with a human over the Internet usng Rover@Home.

Clicker training was chosen for dogs in part because of the growing number of clicker
trained dogs. Thisrepresentsalarge “ingtalled bass” of users ready to use
Rover@Home. The success of clicker training with dogs demongtrates the red-world
practicdity of usng clicker training asthe bass of aremote interaction.

In practice, some animals may not respond as dogs to Rover@Home. Some animals
may never overcome fear of the feeder. Others are less food motivated or have avery
short attention span.

When generdizing from dogs to other animals, perhaps the most obvious choice
would be dog’ s closest genetic cousin, the wolf. Dogs are descended from wolves,
and share the same number of chromosomes. Ray Coppinger’s theory of neotoany
dates that dogs are smply wolves frozen in ajuvenile ate of playfulness,
exploration, and subservience to amasgter. Smilarly, domestic dog morphology of
shortened noses and floppy ears corresponds to the juvenile wolf. Thiswould imply
wolf puppies have the most in common with dogs, and a Rover@Home setup with
wolf puppies would have the highest chance of success.

But Coppinger’s neotany can be interpreted another way. Perhaps what isrelevant is
not the genetic ancestry, but the process of domestication. It could turn out to be that
domedtication is more significant than lineege. Canis familiaris (domesticated dog)
could have more in common with felis domesticus (domesticated cat) than with canis
lupus (gray woalf).

Domestication is the process of selective breeding to make an animal competible with
human lifestyle'’. But animals sharing domesticity share more than just aclose
relationship with humans. Dmitryk Belyaev sdectively bred successve generations

17 A reasonable argument can be made to include humans as an instance of domesticated animals.
Some might consider thisto be self-referential and circular, but Steven Jay Gould hasreferred to
humans as “ neotinized apes’, and Scott and Fuller have specul ated that not only are humans
domesticated, but the evolutionary future of humanswill closely follow the evolutionary history of
dogs (Scott, J. P. and Fuller, J. L., 1965).

79



of wild slver foxes, sdecting only for tameness. In the process of domesticating

these foxes for 20 years, they began to demonstrate many features displayed in
domesticated dogs. For instance, their coats became piebald (Spotted or patched
coloring) and they had floppy ears (Copinger and Schneider, 1995). Thesetraits were
not selected for — they did not even exist in their wild andlogues. They smply

appeared as a byproduct of domestication.

Domedticated animds, particularly pets, are socid animasthat crave human
interaction. Thereisno reason to think a bear would enjoy aremote interaction with

a human when wild bears (and humans) generdly retreet in fear. Furthermore,
because Rover@Home was developed by using human-centric HCI methodology, the
more integrated an animd isinto human lifestyle, the more rdevant this body of
research islikely to be.

When generdizing thiswork, it isimportant to distinguish between generdizing
Rover@Home specificaly, and the underlying methodology used to search for
established rituas and appropriate an interaction suitable for remote computer
mediation. Outlined below are two possible interactions modeed on the
methodology, not a speculation on how these animals would respond to
Rover@Home.

8.1.1 Cats

Cats are actudly more popular a pet in the United States than dogs, with 74 million
cats versus 61 million dogs (American Pet Association, 1998). While Rover@Home
istheoreticdly useful to cats, human-cat interaction does not normally center around
training in the same way it doeswith dogs. There are two popular conceptions about
cats that make clicker training much less popular — cats are untrainable, and cats do
not need to be trained in the first place (Wilkes, 2001). It therefore makes sense to
back up astep and see if we can apply our design methodology to other ritudized
human-cat interactions.

Perhaps the mogt ritualized low-contact cat- human interaction is the hunting ingtinct.
Just as most every dog owner knows how to play fetch, most every cat owners can
successtully interact with acat by pulling a piece string dong the floor. A computer
interface that would alow the owner to manipulate a piece of string or other moving
target for the cat would perhaps dicit the same predator behavior as when the owner
islocaly responsible for the mation.

To what degree will thisinteraction fed like interacting with the cat, or Imply
remotely controlling awired toy that interests the cat? We did not specificaly ask
Rover@Home users questions about thelr interaction, but they tended to
communicate with their dogs asif there were interacting directly with them, abeit at
alower fiddity. With connected cat toys, will ownersfed asif they aretruly playing
with thelr cats, or smply manipulating an object in which their cat shows interest?

80



8.1.2 African Grey parrots

Parrots are perhaps an exception to the universdity of clicker training. Because of
their incredible vocal ahility, they learn to imitate the clicker sound and can therefore
sdf-reinforce (Farlow, 2001). Substituting some type of non-imitatable conditioned
gimulus such as alight might make Rover@Home appropriate for the birds.

We have had the opportunity to work with Alex, a 25 year old African Grey parrot
who is the research bird of Dr. Irene Pepperberg. Alex has been taught afunctiond
100 word vocabulary through a unique training method caled “mode/riva training”
(Pepperberg, 1999). Similar to dlicker training, M/R training does not require touch
and isamenable to online interaction. With M/R training, two trainers take turns
asking questions about object properties and modeling the correct answer. But the
trainers not only model the correct answer, they are dso rivasfor the bird' s atention.
Correct answers not only earn the object in question, they earn parrot-desirable socid
rewards such as praise and eye contact.

Modd/Rivd training is highly ritudized, making it an ided basis upon which to
mode aremote interaction. One trainer would be in the room with Alex. The other
trainer would be remote, interacting through two-way videoconferencing eguipment.

8.2 Breeds and Breed Groups

As stated in section 3, we chose to ignore breed differences. It was argued that
Rover@Home is primarily a cognitive activity dependant on the dog s ability to learn
and generdize from co-located clicker training sessons.

But nothing should be assumed. Identifying rlevant canine subgroupings and
evauating Rover@Home with respect to these groups could yield interesting results.

Furthermore, if we are using this methodology to design anew canine-humen
interaction, then specidization aong breed abilities could play an important rolein
optimizing an interaction.

8.3 Mutual Awareness

It isimportant to point out our goa was not mutua awareness, but an actual
interaction that occupies foreground attention for both human and dog. A growing
body of literature investigates ways in which people can retain a sense of each other
without afull interaction (Buxton, 1995; Strong and Gaver, 1996; Pederson and
Sokoler, 1997; Tollmar, Junestrand et d., 2000). A dog's gentle breathing, warm
heft, or even aroma are dl continuous indications of a canine presence. Sensing,
transmitting, and reproducing these remotely would recregte that same ambient
fedling of dog, even while owner and dog are separated. Writers discuss not only the
activities they do with their dog, but aso the ongoing companionship and sense of not
being done when in the company of their dog (Budiansky, 2000; Grenier, 2000).
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We find this aworthwhile god, and one that is sure to chdlenge the emerging
methodologies surrounding continuous remote awareness. Furthermore, much of the
work developed here will be applicable to that effort, especialy the focuson
asymmetric interfaces. The sensory stimuli that dlow us to maintain an awareness of
our dog are likely radically different than how a dog maintains a sense of us.

Furthermore, development of technology to support background awareness can
grestly augment aforeground interaction (Buxton, 1995). The two modes are by no
means exclusve. Subconscious background information could not only greetly ad
the foreground interaction, but also act as powerful cues for the gppropriateness of
initiating a Rover@Home sesson. Wouldn't it be great if your dog could teke the
same co-located signals he or she uses to appropriately time requests for awalk,
dinner, or play and bring that to an online setting? What if you could be interrupted
by your dog at suitable times for a Rover@Home sesson? Wouldn't it be grest if
your dog could remind you to relax and play during the day?

8.4 Playfulness

Rooney et d show that dog-dog play is motivationdly digtinct from dog-human play.
“In an observationd study of 402 dog-owner partnerships ... the performance of dog-
dog play does not seem to suppressthe dogs motivation to play with their owners as
would be predicted if they were motivationdly interchangegble’ (Roony, Bradshaw

et al., 2001). One wonders how computer-mediated interactionsfit into this
framework. Will interaction with Rover@Home affect adog’ s desire to play with
either ahuman, another dog, or more Rover@Home? From which * play-bucket” if
any, does Rover@Home come?

8.5 Video for Dog?

In the methodology section, we postulated the dog would not benefit from video of its
owner. Given the condraints of display technology and adog’s visua perception,
one would not expect adog to be able to understand images on a computer screen to
represent an owner’s emotions or intentions. But without experimental backup, this
remains peculation. How does adding a video channd to the interaction enhance the
training experience? Do dogs learn fagter or retain interest longer with the inclusion

of video, or does it act as nothing more than a bandwidth consuming digtraction? Are
these effects dependant on the size and type (CRT, LCD) of monitor used?

8.6 Representation of Owner?

How does the dog perceive the owner? When aremote owner says. “Come here,”
where do dogs go? Do they approach the computer speaker — the source of the sound,
or do they approach the source of the food? We purposely placed the speaker and
feeder proximate to avoid thisissue. How would separating the two affect the
interaction?
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8.7 Multiple Dogs?

So far we have only experimented with sngle dogs. What about owners with

multiple dogs? How does Rover@Home scale to severa dogs? Isit possible to teach
turn-taking where each dog seridly works on a different trick? Will the dogs possibly
learn from each other?

8.8 Multiple Owners?

Similarly, the Rover@Home interface dlows multiple owners to control the clicks
and tregts, but only the first person to log on gets video. Assuming this technica
shortcoming can be overcome, what would a 3-way interaction where al participants
were remote be like? Isthere away to manage the inevitable confusion that would
result? Why would someone want to do thisin the first place?

9 Conclusions

Rover@Home is the closest device we have to atelephone for adog. Rover@Home
dlows aroaming owner to interact with his or her dog from virtualy any Internet
enabled Windows computer. In creating Rover@Home we leverage afamiliar and
established co-located interaction to settings where dog and owner are geographically
Separated.

Rover@Home shows promise because it adheres to the sound design principles
originaly developed for humans. In extending interface design to norhumean
animas, we show that principles such as cognitive modeling, task domains, direct
manipulation, and affordances have direct andogues in the non-human redm.

We introduce the concept of asymmetric interfaces that address the unique sensory,
cognitive, and motor skills of each cregture. In designing an interaction between two
different species, we emphasize the importance of catering to both creatures equally
and not making one cresture adapt to the other, or adopting a “least-common-
denominator” approach.

Induding animasin the HCl community is not just beneficid for theanimas. By
studying and experimenting with HCI in a new context, one can gain ingght and
ingpiration about how to adapt computers for use by biologica entities. In the same
way Gregg C. Vanderheiden encouraged designers to think of disabled and
differently-abled usersif for no other reason than the potentia to increase
understanding of the maingtream, thinking of interfaces in terms of animals could
have smilar benefits. For example, it was the congtruction of a device for dog that
led usto speculate task-oriented ingtructiond interactions might be an optima mode
of play between distant parents and their preverbd children.
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We bdieve this thesis to be the first work to explicitly apply HCI to nor+ human
animas. Although there has been previous research on human-anima
communication, some of it mediated by a computer, none of this research has taken
place under the auspices of human-computer interactions. By demongtrating the
pardlels between animd trainers and interface designers, we hope to bring awareness
to both groups of people.

This thesi's does more than present a theoretical framework for animal-computer
interactions. We have built and tested areal world device, and addressed such non-
theoretica issues as latency and bandwidth over public networks such as the Internet.
The dogs and dog owners respond favorable to the constructed device, and have
expressed interest in continuing use.
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10 Appendix A: Technical Design

Rover@Home congsts of three pieces of hardware and three pieces of software.

Hardware:
Feeder
Junction box
Alley-Oop

Software
Sarver software
Client applet.
Security access applet

10.1Hardware

All hardware was initiadly prototyped on breadboards. Schematics and PC boards
were designed with Protel 99SE. The PC board layout was sent to AP Circuits for
fabrication. We used the AP Circuits P1 process that is less expensive, and turns
boards around in about 2 days. Electronics were primarily purchased from
Digikey.com and hardware primarily came from McMaster.com. Enclosures for the
feeder and junction box were made of acrylic from Mr. Plagticsin Sommerville, and
cut in the laser cutter using CorelDraw 9.0 for design.

All three hardware components use Microchip Technology PIC chips. The Microchip
MP Lab software from Microchip.com was used in conjunction with the CCM C-
compiler to write the code in C and download it to the PIC chips. We used the
Microsoft Visud Studio editor to develop the PIC chip C code for its customizability
and context-sengtive coloring.

All three hardware devices employ in-circuit serid programming (ICSP). For the
aley-oop and the feeder, the means of programming the PIC chip is through the same
RJ- 12 connector that is used to connect to the junction box. This reuse of the
connector saves space, and alows reprogramming without disassembly. For the
junction box, the ICSP connector isaso RJ-12, but isinterna and requires the
removal of the top, which is fastened with two phillips-head screws.

The wiring diagram for the ICSP harnessis depicted below, in Figure 10-1. Because

the 16F873 used by the junction box and the 16F84 used by the aley-oop and feeder
have different ICSP pins, two leads are necessary.
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Figure 10-1: In-Circuit Serial Programming (ICSP) Wiring harness. The
28-pin DIP plugsinto the Picstart Plus programmer, and the RJ-12 jacks
plug into the circuit board. Because the 16F84 and 16F873 have different
pin programming configurations, each gets its own cable. Note that pin 5 of

the RJ-12 jacks are not used.

10.1.1 Junction Box
12 wvoits DC Figure 10-2: Junction box
between the dog' s
o~ RJ-45 to computer and the
’ri feeder Rover @Home peripherals.
: | All cables are low voltage
/ ' and present no danger to
RS-232 to ¥ ~_2nd Alley- the dog. The cablesto the
computer Oop, feeder  Rover @Home peripherals
f - are standard crossover

telephone RJ-12 cables,
easly replaceable froma
wide range of vendors such
as Radio Shack.

[J-12 to
Alley-Cop

The junction box connects to the host PC over the serid port and is the glue between
the host software and the Rover@Home peripherds. Rover@Home peripherds are
attached to the junction box with standard 4-conductor RJ-12 telephone cables. Note
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these cables are standard “ crossover” cables, not less common “straight” cables. A
diode protects the peripheras from reverse-polarity damage so a non-crossover cable
will not cause harm. However, a non-crossover cable will not alow peripherdsto
function, and there is currently no feedback to the user thisis the cause of

mafunction.

The junction box uses amore expensive 16F873 chip primarily because it includes a
hardware UART for the RS-232 connection. Thismeansif serid datacomesin while
the chip is busy with something else, the data does not get lost. Prototypes of the
junction box with a 16F84, which lack the hardware UART, dropped data. The
16F873 aso has three timers instead of one, andog inputs, and more memoary,
making this chip far more versdtile for future gpplications. The 16F873 can be
upgraded to the 16F876 which doubles the memory.

Each of thefour R} 12 jacks for attaching externd peripherals contain four
conductors:

+ 12 voltsfrom wall transformer. Note this requires the use of a 5-volt
regulator on each peripheral. We decided to use 12 voltsingtead of 5 volts
because peripheras such as the feeder require 12 volts for the motor, and this
higher voltage gives peripherds more flexibility in conditioning the power

after traveling over a potentidly long cable. The low cost and smdl sze of a
typica 5-volt regulator such as a 7805 makesthis a practica decison.

Ground

Input line. Thistakesinput from the peripherd. It istied to ground through a
10k resgtor. Thismaintainsthe input in alow state in the event of no
peripheral atached. Without this resistor, the junction box mistakes voltage
fluctuations as 9gnas from a peripherd.

Output line. Write data to the periphera

Redtricting oursalves to four conductors when six are available with the RJ-12 jacks
isimportant for two reasons.

Connecting cable is smaller, more flexible, and more widdy available. 6-
conductor cables are bulkier than 4-conductor cables.

For peripherals, RJ-12 jack needs to accommodate power and I/O lines, as
wel asin-creuit serid programming. 1CSP requires five conductors, one of
which is ground, and two of which can dso be the I/O lines above.

Currently, the junction box will support two aley-oops and two feeders. Because the

junction box merely passes commands between a particular periphera and the
computer, awide range of devices can potentialy be attached to the junction box. All
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that is required of peripherdsisthey operate from +12 volts, and communicate
through asingle input and output line.

Each of the four R} 12 jacks for attaching externd peripherds hasitsinput and output
lineswired to adedicated pair of pinson the PIC chip. Peripherasdo not sharea
common bus architecture. Additiona peripheras cannot be added with a splitter.
This greetly smplifies communication and eiminates the need for developing a
databus sharing protocol. It dso dlows the junction box to identify what is atached
to it merdly by checking if something is attached to a particular jack.

The junction box can send out a“ ping” to each of the four inputs and listen for a
response. With this mechanism, the junction box can do automatic discovery of
peripherals added and removed while the system is running. The junction box can
a0 request each peripherd to send its verson number.

The hardware was designed for fault tolerance. The junction box can be power
cycled, and peripheras added and removed without restarting the software. Although
not yet programmed, the hardware can support the software displaying the state and
presence of each peripherd.

10.1.2 Feeder

. S i Figure 10-3: Closeup of the

é custom designed feeder. The top
iIsa4” diameter x 12" high
acrylic canister. The bottomis
sawed off and attached to the
base with four sheetmetal
screws. The screws protrude
into the canister and stir the food
astherotator turns, preventing
food from simply turning with
the rotator.

o %"

Weinitidly used acommercid laboratory feeder from Med Associates. The device
was rather large (12" x 94’ x 7 Y%), expensive (retails $795 + $125 for power
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supply), and made a noise that Sartled our first test dog. Therefore considerable
resources were investing in developing our own custom pet food dispenser. The
constraints upon us were:

Low cost
Smdl sze
Quiet

Easy to clean

Factors that were not particularly important to us that may have been important to the
Med Associates feeder are:

Dose accuracy
Dose latency (time between requesting food release and actual food release)

I naccurate doses can paradoxicaly lead to increased display of behaviors. The fastest
meansto train an anima to exhibit a behavior iswith a variable reinforcement
schedule. Consgtent reward levels for abehavior will inadvertently train an anima

to do the minimum necessary to dlicit reward. In contrast, a random reinforcement
schedule will kegp an animd uncertain about the threshold necessary to dicit a
reward, and therefore make its display of the behavior more pronounced (Gray,
1994). Sothefeeder “bug’ isactuadly a pogtive feature. The fact the dispensers emit
from one to four pieces of food can be viewed as an intentional automatic variable
reward. If the feeders were 100% reliable about dosage, we would probably be
adding in a software feature to randomly vary the reward size.

Dose latency is dso not a tremendous issue because the click is the reinforcer, not the
food. Trick training depends of precise delivery of the click, not the food. Aslong as
the food is within one or two seconds of the click, the anima’ s association between
click and treat is maintained.

The feeder we designed is Smilar to the Med Associates. Itisaso Smilar to an
automated gumball machine. A gearmotor turns arotor until food is released through
the PV C dispensing nozzle. An IR LED / detector pair inserted in the nozzle stops
the motor once atreat has fallen through. The motor istimed to continue roteting a
predetermined time so the openings of the rotor do not dign with the nozzle. This
prevents food from faling out when transporting or shaking the feeder. Dose size can
be adjusted by changing the diameter of the holesin the rotor.

Foodisheldina4” acrylic food storage canister with the bottom sawed off. The
mounting screws for the food holder are intentiondly %4’ too long. By protruding

into the food, they act as a irrer, ensuring the food does not smply turn with the
rotor.

A PIC chip controls the feeder. It ligensfor asigna coming in over the R} 12
connector, starts the motor, waits for food to fal out, and sends a confirmation signa
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back to the contraller. If no food fals out for five seconds, it stops the motor and
sends an error sgnd to the controller so the user can take gppropriate action.

Food released is detected with an IR LED / photodiode pair mounted in the
dispenang nozzle. The food opticdly interrupts the beam, sgnding the feeder to
stop.

Power for the PIC comes over the R} 12 connector. There is no power switch on the
feeder. Being plugged into the junction box meansitison. This minimizesthe
chance of forgetting to turn the power switch ON.

10.1.3 Alley-Oop

For the dley-oop we modified an exidting aley-oop from Gary Wilkes at
http:/Aww.clickandtreat.com. Because of the difficulty of disassembling aley-oops
once they are put together, we worked with Gary Wilkes to obtain the raw aley-oop
parts.

The dley-o0ps need to input when they are being tilted, and output the light and
sound used for luring. Origindly we sensed tilt with an Andog Devices ADXL202
connected to a PIC16F876 chip from Microchip Technology. These solid-state
accelerometers detect two degrees of freedom over an entire hemisphere, but
unfortunately the combination of the ADXL202 + PIC16F876 was insufficiently
sengtive to detect the very smdl displacements of a dog touching the dly-oop. It was
unclear whether the circuit noise was coming from the onboard A/D detectors, the
ADXL 202, noisy power supply, or some other factor. Powering the device with a
battery and keeping al leads short helped reduce noise, but it was still above our
target detection threshold.

Tilt detection of an entire hemisphere is not necessary, and paying $40 for such achip
isoverdesign -- even for the MediaLab. Instead of pursuing the ADXL202, we
fabricated a custom tilt sensor consisting of an arced enclosure containing a4’ bal-
bearing that opticaly interrupts an IR LED / detector pair (in fact, we used the same
LED/photodetector pair as the feeder). Thisis atwo-state device that only reports
presence or absence of tilt. It ishighly sengtive, low-cost, and does exactly what we
need. Changing the degree of curvature of the arc in which the bal-bearing rests
changes the sengtivity of the device.
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Figure 10-4: Exploded view of ball-tilt sensor. ¥4 ball-bearing rolls back and
forth in arc, and interrupts beam from IR LED to matching photodetector.
Variations in thickness of the acrylic sometimes necessitate inserting a washer
between the two inner layers of the housing. A single¥4” thick piece of acrylic
could be used for the inner section instead of two 1/8” pieces, but beam spread in
the lasercutter means cuts are not perfectly 90°. This causes the ball to fall to one
side. Twoback-to-back 1/8" cutouts create a slight channel in which the ball can
travel.

By using two of these bdl-tilt sensors mounted at right angles, we can be assured that
any displacement will be detected. 1t was suggested we useasingle IRLED /
detector pair mounted on the base of abowl shaped enclosure. Thiswould dlow a
single LED / detector pair to evauate two dimensions. But this exposes us to missed
disolacementsiif the ball-bearing takes a path around the LED. Two 1D ball-tilt
sensors a right angles ensure every displacement will be detected.

Similar to the feeder, dley-oop communication is controlled by aPIC chip. This chip
sends signalsto indicate X or Y tilt, and ligensfor sgnasto flash and / or beep. The
dley-oop is powered by the connection with the junction box.

10.2 Software

The software consists of three parts, the server software that runs on the dog's
computer, the Rover@Home applet that and runs on the client computer, and the
security applet that restricts access to those without the correct password. The dog's
computer serves both applets. All three were written in Javafor its combination of
ease and power. While cross-platform operetion is certainly nice, it was not a
primary consderation. In fact, we make use of some native code in the server
software.

10.2.1 Server Software

The server code garted life asa smple HT TP web server download from
http:/AMww.java.sun.com. The software listens for HT TP requests on port 80
(although users can change this port) and serves the appropriate page.
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The server code a so controls the hardware through the serid port, and releases the
clicks. The clicks actualy use native Windows code. Regular Java 1.3 only plays
sounds in compressed .au format. This sound compression makes the click sound
extremely dull and weak, even to ahuman. In order to play uncompressed wavefiles,
it became necessary to use the Java Media Framework (JIMF). Unfortunately, this
proved unrdiable, with unpredictable gaps between the command to play a sound,
and the sound actudly playing. Thisisunacceptable. By using native code, we can
ensure prompt delivery of sounds. If we were to port to another platform, we could
revert to IMF and hope it works better on that platform, or smply write native code
for playing sound. The native code was developed in Microsoft Visud Studio 6.0.

The sarver has alog screen and aminima Ul for contralling the hardware. If the user
chooses to operate Rover@Home locally, a connection through aloca web-page
works. Because the server supports multiple connections, forgetting to shut down the
local web page will not prevent additiona connections from remote Stes. While only
the first connection can receive NetMesting video and audio, if the first connection is
locdl, video is not tranamitted, leaving the video connection available for future
sessions.

10.2.2 Applet Software

When the client loads the Rover@Home web page, two connections back to the host
computer are made. Thefirst connection is through Microsoft NetM egting embedded
asanActiveX control. The second connection isthrough a custom java gpplet that
alows two-way communication with the server. Thisjava gpplet acts asthe interface
for operating Rover@Home.

The java applet connects to the server over TCP/IP port 8081, therefore, this port
must not be firewalled. Port 8081 is user-configurable in case this port isfirewdled
or in use by another application.

Microsoft NetMeeting connects over several TCP/IP ports, al of which must not be
firewdled. Primary connectionis made through ports (389, 522, 1503, 1720, 1731)
aswell as dynamically assigned UDP ports 1024-65535)*8

The combination of ActiveX and Java 1.1 means we can only run on Internet

Explorer 5.0 and later. Care was taken not to use Java beyond 1.1. Most notably, this
meant avoiding the collection classes. Netscape Communicator 4.75 runs Java 1.1,

but does not support the NetMeeting ActiveX control. Users content without video
and audio can use Netscape without a problem. We anticipate future version of
Netscape that can run NetMesting will be able to run Rover@Home without trouble.

18 | nformation taken from:
http://www.microsoft.com/Windows/NetM eeting/Corp/ResKit/Chapter4/default.asp. |If thislink no
longer functions, try searching for “NetMeeting port firewall” from the Microsoft.com homepage.

92



When toggling checkboxes on the applet, the checkbox does not actually change Sate
until confirmed by the server. This ensures feedback only happens after the server
has acknowledged the mode change. For instance, when turning on “auto-trigger,”
the auto-trigger checkbox does not appear checked until the request has been sent to
the server, and the server has returned an acknowledgement. During thisintervd, a
red dot blinksin the lower left corner of the relevant button to give the user feedback

the request is dill pending.

This mechanism aso ensures dl copies of the webpage remain synchronized.
Changing a state on one Rover@Home page changes the state for al web pages
viewing a particular interaction.

All the compiled applet .CLASSfiles, aswedll as associated .GIF files, are packaged
into a.JAR file for faster downloading. The .JAR filesis 142 Kbytes.

10.2.3 Security

Rover@Home contains basic password protection encoding. When auser first
connects to the server, they are served alogon applet that encrypts a username and
password for vaidation by the server. A correct password validates that client P
address and alows downloading of the Rover@Home webpage. Leaving the
Rover@Home webpage removes that | P address from the validation list, requiring the
user to once again log on.

To prevent interception and repest attacks, the server sends the logon applet a 20 byte
random nonce, which is encoded, dong with the username and password, with the
SHA-1 message digest dgorithm. This encoded string is sent to the server and
chalenged with alocally encoded copy. Because the nonce is generated fresh each
time, repeat attacks will fail.

The password is stored on the user’ s computer after being encoded in the SHA-1
agorithm. Within the limits of decoding SHA-1 encoded messages, it isimpossible
for the user’ s password to be ascertained by athird party, even if they have accessto
the local computer.

In usng NetMeeting, Rover@Home contains a huge security hole. 1t is possible to
password protect NetMeeting, but the implementation is fundamentdly flawed.
When a user connects to aremote NetMeseting peer, the video stream isinitiated, and
the password diaog box appears over the video window. This alows the externd
party to view and hear the dog without entering a password.

Short of Microsoft fixing this problem, hacks involving netive code could fill this
security hole. NetMeeting is composed of COM objects that can be controlled by
externa gpplications. By placing the NetMeseting under control of the Rover@Home
server, audio and video can be restricted until a suitable password has been entered.
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11 Appendix B: Schematics and Lasercut
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Figure 11-1: Junction Box. Note this schematic is missing 10k resistors between
ground and pins AOQ, A2, BO, B2. These four resistors keep the peripheral lineslow
when nothing is plugged in. These four resistors were manually soldered on the
board, and should be included in the next version of this board.
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Figure 11-2: Feeder schematic. Note the RJ-12 jack on the left is used both to
communicate with the junction box, and for the in-circuit serial programming (ICSP)
connection with the Picstart Plus programmer.

The “trigger” connector is meant to manually start the feeder, but is attached to the

input line from the junction box. It should be attached to an unused line of the PIC
chip.
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Figure 11-3: Alley-oop schematic. The ball-tilt sensors on the right are custom
made tilt sensors described in section 10.1.3

J3, J4, and J5 are multi-purpose 1/0 lines used to connect the buzzer and LEDs used
inluring. Note aresistor isrequired if attaching a LED to one of these outputs.
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Figure 11-4: Lasercut of the junction box enclosure. Enclosure is made of 1/8”
acrylic.

Figure 11-5: Lasercut of the feeder enclosure. Enclosure is made of ¥4’ acrylic.
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12 Appendix C: Rover@Home Parts List

A complete Rover@Home ingalation, including the junction box, one aley-oop, one feeder, and al connecting cables costs about
$180 when built in quantities of 10— 25. Price will likely be significantly lessin larger quantities. The largest Sngle expenseiis

$46.60 for the gearmotor for the feeder. This gearmotor used is more powerful than necessary, and can probably be sourced for much
less. Other opportunities for cost savings include the use of less powerful microcontrollers (3 pics totaing $14.20) and less expensive

housing (acrylic is easy to work within the laser-cutter, but not cheap).

A complete prototype takes about 6 hoursto assemble. Constructing prototypes in batches significantly reduces assembly time.

PART SOURCE PART NUMBER QUANT APPROX
COST
ALLEY-OOP
Alley-oop parts from Gary Wilkes clickandtreat.com 1 $ 15.00
1.5" diameter clear acrylic hemispheres FX Supply VHH-48 2 $ 1.85
Ball-Tilt Sensor 2
1/8" acylic cutouts Mr. Plastics n/a 4 $ 0.10
1/16" acylic lasercut washers Mr. Plastics n/a 4 $ 0.10
1/4" ball bearing Bocabearings.com 2 $ 0.10
#2 flat washers McMaster.com 90945A705 2 $ 0.03
#2 lock washers McMaster.com 92146A003 3 $ 0.02
#2-56 x 5/8 slotted pan-head screw McMaster.com 91772A082 2 $ 0.03
#2-56 nut McMaster.com 91841A003 2 $ 0.03
Electronics
printed circuit board (base) AP Circuits Custom 1 $ 5.00
10 MHz 16F84 SOIC Package Digikey.com PIC16F84T-10/SO-ND 1 $ 4.80
10 MHz resonator Digikey.com X906-ND 1 $ 0.58
1N4148 Diode Digikey.com 1N4148MSCT-ND 3 $ 0.05
7805 Regulator - TO92 package Digikey.com ZR78LO5C-ND 1 $ 0.97
22 uf cap Digikey.com P814-ND 2 $ 0.25
.1 uf cap Digikey.com 1210PHCT-ND 1 $ 0.10
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EXTENDED

COST

&+ B

R I

R I

15.00
3.70

0.40
0.40
0.20
0.06
0.06
0.06
0.06

5.00
4.80
0.58
0.15
0.97
0.50
0.10

COMMENTS

http://www.fxsupply.com/products/hemis.html

Plus $50 batch setup cost



10k

1k

IR LED, T-1 package 940 nm
IR Photodetector, T-1 package
Superbright LEDs

Buzzer

2-pin molex housing

2-pin molex connector
RJ-12 Side Entry Jack
Double-sided foam tape

SIP plugs for ball-tilt sensor
TOTAL ALLEY-OOP

JUNCTION BOX
Fab

1/8" acrylic

3/16 nylon spacers for #4 screw
#4-40 nut

#4-40 x 1" bolts
#4-40 x 1/2" bolts
#4-40 x 1" hex threaded standoffs
#4-40 lock washer
Rubber feet
Electronics
printed circuit board
10 MHz 16F873 DIP
10 MHz resonator
1N4148 Diode
RJ-12 top entry
RJ-12 side entry
MAX233

DPDT switch

DB9 Connector

Red LED

Green LED

DC Power jack

Digikey.com
Digikey.com
Digikey.com
Digikey.com

Photonmicrolight.com

Digikey.com
Digikey.com
Digikey.com
Digikey.com
misc

Digikey.com

Mr. Plastics

McMaster.com
McMaster.com
McMaster.com
McMaster.com
McMaster.com
McMaster.com
Digikey.com

AP Circuits

Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com

10KQBK-ND
1KQBK-ND
160-1028-ND
160-1030-ND
Red LED
P9928-ND
WM2000-ND
WM4200-ND
A9049-ND
n/a
ED7064-ND

94639A704
91395A005
91772A115
91772A110
90308A167
92146A530
SR51-ND

PIC16F873-20/SP-ND

X906-ND

1N4148MSCT-ND

A9084-ND
A9049-ND
MAX233CPP
SW102-ND
A2100-ND
P363-ND
P364-ND
CP-002A-ND

O R P WWRRPRRERNW®

AN NAANANANR

P PR RPRPRPRRDNMNRNERRLR
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P BB R P B BB R

BB BB R BB

P B BB R H BB B R

0.05
0.05
0.75
0.75
2.00
6.75
0.20
0.16
0.57
0.20
0.05

2.00
0.05
0.03
0.03
0.03
0.57
0.03
0.20

5.00
4.60
0.58
0.05
0.62
0.57
5.50
0.76
211
0.13
0.13
0.25

L R I o B R A R LR - K - B R

L R I I A R

L R I o B R A R LR - K - B R

0.15
0.10
0.75
0.75
2.00
6.75
0.60
0.48
0.57
0.20
0.40
44.79

2.00 $20/ sheet -- about 10 cases per sheet

0.20

0.12 Holds circuit board in case
0.12 Holds circuit board in case
0.12 Attaches covers to standoffs
1.14 Attaches cover

0.06

0.80

5.00 Plus $50 batch setup cost
4.60
0.58
0.10
0.62
2.28
5.50
0.76
2.11
0.13
0.13
0.25



DC Power Plug
SPDT power switch

7805 regulator TO-220 package
22 uf cap

.1 uf cap

10k resistor

100 ohm resistor

TOTAL JCN BOX

FEEDER

Fab

1/4" black acrylic

1/8" acrylic (any color)

#8 x 5/8 mounting screws
Gearmotor

#10-32 x 1" motor mounting screws
4" diameter x 6" tall Acrylic Canister
#4-40 x 3/8 nylon spacers
#4-40 x 1" bolts

#4-40 nuts

#4-40 lock washer
Electronics

printed circuit board

10 MHz 16F84 DIP PIC

10 MHz resonator

TLC272CP Op-Amp

RJ-12 top entry

7805 regulator TO92 package
22 uf cap

.1 uf cap

1N4148 Diode

1N5817 Schottky Diode

Red LED

IR LED, T-1 package 940 nm

Digikey.com
Digikey.com
67 RadioShack.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com

Mr. Plastics
Mr. Plastics
McMaster.com
McMaster.com
McMaster.com
US Acrylic
McMaster.com
McMaster.com
McMaster.com
McMaster.com

AP Circuits

Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com

CP-004A-ND
CKN1059-ND
273-1776
LM340T-5.0-ND
P814-ND
1210PHCT-ND
10KQBK-ND
100QBK-ND

n/a

n/a
92470A196

6331K34

91781A833
1850
94639A710
91772A115
91395A005
92146A530

PIC16F84-10/P-ND
X906-ND
296-1824-5-ND
A9084-ND
ZR78LO5C-ND
P814-ND
1210PHCT-ND
1N4148MSCT-ND
IN5817CT
P363-ND
160-1028-ND

N R RPNRRPRPR

N NDNDNMNDNEFE NP O PP P

P P NWRNRRRRRR

100

B P BB P BB R BB BB R BB

LR o R R AR - - N T

0.56
3.60
12.99
0.65
0.13
0.09
0.05
0.05

12.00
0.50
0.03

46.60
0.08
4.00
0.03
0.03
0.03
0.03

5.00
4.80
0.58
0.62
0.62
0.97
0.65
0.09
0.05
0.30
0.13
0.22

R R o I A R LR - T L I R R A -

LR I I A e R - IR <IN < R O TR

0.56
3.60
12.99
0.65
0.26
0.09
0.05
0.10
44,92

12.00
0.50
0.18

46.60
0.16
4.00
0.06
0.06
0.06
0.06

5.00
4.80
0.58
0.62
0.62
0.97
1.30
0.09
0.15
0.60
0.13
0.22

$36 / sheet -- about 3 feeders per sheet

Pittman GM9413-4 12/24 VDC 22 RPM Gearmotor

www.usacrylic.com

Plus $50 batch setup cost



IR Photodetector, T-1 package
momentary "click" switch

2-pin Molex

10k resistor

1k resistor

100 ohm resistor

100k pot

TIP102 NPN Darlington Q (TO-220)
TOTAL FEEDER

MISC
DB9 male - DB9 female serial cable
RJ-12 6-pos, 4 wire crossover cable

TOTAL MISC

GRAND TOTAL

NOTES:

Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Digikey.com
Mouser.com

Digikey.com
Digikey.com

160-1030-ND
SW411-ND
WM4200-ND
10KQBK-ND
1KQBK-ND
100QBK-ND
3386P-104-ND
511-TIP102

AE1020-ND
H1643-25-ND

P R R R WO R R

BB BB R BB

Costs are approximate for quantities around 10 - 25. Larger quantities can be significantly less.

5/8 sheetmetal screws are coated with food-grade lubricant -- McMaster part #1404K11

Mr. Plastics is located at:
352 McGrath Hwy
Sommerville, MA
617-623-7000
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0.33
0.27
0.20
0.05
0.05
0.05
112
0.60

4.69
3.00

L I R R A -

B B

0.33
0.27
1.00
0.15
0.05
0.05
112
0.60
82.33

4.69
6.00
10.69

182.73



13 Appendix D: Research Approval

This research has been approved under both the MIT Committee on Use of Humans
as Experimenta Subjects (COUHES), approval number 2765 on April 4, 2001, and
the MIT Committee on Anima Care, gpprova number 01-020 on April 23, 2001.
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14 Appendix E: Additional Information

Additiond technicd specifications, including an archiva CD of dl software and
design can be obtained from the author — benres@mediamit.edu. This CD includes.

Javafilesfor server and applet, aswell as supporting HTML, WAV, and GIF
files

CPP and Microsoft Visud Studio project files for Windows native code.
Cfilesfor PIC chips

Additiond build ingructions

Cord Draw lasercutter files for junction box and feeder enclosures

Protel filesand libraries for dl circuit boards

Text document detailing errorsin circuit boards

Excel spreadsheet of parts and approximate costs contained in Appendix C
Source image files contained in this document

Source Corel Draw images contained in this document

Rover@Home AVI video

Applications, Consent forms, and other verbiage from the MIT Committee on
Animd Care (CAC) and MIT Committee on Use of Humans as Experimental
Subjects (COUHES)

This document in Microsoft Word 2000 format.

Endnote bibliography file
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