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ABSTRACT 
Computer-mediated interaction for working dogs is an 
important new domain for interaction research.  In domestic 
settings, touchscreens could provide a way for dogs to 
communicate critical information to humans. In this paper 
we explore how a dog might interact with a touchscreen 
interface. We observe dogs’ touchscreen interactions and 
record difficulties against what is expected of humans’ 
touchscreen interactions. We also solve hardware issues 
through screen adaptations and projection styles to make a 
touchscreen usable for a canine’s nose touch interactions.  
We also compare our canine touch data to humans’ touch 
data on the same system.  Our goal is to understand the 
affordances needed to make touchscreen interfaces usable 
for canines and help the future design of touchscreen 
interfaces for assistive dogs in the home.   
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INTRODUCTION 
Touchscreens surround all of us.  Just as Weiser envisioned 
they are now ubiquitous in many domains [35].  We interact 
with our touchscreen phones and tablets constantly 

throughout the day.  We see touchscreen futures promoted 
in Corning and Samsung videos [5,7] where everything 
around us becomes an interactive surface.  Touchscreens 
and interactive surfaces work so well and seem so 
promising because of the research that has gone into 
creating good touchscreen interactions.  A whole segment 
of HCI research is dedicated to predictive models and 
human factors associated with on-screen and touchscreen 
interactions.  However, extending this research to working 
dogs could significantly impact the effectiveness of 
assistance dog communication. 

Recent work has shown that assistance dogs can interact 
with wearable sensors on their vests to provide important, 
potentially life-saving, information to their handlers [13].  
In the home, however, most assistance dogs do not wear 
their vests, for comfort reasons. Touchscreens could 
provide a viable alternative to wearable sensors for 
assistance dog communication.  

Assistance Dog Communication 
Since formal guide dog training began around 1918, 
assistance dogs have improved the lives of many thousands 
of people with disabilities [3, 30]. Dogs can work in many 
ways: guide dogs serve people with visual impairments; 
service dogs aid people with physical disabilities; and 
hearing dogs alert people with auditory disabilities to 
sounds (Figure 1). These highly trained canines can provide 
independence from human assistants and significantly 
enhance quality of life.   However, communication between 
human and canine partners is limited. Handlers give verbal 
or hand signal commands, and dogs respond with trained 
behaviors, which can sometimes have ambiguous meanings 
to the handlers and to others around the handler.   

For example, imagine that Sam, who has epilepsy, is 
hosting a dinner party for his colleagues, most of whom do 
not know that Sam is epileptic.  Sam’s medical alert dog, 
Gilbert, is loose in the house, helping Sam to greet his 
guests. A short time into the party, Gilbert detects that a 
seizure is imminent, before Sam or his or dinner guests can 
know what is happening.  Gilbert nudges Sam to alert him, 
but Sam is so intent on greeting his guests he does not 
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realize he is about to have a seizure.  If Gilbert could walk 
to a touchscreen mounted on the wall in the living room, 
and touch a sequence of icons with his nose, he could send 
a clear and direct message to Sam’s cell phone, as well as 
Sam’s wife’s cell phone, and possibly even call 911. Sam 
could get the help he needs before the situation becomes 
life-threatening.   

Hearing assistance dogs alert their handlers to sounds by 
physical contact, such as nudging with a nose or paw, and 
then leading their handler to the source of the sound [3].  
However, if a dog could tell his handler immediately 
whether the source of the sound was the doorbell or the 
tornado siren, the handler could make better decisions about 
how to respond.  Improving dog-to-handler communication 
could have profound implications for assistance dog teams.    

  

Figure 1.  (Left) Guide dog and handler [30]; (Right) 
Hearing dog and handler [3] 

Our previous work [13] shows that dogs can operate 
sensors based on their natural abilities of biting, tugging, 
and nose touching [10, 16].  These on-dog-body 
interactions are appropriate for typical service dogs 
accompanying their handlers outside the home, but service 
dogs often do not wear their vests in their home 
environments. However, if an assistance dog was at home 
without his communication-enabled vest on, he could still 
easily walk up to a touchscreen interface and make a 
selection combination sending the Tornado Alarm text to 
his handler’s smart phone.  These life saving use scenarios 
indicate why it might be important to extend touchscreen 
interfaces to working dogs. 

This study explores the research question of whether dogs 
can effectively make selections using touchscreens, and 
proposes some possible design guidelines for canine 
touchscreen interfaces.  Does a dog have the ability to 
interact with his/her own touchscreen computer in the 
house?  If a dog had a touchscreen at his level and was 
trained to use the touchscreen to make selections, what 
would those interactions look like?  What distances and 
selection target sizes should the interface have to conform 
to a dog’s needs?  How long will a dog interact with a 
touchscreen before becoming fatigued and what other 
insights might we gain from the data collected by 
touchscreen interactions from the dogs interacting with 

them?  Do the prevalent predictive models, which designers 
use to create touchscreen interfaces for humans have any 
correlation when designing for dogs? Basic foundation 
theory is needed to help ground this field of dog-computer-
interaction, based on previous work in human-computer 
interaction.   

BACKGROUND AND RELATED WORK 
Animals have operated machines since the time of Skinner 
in scientific experiments [31].  However, here we wish 
focus on improving the affordances of devices for Animal 
Computer Interaction (ACI), as opposed to focusing 
primarily on animals using machines in an aid to 
understanding animal cognition [6, 26, 29].  Amundin et al. 
[2] explain a very interesting system for dolphins to interact 
with using echolocation, like our system it is a type of 
touchscreen.  Amundin’s was built to work with dolphins, 
and tested to provide insight into how dolphin might best 
use a touchscreen system..   In Mankoff et al [18], 
researchers describe a “Fitts’ Law” test consisting of 
throwing a tennis ball to a particular location to gauge 
speed of access; however it does not report results for this 
study, but does start to think about canines using computer 
interfaces.  Other researchers have explored novel 
approaches to animal interactions. Games such as “Cat Cat 
Revolution” [20] and “Feline Fun Park” [37] allow humans 
to play with cats mediated by computing.  The “Canine 
Amusement and Training” (CAT) system focuses on games 
as a way to teach humans to train and interact with dogs 
[36]. Remote interaction systems allow a human to monitor, 
care for, and play with their pets at home when they are 
away [12, 15, 18].  Researchers have trained an assistance 
dog to take commands from a speaker worn on his body 
[28].  While some of these studies support handler-to-dog 
communication or monitoring, they have not fully 
addressed dogs activating interface devices. 

DOG TOUCHSCREEN INTERACTION ABILIITY 
To be able to understand a dog’s ability to interact with a 
touchscreen interface, we designed a touchscreen system 
and application for dogs which we also hoped we could 
compare to human interactions. 

 

 
Figure 2.  Tapping targets were chosen to be circles, 
both the distance between the centers of the target and 
the width of the targets are important. 

We modeled our dog touchscreen interaction system and 
study after a Soukoreff and MacKenzie’s multidirectional 
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tapping task [32].  Circles were chosen as our tapping 
targets to ease the target selection analysis; with oblong or 
irregular shapes it becomes more difficult to understand the 
dog’s selection intention.  By using this type of study we 
are able to compare a set of dogs’ interactions to a set of 
humans’ interactions more effectively. 

We wrote a Java program to display the targets in a series 
of sizes and distances.  The sizes and distance selections 
can be controlled and changed by the dog handler before 
administering the interaction test to the dog (Figure 4).  The 
program can also change the angle of targets displayed.   

One circle-tapping target is blue and the other circle is 
yellow.  Dogs are not completely colorblind as many people 
believe, but they do have difficulty seeing the difference 
between red and green [19].  Yellow and blue are the colors 
they can most easily differentiate.  On a spacebar keystroke, 
both the blue and yellow circle targets are displayed to the 
dog at the same time on a large touch surface.  We measure 
the time for the dog to touch the blue and then the yellow 
circle target with his nose.  We also measure where on the 
screen the dog touches, even if the dog misses the target.  In 
this way we can collect the target distance, target time, 
target selection speed, and location of selection. 

 
Figure 3.  Dog user selecting the yellow dot after first 
touching the blue dot with his nose. 

The location of selection is important to record because 
humans, through the years of target selection studies, have 
been found to ‘optimize’ when targets are large and close 
together. We touch the inside of the closest edge of tapping 
targets. 

The reason for training the dogs to perform a color picking 
order is so we can also test for directional effect on 
interface difficulty.  It is important that as the targets move 
around the screen the dog knows which target to choose 
first and which to choose second.  

 

Figure 4. The configuration screen allows the test 
administrator to choose which target distance variations, 
target size variations, and target angle variations to cycle 
through and what multiple to cycle through. 

 

 

Figure 5.  The dog is presented with a blue and yellow 
dot on a black background.  The dog first selects the blue 
then yellow target with his nose. 

 

Touch Surface, and Projector / Display Selection 
The hardware used in building a touchscreen interface for 
canines has great influence on the dog’s ability to operate 
the system effectively. Dog saliva and nose moisture 
matter.  The first touchscreen we selected, like most current 
touchscreens, was a capacitive touchscreen.  Moisture from 
the dog’s nose or mouth that remained on the screen from 
the tapping task also has a capacitive change effect on the 
screen, thus holding the mouse cursor in the location of the 
dog saliva.  Because of this effect it was not possible to use 
a capacitive touchscreen for our study.  The next 
touchscreen we attempted was an ultrasonic touch screen, 
which also had the same issue.  Finally we were able to find 
and use an infrared touch surface.  The dog was able to 
leave moisture on the infrared touch surface without 
altering his ability to make selections. 
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To run our study we used the infrared touch sensor mounted 
to a surface made from glass.  We began by using rear 
projection to produce the visual image the dog was 
selecting (Figure 3).   When selecting a projector we first 
selected a color wheel style projector.  This type of 
projector creates colors by flashing RGB (or other colors) 
in series through a grey-scale LCD faster than the human 
eye can detect. Thanks to the persistence of vision in the 
human eye, these images blend together to form a single 
color image. The dogs that interacted with this projector 
seemed to have difficulty finding the yellow tapping target 
consistently.  We believe this is because the dogs may have 
seen the red/green flashing instead of a solid yellow target.  
We then switched to a 3-LCD projector with a constant 
color projection over time, and the dogs seemed to find the 
yellow target much easier. While we never pinpointed any 
problems to this display, we were concerned that the 
wavelength of the light coming from the projector's gas-
discharge lamp might be perceived differently by the dog's 
eye, as dog's color vision is more or less sensitive at 
different wavelengths than humans. 

As a result, our final system included a 60” LED flat screen 
television for the display. (Figure 6)  The television works 
much better and the brightness of the tapping targets are 
now much easier to view in a lighted room. Additionally, 
we confirmed that the backlight is a smooth curve across all 
wavelengths, so the dogs should perceive the colors equally 
well.  We began our study after building a rugged secure 
frame and stand to hold the touch surface with the 
television. 

 

 
Figure 6.  Infrared touchscreen held within robust 
mounting in front of 60” LED television. 

TOUCHSCREEN INTERACTIONS 
Much HCI research has been done in how humans interact 
with touchscreens.  Potter, Weldon, and Shneiderman 
describe three main ways interfaces can be designed to 
accept touch interaction. [23] 

 Land-on, where the curser is under the touch, and only the 
first impact point counts.  [23] 

First-Contact, where the cursor is under the touch, but the 
first contact with the target counts even if its not the first 
impact with the surface. [23] 

Take-off, cursor is offset, and selections are made by where 
the touch lifts off the surface. [23] 

We chose to use a first-contact model for this round of dog 
touchscreen interaction experiments.  To be able to train the 
dogs efficiently we believed the land-on type of interaction 
might initially be too strict and difficult for the dogs to be 
able to offer.  We also did chose to initially stay away from 
the take-off interaction style because it would be hard to use 
other predictive models to compare this interaction type to 
humans.   

To be able to compare our findings with canines to humans 
we decided to look at the data we collected from our testing 
apparatus through the lens of Fitts’ law. 

 Soukoreff and MacKenzie [32] state:  

“Fitts’ law (1954) describes the relationship between 
movement time, distance, and accuracy for people engaged 
in rapid aimed movements. It has been verified over a wide 
range of conditions.  Of interest to HCI researchers is that 
the law applies to pointing and dragging using a mouse, 
trackball, stylus, joystick, and touchscreen. Fitts’ law has 
been applied by HCI researchers as a predictive model.”  

Computer interface designers use Fitts’ law when 
developing interfaces for human interactions.  
Understanding and predicting the load and difficulty of 
using certain aspects of an interface can help a designer lay 
out the interface to be used more quickly and easily. 

 

 
The Fitts’ law equation is parameterized by the effective 
index of difficulty as well as the intercept and slope 
parameters of a line. The effective index of difficulty can be 
calculated from movement data collected during an 
experiment. An interface’s parameters can be estimated 
using linear regression as described by Soukoreff and 
MacKenzie [32]. 
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The effective index of difficulty is a log ratio of effective 
distance between centers of the targets and the effective 
width of the target.  Again, we use Fitts’ law as a 
framework for comparing the dogs’ interactions with a set 
of humans’ interactions, and not as a definitive statement 
about how dog interactions should be measured.  

Dog Training method 
Although we initially trained several dogs, we selected 
three subjects to completely train for testing.  All the 
subjects have had previous training in targeting (touching 
the handler’s hand or a specified target with his nose).  
Dog1 and Dog2 are agility dogs, and Dog3 has been 
previously trained as an assistance dog.  The dogs have 
already been trained with operant conditioning techniques 
[31], specifically shaping, which is building new behaviors 
by selectively reinforcing behaviors the dog offers [24]. For 
the experiment, we only used positive reinforcement (R+); 
we did not employ any type of correction or punishment.   

We classically conditioned [22] the dogs with high-value 
reinforcement (food) to a tone generated by a computer. 
This tone became a “reward marker” that allowed the dog 
to know when he had accomplished the dog interaction test 
task.  By marking desired behaviors with the tone at the 
moment of execution, we shaped the dog towards the final 
interaction goal. 

This dog touchscreen interaction task is a complex series of 
behaviors, so initially we subdivided the task, teaching the 
dog to touch the blue dot (reward was given when the tone 
sounded) and the yellow dot separately.  Canines sense 
objects with sight, touch of their whiskers, and scent.  As 
the virtual “objects” on the touch screen can only be sensed 
with sight, we needed to teach the dog to interact with only 
sight.  The dog was rewarded for first touching the screen 
with his nose, then for seeking out the dot shape to touch 
with his nose.  The dots on the screen sometimes cannot be 
easily seen at close proximity, so the dog started his task 
sitting on a mat (Figure 3 & 7) approximately two feet from 
the screen to help him locate his targets.    

Once the dog understood the task of touching a dot with his 
nose, we trained him to touch the dots in sequence with 
backchaining [24].  Backchaining is a shaping method that 
teaches the dog to perform a complex task (“behavior 
chain”) with multiple behaviors by training the last 
behavior first, then adding the next-to-last behavior, and so 
forth.   We began with teaching the dog to place himself in 
the correct position on the mat.  Then we added touching 
the yellow dot with his nose.  When the dog was proficient 
with that simple behavior chain, we taught him to go to his 
mat, then touch the blue dot, then the yellow dot, and return 
to his mat for reward.  Through a variable reinforcement 
schedule, we increased the dog’s speed by rewarding only 
when he touched the blue then yellow dots quickly and in 
sequence.   

When the behavior chain was confirmed, we began the dog 
interaction testing sessions, varying the size and distance of 

the dots.  The dogs understood the new requirements of the 
task without additional training, locating each of the dots as 
quickly as possible.  We tested the dog in sessions of no 
longer than 15 minutes, with at least 30 minutes rest in 
between sessions.   

 

EXPERIMENT 
For this initial exploration we tested three dogs.  Two were 
border collies previously trained as agility dogs and one 
was a labrador retriever trained as an assistance dog.  We 
try to avoid making claims with this limited dataset but feel 
that the observations and challenges to date are of sufficient 
value to report. 

 

Figure 7:  Dog 3 waiting for the handler to turn on 
the interface.   
The dogs completed 15 runs. Runs were defined as a set of 
16 tapping target size and distance combinations.  Each 
individual tapping task trial was defined as selecting the 
blue then yellow target.  So each run contained each of the 
16 tapping task trials, which were displayed to the dog in a 
random order.  A session was defined as any number of 
runs performed at the same sitting or general time period.  
Most dogs could complete 3-5 runs in one session before 
becoming tired of the task.  At the end of 15 runs the dogs 
have completed each of the 16 tapping task trials 15 times.  
Every session was video recorded to be able to compare 
anomalies in the data with what happened in the actual 
session. 

Target Distance Between Circle Edges 

20 pixels ½” (~13 mm) 

120 pixels 3 ¼” (~82.5 mm) 

220 pixels 6” (~152.5 mm) 

320 pixel 8 ¾” (~222.25 mm) 

Table 1: Actual Target Distances as measured from the 
60” LED touchscreen. 

Each tapping task trial consists of one nose press on the 
blue target, zero or more erroneous touches, followed by 
one touch on the yellow.  When the dog makes a correct 
selection, first hitting the blue target, a lower frequency 
tone is played to signify to the dog he/she has made the blue 
selection.  After selecting the blue target if the dog selects 
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the yellow target a higher frequency tone is played, and the 
targets disappear from the screen upon lift off of the 
successful yellow target touch, signifying that the dog has 
completed the task. For each touch, we record the time that 
the dog nose first contacted the touchscreen and the time 
the dog nose leaves the touchscreen. For the purposes of 
comparing to Fitts’ law, we consider the task time between 
touches to be the time between the dog’s noses first 
correctly contacting the two targets, ignoring erroneous 
touches.  

 

Target Diameter 

100 pixels 2 ½” (~63.5 mm) 

200 pixels 5 ½” (~140 mm) 

300 pixels 8” (~203 mm) 

400 pixels 10 ¾” (~273 mm) 

Table 2: Actual Target Sizes as measured from the 60” 
LED touchscreen. 

The times and distances are measured by the software 
displaying the targets to the dog, and actual distance and 
target size are automatically recorded with the timing data. 
We measure target distance as the distance between the 
target centers, and we measure the target width as the 
diameter of the targets. The program developed to display 
the targets uses the inside edges of the circle targets to 
determine distances.  Therefore, if the program is asked to 
display four different distances, it will display these as the 
distance between the circle edges.  Once the different sizes 
and distances are selected the program will display them in 
a random order.  Our distances were originally collected in 
units of screen pixels.  For the purpose of reproducing the 
study the converted sizes and distances used can be seen in 
Tables 1 and 2.  During training sessions we have seen that 
at least one dog has the ability to follow the changing angle 
and learned to select blue then yellow, but for the purposes 
of this study we decided to start with just researching a 
horizontal dog interaction. 

To be able to compare a dog’s interactions with a human’s 
interactions we also asked three people to complete the 
same tapping task trials in the same way on the same 
system.  We asked the humans to complete the tapping 
tasks as fast as possible. 

RECORDED AND OBSERVED INTERACTIONS 
We recorded the locations and timing of all interactions on 
the touchscreen while the tapping task targets were 
displayed.  Figure 8 shows a human’s interaction with the 
touch screen.  All 15 tapping task trials’ touch interactions 
for distance 120 pixels and size 300 pixels are shown on 
one diagram.  The blue and yellow circles are representative 
of the tapping targets that were on the screen when the 
touches were performed.  The green dots represent where a 
successful first touch was made to select the blue target.  

The red dots represent where a successful second touch was 
made to select the yellow target.  Green lines passing 
through green dots (as in Figure 9) indicate drags on the 
touch screen, which triggered a successful blue target 
selection, whereas lines intersecting red dots indicate drags 
taking place after a successful yellow target selection.  
Orange lines indicate a drag, which left the blue target and 
continued dragging until successfully selecting the yellow 
target.  Grey X’s indicate erroneous touches, which did not 
activate any targets. 

 

 
Figure 8. Example diagram of recorded touchscreen 
interactions from Human 1. Green dots are the first 
successful touch; red dots are the second successful 
touch. 

Notice in Figure 8 when asked to perform the “tapping 
task” the human tapped and lifted his finger without any 
intentional dragging.  We can also see the human 
intentionally touched the inside edges of the targets to be 
able to select them as quickly as possible. 

Each dog participant developed different strategies to be 
able to select the targets as quickly as possible.  Two of our 
canine participants (both the agility trained dogs) 
commonly selected the blue target and then dragged into 
the yellow target.  As can be seen in the example in Figure 
9, Dog1 and Dog 2 (not shown) selected the inside edge of 
the blue target and then dragged directly into the inside 
edge of the yellow target.  This strategy was particularly 
common when the target separation distance was small.  
The dragging selection was made possible because we 
chose the first-contact interaction model [23]. 

This dragging significantly changed the type of interaction 
the dogs had, and occurred because of the way we 
presented the task to the dogs. To them, any interaction that 
got the software to 'beep' was good enough, as the 'beep' 
was their reward marker. Since our software allowed drags 
into, out of, and between the targets, the dogs had no 
incentive to perform very precisely. 

Touch interactions for human subject 1 at distance 120 and size 300
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Figure 9.  Example diagram of recorded touchscreen 
interactions from Dog 1. Green dots are the first 
successful touch, red dots are the second successful 
touch.  Green lines are drags from the first touch, and 
orange lines are drags from the second touch. 

 

 
Figure 10.  Example diagram of recorded touchscreen 
interactions from Dog 3. 

Accordingly, the interactions the dogs performed in these 
cases were closer to the discrete orthogonal goal-crossing or 
continuous orthogonal goal-crossing task as defined by 
Accot and Zhai [1].  It would certainly make for a more 
accurate system to use the take-off model of interaction 
[23], but this approach would also make it harder to use our 
Fitts’ Law comparison.   

Dog3 was trained as a wheelchair assistance dog.  He had a 
much more methodical approach to selection.  Figure 10 
shows he did not drag to select nearly as much as his agility 
dog counterparts.  He also lingered longer on the screen 
after the selection.  After his yellow selection he always 
looked back up slowly to the trainer for approval, and this 
behavior can be seen in the red trails following the orange 
selection circles on the yellow target. 

The dogs’ selections are not as consistent as the humans’ 
selections, and there are many more erroneous touches.  
Some of these extra or mistaken touches can be explained 
by the dog’s fur.  As the dog nears the touch screen, the 

infrared detectors pick up anything that passes through its 
detection plane, about 1/8” (3mm) from the surface of the 
glass, including the dogs' fur.  Using a capacitive screen 
could solve this problem, but we have already ruled out 
capacitive screens due to selection problems associated 
with dog saliva.  There are ways to design for the addition 
of some erroneous touches, and we will cover these in our 
design guidelines for canine touchscreen section. 

 

RESULTS 
The results shown are from the three dogs that participated 
in our study.  Outliers have been removed from the data to 
make the data easier to read and also more understandable.  
We removed the outliers by first looking at the data and 
then comparing anomalies in the data with the recorded 
video of the sessions.  On more than one occasion, the 
monitor displaying the targets accidentally lost video 
synchronization and turned off, and this failure accounted 
for some erroneous task times of up to 96 seconds.  These 
very large task times skewed the results of the data 
tremendously and were removed.  We had a total of 721 
tapping task trials of which we pruned out 35 that had more 
than five seconds between touching the blue target and 
touching the yellow target.  We omitted another 50 tapping 
task trials that had more than three touches in the trial.  In 
total we excluded 11.8% of the dogs’ trial data. 
 
In other trials, the dogs made an initial attempt, missed one 
of the two targets, and then got distracted or confused by 
the failure. For example, they might activate the blue target, 
then miss the yellow, and then try the entire task again, 
beginning with blue. These instances were obviously not 
clean blue-yellow interactions, and we felt confident in a 
decision to remove any dog tapping task which exceeded 
three touches between activation of blue and activation of 
yellow, or which had a task time of greater than five 
seconds. 

All of the dogs at some point dragged their noses from the 
blue target to the yellow target to make a selection; such 
events are shown as one touch in Figure 11.  These one-
touch drag interactions create the fastest task times.  We 
have found that our system records a multi-touch 
press1+press2+liftoff1+liftoff2 interaction as one single 
press+drag+liftoff.  When the distance is very small 
between the two targets, as it is in our 20-pixel condition, a 
single dog nose could accidentally trigger such a multi-
touch interaction.  These multi-touch interactions account 
for the very short single touch task times. 
 
Figure 12 shows a seemingly improbable finding.  Dog2’s 
approximate 200-millisecond interaction at a separation 
distance of 320 seems suspect, and we determined the cause 
upon viewing the video.  Dog2 began using his nose and 
paw at the same time to select both tapping targets at once.  
This agility trained Border Collie (Dog2) found it most 
effective (quicker) at larger distance target tasks to lunge at 

Touch interactions for dog subject 1 at distance 120 and size 300
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Touch interactions for dog subject 3 at distance 120 and size 300
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the screen with his nose and right paw up.  This behavior 
was hard to extinguish because the system responded by 
giving him reward beeps, and unlike a human we could not 
explain to the dog to only use one hand (or his nose) to 
complete the task.  Because we wanted to view the data 
with instances of quick interaction time and we could not 
tell the dogs not to drag or use multi-touch interactions, we 
decided to leave this data in the dataset we used for 
calculations.   
 

 
Figure 11 The number of dog touches to complete each 
tapping task trial versus the time it took the dog to 
complete each tapping task trial. Each line represents a 
single tapping task trial colored coded by the dog 
performing the trial. 
 
When determining effective width for our Fitts’ law 
comparison calculations we chose to use the point where 
the yellow target (second target) was first activated.  It is 
important to note that on tapping trials where dogs dragged 
into the circle, this point shows up as an edge or near edge 
condition.  We chose to include these conditions because 
most of the drags seemed intentional by the dogs as the 
quickest and shortest way to get from blue to yellow. 

To be able to compare the dogs' interactions against a 
humans' interactions we decided to analyze both the dogs' 
dataset and the human dataset using Fitts’ Law.  We are not 
claiming here that dogs follow the same predictive models 
as humans, but it is an interesting comparison.  Fitts’ Law 
would expect that the graph in Figure 14 and 15 to have 
linear regressions intercepting the y-axis (time) at zero [32].  
However, Soukoreff and MacKenzie [32] expect a good 
model to fit with an intercept of the time axis between           
-200ms and 400ms.  Our results from our dog trials are only 
slightly outside this range 
 
 

 
Figure 12 The dog’s task time compared to the distance 
between the inside edges of the tapping targets. Each 
line represents a single tapping task trial colored by the 
dog performing the trial. 

 

 

 
Figure 13 The dog’s task time as compared to the 
displayed target-width’s Fitts’ Law Index of Difficulty. 
Each dot indicates a single tapping task trial colored by 
the dog performing the trial. 
 
By looking at looking at Figure 14 we also see an 
interesting correlation of the graphed data to the dogs’ 
drive, or eagerness.  The dogs’ drive levels were described 
a priori by their owners who train/compete at a national 
level. “Drive” is a common feature described when seeking 
appropriate dogs for particular tasks.  Unlike with humans 
who can understand that the task must be performed as fast 
as possible, with dogs we have to use a motivating factor, 
such as praise or dog treats.  Dog3 who shows the highest 
times was trained to be an assistance dog and has much 
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lower drive than the other dogs, who are trained as agility 
dogs.  It seems to be possible to view this temperament 
difference in the graph, although it is very hard to make any 
claims with only three dogs and no quantifiable way to 
describe dog drive.  If dogs can be trained to perform this 
task, it might be used in the future as a good indicator of 
dog temperament and drive. 
 
 

 
Figure 14 The dog’s task time as compared with Fitts’ 
Law Effective Index of Difficulty.  Each dot represents 
an individual participant’s average performance for 
each tapping task trial size/distance. 
 

 
Figure 15 Human’s task time as compared with Fitts’ 
Law Effective Index of Difficulty. Each dot represents 
an individual participant’s average performance for 
each tapping task trial size/distance. 
 
 
DISCUSSION AND POSSIBLE DESIGN GUIDELINES 
FOR CANINE TOUCHSCREEN INTERFACES. 
We summarize the key points from our preliminary efforts 
below. 

Ability – Dogs have the ability to be trained to perform 
touches on a screen in response to virtual/displayed shapes.  

The selection interactions can be somewhat complex.  We 
have seen dogs learn to select first one, then another target.  
We have observed that dog can devise multi-touch 
techniques such as near simultaneous nose and paw touches 
of their own accord.  We have also seen all three dogs in 
our study decide to drag from one selection point to another 
on the touch surface. 
 
Distance – We found when the distance between selection 
points is very short, in our case 20 pixels apart, our dog 
participants had a tendency to select both targets at the 
same time.  This result could be due to the width of a dog's 
nose, and that dogs, like humans, aim for the inside edge of 
tapping targets. It seems advisable to place targets, or 
selection points in an interface further apart so that dogs can 
make more accurate distinctions between intended 
selections.  Intention here is key; if a dog was trying to call 
emergency services (911), designers should create 
interfaces which will account for a large nose or furry face 
by providing adequate distance between selection points. 

Target Size – We noticed that target size was important for 
our dog participants.  Obviously it is harder to hit a smaller 
target, but in the dogs’ case they are also selecting the 
targets with their noses.  We chose this method of selection 
because dogs tend to use their face and nose as the first 
method of physical investigation.  When a dog gets close 
enough to make a selection of the 100 pixels (or smaller) 
target the dog can no longer see the target.  With a larger 
size target (200 pixels or larger) the dog can still see the 
target in his field of view if he misses and can adjust 
quickly to make the correct selection.  It seems that targets 
or selection points for dog touchscreen interfaces should be 
larger than 2 ½”, and probably should be 3 ½” or larger.  
There might be some future work allowing for offset cursor 
selection with dogs as seen in the work by Cockburn et al. 
done with humans [4].  The concept of an offset cursor 
might be outside the understanding of a dog, and harder to 
train. 
 
Fatigue – From our observation our dog participants were 
only able to complete at most five runs of 16 tapping task 
trials in a single session.  Towards the end of the last run in 
each session the dog was less responsive to prompts and 
seemed slower at the tasks.  Dog2 seemed to actually 
become less patient with the system and would bark at the 
screen and the handler if he was unable to quickly make a 
correct choice.  The consensus among the handlers and 
Dog2’s owner was that Dog2 was not just physically tired 
after five runs, but was also emotionally tired and 
frustrated.  

Other Insights – Because we have video of the dogs that 
performed the tapping tasks and have worked with these 
dogs before in other studies, we can glean the general 
temperament of the dogs within this study.  It is interesting 
to compare handlers’ observations of the dogs’ 
temperaments with the findings in Figure 14.  The lower 
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drive of Dog3 can be seen in his interactions with the 
touchscreen.  Dog1, on the other hand, is highly driven and 
motivated to complete tasks as fast as possible, and his task 
times are much lower.  Drive is an important indicator for a 
good assistance dog.  Dog 3 (Figure 7) was actually trained, 
but released as an assistance dog because of low drive.  It 
costs on average $25K to train assistance dogs [3], and if a 
test could be developed to help predict suitability it could 
be of great help in saving money for non-profit assistance 
dog training programs. 

Another interesting finding involving dog saliva came 
during the training sessions for the dogs to use the touch 
surface.  As the dogs were given treats as food rewards for 
completing portions of the tapping task, the screen started 
to smell of the treats from saliva left on the screen from the 
tasks.  Some dogs found this stimulus distracting when 
interacting with the screen.  When moving across the screen 
if they passed over a previous selection spot with strong 
smelling saliva, the dog would pause to sniff before 
completing the tapping task.  This pause in between taps 
greatly influences the outcome of the data and produced 
some of the outliers we have seen in our data.  We learned 
it is important to wipe the touch surface with water between 
every round of 16 tapping task trials to lessen the saliva 
sniffing effect. 
 

FUTURE WORK 
One obvious next step in our work is to train other dogs and 
collect more data.  It would be interesting to reprogram the 
system to only allow selection on touch lift-off; this 
modification would eliminate drag interactions and would 
more closely match Potter’s Take-off style of touchscreen 
interaction [23].  Changing the system in this way might 
also have drawbacks in that where the dog lifts off the 
target might not be where he was aiming originally.  These 
types of lift off selections might produce data, which will 
be inconsistent when trying to fit to Fitts’ law, but might be 
the correct interactions for designing a canine touchscreen.  
We also would like to collect data on how the angle change 
of the tapping task affects the dogs’ ability to perform the 
task. 

Assuredly dogs of different breeds will perform differently 
on the tapping tasks, but will they perform in scale and 
relation to other dogs or does each breed have its own 
logarithmic scale of performance?  We have already seen a 
difference between a labrador retriever and a border collie.  
Would we be able to test other dogs in the future to find out 
which breeds work best with touchscreens?  There may be 
more variables than just intelligence involved; the amount 
of dog saliva and the length of a dog’s fur/hair seems to 
also affect a dogs ability to interact with a touchscreen.  
Would a pug with a flat face be able to make selections 
with its nose as easily as a long snouted dog? 
 
We would also like to create a more realistic interface.  A 
product prototype of a touchscreen selection interface ready 

to test will make a great case study of our findings here.  
With dogs now already trained to interact with the 
touchscreen we can easily produce a system ready for use.  
We might even be able to place the system within the 
Georgia Tech Aware Home for a more real world venue our 
observations [14]. 

Eventually our research team would also like to look at 
other classic HCI standards and laws and see if they apply 
to interfaces that are used by dogs.  For example, we might 
compare dog data to human data with respect to the power 
law of practice.  In this way we can continue to aid and 
inform the design process of dog computer interfaces. 
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