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ABSTRACT
While the advance of technology in our homes makes human lives
easier, it also presents an ever growing source of sounds that may be
confusing for the dogs that share our homes with us. To understand
to what extent this may be a challenge, we present the findings of
an empirical study (N=104) into the perception of dogs’ reactions to
sound-producing technology in the home, and to what extent care-
givers seem to have accurate understandings of dog body language.
We found that dogs commonly react to any device in the home
that produces sound, with some types of sounds seeming to lead to
positive reactions, while others seem to trigger negative reactions
consistent with anxiety and other fearful behavior. Our findings
further indicated that caregivers seem to struggle with identifying
dog body language indicative of such anxiety and fearful behavior,
leading to the need for support in doing so. We present and discuss
the initial design of technological support to identify when dogs
are responding to sounds in the home in negative ways, and how
this might be used to both inform caregiving towards dogs, as well
as optimize home environments for multispecies co-existence.

CCS CONCEPTS
• Human-centered computing→ HCI theory, concepts and
models.
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1 INTRODUCTION
From smart speakers, smart lighting, televisions, and connected
cameras, our homes are becoming densely populated with digital
technologies. It is becoming more crucial now more than ever to
consider the effects that home-technology may have on our pets,
as already in the UK alone a third of the population is estimated to
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own a dog [7]. Dogs do interact with technologies common in our
homes, although when it comes to e.g., television, they have been
shown to perhaps glance more than actively watch in an engaged
manner [8, 9]. While dogs can simply walk or look away from the
moving images seen on the living room television, sounds around
the home aremore difficult to get away from. Studies show that dogs
that can be sensitive to loud noises [1, 15] and experience pain, fear,
and anxietywhen they are triggered [3] by such noise stimuli.While
dogsmight easily retreat to a separate environment away from some
loud noises (as is important for their welfare [11]), the increasing
proliferation of technology throughout modern homes may make
this more difficult. For this reason it becomes a worthwhile effort
for ACI researchers to understand whether, and how, dogs react to
sounds made by the technologies common in our homes, and to
ensure dog owners have the information they need to understand
this. To that end, this short paper will explore:

(1) The perceived reactions of dogs to common technolo-
gies in the house by exploring what dogs react to, how,
and to what extent their caregivers might need support in
doing so (and where); and

(2) synthesizing this understanding in an initial system
prototype design to explore how technology that supports
caregiving in the home might address animals’ reactions to
home technologies.

2 STUDY
We conducted a questionnaire based study incorporating a number
of open questions to generate qualitative data on dog-technology
interactions in the home, and a body language identification task
to understand to what extent participants could accurately identify
common dog behaviours. We included the latter task to judge to
what extent support for caregiving here might be necessary. Should
people be wholly incapable of interpreting dogs’ body language
(or worse, misinterpret it), dangerous situations could arise where
caregivers might attempt to deal with a dog’s reaction to technology
around the home in an inappropriate manner (e.g., underestimat-
ing a dog’s fear of aggression in response to home technologies).
We first performed a pilot study (N=8) with participants recruited
through social media to ensure questions were understood by all
and determine any potential issues with the instrument. From the
pilot study no issues with the understandability of the questions
were found, but not having a confidence measure for the body lan-
guage identification task was determined to be an issue. This was
corrected for the final study by adding Likert scale questions to
assess self-perceived confidence in each identification task answer.
Ethical approval was obtained from Northumbria University’s IRB
(ref. 40394) before commencement of any empirical work.
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2.1 Participants
A total of 104 participants were recruited through UK-focused social
media including Facebook, Instagram, and Twitter.

2.2 Materials
Following the pilot we created a questionnaire incorporating two
sections, as below:

2.2.1 Their dog and technology.

• How old is your dog? [years]
• How long have you had your dog? [years]
• Talk me through your daily routine with your dog [open
text]

• Does your dog seem to watch TV or react to the TV? [yes/no]
If yes, what do they tend to react to? (e.g., particular show,

hearing dogs barking, cartoons, etc.) and how do they react?
(e.g., head tilt, ears up, run to door, etc.)

• Do you play music through speakers in your house? If so, do
you notice any interest or reaction from your dog? [yes/no]
If yes, what type of music do they react to?
How do they react? (e.g. more relaxed with particular

genre, leave when its loud, etc.)
• Do you have any smart home devices, like Amazon Alex or
Google Home, etc.? [yes/no]
If yes to previous question, does your dog react to these

devices? (e.g., notification sounds or computerized voice)
and how do they react?

• Do you have any other technologies in your home that gen-
erate sounds that your dog reacts to? If so, how do they
react?

2.2.2 Dog body language identification. We used visualizations of
common emotions expressed through dog body language from the
LECA Academy Guide to Dog Body Language’s visualizations [2]
as shown in Fig. 1. For each of these body language visualizations
we asked:

• What is this dog showing? [multiple choice with four op-
tions]

For Fig. 1a): Fearful and worried, Extreme Fear, Dominant
Aggressive, Alert – Checking things out

For Fig. 1b): Relaxed and Approachable, Fearful and wor-
ried, Stressed and distressed, Dominant Aggressive
For Fig. 1c): Playful, Alert - Checking things out, Fearful

and worried, Relaxed approachable
For Fig. 1d): Fearful and worried, extreme fear, dominant

aggressive, fearful and aggressive
For Fig. 1e): Alert - checking things out, fearful and wor-

ried, relaxed approachable, stressed and distressed
• How confident are you in your previous answer? (5pt Likert
scale anchored with “least confident”, “extremely confident”)

3 FINDINGS
A total of 104 responses were analyzed for the present study. All
participants were the primary caregiver of the dog(s) they discussed
in the questionnaire. Dogs’ age varied between one and 12 years,

(a) Dominant aggressive (b) Fearful and worried

(c) Playful (d) Fearful and aggressive

(e) Stressed and distressed

Figure 1: Annotated body language illustrations used in the
questionnaire, adapted from the “LECA Guide to Dog Body
Language” [2]

with the average age of dogs being 5.2(±3.7) years, and the length
of the human-dog relationship typically similar (4.9±3.5).

In terms of daily routines, participants often created their rou-
tines around their dog, the dog seems to be part of the family
household rather than just a pet in most cases, as they eat at the
same time, go for walks together and just hang out in each other’s
company, showing an increasingly entangled multi-species house-
hold [17]. Dog-owners frequently stated that their dog goes to bed
when everyone else does, “they wake up and go to bed at the same
time as me.” (P14) This perception also creates and validates the idea
of the dog and humans coexisting together as family. Dogs were
frequently mentioned to have “free time” on their own, whether in
the garden or around the house. Participants noted that their dogs
needed time to explore or have freedom. It was also reported by
several respondents, that affection was a big part of their pet’s daily
routine, through cuddles, greetings, and spoiling. Play-time was
also often mentioned as an activity that took part usually when the
dog-owner returned from work before dinner time. Some respon-
dents mentioned people and other dog socialisation, from bringing
their dog to “visit other family”, “stay at granny’s house”, and “the
dog walker collects them”.
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3.1 Perceived reactions of dogs to technology
around the home

Very few participants highlighted any technology use as part of
their daily interspecies routine. The TV was mentioned as part of
an evening activity to bond or “sit together whilst watching TV”,
and the radio was mentioned by 2 participants for the same reason,
to “leave it on while I’m away”. Table 1 gives an overview of what
technology participants had seen their dogs react to, and what type
of responses they have observed. There was frequent mention of
head-tilting, which is known to be indicative of semantic processing
of stimuli in dogs [14], which thus may hint at dogs engaging with
and attempting to understand sources of noise in the home, rather
than simply reacting to it.

Table 1: Reactions to the main types of technology queried.
Note that reactions to music being played are lower than
other types of technology as few participants noted playing
music in their house.

N % Type of responses
Reacts to smart home devices 76 73% Looking for source,

ear movement, head
tilt, bark

Reacts to the television 75 72% Head-tilt, bark, ear
movement, interact
with TV

Reacts to music being played* 24 23% Relaxing, leaving
room, moving to
caregiver

Other devices:
Vacuumer, phone – 23% Barking, leaving

room, head tilt, ag-
gressive interaction

Respondents frequently derived from the observed state of their
dog to give holistic descriptions such as, “the dog doesn’t like it”,
“she looks curious or anxious” or “he’s always happy when I play
this”. Participants generally used the same behavioural cues as pro-
vided in example answers, which consisted of “head tilt” and “ears
perked”. Seventy-three percent of respondents said their dog seems
to watch TV or react to the TV, with most reactions related to noises
originating from the TV. Barking (26%) and other animal noises
(18%) were the most frequent triggers to create reactions from dogs.
The behavioural reactions were mostly head tilts (25%), barking
(19%), and ears up (18%). Dogs reacted curious and alert when hear-
ing high pitched noises from the TV. High-pitched noises included
alarms, beeping, squeaking and more. Some respondents also stated
when watching a scary film, the spooky soundtrack would make
their dog want to leave the room or look for comfort from their
owner. Dogs also stared and watched the TV (14%) when animals,
ball sports or cartoons caught their attention. 78% responded ‘Yes’
when asked if their dog reacts to music being played in the home.
Most reactions were caused by calmmusic leading to a more relaxed
and calmer dog (40%), some also said their dogs “wanted” to be
closer to them (13%) with this genre of music playing. 29% said their
dog reacts to loud music, respondents stated that their dog “doesn’t

like” (16%) any loud or rock music and the dog leaves the room
(22%) if they can. Others mentioned that their dog reacts playful or
happy (9%) to upbeat music, by “looking happy” and “giving paws
to dance”. When asked if the respondents have a smart home device,
75% said yes, of which 45% then said their dog has no reaction these
devices. Those who did notice reactions from their dog stated it was
from hearing notifications and alarms (63%), or the computerised
voice (31%). Most dogs became curious and looked for the sounds
(18%), some perked their ears (11%), tilted their head (8%) or barked
(8%). A few dogs growled (5%) or acted alert (5%). The hoover (21%)
and phone (21%) were the most mentioned other technology devices
that cause reactions to their dogs within the home. When asked
how the dog reacts to other devices in the home, 87.5% answered
with a negative reaction. Hoovers were seen negatively as dogs
ran away (20%), acted anxiously (10%) or attacked it (8%). There
were also mostly negative reactions to the doorbell, hearing alarms,
beeping and notifications, participants describing their dogs as “not
liking” (15%), and “barking like crazy” (35%).

3.2 Themes
Based on these results and the open text comments participants
gave, we constructed three major themes using an inductive the-
matic analysis approach:
Theme 1: Positive reactions to technology: Depending on the
technology and context, there are certain devices that generate
more positive behaviour in dogs. The TV is responsible for few of
these, some dogs were mentioned to become playful, curious, happy
or just continue to be content when dog owners have the TV on –
to the extent that their owners accurately interpret their state of
mind, of course. High-pitch noises include doorbells, sirens, alarms
or whistles, linked to most dog curiosity. Curiosity was described
most as head tilts and ear perk. Dogs frequently ran around the
house looking for the source of the sound until they got bored.
Smart devices, or speakers had mostly no reaction according to
their owners. No reaction can be a positive thing as the device may
not trigger dogs and they are content in their own home.
Theme 2: Negative reactions to technology: Technology has
many triggers in causing negative behavioural changes to our pet
dogs. Negative reactions that dog owners reported attributed to
their dogs were fear, anxiety, aggression, confusion and in some
cases, alertness. The TV has many triggers to creating these nega-
tive reactions, all from noises and sounds. Hearing other dogs bark,
animal noises, loud sounds, spooky soundtracks, and the doorbell
all have an impact on our pet dogs. These triggers caused the dogs
to bark, growl, look for comfort, show anxiety, cry, and even hair
to bristle. When it comes to music, loud and rock music generate
the same behavioural manners for dogs. The dogs “don’t like it”
and tend to leave the room where this music is being played. No
reaction could be subtle behaviours being displayed by the dog that
are going unnoticed.
Theme 3: Trying to interact with Technology: This theme cov-
ers interactions with technology on two levels: the immediate signs
themselves (e.g., responses to sounds, cues), and specific reactions
to signs that present as animal avatars (e.g., responses to dogs bark-
ing on tv). Dogs are frequently noted to be attempting to interact
with different technology devices. Barking at TV to either alert their
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owners of what’s going on or to get the TV’s attention. Behaviours
in this also includes jumping at the TV, running behind the TV
and getting hyper. Some dogs become aware of the same occurring
device noises, for example, Alexa morning alarms, and run to the
door to be let out by the owner. These interactions were mostly
due to the dogs hearing or different vision of screens. They also
varied in positive and negative behaviours. Effectively, smart homes
may function as classical conditioning systems that train dogs to
behave to particular cues (e.g., the morning alarm being linked
to going out), without the home’s human inhabitant necessarily
aware of this, which may lead to a host of issues when these cues
change or fall away. Dogs are reacting to all sorts of animals and
their noises through technological devices in their homes. Most
dogs react to hearing their own species, i.e., other dogs. Barking,
crying, and howling are all noises that trigger our pet dogs, with
different types of reactions varying. The reactions from dogs were
mostly negative when hearing their own species, to include fear,
anxiety, and aggression. Hearing all other animal sounds, birds
being most frequent after dog barks, caused mostly curiosity and
confusion. Seeing animals on screens caused most dogs to stare
and watch intently. Some ran behind the TV the first few times
when watching to look for the source of the sound. These avatar
animals cause noticeable behavioural changes to our dogs, positive
and negative. Positive behaviours were curious, happy, and playful,
as the dogs tilt their heads, perked their ears, ran to windows and
doors, and jumped or ran to the TV. Negative reactions were also
quite frequent as dogs barked, growled, and showed anxiety or fear.

3.3 Body language identification
Tables 2 and 3 show details from the behavioral identification task in
the study, indicating to what extent behaviors were (mis)identified.

Table 2: Overview of correctly identified body languages

Behaviour N % Confidence
Dominant Aggressive 83 80% 3.45 (±0.96)
Fearful and Worried 56 54% 3.42 (±0.97)
Playfulness 101 97% 4.38 (±0.73)
Fearful and Aggressive 33 32% 3.69 (±0.83)
Stressed and Distressed 49 47% 3.37 (±0.86)

There is significant difference in the correct identification of body
languages between the different behaviors shown. While playful
and dominant aggressive body languages were overall fairly consis-
tently identified, body language indicating fear, worry, and stress
were much less frequently correctly identified. In particular, clear
aggression or playfulness were mostly correctly identified–with
playfulness being the only body language where participants were
predominantly confident in their identification, while body lan-
guage indicating varying states of fearful or anxious distress were
identified in a plurality of ways. Particularly concerning in Table 3
are the high rates of misidentifying a fearful and worried body lan-
guage as relaxed and approachable (27%), and high rates of failing to
pick up on aggression components in fearful body language (62%).
This indicates the potential for caregiving support in disentangling
the meaning of body language, discussed in Section 4.

Table 3: Results of behavioral identification task (N=104).

Behavior shown Behavior identified as N %
Dominant Aggressive Dominant aggressive 83 80%

Alert - checking things
out

9 9%

Extreme fear 8 8%
Fearful and worried 4 4%

Fearful and worried Fearful and worried 56 54%
Relaxed approachable 28 27%
Stressed and distressed 19 18%
Dominant aggressive 1 1%

Playfulness Playful 101 97%
Alert - checking things
out

2 2%

Relaxed approachable 1 1%
Fearful and aggressive Fearful and aggressive 33 32%

Extreme fear 39 38%
Fearful and worried 25 24%
Dominant aggressive 7 7%

Stressed and distressed Stressed and distressed 49 47%
Alert - checking things
out

26 25%

Fearful and worried 26 25%
Relaxed approachable 3 3%

4 SYNTHESIS
4.1 Key functionality needed
Given the findings of the thematic analysis and the behavioural
identification task showing a need for giving better support to
dog owners in identifying (and subsequently dealing with) fear-
ful behaviours, we propose that a system encapsulating two key
functionalities are needed: (smart) noise detection and body lan-
guage identification. Both of these functionalities seem feasible
given recent advances in research discussed below.

4.1.1 Noise detection. As found, sounds were the main trigger in
causing reactions and behavioural changes in dogs. The system
should have noise detection notifications with the right guidance.
Barking was one of the most frequent behaviours in response to
technology noise, the system should detect this, alert the user, and
provide relevant information to build knowledge. This will also in-
clude detection of loud music or triggering noises such as fireworks,
alarms, or other animal noises. Giving dog-owners this alert to all
the different triggers that happen likely quite often, should allow
for a better awareness as to how such “background” noises can
affect dog’s and that there should be a certain responsibility to try
and reduce certain noises that can cause negative reactions or be-
haviour. With the sound recognition features that are implemented
into smartphones, they can detect certain sounds and trigger notifi-
cations to the user. It detects sounds such as the doorbell, beeping,
alarms, barking, crying babies and more. The microphone listens
and detects any specific sounds that the phone user can choose
(e.g., [5]). This feature is mainly used for people who have hearing
disabilities but is also used in other cases. Being able to identify cor-
rectly the different environmental noises and distinguishing from
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barks to cries, the system should be able to immediately suggest
relevant steps or guidance to support caregivers.

4.1.2 Body language identification. For owners having issues cor-
rectly identifying dog behaviour in the form of their body language,
‘DogScanner’ should be available for users to point the camera to
interpret their behaviour and to receive results with information.
Kumar et al. [10] discusses the steps on how to build a deep learning
model to classify dog behaviour, since computer vision can classify
dog breeds from one image. For identifying dog behaviour, it can
work in a similar way, by giving a dataset of tens of thousands
of images of dogs to a model to train it, then it would be tested
on how accurately it is able to identify behaviour, from panting,
tail up, or overall body posture. There are also many behavioural
analysing systems that are used for different species, one study
uses this information to address the challenges in this area [12], the
technology for identifying and analysing dog behaviour is almost
there, therefore this feature is incorporated in the design of how
this functionality will work for the user with the prototype.

4.2 Prototype
4.2.1 Design. Using AdobeXD, we constructed high-fidelity wire-
frames for a system that might support caregivers in the home deal
with the identified issues (see Fig. 2).

(a) Passive listening functionality showing an example of identifying
a dog’s negative response to loud music

(b) Behavioral scanning functionality showing an example of identi-
fying a dog’s body language

Figure 2: Wireframes from the high-fidelity prototype

4.2.2 Preliminary user testing. Using a think aloud protocol, we
recruited a participant of the initial questionnaire to run through
pass/fail testing for basic functionality, focusing in particular on
the key functionality. The participant had no hesitations or issues
when following task 2, they were able to open the notification
and click the relevant button quickly. Similarly, with task 3, the
user had no issues, although there was slight confusion during
the ‘scanning’ process from the dog scanner as it took 4 seconds
for the results to appear. The user clicked the scanning page a
few times unsure of what to do until the results showed and they
understood. This was then improved by changing the trigger time
from 4 seconds to 2 seconds, with an addedmessage on the screen to
inform the user: ‘Please wait ... Scanning’. Building in such a delay
que in the interface may be important to allow an implementation
of the system to deal with computational time and/or latency for
cloud-based solutions of the sound identification and body language
computation.

5 CONCLUDING OUTLOOK
Wehave presented the results of an empirical studywith dog owners
identifying a clear need for more support to understand when
sounds in increasingly noisy smart homes may affect dogs. As many
dog owners seem poorly equipped to accurately identify fearful
behaviours, technology which aids them in doing so as a result of
loud or otherwise aggravating noise stimuli (e.g., fireworks, loud
televisions and music, hoovers) is a valuable avenue of research for
the Animal-Computer Interaction community. We designed and
tested an initial prototype incorporating such functionality to easily
notify dog owners when their dogs react to noise in the house, and
help them understand their body language.

Given the rise of computational animal behaviour analysis over
the few years, implementing this seems an increasingly feasible
avenue of future work. That said, a number of hard, or even wicked
challenges remain to address in future work. This includes fun-
damental challenges dealing with the training of classifiers to ac-
curately classify sounds to know when to act (e.g., did your dog
bark, or did a dog passing by on the street bark, or did a dog on
the television bark?); to dealing with fear reactions that manifest
in entirely different or muted verbal utterings (e.g., a dog cowering
in fear behind the couch rather than barking angrily). Building this
system will also need to very carefully deal with the capture and
processing of any information to minimize the potential of unnec-
essary data being processed any further, similar to the challenges
of designing for guest privacy in smart home environments [13].
Given the wealth of human data that can be inferred from com-
panion animal data itself [18] a careful handling of exactly what
information about the caregiver may be gleaned from classified
dog behavioural data is similarly necessary, to avoid, say, situa-
tions where one would mistakenly make assumptions about animal
abuse based on a system recording repeated fearful behaviours in
combination with caregiver data. Similarly, although automated
emotion analysis is progressing rapidly [4, 6] and becoming increas-
ingly efficient, the sheer challenge of both getting data that paints
a sufficiently complete picture to allow for emotion analysis and
can accurately do so remains a difficult challenge.
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Finally, although here we discussed a system in the form of
an app, the potential for technology supporting caregiving goes
beyond smart apps with which dog owners directly engage, as
smart home-enabled environments where dogs are left alone (e.g.,
due to owners’ work commitments) could be designed to identify
and react to audio cues indicative of dog’s stress by e.g., playing
soothing music or recordings of the owners voice as a response to
persistent barking or other nervous signs–although exactly what
cues are most effective will have to be confirmed through further
research on disembodied cues such as that recently proposed by
Torjussen and and Root-Gutteridge [16].
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