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Abstract

Every year, a higher number of dogs are abandoned or euthanised due to tem-
perament issues and a lack of understanding by owners regarding dog behav-
iour and training. This research focuses on the potential to make predictions
of adult dog temperament based on early puppy behaviours by using a ma-
chine learning model. Specifically, the research used guard dog breeds, such as
American Bully, American Pit Bull Terrier, and German Shepherd. The study
collected dog data and general data from dog owners and used the Random
Forest approach to build a predictive model. Users are allowed to input puppy
data and receive adult dog temperament predictions in model, which is inte-
grated into a web application. The aims of this web application are to enhance
responsible dog ownership and reduce abandonment by offering insights and
training recommendations based on predicted outcomes. The model achieved
a prediction accuracy of 86% on testing, and it is continually improving, though
further refinement is recommended to improve its reliability and applicability
across a broader range of breeds. The study contributes to canine welfare by
providing a practical solution for predicting temperament outcomes, ultimately
helping to reduce shelter populations and euthanasia rates.

Keywords

Dog Temperament Prediction, Canine Welfare, Puppy Behaviour, Machine
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1. Introduction

1.1. Background

Currently, a significant number of canines around the world are getting put down
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or ending up in shelters even by their owners due to temperament issues. Even the
world has an availability of different dog breeds who are most likely to be adopted
or petted, in an increasing manner, the number of dogs all around the world is
going through tough times related to putting down and sheltering [1]. When pur-
chasing a dog as a pet, attractiveness and likability are the factors that most people
focus on [2]. As of today, most dog lovers buy dogs without knowing the require-
ments and housing conditions. A dog’s requirements should always match with
their owner’s requirements and their housing conditions. Also, it was noted that
most dog owners are not training their dogs at early stages and not making time
for their dogs [3]. And dog owners must have the knowledge to raise dogs properly
regarding the well-being of dogs, which can help to reduce behaviour problems in
dogs [4]. The primary matter is canines getting ended up in shelters and getting put
down due to behavioural problems arising for the reason of the lack of knowledge
in owner’s viewpoint regarding dog’s requirements, housing conditions and owner’s
requirements [5]. The result can be fatal as some dogs can get aggressive for strangers,
such as new people or animals and even can get aggressive to their owner and fam-
ily. Then, most of the time, those aggressive dogs will get put down or end up in
shelters by those owners. Now, in the animal welfare sector, it’s becoming a highly
important and considerable matter. After ending up in shelters, dogs can have the
risk of homelessness [6]. While investigating the connection between puppy be-
haviors and adult dog temperament, the research provides knowledge to people
and prevents dogs from getting put down and ending up in shelters by providing
an innovative solution through predicting adult dog temperament based on puppy
behaviors.

There were previous findings available related to temperament of dogs. Previ-
ous research was performed for German Shepherd dogs bred for the purpose of
Swedish military working dog program and used C-BARQ (Canine Behavioral
Assessment and Research Questionnaire) to investigate dog behaviours and expe-
riences. Sudden dummy appearances, structures of frightening floors, human so-
cial interactions and noisy sounds were used in T-test (temperament test) to find
out the eligibility to grow into military working dogs. The research results showed
that behaviours and experiences of puppies in the first 12 months of their life ma-
jorly impact for their later temperament [7]. It was found that it’s hard to apply
standardized dog behavioural tests and also recommended to use standardized
dog behavioural tests such as the DMA (Dog Mentality Assessment) or Serpell and
Hsu developed method for evaluating guide dog temperament [8]. It was found
that previous researchers used different kinds of statistical models. C-BARQ and
IFT (In-For-Training), a standardized temperament evaluation used to predict the
success of assistance dog training, which resulted in high accuracy rate in a previ-
ous research paper [9]. Also, behaviour tests were conducted for the purpose of
puppy prediction for the suitability as detection dogs and recommending further
validation of behaviour tests for different breeds [10]. Also, previously had a be-

haviour recognition based on multimodal data, which were collected through a
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wearable device and a camera to apply in health monitoring and treatment of dogs
[11]. An earlier study reviewed about past research studies relating to different
studies of dog temperament and also mentions that most of the studies were
focused on Labrador Retrievers and German Shepherd dog breeds [12]. Earlier re-
search was focused on predictive validity of behavioural tests only regarding mil-
itary working dogs to evaluate relationships among those behaviours [13]. In a past
study, they were unable to find proof connecting paw preference to temperament,
except that the lateralized dogs outscored ambilateral dogs on a test of stranger-
directed aggression [14]. Also, found that specific breed temperament may be
triggered by certain mutations in genes, whereas other characteristics may re-
flect wide range of inherited behaviours of “ancient” lineage or selection by hu-
mans for the purpose of particular functional skills [15]. Also, Bennett, Litster,
Weng, Walker and Leuscher assessed the effectiveness of evaluation tools, SAFER
(Safety Assessment for Evaluating Rehoming) and mAAP (modified version of
Assess-A-Pet), in predicting aggression of dogs using 67 dogs and comparing their
behaviour histories with the C-BARQ, and discovered that mA AP had better sen-
sitivity and specificity for recognizing aggressive dogs than SAFER. Also, [16] dis-
covered that both these tools were imperfect for predicting aggression. Another
earlier research suggested that temperament tests in the previous research were
developed without scientific systematic approach. They identified five main key
measures (practicality, reliability, purpose, validity, standardization) of a temper-
ament test to influence a new approach [17]. Most of the previous research was
done without systematic approaches.

As stated by Shelter Animals Count 2023, which is the national database that
collects data from most of the animal shelters in world, the percentage of dogs that
were relinquished to shelters by owners was 24% in 2019, 2021, 2022 and 2023
[18]. The percentage of dogs non-live outcomes in shelters was 36% in 2019 and
2021, 44% in 2022 and 47% in 2023 [18].

Related to the temperament and behaviours of dogs, many of the previous re-
searchers have researched dog breeds such as Golden Retrievers [9] [15], Labrador
Retrievers [9] [10] [12] [15] and German Shepherd dogs [7] [12] [13] [15]. In the
world, there are many more dog breeds available. 200 dog breeds are currently
registered in the AKC (American Kennel Club) [19] and over 300 breeds are cur-
rently recognized in the UKC (United Kennel Club) [20]. With that gap in mind,
other dog breeds like American Bully, American Pit Bull Terrier, etc. related re-
search can be addressed. Also, most researchers have previously focused on com-
panion dogs [3] [9] [17], and military working dogs [7] [13], and there is a lack of
research done on other dog categories like guard dogs, service dogs, etc. Based on
facts, American Bully [21], American Pit Bull Terrier [22] and German Shepherd
[22] [23] dogs can be considered as guard dogs because of their protective quali-
ties. In the United Kingdom (UK), XL Bully [24] [25], Pit Bull Terrier [24] dogs are
banned under the Dangerous Dogs Act 1991 [26]. This research focuses on enhanc-

ing the well-being of dogs by predicting their adult temperament from their puppy
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behaviours and taking steps to give proper training to them, etc. to reduce attacks
in public society.

This research study focuses on predicting adult dog temperament based on puppy
behaviours using Random Forest ML approach and also, found that there is no
previous research done on predicting adult dog temperament based on puppy be-
haviours and experiences using a ML prediction model with Random Forest ap-
proach. The study provides users with a solution and the knowledge to develop
responsible ownership of dogs and positive human-dog relationships, helping ca-
nine welfare by reducing the dog count getting put down and ending up in shelters.
This improves the well-being of canines as well as dog owners, also shelters and dog

rescue groups through an inventive approach.

1.2. Research Question

RQ: How can adult dog temperament be predicted based on puppy behaviors and
experiences to reduce the number of dogs ending up in shelters and being eu-
thanized?

1.3. Research Objective

To predict adult dog temperament based on puppy behaviors and experiences to

reduce the number of dogs that end up in shelters or are euthanized.

2. Methods

The main target of the research is to gather dog data and general data from dog
owners. With that strategy in mind, data gathered by calling through phone, phys-
ically visiting and by Google Surveys, and then used for the analysis process. After
gathering of data phase, organized and stored data in an excel sheet as in Comma-
Separated Values (CSVs) [27] format which was more suited when feeding to the
machine learning model in the model training process. Dataset contained same
dogs’ adult dog behaviors and puppy behaviors. Dog behaviour attributes such as
energy level, shyness/outgoingness, reaction to owner and the family, reaction
to new people, behavior around other animals, responsiveness to common com-
mands, specific behavioural issues, and general data attributes such as having
other animals at home, having children in home, perform trainings for the dog,
each day hours spending with the dog, etc. contributed to predict the adult dog
temperament in the solution of the study. Most of these attributes are highly val-
ued key variables to affect dog temperament [4] [28]-[33]. Then, the data prepro-
cessing part done through feature engineering by focusing on categorizing behav-
iour data and handling missing values to attain the best results. Overall, all the
findings provided the training data for the ML predictive model. In the Discussion
and Findings section, some of the graphs and charts are displaying processed data
related to dogs and their owners. Then, the dataset absorbed into the ML model
which uses the Random Forest ML approach that can handle complicated rela-

tionships with a medium to large dataset [34] [35]. While Decision Trees approach
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Physically
visiting

is useful but may not capture the complexity of the relationships in the data as
effectively in this research because it is good for small, simple and well-structured
datasets [35]. While focusing on Neural Networks approach, it typically requires
much larger datasets. Also, the training of Neural Networks approach is very time-
consuming and can be computationally intensive [36]. The difficulty of interpret-
ing trained models is one of the primary issues with neural networks approach
[36]. When comparing with other ML approaches, Random forest approach is fast
to train [37]. Random Forest approach can outperform Neural Networks ap-
proach over specific cases and also can have advantages when comparing with
Neural Networks approach [36]. The Random Forest approach was chosen as the
better option for this research project. The model was then trained. After the
model training process, it was evaluated. Then the predicting model integrated
with a web application. Users can be able to input puppy data into the integrated
web application to get adult dog temperament predictions of those puppies. Also
additionally, based on the predicted adult dog temperament results, the software
provides valuable insights such as recommendations, insights and training plan
generators to users. By making better decisions such as perform trainings for the
dog, etc. can improve the well-being of their dogs and their relationships [38].
Opverall, the solution tool contributes to enhance the well-being of dogs by these
strategies.

Below conceptual framework is showcasing the structure for organizing the re-
search process (Figure 1).

Data Preprocessing [ FEERIE MieelCElE e —»( XandomiForest
ngineering Approach

Cross-Validation Model Training
Data Collection (Gl e @
phone

Google Surveys WebApp € Integration

Input Puppy
Behaviours

Prediction

Visualized data

Figure 1. Conceptual framework diagram.
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3. Discussion
3.1. Findings

The analysis had a broad area of dog data and general data. In this section, some
of the charts and graphs are showcasing processed data related to owners and their
dogs.

Data were collected on the dog breeds of American Bully, American Pit Bull
Terrier, German Shepherd, Rottweiler, Labrador Retriever and Boxer. The study’s
aim is on the guard dog category and also because of the low number of responses
to several dog breeds, had to drop Labrador Retriever, Rottweiler and Boxer dog
breed data. The research then targeted American Bully, American Pit Bull Terrier
and German Shepherd guard dog breeds. Forty nine percent of German Shepherd,
28.1 percent of American Pit Bull Terrier and 22.9 percent of American Bully data
were analysed in the total of 96 data in the dataset (Figure 2). Collected dog data
count displayed these guard dog breeds are crucial for the temperament predic-
tion by displaying different patterns regarding the temperament throughout the
breeds, had to consider that different breeds have different behaviours. Within the
breeds that identified, 60.4 percent of male animals and 39.6 percent of female
animals were found. In the real world, both male and female dogs have different
temperaments and having data on both genders provide a significant impact to
the solution. Because male and female dogs are having different temperaments,
the user can understand and determine which dog gender temperament traits are

positive or negative at the final result.

2. What is the breed of your dog?

96 responses

60

40

20

47 (49%)

27 (28.1%)
22 (22.9%)

American Bully German Shepherd Pit Bull

Figure 2. Graph—dog breed.

Dog’s energy level was one of the most essential choices because it is a key in-
dicator to the activity level of dogs and by being aware of this trait aids to predict
dog temperament [7]. Ninety-nine percent of energy levels were at high, while
moderate energy levels were at one percent in the collected dataset (Figure 3).
Dog’s shyness/outgoingness is a main factor in sociability level of dogs. Canines
can have confident behaviours, fearful behaviours, etc. [8]. Regarding the re-

search, outgoingness simply spells out that adaptation can be done easily, and
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shyness requires more socialization. Outgoingness was at 94.8 percent, while shy-
ness was at 5.2 percent in the gathered dataset. By being aware of this attribute
aids to predict dog temperament (Figure 4). In the collected dataset, most of the
dogs were friendly to their owner and their family at a percentage of 97.9. Dogs
who aggressive towards the owner and family members were very lower at a per-
centage of 2.1 (Figure 5). When concentrating on the dog’s reactions to new peo-
ple in the gathered dataset, majority of dogs were friendly at a percentage of 59.4,
some of the dogs were reserved at 31.3 percent and lesser number of dogs were
aggressive at a percentage of 9.4 (Figure 6). And when concentrating on the dog
behaviour around other animals in the dataset, majority of dogs were friendly at
a percentage of 60.4, some of the dogs were reserved at a percentage of 31.3 and
lesser number of dogs were aggressive at a percentage of 8.3 (Figure 7). Friendly
reactions indicate positivity of trust and sociability. Reserved reactions indicates
neutral action between friendly and aggressiveness but still needs light training.
Aggressive reactions indicate negativity and attention required for training [3].
These traits are heavily required for predicting temperament of dogs. Also, the
research identified that some dogs had some specific behavioural issues such as
aggressiveness that led them to attack new people and other animals sometimes,
and very lower number of dogs were aggressive towards their owner and their
family. If specific behavioural issues like aggression are discovered, then required
to have the attention for training methods. This trait is strongly recommended for
predicting temperament of adult dogs in the research solution. When concentrat-
ing on responsiveness to common commands trait, most of the dogs were respon-
sive at a percentage of 77.1 and some of the dogs were not responsive to their owners
at a percentage of 22.9 which refers to dog obedience and the trainability (Figure
8). This trait is also, strongly aids to predict the adult temperament of dogs. Dog’s
energy level, shyness/outgoingness, reaction to owner and the family, reaction to
new people, behavior around other animals, specific behavioral issues, responsive-
ness to common commands are key and main ingredients in the study because these
traits provide a thorough overview of a dog’s early stage which is definitely affect-

ing that dog’s adult temperament [8].

5. How would you describe your puppy's energy level?

96 responses

® Low
® Moderate
High
Figure 3. Chart—dog energy level.
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7. Is your puppy generally shy or outgoing?

96 responses

@ shy
@ Outgoing
Figure 4. Chart—dog shyness/outgoingness.
9. How does your puppy react to you and your family?
96 responses
@ Friendly
@ Reserved

@ Aggressive

Figure 5. Chart—dog reaction to owner and the family.

11. How does your puppy react to new people?
96 responses

@ Friendly
@ Reserved
@ Aggressive
59.4%
Figure 6. Chart—dog reaction to new people.

13. How does your puppy behave around other animals?

96 responses
@ Friendly
@ Reserved

@ Aggressive

60.4%

Figure 7. Chart—dog behavior around other animals.
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17. Does your puppy responsive to common commands?

96 responses

@ Yes
® No

Figure 8. Chart—dog responsiveness to common commands.

Most dogs are living with their owners in suburban areas comparing to rural
areas, at 82.3% and 17.7% respectively, according to the dataset. When focusing
on home type, 84.4 percent of dogs are living in houses with big yards and 14.6
percent of dogs are living in houses with small yards (Figure 9). There was just
only one dog counted as living in an apartment with the owner. It was clear that
having no children at home was at 62.5% and having children at home was at
37.5% (Figure 10). Furthermore, having no other animals at home was at 81.3%
and having other animals was at 18.8% (Figure 11). These environmental factors
such as availability of space, having children and other animals at home are
impacting dog’s stress levels and make them crucial attributes to predict adult dog
temperament [13]. Other environmental factors such as home type, having chil-
dren and other animals at home attributes were affecting the adult dog tempera-
ment development because housing conditions can affect mental fitness of dogs and
coexisting with children and other animals foster relationships and socialization
to the temperament of dogs [13].

6. What is your home type?
96 responses
© Apartment

@ House with a small yard
@ House with a big yard

Figure 9. Chart—home type.

7. Do you have children in your home?
96 responses

@ Yes
® No
Figure 10. Chart—having children in home.
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8. Do you have other animals at home?

96 responses

@ Yes
® No

Figure 11. Chart—having other animals at home.

It was evident that most dog owners are spending five hours of time with their
dogs on each day, as a percentage of 44.8, while 10 hours, 9 hours, 4 hours, 8 hours,
3 hours, 7 hours, 2 hours, 6 hours were minor contributors at 21.9%, 13.5%, 6.3%,
5.2%, 3.1%, 3.1%, 1%, 1% respectively (Figure 12). Most dog owners were not giving
training sessions for their dogs. It was indicated at 71.9%, while owners who give
training sessions for their dogs were indicated as 28.1% (Figure 13). Spending time
with canines and giving training for them can be a good choice to manage temper-
ament issues or else may arise issues in the future [3]. These attributes directly con-
tribute to strengthen the bond between the owner and the dog [3]. Also, it enhances
dog’s behaviors and obedience. These attributes are also influencing for the pre-

dicting temperament of dogs.

9. Each day, how many hours do you spend with your dog?
96 responses

60

43 (44.8%)
40

20 13 (13.5%)

3(3.1%)

1(1%)

2 3 4 5 6 il 8 9 10

Figure 12. Chart—each day hours spending with the dog.

10. Do you train your dog?
96 responses

@ Yes
® No
Figure 13. Chart—perform trainings for the dog.
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In conclusion, the temperament prediction section is chosen as the main feature
of the solution. Furthermore, we decided to add more extra features like providing
recommendations, insights and training plan generators based on the predicted
adult dog temperament results. Each and every dog owner who provided the data
to the research was very concerned regarding behaviours of dogs as dogs mature
into adult dogs. That makes the project solution is required to build and will be suc-
cessful among end users. By understanding dog behaviours properly, dog owners
can have positive impact on their dog’s well-being.

Following is the diagram explaining the development (Figure 14).

Start

A 4

A 4

Data Collection | >/ Data Preprocessing Data Creation ML Model Training

A 4

Model Evaluation

A4

Web Application
Interaction

A4

<« Output Display

Figure 14. Flowchart diagram.

3.2. Software Development

Frontend application, backend application, machine learning model and database
acted as the main units in the software architecture that the study followed. In the
frontend application, interactive interfaces were designed using React library to
handle client-side interactions. Integrated with the Python ML model, backend is
implemented using Flask (Python) framework and Node.js to handle server-side
interactions. The machine learning model is the unit that is responsible for the adult
dog prediction based on early puppy behavior data and the model was trained using
dog data and general data in the dataset that was collected from dog owners. The
model is implemented primarily using Python programming language. Data pre-
processing part is done through feature engineering by focusing on categorizing

behaviour data and handling missing values. In the process, split data into training
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(80%) and testing (20%) sets. Trained the model using Random Forest ML approach
because Random Forest approach is more suitable to handle complex relationships
with a medium-large dataset, as encountered in this research. Also, performed hy-
perparameter tuning and evaluated the model to enhance the accuracy to fulfill the
expectations of the study. After saving and loading the model, predicted the target
values. After implementing the ML model, integration of the model to the backend
application process happened. MongoDB Atlas cloud database is used to perform
CRUD operations for software data and model parameters. After all processes were
done, to validate the finalized software solution, tests were conducted and found
issues were instantly addressed and fixed.

Below use case diagram is showcasing the features and scope of the software
(Figure 15).

Complete questionnaire/survey

View predicted dog temperament

View recommendations and
insights

View training plan generator

Register and manage account

Add and manage dog profiles

Dog Owner
Provide feedback
Contact support
Log in and log out
Manage user accounts
View support tickets and user feedback .
Admin

Figure 15. Use case diagram.

Below is the solution logo (Figure 16).
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Figure 16. Solution logo.

Below screenshots are showcasing user interfaces in the software.

User should be able to register to the app using the sign-up screen (Figure 17).

Sign Up

Name

Email Address

-

Y \ A
Select an Option -
Lvng Stuaton - ‘

: Welcome to Puptopal

have an account? Logir

Figure 17. Sign-up.

User should be able to log in to the app using the login screen (Figure 18).

Signin
k._ - J
Welcome to PuptoPal

Figure 18. Login.
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User should be able to see dogs that are added to dog profile section in the dash-
board (Figure 19).

(O Y
View Pets
(e e
timmy 2 Male German Shepherd m
Jacki 2 Male American Bully m
Rexi 6 Female German Shepherd m

Figure 19. Dashboard.

User should be able to view and update their user profile (Figure 20).

My Profile

Name

Jack

Select Pet Count Select an Option

1 Male -
Living Stuation

Suburban area T

Living House Type
Apartment *

Figure 20. User account.

User should be able to add dog profiles to their account (Figure 21).

Add New Pets

‘ DAL

MENU

Name

SelectPet Age
sl Dashboard ¢ ] [Gender -

Pets

Energy Level - } { Breed -

Adult dog reaction to family?

Adult responsive

[ 1
[ )
[ )
[ d
[ J
( ]

Figure 21. Add dog profiles.
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User should be able to answer the questions regarding puppies asked from the
app to predict the adult dog temperament (Figure 22).

(OIS
Predictions
pupey's eacton 2 new peoh

T Friendly h
[r—— pupay s behavioraround
Moderate. Reserved 7
oupey shy o utgong? . [———
Shy No
puppy reaction o amiy? [Ee—r—
Friendly M No
pupy reporsive t common comman = o many hors do youspend with he dog?
Yes - 4
have children in your home? o you tr ur dogs? .
No. - o

...

Figure 22. Survey questionnaire for the prediction.

User should be able to see the predicted adult dog temperament after answering
to the questions (Figure 23).

- )l {
]

Result

« Adult dog energy level
igh

« Adult dog shyness / outgoingness
Outgoing

« Adult dog reaction to owner and the family =
Friendly

« Adult dog reaction to new people
Reserve

« Adult dog behavior around other animals
Reserved

« Adult dog spe

Yes

Figure 23. Predicted results.

User should be able to view visualization section regarding their dog information
(Figure 24).

Vizualization

PotEnergy

m:

Figure 24. Visualization.
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User should be able to receive recommendations based on their adult dog tem-

perament (Figure 25).

Recommondations

Dashboard

y pets

Profile

Prediction Physical Positi

Exercise Training

Veumlination Dogs with igh energy levls or those Postiverenforcement traiing is
prone to boredom may exibit efective i shaping behaviors and

Pe———— undesiable behavior such as excessive strengthening the bond between dogs
barking or chewing. Incorporate daily and their owners. Focus on rewarding

Pl walks, nteractive toys,and training good behavior rather than punishing
sessions o keep your dog mentally and bad behaviorto reatea postve
physically engaged. learning environment for your dog.

Shr WA bR

Figure 25. Recommendation.

User should be able to receive training plans based on their adult dog tempera-

ment (Figure 26).

Training Plans

Dashboard -
& pets E
Profile B
Prediction Mental c Building
. Objective: To engage the dog's mind Objective: o build the dog's confidence.
Vizualization and prevent boredom through and resiience invarious ituafios.
interactive activities and games. Activities:
Recommendations P
+ Gradually expose the dog to
Plans « Use puzzle toys and interactive novel environments, objects, and
feeders to provide mental people at ts own pace.
challenges during mealtime. + Use counter-condtioning and
« Teach new tricks or commands desensitization techniques to help
using shaping and capturing the dog overcome fears o
techniques. anetis.
Shov
+ Hide treats around the house or + Engage in confidence-buiking

Figure 26. Training plans.

User should be able to give feedback regarding the app solution (Figure 27).

Feedback

Description
Nice working software

Rate
5

Figure 27. User feedback.
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User should be able to submit support tickets regarding the app solution (Fig-
ure 28).

Support Ticket

Figure 28. User support tickets.

Admin should be able to manage user accounts (Figure 29).

User Accounts

Figure 29. Admin view—user accounts.

Admin should be able to manage user feedback (Figure 30).

User Comments and Ratings

Figure 30. Admin view—user feedback.
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Admin should be able to manage user support tickets (Figure 31).

Support Tickets
d@gmailcom help help.
d@gmailcom Can you add more breeds to prediction?

Figure 31. Admin view—support tickets.

The finalized software solution provides adult dog temperament based on puppy
behaviours to the users so they can understand dog behaviours and make decisions
related to the well-being of dogs. Finally, the software can be able to give valuable
insights to users to improve public safety, increase adoption rates and reduce costs

regarding shelters and animal control units.

4. Limitations

However, there seem to be expected limitations.

e When data is collected from dog owners, the given data may not be centered on
facts, but instead, they are focused on the owner’s personal feelings or beliefs,
resulting in a messy dataset.

o Current research focused on three specific breeds of guard dogs (American Bully,
American Pit Bull Terrier, and German Shepherd) to predict adult dog temper-
ament. That being the case, prediction results may fail to act on behalf of all dog
breeds.

¢ Dog behaviours can be dynamic and can be changed over time due to unfore-

seen environmental circumstances.

5. Future Recommendations

In order to enhance the productiveness of adult dog temperament prediction, be-
low recommendations are proposed for the issues that were identified.

Continuous improvement and evaluation of the model:

Recommendation: Integrate with more advanced machine learning approaches
to enhance the accuracy and strengthen the model. Make use of more efficient
feedback loops to validate the model [39]. Also, it could include other extra factors
like genetic variances to examine the connection with dog behaviours [32] [40].

Implementation: Establish connections with specialists and experts in the field

to verify implementations and evaluations.
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Continuous data collection and integration:

Recommendation: Integrate systematic methods to gather data in real-time us-
ing applications for smartphones or using wearable devices [11]. Integrate newly
acquired data, which will contain a broad range of dog behaviours and environmen-
tal conditions to the model.

Implementation: Engage in interactions with dog owners, breeders, shelters, etc.,
in order to gather diverse and rich data. Develop user-friendly applications to ex-

pand participation and share data.

6. Conclusions

In the research study, the research question addressed is how to predict adult dog
temperament based on puppy behaviours and experiences to reduce the count of
dogs getting ending up in shelters and getting put down. The study covered and made
a lot of effort to show it as a considerable work in the subjective areas. Using the
Random Forest approach, the ML model was able to predict the temperament of
adult dogs with 86% of good performance accuracy based on puppy behaviours and
is continually improving.

The study has demonstrated that it is feasible to predict adult dog temperament
based on puppy behaviours and experiences. By analysing and examining factors
like dog breed, dog gender, energy level, shyness/outgoingness, reaction to owner
and the family, reaction to new people, behavior around other animals, specific
behavioral issues, responsiveness to common commands, home type, having chil-
dren in home, having other animals at home, each day hours spending with the dog,
perform training for the dog, etc., most of which are highly valued key variables to
affect dog temperament, develop a machine learning prediction model with Ran-
dom Forest approach to predict and provide adult dog temperament to users. This
can help users to understand and address potential temperament issues of dogs with
better decisions in early stages, like performing training sessions for their dogs and
making enough time for their dogs. This can improve their bond with dogs and
can lead the path to reducing the count of dogs ending up in shelters or getting
put down due to behavioural issues. Also, with the help of the tool, users who are
willing to buy or adopt dogs can get the understanding and then can choose and
get a suitable dog based on their requirements. Shelters and dog rescue groups can
also use the tool as a solution to predict adult dog temperament and find suitable
adopters by matching predicted dog temperament. This can reduce the count of
dogs who are homeless or living in shelters and find them a happy home. Tracking
dog behaviour data from puppy to adulthood provided greater value by allowing
us to get the knowledge of how puppy behaviours change over time. The solution
tool also offers users with recommendations, insights and training plans for the pre-
dicted results to make informed and better decisions regarding whether managing
an existing dog or choosing a new dog. Although the research study has made a con-
siderable amount of work towards the adult dog temperament prediction, there are

some areas that still need to be addressed. Further studies could address on enhanced
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prediction models via much larger and more diverse datasets. Furthermore, the re-

search should continuously prioritize on the well-being of dogs and any other in-

novative approaches to fulfill needs regarding the welfare of dogs.

In conclusion, the research is a major step towards the understanding of dog tem-

perament and behaviours to promote responsible dog ownerships. To enhance pos-

itive human-dog relationships and well-being of dogs, we could further continue to

accelerate the field of canine behaviour using modern and innovative approaches.
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