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Abstract

Background: Advances in animal adoption programs and practices have led to a
substantial decrease of euthanasia practices from 96% in 1895 to 31% in recent
years [1], [2], resulting in longer stays for dogs in animal shelters. The extended
stay, in turn, presents new challenges to shelters as dogs are faced with less
socialization than their adopted counterparts. Despite shelters facing a longer
staying dog population, current work still presents open questions concerning
individual dog welfare, in particular the effects of socialization on a dog’s
behavior [3], which ultimately could lead to lower chances of adoption.

Description: This work in progress presents a method to code an individual
dog’s behavior through already existing socialization notes made by volunteers in
an animal shelter. The coded behavior is in turn used to observe associations
between a dog’s socialization and behavior through the dog’s lifetime in the
kennel from his first day until adoption. We present early results of a case study
at Haven Humane Society, an animal shelter in Anderson, CA employing the
proposed method.

Contributions: Our early results suggest that the obtained behavioral codes
could be used to improve the vocabulary of new volunteers in describing dog
behavior, and address disagreement in descriptions of dog behavior in recent
literature [3]. The created behavioral codes through the dog’s life in the animal
shelter also allows for exploring associations between socialization and negative
behavior, as it will be shown in this study.

Introduction
The welfare of shelter dogs has been the object of research interest for a long time,

and is an issue that needs to be addressed. For instance, in the U.S. alone, 6 to

8 million dogs and cats enter shelters annually [4]. Unfortunately, many of these

animals will be euthanized, in part due to lack of room for them in shelters. Despite

the efforts of individuals working in these organizations, welfare management of each

dog can be effected by the many maintenance requirements of healthy animals. Staff

and volunteers generally are limited to meeting the basic needs of shelter animals,

and often these animals don’t get the enrichment, and socialization their adopted

counterparts obtain, leading to a negative influence on the re-homing of a stray

animal.

Given the limited availability of volunteers, it is therefore of paramount impor-

tance that animal shelters comprehend how each activity that requires a volunteer’s
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time affects dog behavior, which in turn will affect the dog’s chance of adoption.

Here, we focus on one critical activity performed in all animal shelters: Dog Social-

ization with a human through walks in the shelter. For such analysis to be possible

without interference of the shelter’s daily routine, volunteers must consistently log

the various behaviors that the dogs show during their socialization. The analysis of

dog welfare in the literature through observational methods dates at least 1991 [5],

as well as popular coding methods based on logs [6], and Haven Humane Society

provides a unique opportunity to conduct this study, as logging dog behavior is

already a required part of dog walking in the shelter.

The contribution of this work are as follows:

• We present a coding method in order to assess the types of codes used in

shelters to describe positive and negative behavior, i.e. a dog’s behavior

vocabulary set. Such vocabulary can contribute in enhancing instruction

to new volunteers in shelters when describing a dog’s behavior for logging

purposes, as well as by addressing the need for an agreeable set of words to

describe unusual dog behavior in literature [3].

• We present a second method which leverages the vocabulary set to construct

a dog’s behavior time series. The resulting analysis, as will be illustrated in

our early results section 0.2.2, serves to both help animal shelters better un-

derstand how their volunteer allocation for walking dogs impacts the dogs’

behavior, but also addresses another need in the literature for a better under-

standing of dog’s behavior at an individual level [3].

Literature Review
Our work proposes a method to better understand one of the many activities com-

monly performed in animal shelters, i.e., walking dogs or dog socialization. For

instance, how are dogs affected by being walked less often? Or, how does weekly

consistency of a higher number of walks affect the dog’s behavior? This study fits a

broader category of research on animal welfare in shelters, where the activities and

methods used to log and evaluate the effectiveness vary across the literature.

One such work related to animal welfare in shelters by Menor-Campos et al.,

focuses on improving the welfare of dogs while keeping the investment necessary

from shelter staff to a minimum [7]. Menor-Campos et al. set up an ‘exercise regime’

for shelter dogs to observe if increased activity/socialization would affect the welfare

of the dog. They tested for salivary cortisol levels during their experiment by running

an enzyme immunoassay known as Salimetrics LLC. The results of their experiment

showed a decrease in cortisol levels, which correlates to a decrease in the stress of

the animals, and an increase in animal welfare. In the study done in this paper,

we look similarly at increased activity/socialization, but we do not study salivary

cortisol levels. Instead, we look at the behaviors that the dog displays to determine

if increased activity affects a dog’s welfare.

More generally, there have also been other studies on various types of animals,

concerning the measurement of their welfare also using alternative methods not

involving log analysis, and observation of the effects of increased activity (as was

performed in this study). One intensive study on timber wolves provides an example

of how to test, using minimally invasive methods, for stress levels specifically focus-

ing on the physiological effects(increase in glucocorticoid release, and heart rate),
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but also observing their behavioral responses [8]. In this study we solely looked at

behavioral responses as the data was already on hand in the socialization notes

(providing an ideal minimally invasive method).

Although socialization notes are readily available in some animal shelters, such as

the one presented in this study, there has been an (1) inconsistency in agreement

on the operational definitions of what constitutes abnormal dog behavior, and (2)

lack of individual-level assessment is still present in recent literature [3]. A starting

point to address (1) is to note operational definitions of what constitutes abnormal

dog behavior.

The socialization notes mentioned in this study are used as a way to assess dogs at

the individual level. These notes register abnormal dog behavior for each dog every

time it is walked by a volunteer or staff member. They are also used by staff to

tag dogs with varying difficulty levels to help volunteers know which dogs they are

allowed to walk, clearly serving as a consistent agreement in operational definitions

of what constitutes abnormal dog behavior. It is clear, therefore, that those notes

can be used as a starting point in order to address current open questions in the

literature.

Method
Before presenting the coding method to obtain a dog’s behavior vocabulary set, and

the following method to construct a behavioral time series, we will briefly discuss

the process of dog’s socialization in an animal shelter, and how the socialization

notes are maintained by volunteers. Both process and data are important in the

interpretation of the codes which will be described in the following subsection.

0.1 Dog Socialization Activity and Socialization Notes

In Haven Humane, volunteers consult a whiteboard in order to decide, based on

which dogs have not been walked yet for the week, which dog they should walk

that day. The whiteboard is shown on Figure 2 where the main purpose for the

magnets that are placed on the board is to indicate that the dog has been walked

on that given day (there are also magnets for dogs that are sick, have recently been

groomed, or should not be walked for any other reason). Sometimes ‘Dog Camps’

also take place where short-term volunteers walk and train dogs on a more regular

basis, which was the case when this picture was taken.

Once a volunteer chooses a dog based on the whiteboard, they refer to the dog’s

previous walk behavior logs that all volunteers are required to write after walking a

dog. This log is known as the dog’s socialization note, as shown on Figure 1. The

note is considered socialization, as it conveys details on the socialization of a person

(volunteer) and a dog through various kinds of interactions, which also serves to

educate the dogs for his or her adopter on common daily interaction (e.g. the dog

pulls on it’s leash).

As shown on Figure 1, a socialization note consists of Animal ID, Kennel #, Level

(of Difficulty), Name, Collar Size, Age, and Walk’s Date and Log. A volunteer often

uses the level of difficulty, recent previous dog behavior, and collar size (to infer

required strength based on the size of the dog) in order to decide if she or he is able

to walk the dog, whereas the Kennel # is used to locate the dog in the kennel once

the volunteer decides which dog to walk.
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Figure 1 Socialization Note. At the end of a dog’s walk, volunteers fill in date and observations
of dog’s behavior in the socialization note.

Upon deciding the dog they want to walk, volunteers use the Kennel # to bring

the dog out of their kennel. This is similar to the moment an adopter would take

a dog for a walk. On Figure 1, 11/26 note (bottom) points out the dog was ‘easy

to collar’. Negative behaviors, however, may indicate the opposite or that the dog

is too energetic (jumping around) or even escaping the kennel. The dog is then

taken away from the kennel, and walked for about 15 to 30 minutes within Haven

Humane. Sometimes, the walk includes leaving the dog off of it’s leash within a

restricted area before walking the dog back to it’s kennel. Throughout the walk,

several events may happen which may also be observed by the volunteer, such as

the dog “pulling hard on leash” or “lack of attention on volunteer”. Since it is unclear

whether a dog was left off of his leash to play, or interacted with another dog due to

two volunteers walking dogs simultaneously, unless made a specific comment about

it on the socialization note, the analysis assumes that when not mentioned, these

events did not occur.

0.2 Data Analysis

We now present the methods to obtain the dog’s behavior vocabulary set and be-

havioral time series, in this order, step by step. This process is hand-work intensive,
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Figure 2 Dog’s Weekly walk Whiteboard. The whiteboard serve to volunteers easily identify
which dogs have not been walked yet during the week.

since the notes are currently done on paper. The Future Work Section 0.2.4 will

discuss alternatives to simplify these stages building upon our early results.

0.2.1 Dog’s Behavior Vocabulary Set Method

Transcription. We start by digitizing the notes from the selected dogs onto a table,

since the handwriting on some of the documents is hard to read, and the following

steps require re-reading the content several times.

Extraction of Codes ‘As-Is’. Once the notes are digitized, each log is read

through, and it is determined which set of words described the ‘dog’s behavior’.

From this set of words, we qualify the ‘dog behavior‘ words into one of the three

categories: Positive behaviors, Negative behaviors, or Ambiguous Writing behaviors.

Positive behaviors are all behaviors that are considered descriptive of a good, and

well-behaved dog. Negative behaviors are behaviors which cause trouble for the

volunteer, and/or are seen as ‘bad’ behaviors. Ambiguous behaviors are behaviors

that can be either ‘good‘ or ‘bad’ depending on the situation described, and how

the author of the log meant to apply the description of the behavior. Since we could

not determine if the behavior is positive or negative by only reading the log, and

would require further explanation, the ambiguous words are only kept for validation

purposes, but are not used in further steps of the analysis.

Syntactic Code Comparison. The 2 qualified sets of words (positive and neg-

ative) are then each grouped by similarity within its own set, by using a syntactic

comparison. For example, if the extracted codes were ‘pull hard’ and ‘pull hard on

leash’, they are syntactically grouped as 2. If, however, the codes are ‘difficult on

leash’ and ‘pull hard on leash’, then the codes are not grouped together, as this

would only be a semantic similarity.
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Semantic Code Comparison. Once we have the syntactic codes, we were able to

condense the number of codes further by doing a semantic comparison. We separated

syntactic and semantic comparisons, in order to more easily be able to validate the

results of the coding, and to facilitate the decision of which code to choose as the

semantic representative. The final result will, therefore, consist of a set of positive

semantic codes, and negative semantic codes, which constitutes the positive and

negative vocabulary set, i.e. the dog’s behavior vocabulary set, as shown on

Tables 1 and 2.

0.2.2 Dog’s Behavioral Timeseries and Number of Walks

Relabel. During this step of the study, we use the result of the Extraction of

Codes “As-Is”, i.e., the positive and negative sets of behavior codes, before group-

ing them for syntactic and semantic comparisons, and relabel them using the Vo-

cabulary Set. This backtrack is necessary in order to regroup them by date, done

in the following stage.

Weekly Individual Codes Time Series. With the relabeled codes, we take

the individual codes for each week and add them together weekly to get weekly

counts of each individual negative nehavior (e.g. Pulls on leash, Hard to Collar).

The operation is very similar in nature to the Syntactic Code Comparison (since

the codes are already relabeled, the comparison will either be a perfect match or

not), except that here we are not grouping the daily counts across all the weeks,

but rather weekly. The same is also done for the relabeled positive behavior codes.

Visually, the ending result will be 2 plots: Each containing the specific codes (i.e.

negative, or positive) used through the weeks that the animal was in the shelter,

and a separate line indicating the number of walks per week the dog had. Figure 3

illustrates the ending result for negative behavior codes.

Weekly Negative and Positive Codes Time Series. To reason more ab-

stractly about dog behavior, we can sum the counts of each of the 2 plots (only

negative is shown in this work on Figure 3) into a single line for each respective

plot, resulting in a ‘negative dog behavior’ and ‘positive dog behavior’ which can

be compared again to the number of walks line. Once the lines are calculated, they

can be merged in a single plot with 3 lines. The results of this step are applied for

both negative (Figure 3) and positive plots and merged into a single plot is shown

in Figure 4.

Weekly Behavior Time Series. Finally, by subtracting the negative behavior

line from the positive line we obtain a “behavior line” that intuitively depicts the

behavior of the dog through its lifetime in the shelter (a higher value indicates very

good behavior in a given week, whereas a very low value indicates bad behavior in

a given week). The behavior line allows for easy identification of counter-intuitive

dog socialization. For instance, on a sequence of weeks a dog experiences a higher

number of walks, one would expect it’s behavior to increase accordingly. Figure 6

illustrates again for Star the result of this stage of the method.

Normalization of Weekly Negative and Positive Code Time Series &

Weekly Behavior Time Series. Since the number of codes used in a given week

for a dog’s behavior is directly proportional to the number of times it has been

walked, we normalized both time series by the number of walks in order to avoid
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biased conclusions on the improvement of a dog’s behavior. Figures 4 and 5 illustrate

our case. In week 10 on Figure 5, Star would have been considered to have a great

improvement on positive behavior, from going from 5 positive codes reported to 8

positive codes reported on Week 3. However, on Figure 4, the normalized time series,

we can observe that instead, Star’s behavior actually worsened! To understand

why, we can observe that on Week 10 Star was actually walked twice, in contrast

to week 3 where she was walked only once. In other words, Star actually had an

almost consistent positive behavior on both weeks. Not normalizing both plots,

would therefore, would have led to a biased interpretation of the behavior counts.

We did not apply any normalization to the Individual Code Time Series, as its

interpretation of results also involve pair-wise comparison between the number of

walks and a specific behavior.

Early Results
In this section, we illustrate the proposed method provided by applying it to a dog

in the shelter, who will be referred in this work as ‘Star‘’ to protect her privacy and

her owner’s (Figure 1 does not refer to Star’s socialization notes). It is important

to note that on week 5 Star’s walker forgot to create a log entry, whereas on weeks

7,8, and 9 Star was fostered out of the kennels (temporarily taken in by a family),

and hence had no logs. We will discuss how the method can further be extended

for a larger number of dogs, in the Future Work Section 0.2.4.

0.2.3 Dog’s Behavior Vocabulary Set Method

Tables

Table 1 Positive Behavior Vocabulary Set.

Positive Code Frequency
Easy leash walking 17

Likes attention 14
Knows commands (‘sit’, ‘down’, ‘up’) 12

Calm 8
Easy to collar 8

Easy kennel interactions 6
Did well in play pen 1

Tables

Table 2 Negative Behavior Vocabulary Set.

Negative Code Frequency
pulls on leash 22

excited 14
difficulty collaring 13

Jumped 8
interactions with other animals 3
lack of attention to volunteer 2

difficulty walking 1
Escaped kennel 1

Tables 1 and 2 show the positive and negative behavior vocabulary set obtained

for Star, and their frequency. The codes vary mainly between two moments of her

socialization: (1) The moment where the volunteer enters the kennel to bring her
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out for walking and bringing her back, and (2) the walking itself. Interestingly,

the most compliments and complaints by volunteers were associated to the same

behavior during the walk, concerning the leash. As it will be discussed on the time

series analysis, this behavior appears to have improved when Star was walked more

than once per week. The second and third most popular codes were associated to

establishing direct attention from the volunteer, or leaving the kennel for a walk.

0.2.4 Dog’s Behavioral Timeseries and Number of Walks

Figure 3 Star’s Specific Behavior Time Series. Using both positive and negative vocabulary sets,
we can use it to relabel the extracted codes weekly. This results in an individual time series for
each behavior for Star’s stay in the shelter.

On Figure 3, we show Star’s Weekly Individual Codes Time Series. From

the Figure we can draw some interpretations of Star’s behavior evolution: Jumping

(green) remained an inconsistent behavior throughout her shelter lifetime before

adoption, which doesn’t appear to have impacted on her being adopted. Her ex-

citement (blue) observed a larger increase on weeks 10, 20, and 25 (2 out of the 3

weeks she was walked twice). This may suggest that a larger number of walks in a

week may lead to excessive excitement, which may be seen as hard to control by a

prospective adopter, and could be avoided during adoption events.

Star showed an inconsistent behavior in collaring (orange), when compared to the

number of walks. This may be result of variables not controlled for in these early

results, for instance, the inconsistent use of codes due to different volunteers report-

ing her behavior, specially given difficult of collaring may be more closely associated

to the volunteer’s skill. Star’s pull on leash (purple) becomes more consistent after

week 18, where she shows a positive side of more than one week walking: She was

only reported to pull on leash half of the time. Finally, her lack of attention (brown)

appears to be also associated to more than one week walks, as seen on weeks 20

and 25. Her interactions with other animals (light purple), shows she attempted to

interact with other animals when given the opportunity. As noted in the method

section, since we are unable to know when a dog did not interact with other dogs
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Figure 4 Star’s Normalized Positive and Negative Time Series. We sum the weekly individual
counts from specific behaviors in order to more easily assess Star’s positive and negative
compliments. Specifically, Figure 3 lines, aside from number of walks, is summed up in the
negative line (red) in this plot.

Figure 5 Star’s Non-Normalized Behavior Time Series. The need for normalization of the code
counts over the number of the walks is illustrated here. On Week 10, one would be mislead to
think Star displayed exceptional behavior. However, on the normalized version of this plot, Figure
6 shows half the amount of positive behavior. This is because Star was walked twice on Week 10,
as shown on both plots (blue). Intuitively, it was not Star who displayed twice the good behavior
in Week 10, but rather, due to the requirement of logging observations after every walk, she
received the same number of compliments as earlier in the week. This is different than a scenario
where Star receive a higher variety of compliments in the same walk. Rather, Star’s behavior did
not improve or worsen compared to the first time in the week.
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Figure 6 Star’s Behavior Normalized Time Series. By summing positive codes and negative code
counts by week, and subtracting them, we obtain the behavior time series. Higher values indicate
the dog displayed more positive or fewer negative codes in a given week. This time series provides
an easy way to spot counter-intuitive dog behavior for further assessment on the remaining time
series. For instance, one would expect that as the number of walks increase, the behavior line
would accordingly increase. If the inverse happens, the week time range can be further inspected.

if the volunteer does not always walk beside other volunteers, we can not draw

conclusions when the event is reported to occur.

Figure 4 shows an easier way to compare the ‘winning’ (higher) number of codes

when comparing the normalized positive and negative codes by observing the du-

rations in which the red and green lines are above one another. We can separate

the interpretation of results in 3 large slices: Weeks (1) 3 and 4, (2) 10 to 16, and

(3) 18 to 26, the remaining being overlapping to lack of walks or fostering weeks.

On the first moment (1), Star shows a decrease of positive behavior and an increase

of bad behavior. Moment (2), after being fostered, displays an alternating behavior

between positive and negative, while the same can be said for moment (3). This

suggests that, overall, Star’s behavior appears to have worsened, as is evident on

Figure 5 where the lines are subtracted from one another. Further analysis of other

dog’s in the shelter could indicate for example, if this was due to the life style

constrast of returning to the shelter after being fostered.

Future Work
In this work in progress, we presented two methods to analyze the behavior of dog’s

in kennels, without disrupting daily activities, by using readily available logs filled

by volunteers. While we only showcase the method applied to one dog, due to the

labor-intensive nature of the early stages of the method, we can observe several

insights can be drawn from the resulting data, which are harder to be visualized by

reading through the socialization notes alone.
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One strategy to facilitate, or even automate the analysis of future dogs would be

to create a checklist on each socialization note entry, where volunteers could quickly

check the boxes of used codes. This would not only facilitate the analysis of the dog

but have the added benefit to also decrease the chances a volunteer (in particular

new volunteers who are still adapting to describing the dog’s behavior) overlooked

reporting a displayed dog behavior during the walk.

In future work, we hope to analyze more dogs using the showcased method in order

to statistically verify the suggested associations in early results, as well as extend

the analysis to verify how the displayed behaviors directly impact the duration of

the stay in the dogs in the kennel.

Finally, we hope to address other threats to validity, such as normalizing for the

different styles of writing of different volunteers in using more or less positive and

negative codes, by counting their usage through different dogs in the kennel.
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