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Dogs understand us
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Chaser

Unlocking the Genius of the Dog Who
Knows a Thousand Words
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Dogs understand us

- Dogs can learn a lot about human
language

- Dogs are receptive to human
commuhnication

- Dogs are biologically prepared
for communication with humans




What contributes to individual variation in cognition and behavior
over the life course?
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How can we set dogs and people up for success
in their relationships?



The
Seeing
Eye

1. Prediction of dogs who will and
won’t graduate
e Save resources
* Maximize impact

2. Cultivation of characteristics linked
to success
e Selective breeding of traits
* Rearing, socialization, and
training may influence some
traits more than others

How can we set dogs and people up for success
in their relationships?

? %
Caninee }Q

o

Companions’






NORTH ;
DAKOTA | P : L

WASHINGTON MONTANA \
MINNESOTA . Ottawa Montreal
SOUTH WISCONSIN ' e L
\ VT
OREGON DAKOTA MICHIG AN Torgpto / e
IDAHO / t . NH
WYOMING o A NEW YOREL.:
Icago T
NEBRASKA /| % 0" F/ ' i;"qt
‘ ILLINOIS OHI0 PENN
NEVADA United States INDIANA : oPhiladelphia
_ UTAH | coLorabo : B TEST v
San Francisco - KANSAS — MISSOURI VIRGINIA 4
S Y KENTUCKY ™ VIRGINIA
SALI [ ' O DT
o
02 ; OKLAHOMA 'TENNESSEE kit ':::I
! . e CAROLINA —
Los A S | : ARKANSAS
ARIZONA | e SOUTH
San Diego NEW MEXICO ailas MISSISSIPPI A
o—— . o ALABAMA :
TS TEXAS GEORGIA

LOUISIANA F
i o
= \\._\ Houston

Canine™
Companions’

= FLORIDA



NORTH ;
DAKOTA | P : L

WASHINGTON MONTANA \
MINNESOTA . Ottawa Montreal
SOUTH WISCONSIN ' e L
\ VT
OREGON DAKOTA MICHIG AN Torgpto / e
IDAHO / t . NH
WYOMING o A NEW YOREL.:
Icago T
NEBRASKA /| % 0" F/ ' i;"qt
‘ ILLINOIS OHI0 PENN
NEVADA United States INDIANA : oPhiladelphia
_ UTAH | coLorabo : B TEST v
San Francisco - KANSAS — MISSOURI VIRGINIA 4
S Y KENTUCKY ™ VIRGINIA
SALI [ ' O DT
o
02 ; OKLAHOMA 'TENNESSEE kit ':::I
! . e CAROLINA —
Los A S | : ARKANSAS
ARIZONA | e SOUTH
San Diego NEW MEXICO ailas MISSISSIPPI A
o—— . o ALABAMA :
TS TEXAS GEORGIA

LOUISIANA F
i o
= \\._\ Houston

Canine™
Companions’

= FLORIDA



A dog’s life course
Birth & Puppy Professional Service Dog
Development Raising Training Placement
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the life course
Birth & Puppy Professional Service Dog
Development Raising Training Placement
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the life course

Birth & Puppy Professional Service Dog

Development Raising Training Placement
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total = 2409

Percentile

bscale Score Average

anger-directed aggression 0.00 0.02 0%- vy
vner-directed aggression 0.00 0.03 0% - vr
og-directed aggression 0.00 0.06 0% - ¥r
og-directed fear 0.00 0.22 0% - vy
miliar dog aggression 0.00 0.06 0%- ¥
ainability 3.00 2.79 63%- ¢
1asing 1.50 0.97 72%- ¢
ranger-directed fear 0.00 0.05 0% - v
onsocial fear 0.33 0.38 49% - ¥
paration-related problems 0.00 0.22 0%- ¥r
uch sensitivity 0.00 0.30 0%- vy

citability 233 111 95% - M




the life course

Data collection is ongoing; number of participants in most studies continues to rise.
Updated through October 2024.

235 puppies

from 60 litters 120 puppies 12,300+ dogs 15,700+ evals 30 dogs

Duke Puppy In For Training Behavior Aging dogs
Kindergarten evals Checklist cognition testing

Maternal style

observations

8-10 weeks 6 &12 months l 19 months l 24 months+ |
1-3 weeks 10-19 weeks 18 months 20 months 6 years+
Puppy cognition C-BARQ from Adult cognition Released dog
testing puppy raisers testing surveys
415 puppies 15,000+ evals 1,073 dogs 15,000+
responses
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What contributes to individual variation in cognition and behavior
over the life course?

- How early do communicative skills
emerge, and how do they change or stay
the same over development?

- How much of the individual differences
that we see in communicative skills are
due to genetics?

- What is the role of contextual factors in
shaping cognition and behavior?




What contributes to individual variation in cognition and behavior
over the life course?

- How early do communicative skills

g emerge, and how do they change or stay
the same over development?



Emergence and basis

of communicative cognitive skills

8-10 weeks 6 &12 months 19 months 24 months+ ‘
o * o o o o ¢ ¢

1-3 weeks 10-19 weeks | 18 months 20 months | 6 years+

Puppy cognition

testing

415 puppies

i) o o £2 ﬁ




How carly do cognitive skills emerge in dogs?
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do cognitive skills emerge in dogs?




8- to 10-week-old puppies Dogs in professional training

— - -

Longitudinal study

Feb 2017 —July 2017 Aug 2018 — April 2019
N = 168 puppies N =160 dogs
e 40 Labrador retrievers e 37 Labrador retrievers
e 6 Golden retrievers * 5 Golden retrievers
e 122 Lab-Golden Crosses e 118 Lab-Golden Crosses

Mean age = 9.2 weeks Mean age = 1.79 years



Dog Cognitive Development Battery




Dog Cognitive Development Battery
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Bray et al., 2014, Animal Cognition; Bray et al., 2015, Animal Cognition; Bray et al., 2017, Animal Cognition; Bray et al., 2017, PNAS
Bray et al., 2020, Animal Behaviour; Bray et al., 2021, Animal Cognition; Bray et al., 2021, Front Vet Sci; Bray et al., 2021, Current Biology



Dog Cognitive Development Battery
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Bray et al., 2014, Animal Cognition; Bray et al., 2015, Animal Cognition; Bray et al., 2017, Animal Cognition; Bray et al., 2017, PNAS
Bray et al., 2020, Animal Behaviour; Bray et al., 2021, Animal Cognition; Bray et al., 2021, Front Vet Sci; Bray et al., 2021, Current Biology






Methods

» Tested participants on
the Dog Cognitive
Development Battery

 Comprehension of
social cues




Communicative marker



Arm pointing



Methods

» Tested participants on
the Dog Cognitive
Development Battery

 Comprehension of
social cues

* |nteraction with
and orientation
toward humans




Human
Interest



Unsolvable



comprehend social cues
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*
p < 0.001

W Puppy scores
Bray et al., 2020, Animal Behaviour
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Percent
correct
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Marker

* p<0.001

Pointing

W Puppy scores

comprehend social cues

Adult scores

Bray et al., 2020, Animal Behaviour;
Bray et al., 2021, Animal Cognition



Percent
correct

Puppies solve using
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not odor cues

Bray et al., 2020, Animal Behaviour;
Bray et al., 2021, Animal Cognition



show gazing tendencies
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What contributes to individual variation in cognition and behavior
over the life course?

- How early do communicative skills
emerge, and how do they change or stay
the same over development?




Impact of development

8-10 weeks 6 &12 months 19 months 24 months+ ‘
o * o o o o ¢ ¢

1-3 weeks 10-19 weeks 18 months 20 months | 6 years+

Puppy cognition Adult cognition

testing testing

415 puppies 1,073 dogs
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Are puppy cognitive profiles over development?

Bray et al., 2021, Animal Cognition



Puppies generally exhibit over time

human interest: avg look time

unsolvable task: avg time manipulating box 1
cylinder: reversal score ]

odor discrimination: final choice 7
communicative marker

arm pointing

cylinder: latency (inhibitory control tnals)
cylinder: latency (reversal trials) 7

visual discrimination

odor discrimination: time in proximity to nonbaited option 1
memory (long delays) 7

laterality: laterality index 7

odor discrimination: time in proximity to baited option
unsolvable task: avg time looking at human -
memory (short delays)

average total warmups required 7

cylinder: inhibitory control score

retrieval: average score T

human interest: avg interaction time 7
retrieval: tally

auditory discrimination

cylinder: first side correct (reversal trials)

laterality: bias strength 7

0.2 0.1 0.0 0.1 0.2 0.3
Bray et al., 2021, Animal Cognition



Puppies generally exhibit over time

numan interest: avg look time
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Puppies generally exhibit over time

odor discrimination: final choice

communicative marker
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* Sensitivity to human
communication is early emerging,
and improves over time

Bray et al., 2020, Animal Behaviour; Bray et al. 2021, Current Biology; Bray et al., 2021, Animal Cognition



* Sensitivity to human
communication is early emerging,
and improves over time

 Communication comprehension
precedes production

Bray et al., 2020, Animal Behaviour; Bray et al. 2021, Current Biology; Bray et al., 2021, Animal Cognition



 Sensitivity to human
communication is early emerging,
and improves over time

* Communication comprehension
precedes production

* Some evidence for stable cognitive
profiles

Bray et al., 2020, Animal Behaviour; Bray et al. 2021, Current Biology; Bray et al., 2021, Animal Cognition






yt Effects of maternal investment, temperament, and
B cognition on guide dog success
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Do puppy profiles predict ?
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Future directions

e Can measures of
cognition taken early in
development predict
outcome in a working
dog program?




Future directions

A
* Can measures of 0.9
cognition taken early in _
development predict C
outcome in a working & 08
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Decile (predicted probability)

Bray et al., 2019, Front in Vet Sci



Future directions

e Can measures of
cognition taken early in
development predict
outcome in a working
dog program?
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Bray et al., 2019, Front in Vet Sci



Future directions

A
* Can measures of 0.9
cognition taken early in _
development predict C
outcome in a working B 08
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Roadmap

What contributes to individual variation in cognition and behavior
over the life course?

- How much of the individual differences
that we see in communicative skills are
due to genetics?




Are social cognitive skills
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' Bray et al., 2021, Current Biology;
. Salomonsetal., 2021, Current Biology



Heritability: Proportion of variance accounted for by

Proportion of variance
attributable to genetic factors

/

hZ — O G
2 2
0] G+O‘ E
Genes/ T

Environment

Bray et al., 2021, Current Biology



Heritability: Proportion of variance accounted for by

h? ranges from 0 —1

* 0 =no trait variance accounted for by genetics
1 = all trait variance accounted for by genetics
Many behavioral traits have modest heritability
(~.05-.30)

Bray et al., 2021, Current Biology



Original dataset

Feb 2017 — July 2017

N = 168 puppies

e 40 Labrador retrievers

* 6 Golden retrievers

e 122 Lab-Golden Crosses

Mean age = 9.2 weeks

Maternal style study puppies

March 2018 — June 2020

N = 207 puppies
58 Labrador retrievers

e 17 Golden retrievers
e 132 Lab-Golden Crosses

Mean age = 7.9 weeks

Feb 2017 — June 2020

N = 375 puppies
* 98 Labrador retrievers

e 23 Golden retrievers
e 254 Lab-Golden Crosses

Mean age = 8.5 weeks

Bray et al., 2021, Current Biology



estimates across social tasks

Unsolvable — Social Looking

Communicative Marker

Human Interest — Interaction Time-

Human Interest — Social Looking

Pointing -

s @
—
@&
—

0.0

0.2 0.4 0.6
heritability (posterior distribution)

VVVVVVVV

Current
Biology

Bray et al., 2021, Current Biology



Further evidence for

* Dogs performing above
chance at a very young
age

o

100 -

= marker - pointing

* No evidence of learning
over the trial

Percent Correct

* All dogs tested very
young, shortly after
weaning and prior to o T —
1 2 3 4 5§ 6 7 8 9 10 11 12
one-on-one puppy Trial
raising experience

23 7

L

Bray et al., 2021, Current Biology



Further evidence for

* Dog puppies outperform
wolf puppies on social
but not nonsocial tasks

Salomons et al., 2021, Current Biology



* First direct evidence that
social skills are heritable,
and therefore could have
been selected for over
the course of
domestication

Bray et al., 2021, Current Biology; Salomons et al., 2021, Current Biology



Which influence social skills?

* We're pursuing this question through a genome-wide association study

1,073 dogs with whole genome sequences

~6.5 million sites with good representation and
variability between dogs

Analyses are underway — stay tuned!
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Which genes influence social skills?




What contributes to individual variation in cognition and behavior
over the life course?

- What is the role of contextual factors in
shaping cognition and behavior?




How does arousal level impact

Bray, MaclLean, & Hare, 2015, Animal Cognition



Strong

Performance

Weak

S

van der Meere JJ, Stemerdink N, Gunning, B. (1995)

Arousal

Revelle, Amaral, Turriff (1976)



How does arousal level impact inhibitory control?

Who were the
subjects?

Assistance
Dogs
WENI)

Bray, MacLean, & Hare, 2015, Animal Cognition



How does arousal level impact

Who were the
subjects?

L

What was the problem
dogs had to solve?

Performance on a detour task

Bray, MacLean, & Hare, 2015, Animal Cognition



How does arousal level impact inhibitory control?

Who were the
subjects?

.

What was the problem
dogs had to solve?

.

How did we manipulate
their arousal?

Bray, MacLean, & Hare, 2015, Animal Cognition



How does arousal level impact inhibitory control?

Who were the
subjects?

.

What was the problem Arousal Detour Task:
Familiarization Trial

dogs had to solve?

.

How did we manipulate
their arousal?

Bray, MaclLean, & Hare 2015

Bray, MacLean, & Hare, 2015, Animal Cognition



How does arousal level impact inhibitory control?

Who were the
subjects?

.

What was the problem
dogs had to solve?

.

How did we manipulate
their arousal?

Composite score =
Time to Success (seconds/120) +
Touch (Yes/No =1/0) +
Pathway (Front/Around = 1/0)
LOWER score = BETTER performance

Bray, MacLean, & Hare, 2015, Animal Cognition



Our manipulation was

160

140

=
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'—h
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80

M Assistance dogs

0 m Pet dogs

Wags per minute

40

20

Low arousal trials High arousal trials

Trial type P > 0.001

Paired-sample t-test

Bray, MacLean, & Hare, 2015, Animal Cognition



tail wagging rates differed across groups
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|

Wags per Minute
100
|

| |
Assistance Pet

Dog Type

P>0.01
Two-sample Independent t-test

Bray, MacLean, & Hare, 2015, Animal Cognition



So what did we

Key
= Low arousal trials first = High arousal trials first
2 4 2
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Bray, MacLean, & Hare, 2015, Animal Cognition



applied to the arousal detour task

Low arousal trials High arousal trials

Strong
W
o
=
=
=
—
&

Weak

Low High

Arousal



e Optimal problem-solving conditions varied between the groups of dogs
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Questions?

/

ebray@arizona.edu | sites.arizona.edu/bray-lab/
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