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We developed a battery of five short-form tasks tar-
geting three aspects of cognition that are impaired 
in Alzheimer’s disease: spatial memory, executive 
functions, and social cognition. In Experiment 1, 
we tested a cross-sectional sample of dogs (N = 123) 
and estimated associations between age and task per-
formance. Older dogs scored lower on measures of 
spatial learning, memory, and response flexibility, 
and spent less time near, but more time gazing at, 
the experimenter. We found no differences in asso-
ciations between age and performance across dogs 
of different body masses, a proxy for expected lifes-
pan. In Experiment 2, we demonstrated the feasibility 

Abstract  Companion dogs are a valuable model 
for aging research, including studies of cognitive 
decline and dementia. With advanced age, some dogs 
spontaneously develop cognitive impairments and 
neuropathology resembling features of Alzheimer’s 
disease. These processes have been studied exten-
sively in laboratory beagles, but the cognitive assays 
used in that context—which rely on time-consuming 
operant procedures—are not easily scalable to large 
samples of community-dwelling companion dogs. 
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of these measures in clinical settings (N = 35). Dogs 
meeting clinical criteria for moderate or severe cogni-
tive impairment scored lower, on average, than dogs 
characterized as mildly impaired and healthy agers, 
although these distributions overlapped. However, 
few dogs in our study cohort met the criteria for mod-
erate or severe impairment. The measures presented 
here show promise for deployment in large-scale lon-
gitudinal studies of companion dogs, such as the Dog 
Aging Project.

Keywords  Alzheimer’s disease · Cognitive aging · 
Dogs

Introduction

Companion dogs are a valuable model for trans-
lational aging research due to a wealth of features 
shared with humans, including high levels of genetic 
and phenotypic diversity, exposure to human liv-
ing environments and their various associated risk 
factors, highly variable lifestyles, comparable dis-
ease risks and burdens, and access to a sophisticated 
healthcare system with associated medical records [1, 
2]. However, in contrast to humans, dogs have much 
shorter lifespans, facilitating efficient longitudinal 
studies of the genetic, nutritional, and environmental 
determinants of aging [3].

Dogs have also been proposed as a valuable 
natural model for Alzheimer’s disease. Nonhuman 

animal models of Alzheimer’s disease can play an 
important role in understanding the pathogenesis 
of dementia and are critical for preclinical studies 
of novel therapeutics. However, the translational 
potential of animal models depends on the extent 
to which they replicate core features of Alzheimer’s 
disease and its etiology. Currently, no animal model 
fully captures the clinical and neurodegenerative 
components of Alzheimer’s disease, and reliance 
on genetically homogenous populations studied in 
lab environments limits translational potential [4]. 
With advanced age, a subset of dogs spontaneously 
develops aspects of neuropathology (e.g., amyloid-
beta plaques) and impairments in learning, memory, 
and executive functions that closely resemble those 
observed in Alzheimer’s disease [2, 5–12]. Diag-
nostic tools for this condition—canine cognitive 
dysfunction—remain limited, and it is believed that 
canine cognitive dysfunction is profoundly under-
diagnosed [13]. Current veterinary diagnostic tools 
rely heavily on owner reports and may only be sen-
sitive to advanced stages of dementia, manifested 
through behavioral changes such as aimless wan-
dering, disorientation, loss of housetraining, altered 
sleep/wake cycles, and inability to recognize famil-
iar individuals [9, 14, 15].

Laboratory studies suggest that, as in Alzhei-
mer’s disease, these late-stage symptoms of demen-
tia are preceded by mild cognitive impairments, 
which begin in middle age and are detectable 
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through neuropsychological testing [6]. Detection of 
these initial changes is critical given that early inter-
vention is widely believed to present the best oppor-
tunity for delaying or preventing the progression of 
dementia [16–18]. Early detection is also paramount 
for the design of studies testing novel interventions 
or therapeutics; however, existing tools are limited 
in their ability to capture mild cognitive impair-
ments in dogs. Therefore, in order for us to leverage 
companion dogs as a model of Alzheimer’s disease 
and cognitive aging more broadly, objective, easily 
administered cognitive assays, which are sensitive 
to the initial stages of cognitive decline, are essen-
tial. Although a range of functional assays have 
been developed and validated in studies with labo-
ratory beagles, these tests rely heavily on operant 
conditioning, requiring lengthy training and testing 
protocols that are not feasible with large samples of 
privately owned companion dogs [3]. In recent dec-
ades, comparative psychologists have invested heav-
ily in the development of cognitive tasks that rely 
on spontaneous problem-solving rather than operant 
procedures, enabling rapid data acquisition in large 
samples [19–23]. This approach has shown promise 
for studies of cognitive aging in companion dogs 
[24–27], but there are currently few well-validated 
problem-solving assays available to the research 
community.

Piotti et  al. [28] reported that dogs learned loca-
tion-based discriminations faster and more readily 
than those based on other stimulus characteristics, 
suggesting that location-based tasks may be particu-
larly good candidates for short-format assessments of 
canine cognition. Several spatial reversal tasks have 
shown promise in measuring cognitive differences 
associated with age; older dogs consistently make 
more errors on such tasks [29, 30]. While such results 
are indicative of impaired response flexibility in older 
dogs, existing reversal learning assays still pose chal-
lenges for integration into short-format, multiple-task 
batteries due to relatively long task-durations, and/or 
retention measures collected weeks following initial 
learning.

Other recent studies have developed tasks to inves-
tigate the effects of age on memory and other aspects 
of cognition and behavior in dogs, such as problem-
solving ability, neophilia, and social interaction. 
Chapagain et al. [31] found that older dogs performed 
worse on problem-solving tasks, exhibited less 

manipulative persistency with a food dispensing toy, 
were less successful on a detour task, were less play-
ful, directed less attention towards and exhibited less 
attachment to their owners, were less willing to inter-
act with a human stranger, and took longer to find 
hidden food during a memory task. Similarly, Piotti 
et al. [26] found that older dogs performed worse on 
a memory task requiring dogs to locate a hidden food 
reward after a 30-s distraction period.

Informed by this prior research, we developed a 
new, efficient, and easily administered neuropsycho-
logical assessment for age-related cognitive impair-
ments in companion dogs. The tasks included in this 
battery focus on cognitive and behavioral processes 
implicated in both canine cognitive dysfunction and 
Alzheimer’s disease: spatial memory, executive func-
tion, and social behavior [5, 6, 32–39]. Dogs were 
tested with five spontaneous problem-solving meas-
ures. Our primary aim was to assess associations 
between dog age and task performance in a diverse 
sample of companion dogs. Additionally, we con-
ducted exploratory analyses to assess whether asso-
ciations between age and cognitive performance vary 
by dog body mass (as a proxy for expected lifespan). 
Lastly, in a second experiment, we conducted a pre-
liminary study to assess the feasibility of using these 
measures in clinical studies, including with dogs 
characterized as having cognitive impairments based 
on the CAnine DEmentia Scale (CADES) [14].

Experiment 1

Methods

Participants and data collection sites

Data collection occurred at three sites including a 
university research laboratory (Arizona Canine Cog-
nition Center, Tucson, AZ, USA), a dog daycare facil-
ity (Sit! Stay! Play!, Tucson, AZ, USA), and a service 
dog training center (Canine Companions, Santa Rosa, 
CA, USA). Demographic information for participat-
ing dogs is provided in Table  1. Dogs tested at the 
Arizona Canine Cognition Center were recruited from 
a database of local dog owners who had expressed 
interest in participation in cognitive and behavioral 
studies. Dogs tested at the dog daycare facility were 
recruited through informational flyers provided to 
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clients. Dogs tested at the service dog training center 
were recruited through word of mouth and electronic 
invitations to dog owners near the data collection site.

General methods

Dogs participated in a battery of five tasks, typically 
administered across two sessions on separate days, 
with each session lasting approximately 30–60  min. 
The first session consisted of two memory tasks 
(two-location task, delayed search task) and a sen-
sory screen, and the second session consisted of 
two measures of executive function (cylinder task, 
spatial reversal task) as well as a measure of social 
interaction with an unfamiliar experimenter (human 
interaction). Detailed methods for all tasks, pre-
sented in their order of administration, are described 
in dedicated subsections below. All procedures were 
approved by the University of Arizona Institutional 
Animal Care and Use Committee (protocol #16–175).

All tasks involved a handler who positioned 
the dog at a start location and timed the trials, and 
an experimenter who administered the test and 
recorded data. All sessions were video recorded. Dog 
responses were coded in real time for all tasks except 
the human interaction task, which was coded from 
video. Additionally, a random subset of ≥ 20% of tri-
als from all tasks were later coded from video by a 

second observer to assess inter-rater reliability (see 
“Statistical analysis”).

All tasks except the human interaction task 
involved dogs engaging in spontaneous problem-
solving for food rewards. Dogs were not systemati-
cally fasted prior to participation. However, owners 
were informed that it may be helpful to avoid feed-
ing them within a few hours prior to testing and/or to 
give them a partial rather than a full meal ahead of 
testing, particularly if their dog was likely to be sati-
ated by 40 small treats. Food rewards used throughout 
the battery were typically small pieces of commercial 
meat-based dog treats (Jerky Treats, distributed by 
Big Heart Pet Brand, Orrville, OH), but occasionally 
varied according to dog preferences or dietary restric-
tions. To confirm that dogs were unable to choose 
accurately based on olfactory cues, we implemented 
an odor control task with 20 dogs. Mean performance 
in this task closely approximated chance expectation 
(null expectation = 25%, performance = 24%, 90% 
CI = 0.18%, 0.30%; see supplemental materials).

A total of ten experimenters administered behav-
ioral tests in Experiment 1. Some experimenters were 
trained prior to the beginning of the study, while oth-
ers were trained on an ongoing basis as needed to 
support ongoing data collection. New experimenters 
underwent a detailed training process which included 
implementing the tasks with a non-study dog while 
receiving feedback from a current experimenter and 
being supervised by existing experimenters the first 
time they performed the experimenter role with a 
study dog.

Across all tasks, if a dog did not move from their 
starting position when the experimenter said “okay” 
(the cue to release the dog), the experimenter repeated 
the “okay” release cue at 3-s intervals, up to a total of 
three times. If the dog had not initiated a response by 
third release cue (e.g., moving forward to search), the 
handler gently nudged the dog from behind to encour-
age them to move forward from the start line without 
directing them towards any particular choice location 
(memory tasks) or side (cylinder and spatial reversal). 
If at any point a dog became fearful or anxious during 
testing and was not easily soothed, we discontinued 
data collection for that task. If a dog exhibited fear, 
anxiety, or stress at the beginning of a session and 
did not become comfortable within approximately 
10–15  min of acclimation to the room and experi-
menters, data collection was discontinued with this 

Table 1   Selected characteristics of companion dog partici-
pants in Experiment 1. IQR interquartile range

1 n (%); median (IQR)

N = 1231

Sex
   Intact female 9 (7.32%)
   Intact male 3 (2.44%)
   Neutered male 57 (46.34%)
   Spayed female 54 (43.90%)

Breed category
   Mixed breed 66 (53.66%)
   Purebred 57 (46.34%)

Test location
   Arizona Canine Cognition Center 46 (37.40%)
   Canine Companions 30 (24.39%)
   Sit! Stay! Play! 47 (38.21%)
   Weight (kg) 24.94 (14.29, 29.02)
   Age (years) 6.31 (2.96, 11.17)
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subject (N = 3). Likewise, if a dog was hesitant to 
consume the food rewards offered freely during accli-
mation, they also did not complete tasks (N = 3).

At the Arizona Canine Cognition Center, owners 
were present (positioned in a neutral location behind 
the dog during testing) in addition to the experi-
menter and handler, but owners were typically absent 
during testing at the other locations. A minority of 
dogs who were tested at the Arizona Canine Cogni-
tion Center were uncomfortable being handled by an 
unfamiliar person but were otherwise motivated and 
capable of participating. In these cases (N = 10), and 
for one dog tested at Canine Companions, the dog’s 
owner performed the handler role (aligning the dog at 
the start position and releasing the dog when cued by 
the experimenter).

Lastly, some dogs tested at the daycare required 
brief acclimation sessions to become sufficiently 
comfortable with the experimenter and testing space 
(N = 11). During these acclimation sessions, dogs 
were provided with food rewards and given oppor-
tunities to interact with research personnel and to 
explore the testing room but were not exposed to any 
of the test procedures.

Sensory screen  Since older dogs may suffer from 
age-related hearing or vision loss, we conducted 
a brief sensory screening to assess responsiveness 
to visual and auditory stimuli. Failure on the vision 
screening was treated as an exclusion criterion given 
that all tasks required dogs to process visual stimuli. 
Failure on the auditory screening was not used as an 
exclusion criterion given that processing of auditory 
stimuli was not essential for task participation. In the 
vision screening, the experimenter stood 1 m in front 
of the dog and dropped a cotton ball (25 cm diameter) 
from the dog’s eye level to the floor in front of the 
dog. The experimenter then kneeled 1 m in front of 
the dog and 0.67  m to the side, and using a finger, 
flicked the cotton ball such that it passed in front of 
and to the opposite side of the dog. The dog passed 
the visual screening if they followed the motion of 
the cotton ball with their head and/or eyes. All dogs 
passed the vision screening. The auditory screen-
ing consisted of an experimenter pressing a training 
clicker on the opposite side of their body from the 
dog such that the clicker was obscured from the dog’s 
view and approximately 0.33 m from the dog’s head. 
The dog passed the auditory screening if they showed 

an immediate (within 1 s) observable response to the 
clicker on either side, including but not limited to a 
rapid change in head orientation or an ear flick on the 
side of the stimulus. Six dogs did not pass the audi-
tory screening.

The procedures described below are presented in 
order of administration.

Session 1

Blinds familiarization  The two memory tasks 
involved dogs searching for food rewards behind 
v-shaped blinds (Figs.  S1 and S2). Prior to imple-
menting these tasks, we conducted a familiariza-
tion procedure to acclimate dogs to the testing envi-
ronment, blinds, and process of searching for food 
behind the blinds. A single blind was positioned in a 
central location and the experimenter visibly placed 
a treat behind the blind as the dog watched. The dog 
was then immediately released to search for the food 
and was led to the treat by the experimenter if they 
did not quickly find it on their own. This process 
was repeated until the dog reliably searched for and 
located a treat placed behind a single blind. We then 
presented the dog with two blinds, positioned equidis-
tantly in front of the dog in a central area of the room, 
and the experimenter placed a single treat behind one 
of the blinds as the dog watched. Again, the dog was 
immediately released to search for the hidden food, 
and the experimenter helped the dog to locate the 
reward if they did not quickly find it independently. 
This process was repeated until the dog independently 
approached the baited blind first on at least two occa-
sions. Across this familiarization stage and both sub-
sequent tasks involving blinds, treats were positioned 
in the corner of the baited blind(s) such that they were 
not visible to the dog unless the dog looked down into 
the blind from above. In the two-location and delayed 
search tasks that used blinds, baited locations were 
counterbalanced across trials and followed the same 
pre-determined order for all dogs.

Two‑location task  This task measured a dog’s 
ability to remember the location of one or two food 
rewards hidden behind an array of four blinds that 
were arranged in a square configuration in front of the 
dog (1.22 m between blinds; Fig. S1).
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Warm-ups. The task began with four warm-up tri-
als in which a treat was hidden behind a single blind. 
As the dog watched, the experimenter approached 
and visibly placed a treat behind one blind. Five sec-
onds after placement of this treat, the handler released 
the dog to search for the reward. The dog had 20  s 
to search for the hidden treat. If they did not locate 
it within 20  s, the experimenter showed them the 
location of the treat and allowed them to eat it, then 
proceeded to the next warm-up trial. On each trial, 
we recorded the first location that the dog searched, 
operationally defined as the dog’s snout entering the 
corner of the blind or the dog’s head being positioned 
above the area behind the blind with a downward 
head orientation. The reward was hidden behind each 
of the four blinds one time across the four warm-up 
trials, following the same pre-determined order for 
each dog.

Test trials. After the warm-up stage, twelve test 
trials were conducted. Test trials were identical to 
familiarization trials with the exception that on half 
of the test trials, rewards were hidden in two different 
locations before the dog was allowed to search, thus 
requiring dogs to maintain a representation of the sec-
ond item’s location in memory while retrieving the 
first item [40]. When two rewards were hidden, the 
experimenter placed them sequentially. In all trials, 
the dog was released to search 5 s after the hiding of 
the first reward. This 5-s delay served to avoid con-
founding between the number of baited locations (one 
or two blinds) with delay (as it required more time to 
place treats in two locations than one). Five seconds 
provided sufficient time for the experimenter to bait 
a second location after the first and return to their 
starting position to release the dog. Standardizing this 
duration ensured consistency across trials in which 
different numbers of rewards were hidden. As in 
warm-ups, dogs were allowed to search the array until 
all rewards had been located, or until 20  s elapsed, 
whichever occurred first. If the dog did not locate all 
the rewards within 20 s, the remaining rewards were 
removed from the array prior to the subsequent trial. 
We recorded the first location searched on trials in 
which a single reward was hidden, and the first two 
locations searched on trials in which two rewards 
were hidden. If the dog moved forward from the start 
line but did not choose any blinds within 20 s, the trial 
was marked “no choice” and was not repeated. How-
ever, if the dog never left the start line within 20 s, the 

trial was repeated. If the dog did not leave the start 
line on two consecutive trials or four trials across the 
course of the task, the task was discontinued.

The dependent measures for this task were (1) the 
proportion of correct searches on one-location trials, 
(2) the proportion of correct first searches on two-
location trials, (3) the proportion of correct second 
searches on two-location trials, and (4) the propor-
tion of two-location trials in which both rewards were 
recovered without any search errors (i.e., both the first 
and second locations searched were correct). Dogs 
who searched on less than half of the administered 
trials were removed from analysis (N = 3).

Delayed search task  This task assessed a dog’s 
ability to remember the location of a hidden reward 
across increasing retention intervals, and in the con-
text of distractions. The procedure was similar to the 
working memory task described in Bray et  al. [20], 
but with the addition of distractions and some modifi-
cations to help ensure continued motivation through-
out the task.

Familiarization. First, to familiarize dogs with 
the procedure that would be used as a distraction in 
test trials (see below), a trial was performed in which 
the experimenter walked rapidly towards the dog and 
placed a treat on the ground in front of the dog, then 
immediately turned around and returned to their start-
ing position.

Warm-ups. Four blinds were arranged in an array 
2.74  m from the dog’s starting point, such that all 
blinds were equidistant from the dog (Fig.  S2). On 
each trial, the experimenter showed the dog a treat, 
and as the dog watched, placed it behind one of the 
blinds. After the experimenter returned to their 
starting position, the dog was immediately released 
and given 20  s to search for the hidden reward. We 
recorded the first location that the dog searched, 
operationally defined as the dog’s snout entering the 
corner of the blind or the dog’s head being positioned 
above the area behind the blind with a downward 
head orientation. If the first location the dog searched 
was incorrect, we allowed the dog to continue search-
ing until 20  s had elapsed, or until the reward was 
located, to prevent declines in motivation associ-
ated with failure to obtain a reward. As in the warm-
up phase of the two-location task, if the dog did not 
locate the treat within 20 s, the experimenter led them 
to the baited location and allowed them to eat the 
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treat. The reward was hidden once behind each of the 
blinds across a series of four warm-up trials.

Test trials. The procedure for test trials was iden-
tical to that for warm-up trials with the following 
exceptions. In test trials, dogs were required to wait 
for a specified duration before being released to 
search. We used three fixed delays of 10 s (4 trials), 
20 s (2 trials), and 40 s (2 trials), which were admin-
istered sequentially. The first two test trials were 
identical to the warm-up trials except that dogs were 
required to wait 10 s before searching. In the remain-
ing six test trials, we implemented a distraction to 
prevent the dogs from using non-mnemonic strate-
gies such as sustained attention or body orientation 
towards the hidden reward [41]. In these distraction 
trials, during the delay (after placing a treat behind 
a blind), the experimenter walked towards the dog 
and delivered a small food reward on the ground in 
front of the dog, then returned to their starting posi-
tion. To consume this reward, dogs were required to 
lower their heads, breaking any possible fixation on 
the blinds. Additionally, the dogs’ view of the blinds 
became momentarily obscured by the experimenter’s 
body.

As in warm-ups, we recorded the first location 
searched, and dogs were allowed to continue search-
ing until the reward was located or 20 s had elapsed, 
but unlike in warm-up trials, if they did not find the 
food within that time, the experimenter did not lead 
them to it. The criteria for discontinuing data collec-
tion on this task were the same as those used in the 
two-location task. The dependent measures for this 
task were the proportion of correct trials within each 
trial type (i.e., no delay, 10-s delay, 10-s delay with 
distraction, 20-s delay with distraction, 40-s delay 
with distraction). For a small subset of dogs who did 
not make choices on all trials (N = 9), we imputed 
missing data using predictive mean matching, imple-
mented in the mice R package [42].

Session 2

Bowl familiarization  This brief familiarization was 
conducted at the beginning of the second session to 
introduce dogs to the food bowls used in the cylin-
der task and spatial reversal tasks and confirm that 
dogs were motivated to obtain food from these bowls. 
The experimenter first showed the dog a treat, then 

placed it in a paper bowl (later used during the cylin-
der task), lowered the paper bowl to the ground, and 
said “okay,” cueing the handler to release the dog to 
search for the food. The same procedure was repeated 
with the metal bowl (later used during the spatial 
reversal task).

Human interaction  This task measured a dog’s 
tendency to approach and interact with the experi-
menter (who varied across testing sites but was in 
all cases an adult female). The experimenter was 
positioned against one edge of the testing space. For 
dogs large enough to rest their chin on the seat of the 
chair (43  cm seat height), the experimenter sat in a 
chair, and for smaller dogs, the experimenter sat on 
a floor cushion. This difference in experimenter posi-
tion helped equalize dogs’ experience as much as 
possible by ensuring that the experimenter’s body, 
face, and hands were at similar distances from dogs 
within the proximity zone regardless of dog body 
size. It also helped avoid the experimenter needing 
to lean or reach over the heads of small dogs (who 
may have been overwhelmed by a “looming” person) 
when attempting to reach and pet them. The handler 
was positioned in a corner of the testing space oppo-
site the experimenter. When the experimenter sat 
down, the task began, and the handler released the 
dog so they could move freely about the room. Any-
time the dog came within a marked proximity zone 
around the experimenter, the experimenter gently pet-
ted the dog. The rectangular proximity zone included 
the experimenter’s seat and was 1.22  m × 0.99  m 
for large dogs, for whom the experimenter sat in a 
chair, and 1.22 × 0.76  m for small dogs, for whom 
the experimenter sat on the floor (Fig.  S3). These 
thresholds were selected based on the distance at 
which the experimenter could easily reach and pet 
the dog from their seated position. At 15-s intervals, 
an audio recording played back through headphones 
prompted the experimenter to say the phrase “what 
a good dog!”. If the dog was not proximate to the 
experimenter (as defined above) at the time of the 
prompt, the experimenter patted their leg to beckon 
the dog while speaking. If the dog was already proxi-
mate to the experimenter, the experimenter continued 
to pet the dog while speaking. Throughout the entire 
90-s task duration, the experimenter gazed at the 
dog, establishing eye contact if the dog looked to the 
experimenter’s face.
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From video, we coded the dog’s time in proxim-
ity to the experimenter and time spent gazing towards 
the experimenter (operationalized as the dog’s head 
oriented towards the experimenter’s head or torso) as 
dependent measures. We also coded the total time that 
the camera’s view of the dog’s gaze was obstructed 
(in rare events in which this occurred), and converted 
all measures of gaze time to proportions, subtracting 
the duration in which the required viewing angle was 
obstructed from the denominator.

Cylinder  This task measured a dog’s motor inhibi-
tion and response flexibility in the context of chang-
ing task demands. The procedure was modified from 
Bray et al. [20].

Warm-ups. Warm-up trials used an opaque black 
cylinder (26.5 cm in length) with an opening at one 
end (diameter 22.5  cm) that was positioned 1.24  m 
from the dog (Fig. S4). The experimenter acclimated 
the dog to approaching the cylinder by performing 
two trials in which they placed a baited paper bowl 
(height = 25  cm, diameter = 125  cm), in front of the 
cylinder and allowed the dog to eat from it. Two 
“leading trials” were then conducted in which the 
experimenter guided the dog to the open end of the 
cylinder by allowing them to follow a food lure into 
the opening of the cylinder. Subsequently, dogs par-
ticipated in five familiarization trials in which they 
watched the experimenter place a food reward inside 
the cylinder, then were released to access the food 
from the open end of the cylinder (without a lure). 
The orientation of the open side of the cylinder was 
consistent for all dogs.

To prevent declines in motivation associated with 
failure to obtain a reward, if the dog touched the 
cylinder but did not obtain the food within 20 s, the 
experimenter guided them to the correct side and 
allowed them to eat the food from within the cyl-
inder. On all trials, if 20  s elapsed before the dog 
either successfully retrieved the food or contacted 
the apparatus, the trial was marked “no response.” 
During this stage of the task, a dog was allowed to 
access the food after a “no response” (with prompt-
ing from the experimenter as needed), but the trial 
was then repeated until the dog participated, such that 
all scored responses reflected the dog’s independent 
actions without the experimenter’s assistance.

Inhibitory control test trials. These test trials were 
identical to warm-up trials with the exception that the 

food reward was placed inside a transparent cylinder, 
allowing the subject to see the food reward through 
the front of the apparatus. A successful response 
(detouring to the open end of the cylinder) therefore 
required subjects to resist the prepotent response of 
approaching the visible food directly. Four test tri-
als were performed. We recorded whether dogs 
touched the exterior of the cylinder with their snout 
or paw prior to accessing the food inside the cylinder. 
As before, if a dog touched the cylinder but did not 
access the food within 20 s, the experimenter guided 
them to the opening and allowed them to eat the 
food. If dogs did not access the reward or contact the 
apparatus within 20  s (“no response”), the trial was 
repeated without allowing them to access the food. If 
a second “no response” occurred consecutively, the 
experimenter placed the bowl in front of the cylinder 
twice (as in the first stage of warm-ups) to increase 
the dog’s motivation to continue participating. If 
“no responses” occurred four total times across the 
inhibitory control and reversal stages, the task was 
discontinued.

Reversal test trials. Before beginning the reversal 
stage, the transparent cylinder was rotated 180° such 
that the treat was now only accessible from the pre-
viously closed side. The dog watched as the experi-
menter placed the treat into the open side of the cyl-
inder, then was released to search. Eight trials were 
performed. We recorded whether dogs touched the 
cylinder with their snout or paw prior to accessing the 
food as well as the first side of the cylinder the dog’s 
snout crossed on their approach (i.e., the open side or 
the closed side). If “no responses” occurred, the pro-
cedure was identical to that for the inhibitory control 
trials.

The dependent measures for this task were (1) the 
proportion of trials that dogs obtained the reward 
without first contacting the exterior of the cylinder 
in inhibitory control trials and (2) in reversal tri-
als, and (3) the proportion of trials in which the first 
side approached was correct during reversal trials. 
Dogs who made responses on two or fewer inhibi-
tory control trials or four or fewer reversal trials were 
excluded from analysis.

Spatial reversal  This task measured a dog’s 
response flexibility, or ability to adapt their behavior 
to changing circumstances, in the context of a spatial 
memory task (modified from Osthaus et al. [43]).
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Warm-ups. Warm-up trials served to introduce 
dogs to the apparatus and procedure for navigat-
ing around an opaque panel to obtain a reward 
placed behind it. Dogs were positioned at a start line 
1.83  m in front of a freestanding 0.91  m × 0.91  m 
panel. In the first warm-up trial, the experimenter 
showed the dog a treat, placed it into a metal bowl 
(height = 75 cm, diameter = 180 cm), and then placed 
the bowl on the ground in front of the panel such that 
it was visible to the dog. The dog was then released 
and allowed 20 s to obtain the food reward from the 
bowl. In the second warm-up trial, the experimenter 
stood centered behind the panel and held a treat 
above the panel such that it was visible to the dog. 
The experimenter then placed the treat into the bowl 
and lowered the bowl behind the panel, audibly plac-
ing it on the ground. The experimenter turned around 
to face away from the dog as the handler released the 
dog to search for the food behind the panel, which 
could be obtained by detouring to either the left or 
right sides of the panel. If a dog did not obtain the 
reward within 20 s, the trial was repeated, and if the 
dog failed to obtain the reward within three trials, data 
collection was discontinued. The side from which the 
dog approached on this trial determined the setup for 
the remaining warm-up trials. In all subsequent trials, 
the procedure was identical with the exception that 
a barrier (0.61 m wide × 0.91 m tall) was positioned 
behind the front panel (Fig. S5), which prevented the 
dog from accessing the food from one side. The bar-
rier blocking access to the food from one side was not 
visible to the dog from the dog’s start line on each 
trial. For the remainder of warm-ups, the closed side 
was the side not initially chosen (i.e., if a dog navi-
gated to the left side of the panel in the second warm-
up trial, the barrier prevented approaches to the right 
in subsequent trials). The barrier was constructed of 
wire mesh such that if the dog approached the closed 
side, they could see (but not access) the food reward, 
as well as the open path on the opposite side of the 
apparatus. During warm-up trials, dogs were allowed 
up to 20 s from the start of the trial to use the open 
path to access the reward. The trial ended when the 
dog accessed the reward. During both the warm-up 
and test trials, if a dog did not access the food within 
the allotted trial time limit—either by approaching 
the closed side but being unable to detour to the open 
side (failure to solve on their own) or by leaving the 
start line but not approaching either side (scored as 

“no choice,” which was neither correct nor incorrect 
and subsequently repeated)—the dog was led to the 
open side by the handler and allowed to obtain the 
reward. The handler showing the dog how to access 
food served to maintain motivation to search and 
equalize dogs’ experience of accessing food at the 
open side, ensuring that on every trial, if they left 
the start line, dogs gained experience obtaining the 
reward via the open path. However, if the dog did not 
leave the start line within 20 s, the trial was repeated 
without leading them to the open side. On each trial, 
we recorded the side first approached, operation-
ally defined as the side on which the dog’s snout first 
crossed the front panel. Before moving on to the next 
phase, dogs were required to meet a criterion of first 
approaching the open path in three of four consecu-
tive trials (not including their initial side choice from 
the second warm-up trial).

Reversal test  trials. In each reversal block, the 
barrier was shifted to the opposite end of the panel, 
closing the path that was open on the preceding tri-
als, and opening the path on the opposite side. Thus, 
dogs were required to inhibit the previously suc-
cessful response and instead employ a new response 
to access the reward. Trials were repeated in the 
reversed configuration until the dog’s first approach 
was to the open path in three of four consecutive tri-
als. Upon meeting this criterion, the position of the 
barrier was reversed again, and another block of tri-
als was administered. This general procedure contin-
ued until the dog met the criterion on a total of three 
reversal blocks, or a total of 30 trials (across blocks) 
had elapsed during this stage of the task (reversal 
trials). Throughout all phases of the spatial reversal 
task, no delay was imposed between trials; rather, the 
subsequent trial began as soon as the dog was reposi-
tioned at the start line.

Based on pilot studies in which several dogs 
required substantial time to obtain the reward inde-
pendently during reversals, the maximum trial dura-
tion allowed for reversal trials was longer than that for 
the warm-up trials. The maximum trial time was set 
to 2 min for the first reversal trial (i.e., the first trial of 
the first reversal block) and 1 min for all subsequent 
trials. Besides this change, procedures for reversal 
trials were identical to warm-up trials. The depend-
ent measures for this task were the total number of 
reversal blocks completed, the maximum number of 
trials required to meet criterion on any block, and the 
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number of unused trials remaining out of 30 possible 
trials at the conclusion of the task (e.g., 0 for any dog 
that did not complete three reversals within 30 trials).

Statistical analysis

All analyses were performed using R Statistical Soft-
ware (v4.3.0) [44]. Inter-rater reliability (comparing 
scores from a second rater to the primary rater) was 
assessed using Cohen’s kappa for categorical meas-
ures and intraclass correlation for continuous meas-
ures. Reliability was good to excellent [45, 46] for all 
measures (Table S1).

To generate summary scores for each task, we 
used principal component analysis with a correla-
tion matrix for all dependent measures on the task as 
the data matrix. We retained the first component and 
used scores on this component as the task score. The 
rationale for retaining one component per task was to 
attain a single summary measure of performance for 
each task, to be weighted equally in the data matrix 
used for generating overall scores across tasks. To 
generate the overall score across tasks, we performed 
principal component analysis with a correlation 
matrix of the task scores as the data matrix, extracting 
scores for the first component as an overall measure 
of performance. All task summary and overall scores 
were standardized (mean = 0, SD = 1) prior to statisti-
cal analysis.

To assess associations between cognitive per-
formance and age, we used Bayesian linear models 
with fixed effects for dog age, sex, and test location. 
Age was modeled using a second-order orthogo-
nal polynomial term to capture potential curvilin-
ear relationships between age and cognitive perfor-
mance. Models were fit using the brms R package 
[47] which provides an R interface to the Stan pro-
gramming language [48]. To assess whether the 
associations between age and cognitive performance 
differed between dogs of different body sizes (as 
a proxy for expected lifespan), we conducted sec-
ondary analyses of overall battery scores includ-
ing an interaction between age and a discretized 
body mass variable with three levels (small: < 15 kg, 
medium: ≥ 15 < 30  kg, large: ≥ 30  kg). Conditional 
effects from this model were used to compare asso-
ciations with age across the different body mass cat-
egories and Pareto smoothed importance-sampling 

leave-one-out cross-validation was used to compare 
models with and without the age × body mass inter-
action. All models were fit using four independent 
chains which were merged for the posterior distribu-
tion. We used weakly informative priors for the beta 
coefficients (normal(mean = 0, SD = 10)), assessed 
model adequacy via posterior predictive checks, and 
summarized uncertainty in parameter estimates using 
90% credible intervals.

Results

Two‑location task

All dependent measures loaded positively on a prin-
cipal component which accounted for 51% of the 
variance. The loading for first search accuracy in 
two-location trials was considerably weaker than the 
other three loadings (component loadings, first search 
accuracy, one-location trials = 0.73; first search accu-
racy, two-location trials = 0.33; second search accu-
racy, two-location trials = 0.74, errorless two-location 
recovery = 0.93). In the linear model, coefficients 
for both the first- and second-order age terms were 
negative but characterized by substantial uncertainty, 
with credible intervals including zero in both cases 
(Fig. 1A; Table 2).

Delayed search task

All five dependent measures loaded positively and 
substantially on a principal component (component 
loadings: 0-s delay, no distraction = 0.79; 10-s delay, 
no distraction = 0.72; 10-s delay, distraction = 0.64; 
20-s delay, distraction = 0.55, 40-s delay, distrac-
tion = 0.44) which explained 41% of variation across 
measures. In the linear model, the beta coefficients 
for the first- and second-order terms for age were both 
negative, with 90% credible intervals excluding 0 
(Fig. 1B, Table 2).

Human interaction

A principal component explained 73% of variance 
across the dependent measures, which loaded in 
opposite directions (proximity to experimenter = 0.85, 
gaze at experimenter = -0.85). For statistical mod-
eling, we used a Yeo-Johnson transformation of the 
principal component scores, which improved model 
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adequacy relative to a model fit with the non-trans-
formed data. Coefficient estimates were negative 
for the first- and second-order age terms, but cred-
ible intervals included zero in both cases (Fig.  1C; 
Table 2).

Cylinder task

The three dependent measures all loaded positively 
on a principal component which explained 57% of 
the variance. Loadings were strongest for variables 
reflecting whether the dog touched the exterior of 
the transparent cylinder during reversal trials (0.92) 
and the accuracy of the first side approached during 
reversal trials (0.85) than for the variable reflecting 
whether dogs touched the exterior of the cylinder dur-
ing the pre-reversal phase (0.40). The coefficients for 

the first- and second-order age terms from the linear 
model were both negative but with more uncertainty 
regarding the sign of the second-order term (Fig. 1D; 
Table 2).

Spatial reversal task

All variables loaded highly on a principal compo-
nent which explained 85% of the variance. This 
component had positive loadings for the number of 
blocks completed (0.89) and number of trials remain-
ing at completion (0.89), and a negative loading for 
the maximum number of trials required in a block 
(− 0.98). For statistical modeling, we used a Yeo-
Johnson transformation of the principal component 
scores, which improved model adequacy relative to 
a model fit with the non-transformed data (assessed 
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Fig. 1   Associations between age and task performance for the 
A two-location, B delayed search, C human interaction, D cyl-
inder, and E spatial reversal tasks. The shaded interval reflects 
the 90% credible interval from a linear model predicting task 
performance as a function of a second-order polynomial term 
for age, with covariates for dog sex and test location. Outcome 

variables are in standardized units (mean = 0, standard devia-
tion = 1). In panels A, B, D, and E, higher scores reflect bet-
ter performance in the cognitive task. In panel C, higher scores 
reflect more time in proximity to, and less time gazing at the 
experimenter
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using posterior predictive checks). Beta coefficients 
from the linear model were negative for the first- 
and second-order age terms, with credible intervals 
excluding zero in both cases (Fig. 1E; Table 2).

Overall scores

To generate an overall score across tasks, we used 
principal component analysis using the task-level 
scores as the data matrix. Scores for all tasks, except 
for human interaction, loaded strongly and positively 
on a principal component that explained 38% of vari-
ation in task scores (component loadings: two-loca-
tion = 0.63; delayed search = 0.72; cylinder = 0.60, 
spatial reversal = 0.77; human interaction =  − 0.21). 
To explore the utility of an overall score using data 
from only the two tasks with the strongest relation-
ship with age (delayed search and spatial reversal), 
we used a similar approach, generating principal 
component scores from just these tasks. Both tasks 
loaded highly on this component (loadings = 0.86), 
which explained 73% of variation.

A linear model of overall scores derived from the 
analysis of all five tasks supported negative coeffi-
cients for both the linear and second-order age terms 
(Table 3; Fig. 2A). On average, a 4-year-old dog was 
estimated to perform ~ 0.7 standard deviations above 
the sample mean whereas a 14-year-old dog was 
estimated to perform ~ 0.8 standard deviations below 
the sample mean. Analysis of overall scores based 
on only the delayed search and spatial reversal tasks 
yielded similar results, with negative coefficients for 
both the linear and second-order age terms (Table 3; 
Fig. 2B). In this model, on average, a 4-year-old dog 
was estimated to perform ~ 0.5 standard deviations 
above the sample mean whereas a 14-year-old dog 
was estimated to perform ~ 1.3 standard deviations 
below the sample mean.

Associations between age and performance 
in relation to expected lifespan

Because expected lifespan differs dramatically 
between small and large dogs [49], we assessed 
whether the associations between age and cognitive 
performance differed between dogs of different body 
masses. The estimated associations with age were 
generally similar for small (< 15  kg), medium (15, 
30) kg), and large (≥ 30 kg) dogs (Fig. 2C, D). In the Ta
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analysis of overall scores across the full set of five 
tasks, the association with age was relatively linear in 
small dogs, compared to curvilinear effects estimated 
for medium and large dogs (Fig.  2C). However, we 
did not observe this phenomenon when considering 
overall scores derived from the two tasks that had the 
strongest associations with age (Fig. 2D). Comparison 

of models with and without the age × body mass inter-
action (based on Pareto smoothed importance-sam-
pling leave-one-out cross-validation) supported mod-
els without the interaction in both cases, although the 
differences between models were small (difference in 
expected log pointwise predictive density ± standard 
error, 5-task model = 2 ± 3.1; 2-task model = 3 ± 2.4).

Table 3   Results from 
linear models estimating the 
association between age and 
overall scores, calculated 
across all five tasks, or 
only the two tasks with the 
strongest associations with 
age

1 CI credible interval

Predictor Five task score Two task score

Beta 90% CI1 Beta 90% CI1

Age (polynomial)
   1st degree  − 5.6  − 7.2, − 3.9  − 6.5  − 7.8, − 5.2
   2nd degree  − 2.1  − 3.6, − 0.57  − 2.6  − 4.0, − 1.3

Sex
   Male 0.00  − 0.30, 0.29 0.11  − 0.13, 0.35

Test location
   Canine Companions  − 0.04  − 0.42, 0.34 0.29  − 0.04, 0.62
   Sit! Stay! Play!  − 0.50  − 0.86, − 0.14  − 0.25  − 0.54, 0.05

Fig. 2   A Associations 
between age and overall 
performance based on a 
summary measure across 
all five tasks, or B the two 
tasks with the strong-
est associations with 
age (delayed search and 
spatial reversal). C Asso-
ciations with age for small 
(< 15 kg, N = 30), medium 
(≥ 15 < 30 kg, N = 62), and 
large (≥ 30 kg, N = 25) 
dogs using a summary 
measure based on all five 
tasks, or D the two tasks 
with the strongest associa-
tion with age. In all panels, 
lines reflect the conditional 
effects from the statistical 
model, with shaded regions 
indicating the 90% credible 
interval for these effects
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Experiment 2

In Experiment 2, we assessed the feasibility of using 
this test battery in clinical studies of canine cognitive 
dysfunction.

Methods

Thirty-five dogs participating in ongoing clinical 
studies were tested at the Colorado State Univer-
sity  (CSU) College of Veterinary Medicine & Bio-
medical Sciences (CSU IACUC protocols #4016 & 
#3384). Demographic information for participating 
dogs is provided in Table 4.

Cognitive tests were administered by study staff 
in an exam room during research visits, when clients 
and their dogs visited the veterinary hospital for med-
ical evaluations. A total of six experimenters admin-
istered study tasks. Arizona Canine Cognition Center 
staff provided initial training for two experimenters at 
CSU, who subsequently provided training for addi-
tional personnel as needed. Arizona Canine Cognition 
Center staff reviewed CSU study video on an ongo-
ing basis to ensure methodological consistency, and 
a subset of tests in which experimental error occurred 
were removed from analyses (see below).

Vital signs and any necessary bloodwork or sam-
ples for the clinical study were obtained prior to 

cognitive testing. Dogs were then taken to the testing 
area and given time to acclimate to the environment 
before the tests were administered. Owners were typi-
cally absent during testing sessions, but there was a 
small subset of dogs (N = 4) where the owner per-
formed the handler role. Research visits were sched-
uled ~ 6  months apart and dogs typically completed 
the two-location (N = 35) and delayed search (N = 35) 
tasks during the first visit, and the cylinder (N = 19), 
spatial reversal (N = 19), and human interaction 
(N = 15) tasks during their second visit. Because sec-
ond visits had not yet occurred for many dogs, sam-
ple sizes were smaller for the latter tasks. A subset of 
dogs (N = 9) completed all tasks during a single initial 
study visit, with a break between the tasks typically 
administered in separate sessions. Lastly, a subset of 
data was excluded from some tasks due to experi-
mental error during task administration (two-location, 
N = 1; delayed search, N = 2; cylinder, N = 2; spatial 
reversal, N = 7).

Dog owners in these studies completed the CAnine 
DEmentia Scale (CADES), a validated questionnaire 
that was developed to characterize normal aging, and 
mild, moderate, and severe cognitive dysfunction 
in dogs [14]. Clients completed the CADES at each 
study visit and we calculated the average CADES 
score between the two study visits during which cog-
nitive testing was performed. In the current sample, 
19  dogs had mean CADES scores consistent with 
normal aging, and a smaller number of dogs met 
criteria for mild (N = 8), moderate (N = 6), or severe 
(N = 2) cognitive dysfunction.

To rule out other potential causes for behavioral 
changes indicative of cognitive dysfunction, all dogs 
underwent a series of tests and evaluations. These 
included a complete blood count (CBC), chemistry 
panel, thyroid panel, urinalysis, thoracic radiographs, 
abdominal ultrasound, brain MRI, and spinal tap to 
rule out infectious or inflammatory diseases of the 
central nervous system.

Results

As in Experiment 1, inter-rater agreement was good 
to excellent for all measures (Table  S2). To assess 
feasibility, we considered the percentage of dogs 
with sufficiently complete data for calculation of 
task summary scores. For the spatial reversal, cylin-
der task, and human interaction tasks, all dogs tested 

Table 4   Selected characteristics of companion dog partici-
pants in Experiment 2. IQR interquartile range

1 n (%); median (IQR)

N = 351

Sex
   Intact male 1 (2.86%)
   Neutered male 18 (51.43%)
   Spayed female 16 (45.71%)

Breed category
   Mixed breed 10 (28.57%)
   Purebred 25 (71.43%)

Cognitive Dysfunction Severity (CADES)
   Normal 19 (54.29%)
   Mild 8 (22.86%)
   Moderate 6 (17.14%)
   Severe 2 (5.71%)
   Weight (kg) 24.50 (18.00, 31.25)
   Age (years) 9.27 (4.90, 12.02)
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had sufficiently complete data, demonstrating high 
feasibility. For the delayed search task, one dog did 
not choose on enough trials for calculation of a sum-
mary score, resulting in 97% data completeness, and 
the CADES score for the sole subject with insufficient 
data was consistent with normal aging. Lastly, in the 
two-location task, 7 dogs did not have sufficient data 
for calculation of summary scores (CADES classifi-
cations: normal aging, N = 3; mild impairment, N = 1; 
moderate impairment, N = 2; severe impairment, 
N = 1). This was often the result of dogs only choos-
ing a single location during the 20-s search period 
even on trials where two treats were hidden, which 
precluded the calculation of second choice accuracy. 
The percentage of dogs with sufficient data for analy-
sis on this task was considerably lower in Experiment 
2 (80%) than in Experiment 1 (93%), suggesting that 

this task may have the lowest feasibility in clinical 
settings.

Summary scores for each task were generated 
using principal component models from the dataset 
in Experiment 1. Due to the relatively small sample 
in this feasibility study, and limited representation of 
dogs with greater than mild cognitive dysfunction, we 
did not formally model associations between CADES 
scores and performance on the cognitive tasks. The 
distributions of scores on each task, in relation to 
categories of impairment based on the CADES, are 
shown in Fig.  3. Among normal agers and mildly 
impaired dogs, task performance and variability was 
generally comparable to the standard normal dis-
tribution (mean = 0, SD = 1) generated from dogs 
in Experiment 1, with the exception of the spatial 
reversal task, for which mean scores were higher in 
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Fig. 3   Performance of dogs in Experiment 2 (clinical setting) as a function of the extent of clinical symptoms of dementia as meas-
ured by the CAnine DEmentia Scale (CADES)
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Experiment 2 (Experiment 2 mean ± SD scores for 
normal aging and mildly impaired dogs: two-location 
task = 0.02 ± 1.07; delayed search task = 0.05 ± 0.79; 
human interaction = 0.11 ± 1.04; cylinder 
task =  − 0.01 ± 0.94; spatial reversal = 0.59 ± 1.1). 
However, this deviation in mean scores on the spa-
tial reversal task should be interpreted cautiously 
given the small sample for this task in Experiment 
2 (n = 11). Dogs with moderate or severe cogni-
tive impairment tended to score within the range of 
animals classified as normal to mildly impaired, 
although the mean performance in the moderate and 
severely impaired groups was somewhat lower in all 
cases (mean scores among moderately or severely 
impaired dogs: two-location task =  − 0.25; delayed 
search task =  − 0.4; human interaction =  − 0.16; cyl-
inder task =  − 0.54; spatial reversal =  − 1.71).

Discussion

We developed and implemented a novel battery of 
five tasks to characterize cognitive aging in dogs. 
Performance on all tasks was estimated to be nega-
tively associated with age, although the strength of 
these relationships varied across tasks. Older dogs 
performed at lower levels on two measures of spa-
tial memory, with the strongest association for the 
delayed search task. Older dogs also scored lower on 
the two executive function tasks requiring subjects 
to inhibit prepotent responses or to exhibit response 
flexibility in a spatial reversal task. Lastly, in a simple 
assessment of social interaction with an experimenter, 
older dogs spent less time in proximity to, but gazed 
more, at the experimenter, although there was con-
siderable uncertainty in the beta coefficients for age 
in the task. Overall, the strongest associations with 
age were observed in the delayed search and spatial 
reversal tasks, suggesting that these measures may be 
particularly useful in future studies of dog cognitive 
aging. Our results for the memory and executive func-
tion tasks align with those of previous studies dem-
onstrating impairment in older dogs on visuospatial 
memory tasks [26, 50] as well as on reversal learning 
and spatial detour tasks designed to measure execu-
tive function [28, 30, 31, 51]. However, our results 
from the social interaction task differ from those of 
other studies, which have reported decreased gaze 
at an experimenter in older dogs. These differences 

may be accounted for by the context in which gaze 
was measured. Specifically, in the current studies, 
we measured gaze in a naturalistic social interaction 
during which the experimenter spoke to, gazed at, 
and (if approached) petted the dog. Previous studies 
reporting decreased gaze duration in older dogs have 
employed gaze as a measure of sustained attention 
often in situations when the dog’s attention is initially 
captured by a food reward or an unusual behavioral 
act performed by the experimenter [52, 53].

With the exception of the social measure, sum-
mary measures for all tasks loaded positively on a 
principal component, from which we extracted scores 
as an overall measure of performance. These overall 
scores were strongly associated with dog age with 
negative estimates for both the first- and second-
order age terms in the linear model. On average, a 
14-year-old dog was estimated to score ~ 1.5 standard 
deviations lower than a 4-year-old dog. A secondary 
analysis using summary scores from only the delayed 
search and spatial reversal task largely recapitulated 
this effect, but with more pronounced differences 
between middle-aged and senior dogs. Consistent 
with previous studies of cognitive aging in laboratory 
populations of dogs [6], some degree of age-related 
impairment was detectable beginning in middle age 
(~ 5–9 years). Although we found robust associations 
between age and performance, we also tested rela-
tively few very old dogs. Given these characteristics 
of our sample, it is possible that among the oldest 
dogs, cognition is impaired to an extent beyond that 
which we were able to capture in the current work.

Given large differences in expected lifespan for 
dogs of different body masses, we assessed whether 
associations between performance and age differed 
between small, medium, and large dogs. We found no 
strong evidence for associations with age being mod-
erated by body mass, consistent with other studies of 
cognitive aging in companion dogs [27, 30], but see 
Turcsán and Kubinyi [54]; however, our sample had 
relatively few extremely large or small dogs, poten-
tially limiting our ability to detect such an effect. 
Future longitudinal studies will be required to deter-
mine whether the timing and/or rate of cognitive 
aging covaries with body mass.

In Experiment 2, we assessed the feasibility of 
implementing these tasks in clinical settings and 
explored potential associations with clinical surveys 
used to quantify cognitive impairments in dogs. On 
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average, dogs categorized as having moderate or 
severe impairments (based on the CADES) scored 
lower on most tasks, but the range of scores for these 
dogs overlapped with dogs characterized as hav-
ing mild cognitive impairment or as normal cogni-
tive agers. In the current sample, relatively few dogs 
(n = 8) met criteria for moderate or severe cognitive 
impairment and future work in larger clinical stud-
ies will be required to robustly assess concordance 
between experimentally derived measures of cogni-
tive function and owner report surveys. The current 
studies suggest that the simple measures of memory, 
executive function, and social behavior from this bat-
tery are feasible for use in at least some clinical set-
tings and may provide relatively easily administered 
objective assessments of cognitive function in aging 
dogs.

The battery of tests presented here has several 
advantages relative to other current or historically 
used approaches. Our assessments of spatial mem-
ory and executive function are based on spontane-
ous problem-solving rather than responses trained 
via operant procedures. This approach eliminates the 
lengthy training protocols required to shape behavio-
ral responses and enables collection of key outcome 
measures in a single testing session. Because indi-
vidual tasks can be implemented relatively quickly, 
it is also possible to collect data using multiple tasks 
within the same testing session, providing opportuni-
ties to rapidly characterize different aspects of cogni-
tive function. Lastly, by reducing the needs for spe-
cialized testing equipment, these tests can potentially 
be administered in a wide range of settings, enabling 
large-scale studies of companion dogs.

Despite these advantages, these tests are subject 
to several important limitations. First, most tasks 
involve participation for food rewards and cannot 
be meaningfully administered if a subject is not suf-
ficiently motivated to attain these rewards (or has 
major mobility impairments that preclude participa-
tion in physical search tasks). Food motivation can 
vary considerably between individuals, within indi-
viduals across contexts, and may be reduced in novel 
settings such as visits to research labs or veterinary 
clinics. Although we had relatively high completion 
rates, there was also potential for selection bias (e.g., 
dog owners with food-motivated dogs who would be 
comfortable in the testing environment potentially 
being more likely to participate). In the current work, 

tests were successfully administered in four differ-
ent settings including a university research center, a 
dog daycare, a service dog training center, and a vet-
erinary hospital, highlighting diverse environments in 
which such studies are possible. Nonetheless, some 
dogs could not be tested successfully due to lack of 
food motivation or nervousness about the environ-
ment or unfamiliar experimenters. For the success of 
large-scale projects using these or similar measures, 
it may be important to incorporate inclusion criteria 
related to food motivation and to identify additional 
testing environments or acclimation procedures that 
minimize attrition. Additionally, although tasks were 
successfully implemented in diverse settings, we 
observed variation in performance on some tasks, and 
in overall scores across tasks, associated with the test-
ing location. In the current design, we cannot deter-
mine whether these effects stem from variation in the 
physical testing environments, population differences 
between dogs tested at the different sites, or other uni-
dentified sources of variation.

Second, only one dog in Experiment 2 had a 
CADES score consistent with severe cognitive 
dysfunction and the feasibility of these tests with 
severely impaired dogs remains largely unexplored. 
Therefore, assessing both the feasibility and the util-
ity of these measures in objectively capturing cogni-
tive impairments associated with advanced stages of 
Canine Cognitive Dysfunction remains an important 
future research priority. Whereas experimental meas-
ures of cognitive function will be critical for under-
standing all stages of Canine Cognitive Dysfunction, 
we expect that the current tests may be most useful 
for characterizing initial, mild cognitive impairments, 
that precede severe manifestations of dementia. Given 
that early intervention is widely believed to present 
the best opportunity for slowing or reversing the 
course of disease [55], the development of validated 
assays to capture the early stages of dementia remains 
a high priority. Current diagnostic tools in dogs rely 
on owner report of behavioral symptoms that may 
only arise in later stages of dementia; therefore, cog-
nitive assays, such as those presented here, have the 
potential to fill important needs in both research and 
clinical contexts.

Third, the present data are cross-sectional, and 
while we identified robust associations between 
task performance and age, longitudinal studies 
using these approaches will be essential in future 



	 GeroScience

Vol:. (1234567890)

research. Determining test–retest reliability, quan-
tifying potential practice effects across different 
testing intervals, and determining whether within-
individual changes can predict the development of 
dementia are essential next steps that can only be 
completed in the context of longitudinal designs.

Fourth, as our tasks were designed to maintain 
high levels of motivation, dogs were allowed to 
obtain food rewards after incorrect initial searches, 
and under some conditions, failure to independently 
access the food within a time limit. It is possible 
that obtaining a food reward despite failure to solve 
the problem in the intended way prevented some 
dogs from learning the “goals” of the task. How-
ever, we do not believe this to be the case generally. 
If dogs were motivated to obtain the reward (as evi-
denced by the very high rates of participation), we 
expected that they would minimize energetic costs 
and maximize behavioral efficiency when attempt-
ing to obtain the reward. Nonetheless, the relatively 
low cost of errors remains an important considera-
tion. This is particularly relevant for the two-loca-
tion task, in which successful performance often 
required dogs to bypass nearby and easily accessi-
ble blinds when navigating to more distant, baited 
locations. We observed that dogs sometimes had 
difficulty bypassing the nearer, non-baited blinds, 
possibly due to task demands involving inhibitory 
control, but also likely due in part to the low cost of 
inspecting the proximal non-baited locations. These 
factors may partially explain why we observed 
weaker age effects on this task, as both young and 
old dogs had somewhat poor performance.

Lastly, although the measures presented here can 
be implemented much more rapidly than conven-
tional operant tasks, the current design still requires 
two ~ 30–60-min testing sessions. Development of a 
more streamlined assessment that could be imple-
mented in a single brief session would have major 
advantages for facilitating large-scale studies with 
companion dogs. Based on the current results, the 
delayed search and spatial reversal tasks would be 
good candidates for a reduced set of measures that 
(1) have strong associations with age, (2) assess 
cognitive processes implicated in both canine cog-
nitive dysfunction and Alzheimer’s disease, and (3) 
could be paired in a single short assessment suitable 
for implementation in diverse settings.

A streamlined assessment that can objectively 
measure canine cognitive aging would complement 
large-scale studies with companion dogs [such as 
the Dog Aging Project, 3] and could serve as an 
important tool in both Alzheimer’s disease research 
and veterinary medicine. The development and 
validation of these approaches has the potential 
to be highly valuable for understanding the cogni-
tive correlates of candidate dementia biomarkers, 
assessing the functional impacts of treatments and 
interventions designed to prolong cognitive health, 
and contributing to basic research that addresses 
the causes and consequences of cognitive aging.
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