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Abstract  Companion dogs have emerged as a 
valuable model in the study of cognitive aging, but 
assessments of cognitive function in large, diverse, 
and geographically distributed samples of dogs 
are challenging to obtain. We developed two novel 
functional assessments of short-term spatial mem-
ory that were administered by community science 
participants in a sample of 6,753 dogs through the 
Dog Aging Project. We compared data generated by 
community scientists to those gathered by research 

professionals, estimated relationships between age 
and task performance, and tested the hypothesis 
that associations between age and cognitive per-
formance vary by dog body mass, as a proxy for 
expected lifespan. Community scientists generated 
similar data to research professionals and both cog-
nitive tasks were sensitive to age-related deficits, 
beginning in midlife. Relationships between age and 
cognitive function were highly similar across small 
and large dogs and, for both tasks, comparison of 
models with and without an interaction between age 
and body mass yielded decisive evidence for the 
model without the interaction. Large dogs exhibit Supplementary information  The online version 

contains supplementary material available at https://​doi.​
org/​10.​1007/​s11357-​025-​01867-4.
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accelerated aging across many traits, and so the 
lack of evidence for accelerated cognitive aging 
raises the possibility that their large size confers a 
neuroprotective advantage. We consider possible 

mechanisms underlying this effect and address how 
experimental studies of dog cognition using com-
munity science methods can support future research 
on mechanisms of brain and cognitive aging.

Graphical Abstract 

Keywords  Companion dogs · Model · Cognitive 
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Introduction

Companion dogs have emerged as an important 
model in aging research; they share a wealth of fea-
tures with humans while also having comparatively 
shorter lifespans, which enables efficient longitudinal 
research [12, 38]. Unlike laboratory animals, com-
panion dogs share their environment with humans, 

have access to a sophisticated healthcare system, and 
are genetically diverse [26]. Dogs also develop many 
of the same age-related diseases as humans, with 
dogs and humans often sharing similar genetic and 
environmental risk factors [34].

Studies of cognitive aging in dogs have identi-
fied parallels with human cognitive decline, includ-
ing age-related deficits in learning and memory that 
often begin in midlife [8, 18]. Some senior dogs also 
spontaneously progress to a profoundly impaired 
state, termed canine cognitive dysfunction, with some 
behavioral and neuropathological similarities to Alz-
heimer’s disease [13, 17, 33, 37, 49]. Although the 
potential value of dogs as a model for human cogni-
tive decline, dementia, and specific neurodegenera-
tive diseases such as Alzheimer’s disease has become 
widely recognized, the full benefits of a companion 
dog model have yet to be realized due to the chal-
lenges of large-scale research with this population.

To date, studies of cognitive aging in dogs have 
been conducted primarily in two distinct research tra-
ditions, each with strengths and weaknesses. The first 
approach is a traditional laboratory model in which a 

D. E. L. Promislow 
Jean Mayer USDA Human Nutrition Research Center On 
Aging, Tufts University, Boston, MA, USA

D. A. Raichlen 
Human and Evolutionary Biology Section, Department 
of Biological Sciences, University of Southern California, 
Los Angeles, CA, USA

D. A. Raichlen 
Department of Anthropology, University of Southern 
California, Los Angeles, CA, USA



GeroScience	

Vol.: (0123456789)

relatively small and intensively studied population is 
maintained and studied under laboratory conditions. 
Research following this model was central to initial 
discoveries regarding age-related cognitive dysfunc-
tion in dogs and potential neurobiological similarities 
to Alzheimer’s disease [1, 18]. Traditional laboratory 
studies have benefited from rigorous experimental 
approaches to the study of cognition, employing objec-
tive tests of learning and memory as primary cogni-
tive endpoints. However, such studies have typically 
been conducted with small samples of a single breed 
(beagles) studied under laboratory conditions and thus 
have not capitalized on several important features of 
companion dogs, including genetic diversity, variable 
and shared environments with humans, and the poten-
tial for large-scale research in the natural environment. 
A second approach has prioritized the study of large, 
genetically and phenotypically diverse samples of dogs 
living in human environments. Research in this tradi-
tion has been critical for the epidemiology of demen-
tia in dogs, including estimates of disease prevalence 
and our emerging understanding of risk factors shared 
with humans [4, 40]. However, when working with 
large and geographically distributed samples, it has 
not been possible to measure cognitive function using 
experimental approaches. Rather, most studies in this 
tradition have used owner-report surveys that ask 
about behavioral signs of dementia. Although several 
such scales have been validated for detection of canine 
cognitive dysfunction [30, 41], these assessments rely 
on dog owners to notice and relay behavioral changes 
associated with dementia, and the relative subjectivity 
of doing so has numerous potential pitfalls.

More recently, some scientists have explored a 
third approach in which pet owners administer simple 
cognitive assays in the home environment [21, 35, 46, 
50]. To facilitate this method, scientists have designed 
simplified cognitive tests that can be completed using 
commonly available household materials. A key aim 
of this approach is to enable objective functional 
assessments of cognition while also capitalizing on 
advantages associated with the large-scale study of 
privately owned companion dogs. Initial research 
using this approach has demonstrated that community 
scientists can produce data similar to those obtained 
in laboratories [46], performance in home-based tests 
is repeatable and associated with clinical measures of 
dementia [21], and age-related variation can be cap-
tured in large samples [50]. Though initial studies 

have been promising, the experimental study of dog 
cognition using community science is a nascent area 
of research, and the development of assays tailored 
for studies of aging is critical for future success.

In the current work, we developed two novel 
assessments to measure aspects of spatial memory 
associated with cognitive decline and deployed these 
assessments in the Dog Aging Project, a nationwide 
study of aging in US companion dogs [9]. Using 
data from these measures we modeled relation-
ships between age and cognitive performance and 
evaluated whether body mass, a strong predictor of 
lifespan in dogs, moderates this relationship. The 
shorter lifespans of large dogs have been attributed 
to faster rates of aging [29], evidence for which has 
been observed across a wide range of biological pro-
cesses [32]. However, whether the timing of cognitive 
decline relates to body mass in dogs remains poorly 
understood. Whereas some studies have identified dif-
ferent size-associated trajectories [48], others have 
not [50]. Lack of a moderating role for body size in 
cognitive aging would suggest that larger dogs main-
tain cognitive health for a greater fraction of their 
expected lifespan, potentially providing insights into 
mechanisms that maintain brain and cognitive health, 
despite declines in other body systems. In contrast, 
evidence that cognitive decline occurs earlier and/or 
more rapidly in larger dogs would yoke these phe-
nomena more closely to other patterns of age-related 
decline, potentially pointing to more systemically 
integrated mechanisms underlying cognitive health.

Methods

Subjects and recruitment

The Dog Aging Project is a longitudinal open-sci-
ence study of aging in a nationwide sample of com-
panion dogs in the United States. Participating dogs 
are nominated by their owners, who provide annual 
information about their dog’s health, environment, 
and lifestyle. The overall structure of the study and 
its sampled cohorts are described in Creevy et  al. 
[9]. Data in this manuscript reflect participating 
dogs’ first exposure to two cognitive assessments, 
1-2-3 Treat and Treat Hide & Seek) associated with 
2023 and 2024 project data releases [10,  11]. All 
members in the DAP Pack were invited by email to 
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complete 1-2-3 Treat in February of each year and 
Treat Hide & Seek in August of each year. This 
email contained a link to their personal research por-
tal where they had the opportunity to complete the 
activity or opt-out of the activity and explain why 
it was not a good fit for them and/or their dog. The 
activity remained open for 40 days from the date of 
invite. Owners received three reminder emails at day 

10, day 20, and day 30 if they had not already com-
pleted the activity.

Demographic information for participating dogs 
is shown in Table 1. To restrict analyses to adult ani-
mals, data from dogs < 1 year of age were excluded. 
We also excluded data from dogs reported to be > 18 
years of age. The size distribution of dogs that par-
ticipated in the cognitive tasks was similar to that 

Table 1   Participant 
demographics

1 n (%); Mean (SD); Min-
Max

1-2-3 Treat Treat Hide & Seek
N = 5,5961 N = 3,7751

Dog Sex
Female 2,845 (51%) 1,915 (51%)
Male 2,751 (49%) 1,860 (49%)
Dog weight (kg) 23 (12); 1–96 23 (12); 2–88
Dog age (years) 7.1 (3.7); 0.5–23.0 7.3 (3.5); 0.8–23.5
Owner age (years)
18–24 63 (1.1%) 56 (1.5%)
25–34 559 (10.0%) 364 (9.6%)
35–44 689 (12%) 446 (12%)
45–54 942 (17%) 629 (17%)
55–64 1,621 (29%) 1,113 (29%)
65–74 1,483 (27%) 1,004 (27%)
75 and older 239 (4.3%) 163 (4.3%)
Owner education
No schooling completed 1 (< 0.1%) 0 (0%)
Nursery school to 8th grade 0 (0%) 0 (0%)
Some high school, no diploma 6 (0.1%) 2 (< 0.1%)
High school graduate 94 (1.7%) 49 (1.3%)
High school equivalent degree (such as GED) 13 (0.2%) 10 (0.3%)
Some college credit, no degree 376 (6.7%) 233 (6.2%)
Trade, technical, or vocational training 124 (2.2%) 78 (2.1%)
Associate degree 280 (5.0%) 181 (4.8%)
Bachelor’s degree 1,887 (34%) 1,269 (34%)
Master’s degree 1,703 (30%) 1,173 (31%)
Professional degree (such as DVM, MD, DDS, or JD) 548 (9.8%) 393 (10%)
Doctorate degree (such as PhD, DrPH, or DPhil) 564 (10%) 387 (10%)
Owner Race
Hispanic or Latino 175 (3.1%) 108 (2.9%)
White 5,348 (96%) 3,606 (96%)
Black or African American 46 (0.8%) 31 (0.8%)
Asian 206 (3.7%) 151 (4.0%)
American Indian 53 (0.9%) 32 (0.8%)
Alaska Native 1 (< 0.1%) 0 (0%)
Native Hawaiian 5 (< 0.1%) 2 (< 0.1%)
Pacific Islander 15 (0.3%) 7 (0.2%)
Other 101 (1.8%) 58 (1.5%)
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for non-participant dogs, but dogs that participated 
in the cognitive activities tended to be moderately 
younger than non-participants (Supplemental Mate-
rials). Additionally, owners of participating dogs 
tended to be older than owners of non-participant 
dogs (Supplemental Materials). Study-related pro-
cedures involving these privately-owned dogs were 
approved by the Texas A&M University IACUC, 
under AUP 2021–0316 CAM. To compare data col-
lected by community scientists with those collected in 
conventional research settings, we recruited an inde-
pendent sample of 30 companion dogs (14 female, 
16 male, age (mean ± SD = 8.1 ± 4.2 years), weight 
(mean ± SD = 22 ± 10 kg)) that were tested at the 
Arizona Canine Cognition Center, or nearby satellite 
sites, by research professionals using the same proto-
cols (University of Arizona IACUC #16–175).

Procedure

In both cognitive tasks, community scientists (hereaf-
ter, participants) followed tutorials with printable and 
video-based instructions covering the required mate-
rials, task setup, and implementation. Both cognitive 
tasks required the hiding of food rewards in small 
containers (~ 10 × 10 x 6 cm) at marked locations in 
the testing area. Participants received instructions and 
printable templates for constructing these containers 
using scrap cardboard, or other common household 
materials (e.g., tissue boxes or milk cartons). Follow-
ing set up of the testing area (measuring and marking 
locations described below), participants followed an 
interactive tutorial with trial-by-trial instructions and 
electronic data entry using the Research Electronic 
Data Capture (REDCap) platform [16]. If needed, 

participants had access to printable instructions and a 
scoring sheet, from which data could be entered later.

1‑2‑3 Treat

Overview  In this activity, three boxes were posi-
tioned in an array. A handler walked the dog to each 
of the boxes in sequence. At each location, the han-
dler visibly baited the box, and at two of the three 
locations the dog was allowed to immediately con-
sume the reward. Following the baiting procedure, the 
dog was released from the start position, equidistant 
from the three boxes, to search for the sole remaining 
reward. Accuracy of the first location searched was 
recorded across 9 trials.

Activity setup and warm‑up trials  Participants 
were instructed to mark a start location from which 
their dog would begin each trial, and three additional 
locations, each 1.82 m from the start location, where 
the boxes containing food rewards would be posi-
tioned (Fig. 1). Participants were then guided through 
three warm-up trials in which dogs gained practice 
searching for food rewards at each of the three loca-
tions used in subsequent test trials. On these trials 
(one trial per location), the handler placed one box 
on the target location, walked the dog directly to it, 
placed a small food reward into the box, walked the 
dog back to the start position and released the dog to 
search for the reward. If the dog did not independently 
find the reward within 20 s, the handler led the dog 
to it. If the dog did not find the food independently 
in at least 2 of the 3 warm-up trials, handlers were 
instructed to conduct an additional set of 3 warm-ups 
before advancing to test trials.

Fig. 1   Spatial layout for the 
A 1-2-3 Treat, and B Treat 
Hide & Seek tasks. Circles 
indicate the locations where 
food was hidden, relative to 
the dog’s starting positions. 
Not to scale
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Test trials  Prior to test trials, participants selected 
which side of their body they would handle the dog 
on and this determined whether they walked the dog 
in a clockwise (dog on handler’s left) or counterclock-
wise (dog on handler’s right) pattern. This element of 
the protocol was implemented to facilitate the handler 
preventing the dog from immediately consuming the 
reward during baiting by standing between the dog 
and the box in which the reward was placed. On each 
trial, the handler and dog began at the start position, 
walked a circular pattern around the boxes, visiting 
each box in sequence, and returned to the start posi-
tion where the dog was released to search. At each 
box, the handler visibly placed a small food reward 
into the box. At two of the three locations the dog 
was allowed to immediately consume this reward, 
whereas at one location the handler prevented the 
dog from obtaining the reward by immediately walk-
ing past the box following its baiting. The location at 
which the dog was initially prevented from obtain-
ing the reward was balanced across trials (3 trials per 
location). Upon release from the start line, dogs were 
allowed 20 s to search for the reward, and the first 
location searched (defined as the dog’s snout enter-
ing the area above the box) was recorded. Participants 
were instructed to let their dog search in only one box 
per trial. If the dog did not choose correctly, the par-
ticipant was instructed to prevent further searching 
using the leash. If appropriate, participants could also 
select response options indicating that (a) the dog did 
not search in any box, (b) something went wrong, or 
(c) the dog was not enjoying the activity and data col-
lection needed to be discontinued.

Treat Hide & Seek

Overview  In this activity, one of two boxes posi-
tioned in front of the dog was visibly baited by one 
person (the experimenter). Following a variable delay 
(0, 10, 20, or 40 s), a second person (the handler) 
released the dog to search for the reward. Accuracy 
of the first search was recorded across a series of 16 
trials (4 trials per delay duration).

Activity setup and warm‑up trials  Participants 
were instructed to mark a start location from which 
their dog would begin each trial (held on leash by 
a second person acting as handler), two additional 

locations for the boxes 1.52 m in front of and 0.61 m 
to the left and right sides of the start location, and a 
location 0.3 m beyond and centered between the box 
locations for the experimenter (Fig.  1). In warm-
up trials the experimenter placed a single box at the 
left or right location (balanced across warmups) and 
baited the box with a small food reward as the dog 
watched from the start position. Immediately follow-
ing baiting, the experimenter looked down, started a 
stopwatch and called “okay”, cueing the handler to 
release the dog to search for the food. The experi-
menter recorded whether the dog obtained the food 
independently within 20 s on each trial. Two trials 
were conducted at each location.

Test trials  In test trials, both boxes were posi-
tioned on their respective marks in front of the dog. 
Dogs watched as the experimenter baited one of the 
boxes. The experimenter then looked down, initiated 
the stopwatch and called “okay” for the handler to 
release the dog once the specified delay had elapsed. 
Experimenters were instructed to continue gazing 
down at the stopwatch to avoid cuing the dog inad-
vertently and to let the dog search for no longer than 
20 s. At the conclusion of each trial, the experimenter 
recorded which box the dog searched first (defined 
as the snout entering the area above the box). Dogs 
were not prevented from searching in more than one 
box, and could search until they found the treat, but 
only the first location searched was scored. If appro-
priate, participants could also select response options 
indicating that (a) the dog did not search in any box, 
(b) something went wrong, or (c) the dog was not 
enjoying the activity and data collection needed to 
be discontinued. The delay before dogs were released 
to search increased across blocks of four trials (trials 
1–4 = 0 s delay; trials 5–8 = 10 s, trials 9–12 = 20 s, 
trials 13–16 = 40 s) and the correct location was bal-
anced within block.

Analysis

Dependent measures

For 1-2-3 Treat (hereafter 123 T), we used the overall 
percentage of correct responses as our primary sum-
mary score. Only trials on which the dog searched in 
one of the containers were included in this score. We 
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retained observations for analysis if there were a min-
imum of 6 trials in which the dog searched in one of 
the boxes (94% of observations). For secondary mod-
els of accuracy as a function of the correct location, 
we filtered data to cases in which all 3 trials at a given 
location had a valid search (85% of observations). 
Treat Hide & Seek (hereafter THS) summary scores 
were similarly calculated as the overall percentage of 
correct responses across trials in which dogs searched 
in one of the containers. We retained THS summary 
scores for analysis if a dog made valid choices on 12 
or more of the 16 trials (96% of observations). For 
secondary models of accuracy as a function of delay 
length, we filtered data to observations with complete 
data for all delay durations (95% of observations).

Statistical models

To estimate associations between age and cogni-
tive scores we fit linear models incorporating a sec-
ond-order orthogonal polynomial term for age, with 
covariates for sex, and body weight (standardized to 
have a mean of 0 and standard deviation of 1). To 
assess effects of the spatial location of the remaining 
reward (123 T) or delay length (THS) we used simi-
lar linear mixed models with an additional term for 
reward location or delay length, and a random inter-
cept for the dog identifier. Post hoc comparisons from 
these models incorporated Tukey’s method for adjust-
ment of p values. To facilitate interpretation of the 
non-linear effect for age, we report marginal estimates 

Fig. 2   Relationships between age and performance on 1-2-3 Treat. The relationship with age A was highly similar across dogs of 
different body masses B. Impaired performance at older ages was observed at all locations in the baiting sequence C–E 
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of performance for dogs of different ages [2]. To test 
the hypothesis that associations between age and cog-
nitive performance are moderated by body weight (a 
proxy for expected lifespan), we compared the base 
models described above to alternative models incor-
porating an interaction between the polynomial term 
for age and dog body weight (owner report). We 
assessed the relative support for each model using 
Bayes factors based on BIC approximation, with 
interpretation guided by Jeffreys’ scale [25, 27]. As 
secondary analyses, we fit similar models using a 
genomic prediction of dog height as our measure of 
size (Supplemental Material; [11]).

To compare data gathered by community scien-
tists in the home environment with data collected 
by trained experimenters in professional research 
settings, we used a matching strategy. For each 
of the dogs tested by research professionals, 5 
matches from the community science dataset were 
included based on nearest neighbor propensity 
score matching using logistic regression, as imple-
mented in the MatchIt R package [20]. Matching 
criteria included age (at time of test), body mass, 
and sex. We included calipers (maximum accept-
able distance for the match) of 1 year for age and 
2 kg for body mass. Following matching, standard-
ized groups mean differences for age and weight 
were < 0.1. Using these data, we fit linear models 
with the overall task score modeled as a func-
tion of a second order polynomial term for age, 
sex, weight, and the data collection context (com-
munity science vs professional administration). 
We used the marginaleffects R package [2] for 
g-computation in the matched sample to estimate 
the average treatment effect in the treated (ATT). 
These estimates used cluster-robust standard errors 
with matching stratum membership as the cluster-
ing variable.

Results

1‑2‑3 Treat

On average, dogs first searched in the correct loca-
tion on 68.8 ± 0.3% of trials, significantly higher than 
chance expectation (one-sample t-test, t5237 = 116.95, 
p < 0.01). Overall performance varied significantly Ta
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as a function of age (Fig. 2; Table 2). On average, a 
3-year-old dog responded correctly on 72% of trials 
whereas a 13-year-old dog was correct on 62% of tri-
als. Accuracy also varied in relation to the remaining 
reward’s order in the baiting sequence (χ2

2 = 1209.6, 
p < 0.01). Performance was best when the reward 
was at the final baiting location (82.7 ± 0.5%), inter-
mediate when it was at the first baiting location 
(66.5 ± 0.5%), and worst at the middle baiting loca-
tion (62 ± 0.5%), consistent with a serial position 
effect [5, 43]. Poorer performance at older ages was 
observed at all locations with the effect of age esti-
mated to be more linear when the reward was at the 
first and second locations in the baiting sequence 
(Table 2, Fig. 2). A model incorporating an interac-
tion between age and body weight estimated highly 

similar associations with age in smaller and larger 
dogs (Fig. 2) and a comparison of this model to one 
without the interaction yielded decisive evidence in 
favor of the latter (Bayes factor = 2,890).

Treat Hide & Seek

On average, dogs searched in the correct location on 
92% of trials, significantly higher than chance expec-
tation (one-sample t-test, t3629 = 205.1, p < 0.01). 
THS performance varied significantly by age (Fig. 3; 
Table 3). On average, a 3-year-old dog scored ~ 93% 
whereas a 13-year-old dog scored ~ 88%. Accu-
racy varied in relation to the delay length before 
dogs were allowed to search, but surprisingly per-
formance was modestly better at longer delays 

Fig. 3   Relationships between age and performance on Treat Hide & Seek. The relationship with age A was similar across dogs of 
different body masses B. Impaired performance at older ages was observed across delay intervals C–F 
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(βminute = 0.8% ± 0.4%, χ2
1 = 4.03, p = 0.04). Poorer 

performance for older dogs was observed at all delay 
lengths with older dogs estimated to perform worst at 
the two longest delays (20 s & 40 s). A model with 
an interaction between age and body weight estimated 
similar associations between performance and age 
in small and large dogs (Fig.  3), and again, model 
comparison strongly favored the model without the 
weight × age interaction (Bayes factor = 243).

Matching analysis

For 123 T, scores obtained by community scientists 
were on average 4.6% higher than those for dogs 
tested using conventional methods, a difference that 
was not statistically significant (z = −0.98, p = 0.33). 
Both datasets were characterized by a similar pat-
tern in which performance was highest when the 
sole remaining treat was in the last location baited, 
compared to when it was in the  1st or 2nd loca-
tion baited (Fig.  4). For THS, we observed similar 
scores in matched dogs tested by community scien-
tists and trained experimenters. On average, scores 
were 2.6% higher in the group tested by trained 
experimenters, a difference that was not statistically 
significant (z = 1.18, p = 0.24). In the conventional 
dataset, average scores decreased monotonically with 
delay length, but this pattern was not observed in the 
matched community science sample (Fig. 4).

Discussion

Large scale studies of dog cognition face the chal-
lenges of administering objective cognitive assess-
ments to nonverbal organisms. We designed two 
novel cognitive assessments of spatial memory, 
which were administered by community scientists in 
a sample of thousands of companion dogs throughout 
the United States, as a part of the Dog Aging Pro-
ject. Both tasks demonstrated age-related variation in 
performance, and sensitivity to age-related cognitive 
changes was a central goal in developing these meas-
ures. Community scientists generated data that were 
similar to those obtained by research professionals, 
consistent with previous studies in which dog own-
ers administered simple cognitive tests at home [21, 
46]. Using these data we tested the hypothesis that 
relationships between age and cognitive function are Ta
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moderated by body weight, as a proxy for expected 
lifespan in dogs. We found strong evidence against 
this hypothesis, instead observing highly similar rela-
tionships between age and performance across dogs 
of different sizes. This finding is consistent with pre-
vious cross-sectional analyses that have estimated this 

relationship using data from laboratory-administered 
tests [15], community science-based assays [50], 
and clinically validated dementia scales [4, 40], but 
see [48]. Given that large dogs are shorter-lived and 
exhibit accelerated aging across a diverse spectrum of 
characteristics, these findings raise the possibility that 

Fig. 4   Comparison of data collected by community scientists 
and research professionals. A On 1-2-3 Treat, overall scores 
were similar between datasets, and B both datasets were char-
acterized by a serial position effect. C On Treat Hide & Seek, 
scores were similar, and near ceiling, in both datasets. D A 

trend toward worse performance at longer delays was observed 
in data collected by research professionals but not community 
scientists. Points and line intervals in panels B and D represent 
means and 95% confidence intervals
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large size might confer a protective effect for brain 
and cognitive aging.

We hypothesize that large body size may be asso-
ciated with healthy brain and cognitive aging for the 
following two reasons. First, variation in dog size is 
driven predominantly by insulin-like growth factor 1 
(IGF-1) signaling, with higher levels of IGF-1 associ-
ated with larger body size [22, 47]. In the brain, IGF-1 
promotes neurogenesis and synaptogenesis, protects 
neurons from chemical toxicity, and contributes to 
β-amyloid clearance, which are all mechanisms that 
may prolong cognitive health [7, 44]. Although IGF-1 
has also been associated with deleterious effects in 
the central nervous system, and may play opposing 
roles in brain aging [14], neuroprotective roles for 
IGF-1 have been widely recognized and may confer 
advantages to larger dogs. Second, larger dogs have 
larger brains that contain a greater number of neurons 
[19, 24] which may contribute to cognitive or brain 
reserve, or the ability to maintain cognitive function 
despite neurodegeneration [28, 45]. In human studies 
neuronal density in the locus coeruleus has been asso-
ciated with both higher baseline cognitive function 
and slower cognitive decline [51]. Although previous 
studies have identified positive associations between 
estimated brain volume and cognitive performance in 
dogs [23], we did not observe this effect in the current 
work. Thus, if large brain size alone confers a pro-
tective effect, it may result from better maintenance 
of function, rather than an early life performance 
advantage.

Our ability to test these, and other hypotheses 
regarding predictors of variation in dog cognitive 
decline will depend critically on the ability to accu-
rately assess cognitive function in large and diverse 
companion dog samples. The community science 
measures introduced here show promise for this 
approach with several notable strengths, but also 
some important limitations. Both 123 T and THS 
were sensitive to age-related variation in perfor-
mance, a central design goal for these assessments. 
The overall association with age was similar to that 
observed in laboratory studies, with peak perfor-
mance during the first 5 years of life and markedly 
poorer performance at older ages. Sensitivity to mild, 
mid-life dysfunction is an important attribute of these 
measures and contrasts with survey-based assess-
ments of cognitive dysfunction which predominantly 
capture diminished performance significantly later in 

life [52]. Another strength of the approach presented 
here is that data are derived from simple experi-
ments in which dogs are presented with a standard-
ized problem and responses are scored using objec-
tively defined behavioral criteria. This experimental 
approach avoids common pitfalls associated with 
survey research, though it is associated with its own 
limitations, which we discuss below. Lastly, data col-
lected by community scientists were similar to those 
obtained by research professionals, consistent with 
previous studies employing community scientists in 
experimental designs [46].

Despite these strengths, the current approach also 
has several notable limitations. First, it is unrealistic 
to expect that members of the public, volunteering 
their time in a home environment and implement-
ing these procedures once annually will generate 
data of similar quality to those obtained by trained 
research professionals working in a laboratory set-
ting. We attempted to accommodate potential errors 
and unexpected occurrences by providing response 
options indicating that something went wrong, and 
enabling participants to discontinue data collection 
at any point. However, we were unable to directly 
monitor the fidelity with which protocols were 
implemented or the accuracy of data entered by 
participants. Second, although we obtained a large 
sample relative to those associated with laboratory 
studies, participation rates in these activities were 
lower than those for non-experimental, survey-based 
activities in the Dog Aging Project. The lower par-
ticipation rate likely reflects the higher demands of 
gathering this type of data, which required partici-
pants to have access to a suitable testing space, a 
second person to help with data collection, and suffi-
cient time to set up and implement each assessment. 
We expect that improved methods for engaging and 
retaining community scientists will be critical for 
increasing participation rates, and that systematic 
analysis of factors influencing participation will 
facilitate advances in this area (e.g. [3, 31, 42]). 
Lastly, scores on THS exhibited a ceiling effect, in 
which most dogs made no errors, potentially mask-
ing variation among the higher-performing fraction 
of our sample. This limitation could potentially be 
remedied by modifications to increase task difficulty, 
for example through the addition of longer delays, 
additional search locations, or distraction procedures 
during the delay [6, 39].
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Collectively, our findings demonstrate the prom-
ise of experimental assessments of dog cognition 
using a community science model. Our analyses of 
cross-sectional data using this approach demonstrate 
sensitivity to age-related variation in short-term spa-
tial memory and corroborate findings from previous 
work suggesting that relationships between age and 
cognitive function are not moderated by body mass, 
despite a strong negative correlation between dog 
size and longevity. Ongoing longitudinal assessment 
using these measures will support future analyses of 
within-individual change, enabling powerful tests 
of whether rates of cognitive decline differ between 
small and large dogs. Lastly, integration of these data 
with molecular measures collected in the Dog Aging 
Project [9, 36] will provide a powerful opportunity 
to test hypotheses about the mechanisms underlying 
individual differences in cognitive aging.
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