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Abstract – Aging related declines in cognition and behavior may have a detrimental impact on working dog 
performance and welfare. However, while aging related changes have been well documented in companion dogs, no 
work has determined if those findings generalize to working dogs. In the current study, we examined the effects of 
aging on cognitive and behavioral traits that are important for career success in working dogs using a questionnaire 
distributed to detection dog handlers/owners. We also included a group of breed-, age-, and sex-matched untrained 
companion dogs in order to directly compare the effects of age on these traits between working and non-working dogs. 
The questionnaire comprised a validated measure of impulsivity using the Dog Impulsivity Assessment Scale (DIAS), 
responses to positive and negative stimuli (Positive and Negative Affect Scale; PANAS), and canine cognitive 
dysfunction (CCD; Canine Cognitive Dysfunction Rating Scale; CCDR). While detection dogs demonstrated the 
typical relationship between increased age and prevalence of CCD, it was not associated with retirement, suggesting 
that detection dogs are not retired due to cognitive decline. Further, in contrast to untrained companion dogs, detection 
dogs demonstrated no aging related declines in aspects of behavior, including those shown to be important for working 
success (e.g., energy and interest). These findings are the first to demonstrate a differential effect of aging on some 
aspects of behavior between working and non-working dogs. We discuss these results in relation to previous findings 
on the declines in similar traits shown in companion dogs. 
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Dogs experience aging related declines in cognition that may pose welfare and behavioral 
management concerns. In extreme cases, some dogs develop Canine Cognitive Dysfunction (CCD) 
characterized by neurodegenerative changes and behavioral abnormalities that influence daily activities 
(Head, 2013). In addition to welfare concerns, understanding whether working dogs experience these 
declines is critical for implementing interventions or informing retirement, as certain cognitive skills and 
behaviors are imperative to working dog effectiveness. For example, detection dogs rely on memory when 
searching for target odors (Lazarowski et al., 2021) and inhibitory control when faced with distractions in 
dynamic searching environments (Tiira et al., 2020). Indeed, studies have shown relationships between 
cognitive-behavioral measures, including reactions to positive and negative stimuli, inhibitory control, and 
short-term memory, and performance outcomes in working dogs (see Bray et al., 2021 for a review). 
However, the influence of age on these measures in working dog populations is unknown. 

Multiple studies have reported the effects of the normative aging process on dog cognition through 
owner-reported evaluations and short behavioral tests (see Chapagain et al., 2018 for a review). For 
example, cognitive functions such as learning and memory, as well as features of behavior, such as 
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sociability and exploratory behavior, all decline with age. More recently, these evaluations have been used 
to detect early cognitive decline or CCD in companion dogs (Ruple et al., 2022). However, aging related 
decline of certain cognitive and behavioral processes in companion dogs may not generalize to working 
dogs for several reasons. The life history of a working dog is very different from that of companion dogs, 
which may influence the normative aging trajectory across the lifespan. For example, working dogs undergo 
higher levels of physical activity than most companion dogs throughout life, which could enhance cognition 
by creating a neuroprotective effect against aging processes (Snigdha et al., 2014). Previous work suggests 
a positive effect of exercise on aging in companion dogs such that a higher level of physical activity was 
associated with a lower rate of CCD (Bray et al., 2023, but see Chapagain et al., 2020). In addition, enriching 
effects of training and occupational activities may confer cognitive advantages (Chapagain et al., 2017; 
Szabó et al., 2018). Several studies have demonstrated that higher levels of training for work or sport are 
associated with better problem solving (Brubaker & Udell, 2018; Carballo et al., 2020; Marshall-Pescini et 
al., 2008, 2016), inhibitory control (Barrera et al., 2019; Bray et al., 2015; Cavalli et al., 2017), social 
cognition (Cavalli et al., 2019; Lazarowski, Thompkins, et al., 2020; Mongillo et al., 2017), and 
responsiveness to training (Wallis et al., 2020). However, these differences could be due to selection for 
certain traits that are more amenable to such activities rather than effects of training and life history. 
Regardless of the origin of such differences, it is possible that working dogs are more robust to the aging 
related cognitive and behavioral changes that have been documented in companion dogs.  

Despite potential enriching effects of training and working on cognition, detection dogs face a 
variety of work-related stressors such as kenneling, transport, and unpredictable work environments 
(Rooney et al., 2009) that, over time, may impact cognition and behavior. While detection dogs are typically 
selected for higher levels of stress resilience (Lazarowski, Waggoner, et al., 2020), chronic exposure to 
stressors and repeated activation of allostasis (i.e., the process of adjusting to a stressor) can accelerate 
aging related declines (Yegorov et al., 2020). Additionally, aging is associated with declining resilience, 
which could have negative impacts on working dog performance (Fleyshman et al., 2021). 

The purpose of this study was to characterize the effects of aging on cognition and behavior and 
their potential implications for working dogs. Specifically, we examined whether aging effects observed in 
companion dogs are generalizable to a population of working dogs, focusing on measures that have been 
shown to relate to career outcomes in detection dogs (Brady, Cracknell, et al., 2018). To this end, we 
collected canine demographic information and assessments of impulsivity and temperament. We also  
assessed diagnosable levels of CCD (Salvin et al., 2011b). We hypothesized that detection dogs would 
show the typical relationship between increased age and prevalence of CCD as well as aging related declines 
in cognitive and behavioral traits that are specifically associated with their success, similar to companion 
dogs (Chapagain et al., 2018). Lastly, we compared data from detection dogs to a sample of companion 
dogs matched for age, breed, and sex to provide a direct comparison of the effects of age on cognition and 
behavior in working and non-working dogs. 
 

Methods 
 

Ethics Statement 
 

The study protocol received Not Human Subjects Research (NHSR) determination by the Auburn 
University Institutional Review Board. 

 
Participants and Questionnaire 
 

To collect data on detection dogs, questionnaires were distributed to a global audience through 
social media (Facebook and Instagram) on personal and interest group pages as well as e-mail to personal 
contacts (approximately 30) at various working dog organizations. Recruitment messaging invited 
responses from individuals that currently owned a dog that was at some point trained for detection work 
(“if you are currently the owner or handler of an actively working detection canine or have adopted a dog 
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that was formerly trained or deployed as a detection canine, we invite you to participate in this 
questionnaire-based study”). Detection careers included any discipline in which the dog was deployed for 
(i.e., not for sport, competition, or recreation) odor-based detection tasks.  

Participants accessed the questionnaire using a secure link which sent them to an online 
questionnaire platform. The questionnaire contained an introduction which explained that the purpose of 
the study was to examine causes of retirement in detection dogs and dog demographic questions consisting 
of the dog’s sex, age, breed, housing situation (i.e., kennel facility or in home), working status (i.e., actively 
working or retired), and detection discipline. If participants indicated that their dog was retired, they were 
asked the age of the dog at retirement.  

Cognitive and behavioral assessments included validated assessments of impulsivity (Dog 
Impulsivity Assessment Scale; DIAS; Wright et al., 2011) and responses to positive and negative stimuli 
(Positive and Negative Affect Scale; PANAS; Sheppard & Mills, 2002), as scores on these assessments 
have been shown to relate to success in working dogs (Brady, Cracknell, et al., 2018), and a validated 
assessment of CCD (Canine Cognitive Dysfunction Rating Scale; CCDR; Salvin et al., 2011b). The DIAS 
consists of 18-items on a 5-point Likert type scale (1: strongly disagree to 5: strongly agree) and is made 
up of four subscales (Behavioral Regulation, Aggression and Response to Novelty, Responsiveness, and 
Overall Questionnaire score) with higher subscale scores representing higher levels of the trait, except for 
Behavioral Regulation in which higher scores represent lower levels of the trait (i.e., higher impulsivity) 
(Wright et al., 2011). Behavioral Regulation refers to the ability to control actions and thoughts; Aggression 
and Response to Novelty refers to aggressive behavioral tendencies as well as avoidance of novelty; 
Responsiveness refers to trainability and awareness; and the Overall Questionnaire score refers to general 
impulsivity (Piotti et al., 2018). The PANAS consists of 21-items on a 5-point Likert type scale (1: strongly 
disagree to 5: strongly agree) and is made up of five subscales (Negative Activation and Overall Positive 
Activation, the latter of which is further broken down into Energy and Interest, Persistence, and 
Excitability) with higher subscale scores representing higher levels of the trait (Sheppard & Mills, 2002). 
Negative Activation refers to fearful reactions to stimuli and changing environments; Overall Positive 
Activation and its components refer to dogs’ responses to rewarding stimuli (Brady, Cracknell, et al. 2018). 
The CCDR consists of 13-items on 5-point Likert type scale which assesses behavioral abnormalities 
associated with age. These items are summed to give a level of cognitive impairment from normal to 
diagnosable levels of CCD (Salvin et al., 2011b). 

Data on companion dogs for comparison were obtained from a separate questionnaire. The 
questionnaire was the same as the detection dog questionnaire except that the introduction explained that 
the purpose of the study was to identify factors associated with aging in companion dogs, and it did not 
include detection dog-specific questions but included an additional question to rate previous level of 
training on a scale from 1 (none) to 4 (advanced). The companion dog questionnaire was distributed through 
Facebook via personal and research group pages inviting owners of pet dogs to participate. 
 
Data Cleaning and Analysis 
 

There was a total of 820 responses to the larger questionnaire from which the detection dog sample 
was harvested. In order to capture aging related changes and not development/maturation effects, any dogs 
under six years of age were removed for this study. Additionally, to enhance the validity of the sample of 
detection dogs with respect to working experience, we removed dogs who worked less than five years. 
Subscale scores were calculated for the DIAS as outlined in Wright et al. (2011), for the PANAS as outlined 
in Sheppard & Mills, (2002), and a CCD score from the CCDR as outlined in Salvin et al. (2011b). If a 
respondent completed less than 85% of a scale, that data were excluded from the analyses for that scale. 
First, we used generalized linear models (GLM), constructed and tested using the “lme4” package (Bates 
et al., 2015) in RStudio, to evaluate effects of age, sex, and the interactions between them on each 
questionnaire subscale for the cleaned detection dog sample. We removed non-significant interactions to 
find the minimal adequate model.  
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There were a total of 1008 responses to the companion dog specific questionnaire. In order to 
capture differences between groups due to work history, we removed any companion dogs that received 
advanced training. We then we created pairs based on age group (Harvey, 2021), sex, and breed to control 
for the effects of these characteristics. We used GLMs to evaluate effects of group (detection or companion 
dog), age, and the interaction between them on each questionnaire subscale. 
 

Results 
 
Detection Dogs 
 

The sample of detection dogs that remained after data cleaning (n = 210) was on average 9.62 years 
old (range: 6-15 yrs), with 84 F; 126 M. Breeds consisted of German shepherd (n = 29), German Shorthaired 
Pointer (n = 23), Labrador retriever (n = 53), Belgian Malinois (n = 36); all other breeds were grouped as 
“Other” (n = 69). Regarding working status, 138 were reported to be actively working and 72 were retired, 
with an average age of retirement of 8.87 years which did not differ between males (M = 8.87) and females 
(M = 8.87). The presence of CCD was indicated in 12% of the sample (n = 25 dogs) with a mean age of 
10.23 yrs, 14 of which were reported to be actively working. Of the 25 dogs indicated to exhibit CCD, 24 
were categorized as “at risk” for CCD and 1 dog was categorized as having “diagnosable levels” of CCD, 
as calculated from the CCDR. There was a main effect of age on CCD such that older dogs displayed 
significantly higher CCD scores (t(177) = 2.43, p = .016). There was no effect of age, sex, or the interaction 
between them on any of the DIAS or PANAS subscale scores (ps > .05).  
 
Detection vs Companion Dogs Comparison 
 

Based on the criteria for matched pairs it was possible to create 45 pairs for a total of 90 dogs (mean 
age = 8.78, 50 F/40 M, breed = German Shepherd Dog = 48, German Shorthaired Pointer = 12, Labrador 
retriever = 30).  

On the DIAS, there was a main effect of group where detection dogs displayed significantly higher 
scores than companion dogs on the Responsiveness subscale (t(83) = 1.99, p = .05) and significantly lower 
scores than companion dogs on the Aggression/Response to Novelty subscale (t(83) = -2.94, p = .004). On 
the PANAS, there was a main effect of group where detection dogs scored significantly higher than 
companion dogs on the Excitability subscale (t(83) = 2.75, p = .007) and significantly lower on the Negative 
Activation subscale (t(83) = -4.04, p < .001).  

There was an interaction between group and age on the Energy and Interest and Overall Positive 
Activation (Fig 1) subscales of the PANAS (t(83) = 2.06, p = .043 and t(83) = 2.72, p = .008, respectively), 
therefore, the effect of age on these subscales was analyzed separately for each group. The effect of age 
was significant for companion dogs such that there was a significant decrease on Energy and Interest and 
Total Positive Activation scores (t(41) = -2.33, p = .025 and t(41) = -2.39, p = .022, respectively) as a 
function of age. There were no significant effects in detection dogs (ps > .05). Lastly, there was an 
interaction between group and age on the Persistence subscale of the PANAS (t(83) = 2.24, p = .028), 
therefore, the effect of age was analyzed separately for each group. The effect of age was significant for 
detection dogs such that there was a significant increase in Persistence scores (t(41) = 2.14, p = .039) as a 
function of age, with no effect in companion dogs (p > .05). No other effects were significant (ps > .05). 
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Figure 1 
 
Overall Positive Activation Subscale of the Panas as Function of Age in Detection Dogs and Companion Dogs 
 

 
 
 

Discussion 
 

The current study examined effects of age on cognitive and behavioral traits in detection dogs, 
specifically those that have been associated with career success, such as impulsivity and temperament 
(Brady, Cracknell, et al., 2018). While we observed the typical relationship between increased age and 
prevalence of CCD in detection dogs (Ruple et al., 2022), it was not associated with retirement. In contrast 
to findings in companion dogs (Chapagain et al., 2018), we found no aging related declines in specific 
aspects of cognition and behavior, as measured by the DIAS and PANAS. These findings are the first to 
demonstrate a differential effect of aging on behavior between working and untrained non-working dogs 
and have important implications for the management of aging working dogs.  

Interestingly, despite previous research showing an increase in impulsivity (Bray et al., 2014; 
Riemer et al., 2014; Watowich et al., 2020) and behavioral reactions to negative stimuli (Piotti et al., 2022; 
Salvin et al., 2011a; Savalli et al., 2019) as a function of age in companion dogs, we found no aging related 
declines in these or any of the other DIAS or PANAS traits in detection dogs. It should be noted that while 
CCD was observed in advanced age in the detection dog sample, this is a measure of rarer and more severe 
cognitive dysfunction that is atypical to the normative aging process, while the PANAS and DIAS reflect 
standard cognitive function. These findings could suggest a neuroprotective advantage of lifestyle and 
experience in working dogs; therefore, we included a comparison to a breed-, age-, and sex-matched group 
of untrained companion dogs to assess the validity of the measures used in capturing aging related changes 
in impulsivity (DIAS) and responses to positive and negative stimuli (PANAS).  
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Consistent with previous research, we found behavioral differences between detection dogs and 
companion dogs suggesting the importance of these traits for working success (Brady et al., 2018). 
However, the matched companion dog sample did not display aging related changes in impulsivity as 
expected. One possibility is that the DIAS may not be sensitive to aging related changes in impulsivity in 
dogs. However, a previous study found a timepoint effect (declines from first to second time assessed) on 
the Responsiveness subscale of the DIAS (Riemer et al., 2014), though it is unclear whether the effect was 
due to age or issues with test re-test reliability of the scale. The lack of construct validity has been a 
pervasive issue in measures of impulsivity in dogs, as evidenced by a lack of cross-task correlations between 
behavioral tests of impulsivity (Bray et al., 2014; Brucks et al., 2017; Fagnani et al., 2016; Kelly et al., 
2019; Lazarowski, Krichbaum, et al., 2020; Marshall-Pescini et al., 2015; Vernouillet et al., 2018). 
However, the DIAS has been shown to correlate with a temporal impulsivity task (Riemer et al., 2014; 
Wright et al., 2012), the cylinder task (Krichbaum & Lazarowski, 2022), the spatial impulsivity task (Brady, 
Hewison, et al., 2018, see Mongillo et al., 2019 and Stevens et al., 2022 for alternative accounts), and the 
delay of gratification task (Brucks et al., 2017). Future work should consider a multidimensional approach 
to defining impulsivity and related mechanisms in dogs. 

Typical aging effects were shown in other aspects of behavior as measured by the PANAS  in the 
matched companion dog sample, confirming the validity of the instrument (Savalli et al., 2019). 
Specifically, companion dogs displayed a decline in Overall Positive Activation (i.e., sensitivity and 
responsiveness to positive stimuli) and its subscale ‘Energy and Interest’ as a function of age, while these 
traits stayed relatively stable in detection dogs. Energy and Interest was found to be associated with long-
term success in police and military dogs, and was interpreted to reflect motivation to work (Brady, 
Cracknell, et al., 2018). Conversely, we found that detection dogs showed an increase in ‘Persistence’ as a 
function of age which was not seen in pets. It is also important to note that the groups scored similarly on 
these scales in mature adulthood, adding confidence that the decrease shown in companion dogs was due 
to age and not pre-existing differences between the populations. Differential effects of aging on traits related 
to motivation are important given its critical role in the ability of detection dogs to withstand the challenges 
and demands of work, such as endurance during long searches in the absence of reinforcement (Hall, 2017).  

There are two potential explanations for the differential effects of aging found between detection 
dogs and a matched sample of untrained companion dogs. One possibility is that engaging in a lifetime of 
continuous training, work that is likely intrinsically rewarding, exposure to stimulating environments, and 
physical activity that typical non-working dogs do not experience have an enriching effect that results in 
neuroprotective mechanisms against aging processes. Our sample excluded highly trained companion dogs 
to ensure we were isolating the effects of work-related activities, so it is possible that similar benefits are 
seen in companion dogs that engage in high levels of activity and enrichment. Further, our working dog 
questionnaire did not ask for details about frequency and type of training or work duty cycles that could 
further elucidate these effects by examining differences in amount or type of such experiences. 
Alternatively, or perhaps additionally, differences may be due to genetic differences in certain traits that 
are selectively bred for in working dogs and associated with working success (Fadel et al., 2016; 
Lazarowski, Waggoner, et al., 2020). While we did not find differences between detection dogs and 
companion dogs at earlier ages in traits that showed differential decline at older ages, suggesting no pre-
existing differences between the two groups, it remains possible that selection for desirable traits in 
detection dogs has resulted in latent differences in the resilience of these traits to aging that only emerges 
at later stages of aging.  

Limitations of the current study include the small number of matched pairs as well as possible 
participant factors that were not measured that could influence perceptions of their dog (e.g., owner bias, 
experience assessing dog behavior, and other owner demographic variables) and could have contributed to 
some of the observed effects found between groups (Clark et al., 2020; Mariti et al., 2012; Munch et al., 
2019). In addition, measures used may not have been sensitive enough to detect the effects of aging in 
detection dogs that may be relevant to their working performance. For example, olfactory function, learning 
ability, and memory are all critical aspects of detection dog performance that may be susceptible to aging 
and would require more rigorous behavioral testing to assess. However, the use of validated questionnaire 
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measures, specifically those that have previously shown associations with working dog outcomes, provides 
meaningful insight into previously unexplored questions regarding effects of age on important cognitive 
and behavioral constructs for working dogs. Furthermore, questionnaires may provide a rapid assessment 
tool that handlers can use for monitoring changes suggestive of further clinical examination.  

The average retirement age in our sample of retired detection dogs was close to nine years old, 
however, “at risk” to “diagnosable levels” of CCD did not appear until nearly 10 years of age on average. 
In fact, 14 of the 25 dogs found to have these levels of CCD were still actively working, suggesting that 
symptoms of CCD were not career-ending concerns. However, it is possible that their performance was 
impacted despite still being utilized operationally. Future research should evaluate effects of normative 
aging and related cognitive declines on aspects of working effectiveness. These results, together with our 
findings of a lack of age effects on other important aspects of behavior, suggest that it is uncommon for 
detection dogs to retire due to cognitive decline. Therefore, future research should focus efforts on 
identifying reasons for retirement in detection dogs in order to extend career longevity and determine 
specific factors predictive of retirement. 

 
Conclusion 

 
In conclusion, our results suggest that detection dogs are robust to some of the typical behavioral 

declines seen in companion dogs. Importantly, we found no aging related declines in measures that have 
been reported to be associated with long-term working dog career success (Brady, Cracknell, et al., 2018), 
such as impulsivity and temperament, but found age effects on these traits in a breed-, age-, and sex- 
matched sample of non-working dogs. These findings are the first to examine aging related changes in 
cognition and behavior in detection dogs. It is possible that the life history of detection dogs is particularly 
enriching in a way that results in resilience to age effects (Bray et al., 2023), however, additional research 
is needed to tease apart effects of genetics and experience and to determine the specific mechanisms 
responsible for the neuroprotective effect against aging. While it appears that the career longevity of 
working dogs is not negatively impacted by aging related cognitive and behavioral declines, it remains 
important to monitor changes and intervene when necessary. 
 
Author Contributions: Both authors contributed to the conceptualization and design of the study as well 
as the data collection. Formal analysis was performed by Sarah Krichbaum with guidance and interpretation 
support from Lucia Lazarowski. Sarah Krichbaum drafted the manuscript, and both authors contributed to 
reviewing and editing the final manuscript. Both authors approved the final version of the manuscript. 
 
Funding: This study was funded by the Department of Homeland Security (DHS), Science and Technology 
Directorate, Detection Canine Program Office under contract #70RSAT22CB0000002. The published 
material represents the position of the authors and not necessarily that of DHS. 
 
Conflict of Interest: The authors report no conflicts of interest. 
 
Data Availability: The data supporting the conclusions of this study are available upon request. 
 
 

References 
 
Barrera, G., Alterisio, A., Scandurra, A., Bentosela, M., & D’Aniello, B. (2019). Training improves inhibitory control 

in water rescue dogs. Animal Cognition, 22(1), 127–131. https://doi.org/10.1007/s10071-018-1224-9  
Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models using lme4. Journal of 

Statistical Software, 67(1), 1. https://doi.org/10.18637/jss.v067.i01  
Brady, K., Cracknell, N., Zulch, H., & Mills, D. S. (2018). Factors associated with long-term success in working 

police dogs. Applied Animal Behaviour Science, 207, 67–72. https://doi.org/10.1016/j.applanim.2018.07.003  

https://doi.org/10.1007/s10071-018-1224-9
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.applanim.2018.07.003


                                                                        Krichbaum & Lazarowski 495 
 

Brady, K., Hewison, L., Wright, H., Zulch, H., Cracknell, N., & Mills, D. (2018). A spatial discounting test to assess 
impulsivity in dogs. Applied Animal Behaviour Science, 202, 77–84. 
https://doi.org/10.1016/j.applanim.2018.01.003  

Bray, E. E., MacLean, E. L., & Hare, B. A. (2014). Context specificity of inhibitory control in dogs. Animal Cognition, 
17(1), 15-28. https://doi.org/10.1007/s10071-013-0633-z 

Bray, E. E., MacLean, E. L., & Hare, B. A. (2015). Increasing arousal enhances inhibitory control in calm but not 
excitable dogs. Animal Cognition, 18(6), 1317–1329. https://doi.org/10.1007/s10071-015-0901-1  

Bray, E. E., Otto, C. M., Udell, M. A. R., Hall, N. J., Johnston, A. M., & MacLean, E. L. (2021). Enhancing the 
Selection and Performance of Working Dogs. Frontiers in Veterinary Science, 8, 644431. 
https://doi.org/10.3389/fvets.2021.644431  

Bray, E. E., Raichlen, D. A., Forsyth, K. K., Promislow, D. E. L., Alexander, G. E., MacLean, E. L., & Dog Aging 
Project Consortium. (2023). Associations between physical activity and cognitive dysfunction in older 
companion dogs: Results from the Dog Aging Project. GeroScience, 45(2), 645–661. 
https://doi.org/10.1007/s11357-022-00655-8  

Brubaker, L., & Udell, M. A. R. (2018). The effects of past training, experience, and human behaviour on a dog’s 
persistence at an independent task. Applied Animal Behaviour Science, 204, 101-107. 
https://doi.org/10.1016/j.applanim.2018.04.003  

Brucks, D., Marshall-Pescini, S., Wallis, L. J., Huber, L., & Range, F. (2017). Measures of Dogs’ Inhibitory Control 
Abilities Do Not Correlate across Tasks. Frontiers in Psychology, 8. 
https://doi.org/10.3389/fpsyg.2017.00849  

Carballo, F., Cavalli, C. M., Gácsi, M., Miklósi, Á., & Kubinyi, E. (2020). Assistance and Therapy Dogs Are Better 
Problem Solvers Than Both Trained and Untrained Family Dogs. Frontiers in Veterinary Science, 7. 
https://doi.org/10.3389/fvets.2020.00164  

Cavalli, C., Carballo Pozzo Ardizzi, F., Dzik, M., Underwood, S., & Bentosela, M. (2017). Are animal assisted 
activities dogs different from pet dogs? A comparison of their sociocognitive abilities. Journal of Veterinary 
Behavior, 23, 82-89. https://doi.org/10.1016/j.jveb.2017.12.001  

Cavalli, C. M., Carballo, F., Dzik, M. V., & Bentosela, M. (2019). Persistence in learned responses: A comparison of 
Animal Assisted Intervention and pet dogs. Journal of Veterinary Behavior, 34, 22–29. 
https://doi.org/10.1016/j.jveb.2019.07.008  

Chapagain, D., Virányi, Z., Wallis, L. J., Huber, L., Serra, J., & Range, F. (2017). Aging of Attentiveness in Border 
Collies and Other Pet Dog Breeds: The Protective Benefits of Lifelong Training. Frontiers in Aging 
Neuroscience, 9. https://doi.org/10.3389/fnagi.2017.00100  

Chapagain, D., Wallis, L., Range, F., Affenzeller, N., Serra, J., & Virányi, Z. (2020). Behavioural and cognitive 
changes in aged pet dogs: No effects of an enriched diet and lifelong training. PloS One, 15, e0238517. 
https://doi.org/10.1371/journal.pone.0238517  

Clark, C. C. A., Sibbald, N. J., & Rooney, N. J. (2020). Search Dog Handlers Show Positive Bias When Scoring Their 
Own Dog’s Performance. Frontiers in Veterinary Science, 7. https://doi.org/10.3389/fvets.2020.00612  

Fadel, F. R., Driscoll, P., Pilot, M., Wright, H., Zulch, H., & Mills, D. (2016). Differences in trait impulsivity indicate 
diversification of dog breeds into working and show lines. Scientific Reports, 6(1), 22162. 
https://doi.org/10.1038/srep22162  

Fagnani, J., Barrera, G., Carballo, F., & Bentosela, M. (2016). Is previous experience important for inhibitory control? 
A comparison between shelter and pet dogs in A-not-B and cylinder tasks. Animal Cognition, 19(6), 1165–
1172. https://doi.org/10.1007/s10071-016-1024-z  

Fleyshman, D. I., Wakshlag, J. J., Huson, H. J., Loftus, J. P., Olby, N. J., Brodsky, L., Gudkov, A. V., & Andrianova, 
E. L. (2021). Development of infrastructure for a systemic multidisciplinary approach to study aging in 
retired sled dogs. Aging, 13(18), 21814–21837. https://doi.org/10.18632/aging.203600  

Hall, N. J. (2017). Persistence and resistance to extinction in the domestic dog: Basic research and applications to 
canine training. Behavioural Processes, 141(1), 67–74. https://doi.org/10.1016/j.beproc.2017.04.001  

Harvey, N. D. (2021). How Old Is My Dog? Identification of Rational Age Groupings in Pet Dogs Based Upon 
Normative Age-Linked Processes. Frontiers in Veterinary Science, 8, 643085. 
https://doi.org/10.3389/fvets.2021.643085  

Head, E. (2013). A canine model of human aging and Alzheimer’s disease. Biochimica et Biophysica Acta, 1832(9), 
1384–1389. https://doi.org/10.1016/j.bbadis.2013.03.016  

Kelly, D. M., Adolphe, J. L., Vernouillet, A., McCausland, J. A., Rankovic, A., & Verbrugghe, A. (2019). Motoric 
self-regulation by sled dogs and pet dogs and the acute effect of carbohydrate source in sled dogs. Animal 
Cognition, 22(6), 931–946. https://doi.org/10.1007/s10071-019-01285-y  

https://doi.org/10.1016/j.applanim.2018.01.003
https://doi.org/10.1007/s10071-015-0901-1
https://doi.org/10.3389/fvets.2021.644431
https://doi.org/10.1007/s11357-022-00655-8
https://doi.org/10.1016/j.applanim.2018.04.003
https://doi.org/10.3389/fpsyg.2017.00849
https://doi.org/10.3389/fvets.2020.00164
https://doi.org/10.1016/j.jveb.2017.12.001
https://doi.org/10.1016/j.jveb.2019.07.008
https://doi.org/10.3389/fnagi.2017.00100
https://doi.org/10.1371/journal.pone.0238517
https://doi.org/10.3389/fvets.2020.00612
https://doi.org/10.1038/srep22162
https://doi.org/10.1007/s10071-016-1024-z
https://doi.org/10.18632/aging.203600
https://doi.org/10.1016/j.beproc.2017.04.001
https://doi.org/10.3389/fvets.2021.643085
https://doi.org/10.1016/j.bbadis.2013.03.016
https://doi.org/10.1007/s10071-019-01285-y


                                                                        Krichbaum & Lazarowski 496 
 

Krichbaum, S., & Lazarowski, L. (2022). Reward Type Affects Dogs’ Performance in the Cylinder Task. Animal 
Behavior and Cognition, 9(3), 287–297. https://doi.org/10.26451/abc.09.03.03.2022  

Lazarowski, L., Krichbaum, S., Waggoner, L. P., & Katz, J. S. (2020). The development of problem-solving abilities 
in a population of candidate detection dogs (Canis familiaris). Animal Cognition, 23(4), 755-768. 
https://doi.org/10.1007/s10071-020-01387-y  

Lazarowski, L., Thompkins, A., Krichbaum, S., Waggoner, L. P., Deshpande, G., & Katz, J. S. (2020). Comparing 
pet and detection dogs (Canis familiaris) on two aspects of social cognition. Learning & Behavior, 48(4), 
432–443. https://doi.org/10.3758/s13420-020-00431-8  

Lazarowski, L., Waggoner, L. P., Krichbaum, S., Singletary, M., Haney, P. S., Rogers, B., & Angle, C. (2020). 
Selecting Dogs for Explosives Detection: Behavioral Characteristics. Frontiers in Veterinary Science, 7. 
https://doi.org/10.3389/fvets.2020.00597  

Lazarowski, L., Waggoner, P., Hutchings, B., Angle, C., & Porritt, F. (2021). Maintaining long-term odor memory 
and detection performance in dogs. Applied Animal Behaviour Science, 238, 105301. 
https://doi.org/10.1016/j.applanim.2021.105301  

Marshall-Pescini, S., Frazzi, C., & Valsecchi, P. (2016). The effect of training and breed group on problem-solving 
behaviours in dogs. Animal Cognition, 19(3), 571–579. https://doi.org/10.1007/s10071-016-0960-y  

Marshall-Pescini, S., Valsecchi, P., Petak, I., Accorsi, P. A., & Previde, E. P. (2008). Does training make you smarter? 
The effects of training on dogs’ performance (Canis familiaris) in a problem solving task. Behavioural 
Processes, 78(3), 449–454. https://doi.org/10.1016/j.beproc.2008.02.022  

Marshall-Pescini, S., Virányi, Z., & Range, F. (2015). The effect of domestication on inhibitory control: wolves and 
dogs compared. PLoS ONE, 10(2), e0118469. https://doi.org/10.1371/journal.pone.0118469  

Mongillo, P., Pitteri, E., & Marinelli, L. (2017). Sustained attention to the owner is enhanced in dogs trained for animal 
assisted interventions. Behavioural Processes, 140, 69–73. https://doi.org/10.1016/j.beproc.2017.03.024  

Mongillo, P., Scandurra, A., Eatherington, C. J., D’Aniello, B., & Marinelli, L. (2019). Development of a Spatial 
Discount Task to Measure Impulsive Choices in Dogs. Animals, 9(7), 7. https://doi.org/10.3390/ani9070469  

Piotti, P., Piseddu, A., Aguzzoli, E., Sommese, A., & Kubinyi, E. (2022). Age-Related Memory and Novel Object 
Avoidance Differences in Family Dogs: Measuring the Validity and Reliability of a Rapid Behaviour Test 
Battery [Preprint]. Research Square. https://doi.org/10.21203/rs.3.rs-1217936/v1  

Piotti, P., Satchell, L. P., & Lockhart, T. S. (2018). Impulsivity and behaviour problems in dogs: A Reinforcement 
Sensitivity Theory perspective. Behavioural Processes, 151, 104–110. 
https://doi.org/10.1016/j.beproc.2018.03.012  

Riemer, S., Mills, D. S., & Wright, H. (2014). Impulsive for life? The nature of long-term impulsivity in domestic 
dogs. Animal Cognition, 17(3), 815–819. https://doi.org/10.1007/s10071-013-0701-4  

Rooney, N., Gaines, S., & Hiby, E. (2009). A practitioner’s guide to working dog welfare. Journal of Veterinary 
Behavior, 4(3), 127–134. https://doi.org/10.1016/j.jveb.2008.10.037  

Ruple, A., MacLean, E., Snyder-Mackler, N., Creevy, K. E., & Promislow, D. (2022). Dog models of aging. Annual 
Review of Animal Biosciences, 10(1), 419-439. https://doi.org/10.1146/annurev-animal-051021-080937  

Salvin, H. E., McGreevy, P. D., Sachdev, P. S., & Valenzuela, M. J. (2011a). Growing old gracefully-Behavioral 
changes associated with “successful aging” in the dog, Canis familiaris. Journal of Veterinary Behavior, 
6(6), 313–320. https://doi.org/10.1016/j.jveb.2011.04.004  

Salvin, H. E., McGreevy, P. D., Sachdev, P. S., & Valenzuela, M. J. (2011b). The canine cognitive dysfunction rating 
scale (CCDR): A data-driven and ecologically relevant assessment tool. Veterinary Journal, 188(3), 331–
336. https://doi.org/10.1016/j.tvjl.2010.05.014  

Savalli, C., Albuquerque, N., Vasconcellos, A. S., Ramos, D., de Mello, F. T., & Mills, D. S. (2019). Assessment of 
emotional predisposition in dogs using PANAS (Positive and Negative Activation Scale) and associated 
relationships in a sample of dogs from Brazil. Scientific Reports, 9, Article 18386. 
https://doi.org/10.1038/s41598-019-54645-6  

Sheppard, G., & Mills, D. S. (2002). The development of a psychometric scale for the evaluation of the emotional 
predispositions of pet dogs. International Journal of Comparative Psychology, 15(2), 201–222. 

Snigdha, S., de Rivera, C., Milgram, N. W., & Cotman, C. (2014). Exercise enhances memory consolidation in the 
aging brain. Frontiers in Aging Neuroscience, 6. https://doi.org/10.3389/fnagi.2014.00003  

Stevens, J., Mathias, M., Herridge, M., Hughes-Duvall, K., Wolff, L., & Yohe, M. (2022). Do wwners know how 
impulsive their dogs are? Animal Behavior and Cognition, 9(3), 261-286. 
https://doi.org/10.26451/abc.09.03.02.2022  

https://doi.org/10.26451/abc.09.03.03.2022
https://doi.org/10.1007/s10071-020-01387-y
https://doi.org/10.3758/s13420-020-00431-8
https://doi.org/10.3389/fvets.2020.00597
https://doi.org/10.1016/j.applanim.2021.105301
https://doi.org/10.1007/s10071-016-0960-y
https://doi.org/10.1016/j.beproc.2008.02.022
https://doi.org/10.1371/journal.pone.0118469
https://doi.org/10.1016/j.beproc.2017.03.024
https://doi.org/10.3390/ani9070469
https://doi.org/10.21203/rs.3.rs-1217936/v1
https://doi.org/10.1016/j.beproc.2018.03.012
https://doi.org/10.1007/s10071-013-0701-4
https://doi.org/10.1016/j.jveb.2008.10.037
https://doi.org/10.1146/annurev-animal-051021-080937
https://doi.org/10.1016/j.jveb.2011.04.004
https://doi.org/10.1016/j.tvjl.2010.05.014
https://doi.org/10.1038/s41598-019-54645-6
https://doi.org/10.3389/fnagi.2014.00003
https://doi.org/10.26451/abc.09.03.02.2022


                                                                        Krichbaum & Lazarowski 497 
 

Szabó, D., Miklósi, Á., & Kubinyi, E. (2018). Owner reported sensory impairments affect behavioural signs associated 
with cognitive decline in dogs. Behavioural Processes, 157, 354–360. 
https://doi.org/10.1016/j.beproc.2018.07.013  

Tiira, K., Tikkanen, A., & Vainio, O. (2020). Inhibitory control – Important trait for explosive detection performance 
in police dogs? Applied Animal Behaviour Science, 104942. https://doi.org/10.1016/j.applanim.2020.104942  

Vernouillet, A. A. A., Stiles, L. R., Andrew McCausland, J., & Kelly, D. M. (2018). Individual performance across 
motoric self-regulation tasks are not correlated for pet dogs. Learning & Behavior, 46(4), 522–536. 
https://doi.org/10.3758/s13420-018-0354-x  

Wallis, L. J., Szabó, D., & Kubinyi, E. (2020). Cross-Sectional Age Differences in Canine Personality Traits; Influence 
of Breed, Sex, Previous Trauma, and Dog Obedience Tasks. Frontiers in Veterinary Science, 6. 
https://doi.org/10.3389/fvets.2019.00493  

Wright, H. F., Mills, D. S., & Pollux, P. M. J. (2011). Development and Validation of a Psychometric Tool 
forAssessing Impulsivity in the Domestic Dog (Canis familiaris). International Journal of Comparative 
Psychology, 24(2). https://escholarship.org/uc/item/7pb1j56q  

Wright, H. F., Mills, D. S., & Pollux, P. M. J. (2012). Behavioural and physiological correlates of impulsivity in the 
domestic dog (Canis familiaris). Physiology & Behavior, 105(3), 676–682. 
https://doi.org/10.1016/j.physbeh.2011.09.019  

Yegorov, Y. E., Poznyak, A. V., Nikiforov, N. G., Sobenin, I. A., & Orekhov, A. N. (2020). The link between chronic 
stress and accelerated aging. Biomedicines, 8(7), 7. https://doi.org/10.3390/biomedicines8070198  

https://doi.org/10.1016/j.beproc.2018.07.013
https://doi.org/10.1016/j.applanim.2020.104942
https://doi.org/10.3758/s13420-018-0354-x
https://doi.org/10.3389/fvets.2019.00493
https://escholarship.org/uc/item/7pb1j56q
https://doi.org/10.1016/j.physbeh.2011.09.019
https://doi.org/10.3390/biomedicines8070198

