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Abstract
One of the challenges of animal cognition research is overcoming anthropocentric sensory biases—in particular, favoring 
visual information and cues despite the dominance of other sensory cues in many nonhuman research subjects. As such, it 
is particularly important for animal cognition researchers to explicitly mention steps taken to control for and attend to the 
sensory world of their study species. Dogs are well known for their reliance on olfaction, but the extent to which dog cogni-
tion and behavior research accounts for olfactory cues or incorporates olfactory controls is unknown. With this bibliographic 
study, we reviewed canine research published in the past 10 years (2008–2018) in 13 scientific journals and coded the 481 
resulting papers for mentions of olfactory or odor cues or controls. Our findings indicate that despite widespread acceptance 
of the significance of olfaction to dogs, scientific methodology rarely takes olfactory information processing into account. 
Finally, we propose a simple rubric of recommended reporting of olfactory information in research contexts, with the aims 
to help attune researchers to the umwelt of their study subjects, and to enhance the methodological reproducibility of canine 
cognition research.
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Introduction

While technological advances have recently enabled 
researchers to examine animal behavior more closely within 
the animal—via methods from functional MRI in awake 
dogs (e.g., Andics et al. 2014; Berns et al. 2015) to two-pho-
ton miniature microscopes (Aharoni et al. 2019)—research 
design at times overlooks the significance of the sensory 
environments of subjects. Stimuli not perceptible or mean-
ingful to the human researchers—such as smell, ultrasound 
or infrasound, or ultraviolet or infrared waves—may be at 
particular risk of being neglected. For instance, in the field 
of canine cognition (aka dog cognition), in many respects 
a subfield of comparative psychology (although not exclu-
sively: some studies emerge from ethology or cognitive sci-
ence, for instance), many of the methods that are employed 

were originally designed for understating non-canids—espe-
cially primates.

The field of canine cognition itself is relatively new: the 
number of published research papers on the topic of the 
cognitive abilities of dogs has grown dramatically in the 
last two decades (Bensky et al. 2013). Some methodological 
revisions appropriate to the different physiology and evolu-
tionary history of domestic dogs have been made since the 
field’s inception; these revisions use knowledge generated 
from previous studies—such as an awareness of the impor-
tance of the developmental histories, breeds, and training 
backgrounds of the dogs; and the influence of owner cues 
on dog behavior (e.g., Miklósi et al. 1998). There is growing 
awareness that even within the visual modality, the differ-
ence between dogs’ perception and humans’ is important 
to consider experimentally (Byosiere et al. 2018; Pongrácz 
et al. 2017). At the same time, given the sensitivity of dogs 
to odors (e.g., Walker et al. 2006) and significance of olfac-
tion in dogs’ perceptual experience (Gadbois and Reeve 
2014; Horowitz and Hecht 2014), it is noteworthy that three-
quarters of studies in canine cognition involve visual tasks 
(Bensky et al. 2013).
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As animal researchers acknowledge the importance of 
context in interpretation of behavior, this includes describ-
ing the context in a way sensitive to subjects’ umwelt 
(Bekoff et al. 2002; Breed and Moore 2012; Horowitz 
and Hecht 2014; Partan and Marler 2002). In other words, 
regardless of the target of the investigation (visual dis-
crimination, social cognition, personality, welfare, etc.), 
research can benefit from attending to and reporting on 
aspects of the primary sensory modalities of the species 
in question; for dogs, this means including an assessment 
of the olfactory environment. As highly salient percep-
tual information for dogs, odors have the potential to have 
an outsized influence on dog cognition—both in terms 
of what types of information dogs may be particularly 
skilled at processing and in terms of what types of infor-
mation may be particularly distracting or confounding for 
dogs. Some work has reasoned that perceptual abilities 
of a tested species should be the focus of cognitive stud-
ies—especially when non-visual perception is integral to 
a species’ behavior (Horowitz 2017). As yet, however, less 
attention has been drawn to the need for these perceptual 
abilities to be reflected in the methodological design and 
reporting, even when examining subjects’ performance on 
non-olfactory tasks.

In this review, we aim to assess the current state of report-
ing olfactory cues in research in the field, and to suggest a 
new approach. Thus far, there has been little examination of 
how odor cues apart from food cues might affect dog behav-
ior in testing environments. The result is a limited descrip-
tion of the experimental setting, at best, and the overlooking 
of a possible confound, at worst. While the smell of food 
is undoubtedly notable to dogs, what a human researcher 
perceives as the salient element of an odorant may not be 
what the dog perceives. Apart from the numerous examples 
of working dogs’ abilities to detect odors that are seemingly 
imperceptible to the typical human nose, a straightforward 
description of odors as simply present or absent is defied 
by research. For instance, research has found that detection 
dogs do not alert to stimuli on which they have been trained, 
when they are combined with other stimuli (Lazarowski and 
Dorman 2014); further, performance can be lower when 
dogs have been trained on an odor chemically similar but 
non-identical to a target odor (Rice and Koziel 2015). In 
canine cognition research, possible non-food olfactory cues 
come from people present and recently absent, dogs who 
have previously been in the space, additions such as clean-
ing agents, and various exogenous sources. Odorants can 
serve as distraction, can be aversive, or can provide addi-
tional information to the dog unwanted and uncontrolled 
by the experimenter. Moreover, researchers describe that 
many dogs are unable to keep motivation through the tri-
als; accounting for olfactory information in the experimental 
room may begin to give insight into reasons for attrition.

Researcher attention to the olfactory environment would 
reflect both a sensitivity to the relevance of stimuli to the 
subjects in the experiment, and would also serve a broader 
scientific goal: providing full details of the environment, 
presented stimuli, and subjects’ history. Such reporting is 
critical to research reproducibility (Goodman et al. 2016) 
and results interpretation. Especially given the quasi-nat-
uralistic nature of canine cognition studies—often involv-
ing owners or occurring in nontraditional lab spaces (such 
as outside)—reliable reporting of contextual information is 
needed if studies are to be repeated or extended.

Thus, the present research examines the degree to which 
studies of canine cognition report information about, or 
attempt to control, the olfactory environment presented to or 
encountered by subjects, regardless of whether olfaction is 
the target of the research question. We systematically review 
the literature in the field of canine cognition and behavior 
over the last decade, from 2008 until 2018, and note the 
reporting of any olfactory information in the studies: not 
only the acknowledgment of odor cues which may help to 
explain subject behavior, but also the means by which olfac-
tory information was controlled, if it was.

Finally, we propose a straightforward rubric of recom-
mended reporting of olfactory information, with the aim 
both to enhance the reproducibility of canine cognition 
research, and to help attune researchers to the umwelt of 
their study subjects.

Methods

Our search procedure was designed to track the identifica-
tion of odorous cues or the use of odor controls in pub-
lished studies of dog behavior and cognition over the last 
decade. We searched in 13 journals which could account 
for the majority of the published results in the field: Animal 
Behaviour, Animal Cognition, Applied Animal Behavior Sci-
ence, Behaviour, Behavioural Processes, Current Biology, 
International Journal of Comparative Psychology, Journal 
of Comparative Psychology, Journal of Veterinary Behav-
ior, Learning & Behavior, Physiology and Behavior, PLoS 
One, and Science. Other notable journals were surveyed but 
excluded if they did not contain original empirical material 
(Nature; Neuroscience and Biobehavioral Reviews); or if 
their full text was not reliably accessible in the Columbia 
University database (Animal Welfare; Anthrozöos). Within 
the 13 journals, single articles were eliminated if they were 
not in the scope of this review, including articles that dis-
cussed dogs but were nonetheless about other canids; arti-
cles that were biomedical, not social-science, in nature; and 
review papers.

Search years were 2008 through the end of 2017; we com-
pleted the searches by September, 2018. The journals were 
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surveyed via global searches, to identify publications on the 
topic of dog cognition or behavior, then refined by more 
selective searches. An initial search for all papers with “dog” 
or “dogs” in the title yielded many papers not about dog 
behavior; additional hand-checking eliminated those which 
did not include either “domestic dog”, “Canis familiaris” 
(or “Canis lupus familiaris”), or “pet dog” in the body of 
the paper. The resultant papers were then searched for use 
of “olfactory” or “odor” as well as “cue” or “control”; the 
latter restrictions wound up being redundant, and we just 
searched for “olfactory” or “odor”. After spot-checking the 
success of the search terms, the variants “odour” and “smell” 
were added. In addition, we characterized whether the study 
asked a question of subjects’ olfactory perception or not, as 
represented in their title and abstract.

Results

Across the journals, we found 481 articles that met our crite-
ria (Fig. 1). Publications in these journals on the topic of dog 
cognition or behavior have increased over the past 10 years 
(linear least-squares estimates (LLS): β = 4.54, t(8) = 5.11, 
p < 0.001; Fig. 2a). However, there has not been a corre-
sponding increase in the number of dog papers mentioning 
odor or olfactory cues or controls [LLS: β = 0.25, t(8) = 1.14, 
p > 0.2]. This pattern means that relative to the total num-
ber of papers, the proportion of dog research considering 
olfactory information has remained consistently low over the 
decade of this survey [LLS: β = − 0.99, t(8) = 1.64, p > 0.1; 
Fig. 2b].

Relatedly, there has not been a substantial increase in the 
number of publications studying olfaction [LLS: β = 0.24, 
t(8) = 1.62, p > 0.1], such that relative to the total number 
of papers, the proportion of dog research studying olfaction 

has remained consistently low [LLS: β = 0.21, t(8) = 0.60, 
p > 0.5; Fig. 2c].

Publications reporting research focused on olfactory 
stimuli, either partially or primarily, more often mentioned 
odor cues and controls (in terms of raw percentages). Still, 
rates were quite low across both study types; the difference 
between olfactory and non-olfactory research in reporting 
trends did not reach statistical significance (non-olfactory 
studies: 15%; olfactory studies: 28%; generalized linear 
model with a logit link and binomial error distribution 
(logistic regression) for presence (1) vs. absence (0) of a 
study reporting olfactory control: z = 1.45, p > 0.1; Fig. 3a).

Moreover, of the papers that made any mention of con-
trolling for odor, in 25% of the cases (19 of 75 cases), it was 
only mentioned in the Introduction or Discussion sections of 
the paper, not in the Methods (Fig. 3b). Extra-method men-
tions were more likely to be allusions to the role of odor in 
dogs’ lives, or statements about the perceived effect of odor 
in the study.

Discussion

The present review of the literature over the last decade finds 
that in studies of canine cognition, very little information 
about odorous cues or the olfactory environment is reported. 
Despite a widespread acknowledgement of the importance 
of olfaction to dogs, research has largely neglected address-
ing this dimension of their experience in the experimental 
setting. As the number of dog-cognition papers published 
each year has increased, the relative number of papers 
mentioning any aspect of the olfactory environment of the 
studies has slightly decreased. The percentage of published 
papers investigating subject response to odorous stimuli has 

Fig. 1  Dog publications (2008–
2017) by journal. Searching 13 
top journals for publications on 
dogs yielded 481 articles for 
analysis. Most of these articles 
were published in Animal Cog-
nition (n = 107), Applied Animal 
Behaviour Science (n = 90), or 
PLoS One (n = 73)
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remained steadily low, less than four percent of the pub-
lished research.

Even when olfactory information was mentioned, a quar-
ter of the time it was not in the Methods sections, but in the 
Introduction or Discussion sections of the paper—usually 
as recognition that olfaction could have played a role in the 
results, or as an assertion that it could not have. Such low 
reporting of olfactory cues or description of odor controls 
is perhaps not surprising, given the origins and motivations 
of the field in comparative studies, interested in how dogs 
fit in human society. As visually oriented animals, it may be 
challenging for humans to consider olfactory information in 
study design. Human beings are more inclined to think of the 
visual elements of a scene, not the odorous elements (Batty 
2010). Researchers’ accounting for the olfactory reality of 
an experimental setting is, thus, impoverished.

The limits of human reckoning with the olfactory nature 
of a context are apparent on closer examination of the 56 
mentions of olfactory cues or controls that did arise in Meth-
ods sections. Frequently, mentions of olfactory cues were 
of food cues: typically, the food used in the experimental 
design. As also observed by Bensky et al. (2013), research-
ers reported various strategies to attempt to control for food 
cues, such as putting all apparatus in contact with food (Rie-
del et al. 2008), smearing containers with “abundant liver” 
(Barrera et al. 2015; Elgier et al. 2009) or other food (Car-
ballo et al. 2015; Hegedüs et al. 2013), hiding food under a 
false-bottom (Carballo et al. 2017; Hauser et al. 2011), and 
not washing bowls to keep odor cues (Walker et al. 2014). 
Relatedly, the notion that the only olfactory cues might 
come from food is on display in studies that claim that by 
using still images (Yong and Ruffman 2015), or photographs 
(Nagasawa et al. 2011), any and all olfactory cues were con-
trolled for.

A number of surveyed papers cite previous research 
in which dog subjects did not use olfactory cues (such as 
Bräuer et al. 2006; Szetei et al. 2003) to dismiss the pos-
sibility that olfaction could be a part of the subjects’ experi-
ence of the task. In these studies, dogs were less likely to 
use olfactory cues in solving certain tasks when familiar 
visual communicative cues from humans were available. It 
is important to note that in these cases, the only olfactory 
cue controlled for was food odor, a narrow band of animals’ 
sensory experience (Nielsen 2018), and the task was very 
narrow (object-choice). And as Szetei et al. (2003) dem-
onstrated, dogs did use olfactory cues to solve the problem 
when needed. However, it is premature to thus claim that 

Fig. 2  Dog publications trends over time. During our search period 
(2008–2017), a the number of dog publications increased signifi-
cantly (p < 0.001), but b the proportion of articles mentioning odor/
olfactory controls/cues remained consistently low, as did c the pro-
portion of articles investigating olfaction

▸
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olfactory cues have thus been “ruled out” (e.g., Bray et al. 
2014), as this implies both that dogs’ behavior on that task 
can be generalized to all tasks, and also the only olfactory 
cue possible is the one that the human experimenter inten-
tionally provides. If that were the case, of course, detection 
dogs would be out of a job.

Notably, even the approaches to controlling food cues 
are not standardized, and appear to represent researchers’ 
intuition about the equivalence of odors. If a truly identical 
quantity of a food reward is used in different contexts, that 
intuition may be justified; however, when a different quantity 
of food—such as a “smear”—is used, it is suspect: research 
has found that dogs discriminate food quantities (Ward and 
Smuts 2007), and attend longer to a covered plate with five 

times the food of a second plate (Horowitz et al. 2013), even 
if they do not approach it significantly more often.

A few surveyed studies did go beyond food smells in 
considering the olfactory information in their experiments. 
For instance, in some cases the protocol required that 
experimenters or owners touch all parts of the equipment 
(Fugazza and Miklósi 2014; Fugazza et al. 2017; Pongrácz 
et al. 2012). Another applied the saliva of dog demonstrators 
and observers to the experimental apparatus, in order to con-
trol canine scent cues (Miller et al. 2009). In another study, 
Polgár et al. (2015) found that pet dogs did not always use 
olfaction as a strategy in search tasks, sometimes using other 
cognitive strategies—highlighting the need to understand 
all elements of dogs’ umwelt in problem-solving. Given the 
relevance of dog and human odor for dogs (e.g., Berns et al. 
2015; Hepper 1988; Nielsen et al. 2015), these approaches 
are appropriate and recommended.

There are some limitations to our findings of the field’s 
reporting of olfactory information. Search methods could 
generate false-positives when the search terms were used to 
describe general species behavior, rather than olfaction’s rel-
evance in an experimental setting. In other cases, the search 
terms may not have captured mentions when less common 
synonyms for olfaction were used in the publication.

Relatedly, it should be noted that in some cases a mention 
of a control condition related to odor cues was mentioned 
in the Discussion section, but not described in the Methods. 
Such a finding supports, rather than undermining, our sug-
gestion that more reliable reporting of the specifics of the 
olfactory context is due.

An olfactory proposal

Both for reasons of fully describing subject experience, and 
for reasons of reproducibility, we recommend increased 
attention to the presence of odors—even while we are agnos-
tic about exactly how odor might alter or affect dogs’ behav-
ior in experimental studies (if at all). Regardless of the type 
of study (e.g., visually or olfactory-based), there are many 
kinds of contextual information that may be relevant. For 
example, researchers could include details about attempts 
to control variation in ambient odors. Similarly, informa-
tion about the (unintended) odor properties of presented 
stimuli could be provided: is there any mention of attempts 
to ensure that odor is identical for each stimulus. When the 
stimuli are themselves odorous, but the task is a visual task, 
is any mention made of an attempt to ensure that stimuli- or 
non-stimuli odors are not the means by which the subject 
made a choice or the motivation for subject behavioral per-
formance. In studies manipulating olfactory stimuli, infor-
mation about the relative strengths of odors and the traces 
left by the stimuli is apt.

Fig. 3  Odor control by study type and location within the article. a 
Dog publications investigating olfaction mentioned odor controls at 
an equivalently low rate as dog publications on other subjects (28% 
and 15% for odor vs. non-odor studies, respectively; p > 0.1). b The 
majority of publications did not mention controlling for odor any-
where in the article (n = 406). Moreover, among the publications that 
did mention odor control somewhere in the article (n = 75), not all of 
them included odor control information in the Methods section, with 
several papers referring to odor control/cues elsewhere in the paper 
(e.g., the Abstract or Discussion), but not in the Methods (n = 19)
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In view of the dearth of attention to olfaction in meth-
odologies involving a species which uses olfaction, field 
practices and guidelines may be of value. With this in 
mind, we propose that research in canine cognition con-
sider a characterization of some of the odorous elements 
present in experimental contexts along the following 
dimensions:

• Stimuli odors What odors are presented to the subjects? 
Report on odors of stimuli containers or objects, and any 
attempt to match odor; if food is used, include a precise 
measurement of how much food is used and the tem-
peratures thereof, as temperature affects volatility of 
food and olfactory detection (e.g., Amerine et al. 1965). 
Given dogs’ sensitivity to quantity (Ward and Smuts 
2007), simply smearing the scent on a control stimulus, 
or placing and removing the food odor, is not adequate 
odor control. Stimuli containers and objects encountered 
en route to stimuli should be of the same material; if odor 
differences are suspected, a separate control test could be 
run with subjects with just the containers.

• Mortals and mongrels Social odors are known to be 
highly salient for dogs (Nielsen et al. 2015); chemosig-
nals have been found to provide information between 
people and dogs (D’Aniello et al. 2018). Identify the 
odors of people and any other dogs in the environment, 
including the traces of biological matter left by past peo-
ple and dogs.

• Environmental conditions Environmental conditions 
affect the movement and creation of odors, and thus 
directly affect olfaction (Jenkins et al. 2018). Keep a 
record of the temperature and humidity levels of the 
experimental room; if possible, include a measure of the 
“headspace” or rate of air flow in the experimental con-
text. While room ambient temperature does not strongly 
affect human odor perception, dogs’ ability of perceive 
odors is strongly affected by humidity and temperature: 
acuity rises in higher humidity, but with heat, which 
induces panting, olfaction is compromised (Jenkins et al. 
2018). Ideally, temperature and humidity levels will be 
the same across subjects and trials.

• Lab description and use Include a description of lab floor 
surface; the presence or absence of windows/doors/vents 
which could permit airflow; and other uses to which the 
room is put. Dogs can detect odors on surfaces and on 
plumes of air; in animals whose olfactory navigational 
or mate-finding behavior is well studied, such as pigeons 
and moths, the movement of air strongly affects their 
behavior (Bau and Cardé 2015; Gagliardo 2013). While 
not studied with dogs in experimental tasks, this infor-
mation could help inform the effects of air flow on dog 
behavior. Similar suggestions have been made of han-
dlers working with detection dogs (Reed et al. 2011).

• Lingering odors Is there a cleaning process between 
subjects or trials? Describe what is used and how is 
it applied. One common cleaner, ammonia, has been 
shown to be aversive and to affect olfaction in many 
housed animal species (Nielsen 2018). Dogs more 
often choose to forsake a larger quantity of highly 
desired food for a smaller quantity when the larger 
quantity is presented on a plate which has been scented 
with common odorants, including lavender, mint, and 
vinegar (Horowitz et al. 2013). Consistency in cleaning 
practices will help standardization of methods across 
studies.

These elements (acronym SMELL) cover the best-
known sources of odors relevant to the subjects; char-
acterization thereof would be relatively straightforward. 
Reliable reporting of SMELL sources would represent the 
kind of methodological hygiene necessary for the kind of 
repetition and replication of research that is the backbone 
of science (Goodman et al. 2016). Complete application 
of the rubric may not apply to every study—for instance, 
research in owners’ homes or outdoors, where identifica-
tion of odor sources is impracticable. In all cases, best 
practices would include identification of the various out-
lined parameters, appropriate matching of conditions 
across subjects and trials, and avoidance of any odors 
known to strongly affect (adversely or otherwise) behavior, 
insofar as it is possible.

In canine cognition, improvements in researcher atten-
tion to and communication about various aspects of their 
methods are not commensurate with the growth of knowl-
edge about the significance of various stimuli to dogs. Of 
course, dogs are not exclusively olfactory; and some research 
results point to the real possibility that in domestication 
itself changed the species to be more visually centered, to 
better fit in the anthropogenic environment. Certainly, as 
has been demonstrated, dogs can use both visual and olfac-
tory means of problem-solving (Polgár et al. 2015). Still, 
given the dearth of attention to odor environments, more is 
due. To suggest that olfactory cues should be noted is only 
to acknowledge dogs’ sensory abilities; exactly what effect 
they may have is an empirical question, which will be deter-
mined if the olfactory environment begins to be regularly 
described in research. With SMELL, it is our aim to not 
only enhance the methodological reproducibility of canine 
cognition research, but also to help researchers attend to the 
perceptual abilities of their study subject and thereby stimu-
late new discoveries that would not be possible by apply-
ing visually focused methodology to an olfactorily skilled 
species. Indeed, with reliable reporting of these elements 
researchers may gain useful information about one of the 
more mysterious of their subjects’ perceptual experience: 
the role of olfaction in cognition.
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