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ABSTRACT 

Detection dogs are trained using operant conditioning to a stimulus-response behavior 

chain. The “search” command from the handler acts as the discriminative stimulus where 

the dog’s first response is to search an area. The search response is reinforced by finding 

the target odor followed by the second response of indicating to the target odor. Finally, 

the handler will reward the dog with the terminal reinforcer that ultimately drives the entire 

stimulus-response behavior chain. In certain conditions, the dog’s search behavior can be 

extinguished as well as the dog’s indication behavior. If the detection dog stops searching, 

this is problematic as the dog could miss potential target odor (i.e., explosive devices) 

which poses a safety risk to the public.  

One reason a detection dog’s search behavior may become extinguished is because there 

are no target odors in the environment. This is commonly observed in explosive detection 

work, when it is rare for the dog to detect explosives in an operational environment. This 

dissertation discusses the impact of changing the odor prevalence from high to low (90% 

to 10%) on the performance of the detection dog. One study describes how an appetitive 

conditioned stimulus (tone) with Pavlovian instrumental transfer did not encourage more 

search behavior during low odor prevalence.  

This dissertation also describes two procedures to enhance the dog’s ability to detect the 

target odor. First, explicitly training the dog to low concentrations of the target odor can 

improve the dog’s threshold for that odor. Second, by explicitly training the dog to low 

v 
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concentrations of the target odor, they can generalize to even lower concentrations than the 

original concentration they were trained to. In addition, it is possible to suppress responding 

to a specific odor concentration which may be applicable to conservation and oil-leak 

detection dogs.  

This dissertation describes several different future directions that may aid in enhancing the 

performance of detection dogs. Detection dogs are extraordinary animals that are required 

to operate in difficult environments that aid in protecting the public. It is in our best interest 

to optimize detection dogs’ abilities to insure accurate and successful searches.  
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CHAPTER 1 

INTRODUCTION 

Canines are utilized to detect a broad variety of substances due to their highly developed 

olfactory system. Organizations that employ canines may use them to detect narcotics 

(Adams & Johnson, 1994), human remains (Lasseter et al., 2003), cancers (Cornu et al., 

2011; Pickel et al., 2004; Walczak et al., 2012), cows in estrus (Fischer-Tenhagen et al., 

2011), bed bugs (Pfiester et al., 2008), land mines, improvised explosive devices, and other 

explosive materials that pose a risk to civilian and military populations (Furton, 2001; Gazit 

& Terkel, 2003). These incredible dogs have the capability to be trained to detect deadly 

devices, locate missing persons, detect deadly cancers, identify harmful invasive species 

as well as a myriad of additional tasks. Therefore, it is the upmost importance that we 

identify the best training practices, so these life-saving detection canines are at their 

optimal performance. This dissertation will outline the typical training procedures for scent 

detection canines and highlight the areas that may be of concern and need improvement. 

In the following chapters, several different behavioral training procedures will be discussed 

as potential ways to mitigate problematic areas.  

Before discussing the impact of different training procedures, the dog must be healthy 

physically and behaviorally. Detection dog welfare may be easily overlooked, but is an 

important consideration that can impact canine learning (e.g., Gaines et al., 2008). As 

previously stated, detection dogs have a critical role to play in society and therefore, the 

health and housing of the animal is critical as stressful situations may hinder motivation 
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and performance. One such example, Vincent and Leahy (1997) showed that an increase 

in heart rate, which was concluded to be linked to stress, lead to poorer guiding 

performance (i.e. stress related behaviors and distraction inhibited successful guiding of 

the handler) (Vincent & Leahy, 1997). Depending on the type of the detection dog (e.g., 

law enforcement, military, medical detection) the living environment will vary and could 

have important implications for detection dog performance. Typically, law enforcement 

detection canines will live with the handler, whereas military working dogs will live in a 

kennel environment on a base. A study analyzing urinary cortisol/creatinine ratios in 

Labrador Retrievers trained for military purposes, indicated that dogs not previously 

habituated to confinement prior to being housed in a novel kennel for 12 weeks showed 

elevated urinary cortisol/creatinine ratios, indicating potentially diminished welfare 

(Rooney et al., 2007).  

 

One method to ameliorate the negative effects of singly housed military detection dogs is 

social enrichment. Swiss military dogs that received one afternoon, or 3 hours, of dog social 

exposure per week reduced offensive and defensive behaviors towards unfamiliar dogs 

(Gfrerer et al., 2018). Another method to improve welfare in kenneled detection dogs is 

food and/or toy enrichment. One study observed individual attributes (manipulating the 

device, following the device, and ingesting food from the device) that indicated enrichment 

(Gaines et al., 2008). In addition to improving welfare by adding food enrichment in the 

form of a Kong ™ to the Royal Air Force Police dogs while they were kenneled, the dogs 

also scored higher on a questionnaire from handlers in the dog’s ability to learn from being 

rewarded (Gaines et al., 2008). The majority of welfare research for working dogs is 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 3 

focused on housing with various forms of enrichment (Gaines et al., 2008; Gfrerer et al., 

2018; Rooney et al., 2007) to improve welfare of dogs.  

 

There is a lack of research, however, on specific types of detection dogs and potential 

consequences of those tasks during work. For example, law enforcement dogs typically 

spend several hours in a patrol car which may cause stress, and apprehension dogs may be 

subjected to physical injury while apprehending an individual. In search and rescue dogs 

that responded to the terrorist attacks of September 11, 2001, at the World Trade Center 

and Pentagon, the deployed search dogs demonstrated mild changes in blood work and a 

higher incidence of radiographic cardiac abnormalities (Otto et al., 2009). In addition, 

search and rescue dogs that responded to the Oso, Washington State Route 530 landslide 

incurred injuries such as dehydration, wounding, vomiting, and diarrhea (Gordon, 2015). 

 

 Some welfare studies focus on training methods and examine the relationship between 

training and behaviors observed in dogs. For example, positive reinforcement training 

methods did not lead to serious negative consequences (pain, avoidance, pain-induced 

aggression, and submission), unlike aversive methods (Hiby et al., 2004; Schilder & van 

der Borg, 2004). Therefore, reward based training methods are associated with less 

problematic behavior, higher trainability, and increased dog welfare (China et al., 2020; 

Fattah & Hamid, 2020). Hiby et al. (2004) concluded that the level of attachment between 

handler and dog may be increased in working dogs, such as search and rescue dogs, 

compared to pet dogs. The increased level of attachment to the handler may be due to the 

nature of the detection, where the dog and handler work together (Hiby et al., 2004). The 
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strong level of attachment between dog and handler can be considered social enrichment 

and may improve the welfare of working dogs.  

 

In addition, olfaction detection tasks may also be another form of enrichment for kenneled 

dogs. The use of novel scented (rabbit and lavender) toys may have promoted better welfare 

in kenneled dogs by reducing stress related behaviors (e.g. abnormal repetitive behaviors) 

(Murtagh et al., 2020). In addition to olfactory enrichment, the act of a dog searching for 

an odor, as demonstrated in sport detection work may also improve welfare by mimicking 

natural foraging time (Duranton & Horowitz, 2019). The studies included in this 

dissertation don’t specifically observe welfare, however, welfare was an important 

consideration for each study. It is essential to consider dog welfare as there is preliminary 

evidence it may be important in detection dog research; however, more systematic research 

is necessary.  

 

Next, it is important to briefly consider the physiological process of olfaction in the dog. 

The olfactory system in dogs is a very complex system that involves the nasal cavity, 

olfactory epithelium, olfactory receptors, the vomeronasal organ, and the olfactory bulb. 

The nasal cavity is separated by the nasal septum into two chambers that contain three 

turbinates (nasoturbinate, maxilloturbinate, and ethmoturbinate) (Evans & de Lahunta, 

2013). The olfactory epithelium contains millions of olfactory receptors and cells that line 

the cribiform plate and turbinates (Hawkes & Doty, 2009). The mucus in the nasal cavity 

is produced from Bowman’s gland embedded within the olfactory epithelium that aids in 

maintaining humidity levels and “traps” odorants (Menco & Morrison, 2003). The 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 5 

olfactory receptor cells contain cilia that have extracellular portion where the odorant bind 

to the intracellular portion coupled to a G-protein (Hall, 2011). When odorant binding 

occurs, the G-protein alpha-subunit breaks away activating adenyl cyclase which converts 

ATP to cAMP (Hall, 2011). Depolarization of the cell occurs when the sodium channel 

opens and results in an action potential transmitting through the olfactory bulb (Buck & 

Bargmann, 2013). The olfactory sensory neurons that are embedded in the olfactory 

epithelium connect to the olfactory bulb. The action potential travels through the olfactory 

sensory neurons to the olfactory bulb that then forms a synapse with the glomeruli. Inside 

the glomerulus, information is processed by projection neurons called mitral and tufted 

cells that relay the information to higher brain centers (Bonigk et al., 1999). The processing 

of odorant information beyond the olfactory bulb is multifaceted and complex, and beyond 

the scope of this dissertation. However, I will discuss how learning and experience can 

come to influence detection dog performance.  

 

Another key aspect to detection dog performance is the specific training procedures 

utilized. Training dogs for detection tasks follows similar principles regardless of the odor 

to be identified (Fischer-Tenhagen et al., 2011). The first training step is to associate a 

specific odorant with a positive stimulus such as food or play, typically through Pavlovian 

conditioning (Fischer-Tenhagen et al., 2011). Next, the dog is trained to search for the 

desired odorant through use of operant conditioning to create a stimulus-response chain of 

searching, locating the odor, and giving a specific indication response in the presence of 

the target odor. Training the indication behavior can be done by shaping an animal’s 

behavior (Skinner, 1984).  
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An operational diagram of the stimulus-response behavior chain that detection dogs engage 

in is shown in Figure 1.1. This chain can be broken down into two components that refer 

to the first and second responses that are represented in Figure 1.1. The first response where 

the dog is searching can be described as “seeking-taking” (Balleine et al., 1995) or 

“procurement” (Collier, 1981). The second response where the dog indicates to the odor 

can be described as “distal-proximal” (Olmstead et al., 2001) or “consumption” (Collier, 

1981). The primary stimulus (S1) (e.g., the handler rewarding the dog) for the behavior 

chain sets the tone for the instrumental “procurement” response (R1; the dog searches the 

area for a target; Steinfeld et al., 2019 ). The first behavior chain response is initiated by a 

range of physical, contextual, and verbal cues such as a specific location, getting out of a 

vehicle, and being instructed to search by the handler, all of which act as discriminative 

stimuli for the search behavior. The dog will then search (considered “seeking-taking or 

“procurement”) for the odor. This search behavior is reinforced when the dog encounters 

the conditioned reinforcer of the trained target odor. This search behavior is reinforced 

when the dog encounters the conditioned reinforcer of the trained target odor. This target 

odor also serves as a discriminative stimulus for the second link in which the dog makes a 

trained response (e.g., sit, bark) (considered “distal-proximal” or “consumption”). 

Ultimately, both response 1 (actively searching) and response 2 (indicate to an odor) are 

maintained by play with a toy or by food reward which is the terminal reinforcer.  

 

Importantly, under some conditions, dogs can fail in either the first or the second link of 

the response chain which can be detrimental to the performance of the dog. The dog can 
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also fail in the first response chain when the search behavior undergoes extinction, which 

could occur when the target odor is never encountered. The dog can fail in the second 

response chain when the dog is incapable of discriminating/detecting the target odor, 

potentially due to lack of generalization from the training sample to odors found in the 

field. This dissertation will go in depth on how these two failures occur in the response 

chain and the consequences when the failure occurs, and how the failures may potentially 

be mitigated in the detection dog.  

 

 

Figure 1.1. Schematic of stimulus response chain with two-links that relate to detection 

dogs. The handler commands “search” which is the discriminative stimulus that elicits 

response 1, the dog searching the environment. The target odor acts as the conditioned 

reinforcer for response 1. The dog indicating on the target odor location is response 2 which 

is reinforced with the handler rewarding the dog with a toy or food which acts as the 

terminal reinforcer. 

 

Extinction in the first response chain 

One potential cause for a decrease in search (the first link) could be due to extinction. 

Extinction of the first response can occur when no target odor is present and can lead to 
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decreased search in an operational environment. This is commonly observed in explosive 

detection work, when it is rare for the dog to detect explosives in an operational 

environment (Gazit et al., 2005; Porritt et al., 2015). Extinction is a fundamental process 

that is produced by withholding the reinforcer which results in a decrease or weakening of 

the originally learned behavior (Bouton, 1997). In reference to detection dogs, the absence 

of the target odor, which serves as the conditioned reinforcer for the search behavior (see 

Figure 1.1) causes the search behavior to diminish (extinguish). In addition, in the past 10 

years or so, it has been suggested that extinction results in new learning that is context-

dependent (Bouton, 2002). This change in context, typically a change in environment, has 

been documented to alter a previously learned behavior.  

 

Gazit et al. (2005) studied if a context effect occurred in detection dogs, by having dogs 

search two different paths, where one path always had target odors and the second path 

never had target odors. Dogs’ motivation declined after the first session of searching in the 

path with no target odors; however, their motivation did not diminish when searching in a 

path with target odors (Gazit et al., 2005). When the target was re-introduced to the path 

with no target odors, dogs largely failed to detect the target. This study demonstrates dogs’ 

rapid ability to learn subtle context changes that may signal that search is under extinction 

conditions.  

 

Another common decline that is observed across species in search task is due to decreasing 

vigilance. Vigilance refers to the ability to maintain focus of attention and to remain alert 

to stimuli over a period of time (Davies & Parasuraman, 1982). Vigilance decrement is 
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frequently used in reference to a common decline in attention on tasks that require 

performance over an extended period of time (Oken et al., 2006; Thomson et al., 2015). 

For example, vigilance decrement is often observed in humans that monitor nuclear power 

plants for alarm signals due to stressful, tedious, and long duration of working (Reinerman-

Jones et al., 2016). According to Thomson et al. (2015), there are two theoretical accounts 

of vigilance decrement; underload theories and overload theories (Thomson et al., 2015). 

Underload theory states that vigilance tasks are mundane and cause attention to drift away 

from the surrounding environment, thus resulting in an inability to detect critical events 

(Thomson et al., 2015). In contrast, overload theory is when vigilance tasks are demanding 

and result in a depletion of information-processing resources, thus hindering the ability to 

detect critical events (Thomson et al., 2015). Langer and Eickhoff (2013) suggest the 

cognitive simplicity of detection tasks may render the task repetitive and possibly de-

arousing which may fall into the category of underload theory. However, both of these 

theories are related to human vigilance studies where performance declines over time 

(Oken et al., 2006; Reinerman-Jones et al., 2016; Thomson et al., 2015).  

 

In one study utilizing rats that were either 1 year or 2 years old, the rats were initially 

trained to a five-choice serial reaction time task for 100 trials where the rat was required to 

detect and respond to lights presented randomly in one of the five locations (Grottick & 

Higgins, 2002). The trials were then extended to 250 and both age groups became 

progressively slower in correct response (Grottick & Higgins, 2002). In addition, when 

controlling for feeding, the rats that were 2 years old had a significant decrease in accuracy 

due to the increase in trial numbers (Grottick & Higgins, 2002). Thus, the 2-year-old rats 
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displayed a more substantial vigilance decrement due to the increased number of trials 

(Grottick & Higgins, 2002).  

 

To my knowledge, the only study discussing search vigilance in detection dogs is Porritt 

et al. (2015). Porritt et al. (2015) defines “vigilance points” as designated areas within 

specific rooms that did not contain target odors where it was assumed by the authors that 

the dogs would naturally bypass these “vigilance points” unless the dogs were not actively 

investigating all areas. For example, if the dog was to actively search within a designated 

“vigilance point” that dog was referred to as being “vigilant” (Porritt et al., 2015). Results 

from Porritt et al. (2015) determined that dogs searching in locations that had no target 

odors showed a rapid decline in “vigilance”; however, dogs improved their detection rate 

and “vigilance’ when target odors were reintroduced into the location (Porritt et al., 2015). 

Importantly, although Porritt et al. (2015) tracks dogs’ search behavior with the “vigilance 

point”, the phenomenon reported in which search declines when no target odor is 

encountered is not quite the same phenomenon observed in traditional vigilance decrement 

studies. Under vigilance decrement tests, the signal of interest is frequently presented, but 

success simply declines when engaged in the task as a function of time (Davies & 

Parasuraman, 1982). The key component of traditional vigilance studies is an extended 

period of time over which performance will decline, and not directly caused by 

manipulating the frequency of the signal. I suggest that when the decrease in performance 

occurs due to a decline in the frequency of the signal (e.g., target odor prevalence), this is 

more directly related to extinction of the search behavior. Therefore, the dogs in the study 

by Porritt et al. (2015) likely displayed extinction of search behavior rather than overload 
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or underload of attentional processes. In contrast, it may be possible that with an extended 

period of time searching, the dog may truly undergo a vigilance decline (i.e., loss of 

attention processes to the task even though the signal remains frequent).  This has not been 

studied and it would be pertinent to determine if detection dogs would undergo a vigilance 

decrement with an increase in search time.  

 

As previously stated, under certain situations detection dogs will show a decline in 

motivation and search behavior under extinction of search (Gazit et al., 2005). Explosive 

detection dog handlers train in various contexts by pre-hiding targets for dogs to find; 

however, in some contexts or locations it is logistically not possible to “plant” or place a 

target odor. For example, if an explosive detection dog handler were to place a target odor 

in an airport security check point, that may cause concern for the public as well as be time 

limiting. In the training context, the majority of detection dogs will encounter a higher rate 

of target odors due to handler placement of targets. Whereas, in the operational context 

(i.e., real world), the majority of detections dogs will encounter zero, if not a very limited 

rate of target odors. Dogs will not only show a performance degradation in a low target 

density context but they will also search slower compared to a higher target density (Gazit 

et al., 2005).  

 

Due to the logistical concerns of placing an explosive target (e.g., explosive odorant or 

materials) in a public scenario, Porritt et al. (2015) suggested a potential solution by placing 

a noncontraband odor in the working context to improve performance. Porritt et al. (2015) 

trained detection dogs to explosives odors (i.e., 2,4,6-trinitrotoluene, untagged plastic 
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explosive 4, and ammonium nitrate) as well as one of three non-contraband odors (i.e., 

vanillin, potassium chlorate, and 2,3-dimethyl-2,3-dinitrobutane) and showed that 

performance was maintained when dogs were trained with an innocuous stimuli or non-

contraband odor, suggesting that encountering any target odor (even trained non-

contraband) can be sufficient to maintain search for explosive odor in the first chain. 

Training detection dogs to an additional innocuous stimulus may be one way to mitigate 

the performance decline in areas that typically have zero to low target density; however, 

this may not be feasible for all detection dog scenarios and to the best of our knowledge, 

this practice has not been widely adopted.  

 

A feasible training practice that may prevent a decline in search behavior when under odor 

extinction is training the dog to expect a lower target odor rate. This can be implemented 

by providing “blank” or no target odor and no distractor odors searches during training. 

There are studies that discuss utilizing blank searches in the methods of the experiments 

for detection dog work but the focus of the studies were not on search extinction (DeChant 

et al., 2020; Lazarowski & Dorman, 2014). Providing blank searches provides target odor 

on an intermittent schedule, which may also help the dog generalize to the operational 

setting where the target odor density is low or zero. The partial reinforcement extinction 

effect also indicates that an intermittent schedule may enhance resistance to extinction 

(Mackintosh, 1974). During training, having the target odor on an intermittent schedule 

may enhance resistance to extinction in an operational setting.  
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Thrailkill et al. (2016) used rodents as a model for detection dogs where extinction of 

heterogeneous behavior chains (a model of searching behavior) to investigate whether 

training subjects to search for longer durations under intermittent reinforcement schedules 

led to greater resistance in extinction (Thrailkill et al., 2016). The rats were trained to pull 

a chain which would lead to the presentation of a discriminative stimulus and pressing a 

lever in the presence of the discriminative stimulus led to food (Thrailkill et al., 2016). 

Rodents showed greatest resistance to extinction with intermittent reinforcement of 

searching which led to more persistent search responding in extinction, specifically the 

number of non-reinforced searches (Thrailkill et al., 2016). More research is needed to 

determine if training dogs to a low target odor rate would help reduce the search behavior 

decline under odor extinction.   

 

Another behavioral training method that may maintain motivation during low and zero 

target rates may be the use of reward-associated stimuli. Pavlovian conditioned stimuli that 

are associated to a reward can impact instrumental responding toward a different or similar 

reward (Cartoni et al., 2013). This effect is called Pavlovian instrumental transfer (PIT). 

Pavlovian instrumental transfer has two training phases: Pavlovian phase where one or 

more stimuli is paired with a reward and an instrumental phase where an 

operant/instrumental contingency is established (e.g., the animal is trained to press a lever) 

(Cartoni et al., 2016). For example, a rat is trained to associate a tone (conditioned stimulus) 

with food. Next, the rat undergoes an instrumental training phase where it learns to press a 

lever to receive food. In the critical test phase, the instrumental response (lever pressing) 

is placed under extinction in phases in which the conditioned stimulus is present or absent. 
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Results indicate that the rat will press the lever more in the presence of the tone compared 

to without the tone (Cartoni et al., 2013). Cartoni et al. (2013) hypothesizes that the 

conditioned stimulus associated with food is associated with a reward in the near future, 

thus enhancing motivation to execute the task. However, if the reward loses any value, the 

motivation effect also vanishes. This was seen in rats, where satiety eliminated the benefits 

of PIT (Corbit & Balleine, 2005). Nonetheless, Pavlovian cues can enhance performance 

and motivation for instrumental performance (Rescorla and Solomon 1967). There is 

limited research in detection dogs analyzing if an appetitive conditioned stimulus with 

Pavlovian instrumental transfer would be beneficial under odor extinction. However, based 

on the motivational response when strengthening Pavlovian stimulus-reinforcer has been 

shown in rats, it is possible that Pavlovian instrumental transfer may mitigate the decline 

in search behavior under odor extinction. Chapter 4 in this dissertation will discuss results 

from a study utilizing an appetitive conditioned stimulus and Pavlovian instrumental 

transfer in dogs. 

 

Potential failures in the second response chain 

The second failure that is observed in detection dogs is in the second link, where detection 

dogs may search and encounter the target odor but fail to indicate on the target odor. One 

reason the dog may not indicate on the target odor is because they simply cannot detect the 

odor. The dog may not be able to detect the odor because they are unable to generalize 

from the odor(s) they were originally trained with. The term generalization is a cognitive 

process that clusters similar stimuli into functional categories and are perceived to share 

the same contingency (Shepard, 1987). The process of generalization allows dogs to 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 15 

indicate on stimuli that are similar, but different from, the original training stimulus. This 

is a critical concept for detection dogs, especially explosive detection dogs. For example, 

explosive detection dogs are trained to one type of oxidizer (e.g., ammonium nitrate) and 

need to respond to chemically related oxidizers (e.g., calcium ammonium nitrate) or the 

same oxidizer when mixed with other materials. Notably, dogs often fail to spontaneously 

generalize across these odor variations (Hall & Wynne, 2018; Lazarowski et al., 2015; 

Lazarowski & Dorman, 2014). A second challenge with explosives is the additional gelling 

agents (e.g., wax or petroleum jelly), fuels (e.g., diesel fuel or kerosene), or extraneous 

distracting odors (Kopp, 2008). Therefore, the explosive odors dogs encounter in an 

operational setting are comprised of a combination of numerous different substances 

(Harper et al., 2005).   

 

As just noted, dogs are required to detect complex odor mixtures. Complex odor mixtures 

can be perceived two different ways: elemental or configural. Elemental, or analytical 

processing occurs when the individual element in the compound forms individual stimulus-

response associations that remain intact, regardless of mixing with other stimuli (Rescorla, 

1972). In this case, if two or more odorants were combined, it would not alter the individual 

properties of the odorants and they would remain identifiable and the conditioned response 

to the individual odors should generalize to the mixture (Linster & Smith, 1999). 

Configural, or synthetic processing occurs when the individual elements in the compound 

are combined and are perceived as a novel configuration (Pearce, 1987). If odorants were 

combined and created a novel configuration, conditioning to the individual components of 

the mixture does not produce generalization to that mixture (Derby et al., 1996). The degree 
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of generalization from components to mixtures depends on the physiochemical properties 

and identities of the odorants (Derby et al., 1996; Laska & Hudson, 1993), the complexity 

of the mixture (Livermore & Laing, 1998a), the relative intensities of the odors (Livermore 

& Laing, 1998b), and olfactory enrichment (Mandairon et al., 2006).  

 

The lack of generalization from individual odorant to a mixture has been demonstrated in 

dogs. For example, dogs trained to detect pure potassium chlorate failed to generalize to 

potassium chlorate mixtures that contained a novel component (Lazarowski & Dorman, 

2014). In addition, dogs trained to detection ammonium nitrate did not readily generalize 

to similar ammonium nitrate based odorants (Lazarowski et al., 2015). However, when 

explicitly training dogs to odorant mixtures, the dogs were able to identify the oxidizers in 

the mixtures (Hall & Wynne, 2018). These studies demonstrate that if the detection dog 

may need to identify an odor mixture in an operational setting, it is imperative to explicitly 

train the dog to the mixture in addition to the individual odorants.  

 

Overall, relatively little work in generalization has been conducted using olfactory stimuli. 

However, in non-olfactory domains, a generalization is predictable across a single stimulus 

dimension (e.g., tone or wavelength) (Ghirlanda & Enquist, 2003; Guttman & Kalish, 

1956) with the highest level of responding to the trained stimulus and systematically less 

responding to dissimilar stimuli typically following a gaussian curve. Generalization 

curves for olfactory stimuli are more difficult to define by identifying a single stimulus 

dimension due to the three-dimensional nature and have been rarely described for these 

stimuli. One exception, however, is generalization across odorants with the same functional 
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group that vary only in carbon chain length tend to  follow a predictable generalization 

gradient (Hall et al., 2016; Laska & Freyer, 1997; Laska & Hübener, 2001; Yoder et al., 

2014). In addition, a predictable generalization gradient was observed in honeybees trained 

to binary odor mixture to systematically varying ratios of binary odor mixture (Wright & 

Smith, 2004).  

 

In addition, there is the minimal olfactory generalization research utilizing dogs, there is 

also minimal research analyzing generalization of odor stimuli varying in concentration in 

dogs. Anecdotally, in the detection dog handler community, it is reported that dogs may 

show proficiency in detecting a target odor at a concentration they are familiar with but fail 

to show interest when the odor is presented at a different concentration. The inability of 

the detection dog to detect the target odor may be due to limited physical capability to 

detect lower concentrations of the odorant or may reflect an inability to generalize to a 

lower or higher concentration from the trained odor to which they were trained. In other 

species, it seems that there would be expected generalization failures due to changes in a 

target odor concentration. In humans, a change in odor concentration by 100-fold or more 

is perceived as producing a different odor quality that is as a different as a new chemical 

(Gross-Isseroff & Lancet, 1988). Further, rodents generalize from a trained odor to 

concentration 10-fold lower or greater than the trained odorant and show lower responding 

beyond the 10-fold difference in concentration (Cleland et al., 2009, 2012; Gross-Isseroff 

& Lancet, 1988). These results may suggest that dogs too would likely show generalization 

failures when required to detect target odorants that are 10-100x more than the trained 
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target odor. Chapter 3 in this dissertation assess dogs’ spontaneous generalization to lower 

concentrations of a trained odorant.  

 

 Another important concept regarding concentration, is detection threshold limits, or the 

minimum concentration of an odor the dog can detect. Dogs’ limit of detection range have 

been quite variable across different odorants and are sometimes higher (poorer) than that 

of humans (McGann, 2017). When training detection dogs, it is common practice to utilize 

the same concentration of an odorant and not dilute or manipulate the odor concentration 

of solids. This is potentially problematic if the dog is trained to detect a higher 

concentration but is expected to detect a lower concentration in an operational setting. The 

dogs’ detection threshold may be poor if the dog does not have explicit training at different 

odor concentrations. Chapter 2 will discuss the results of dogs that are explicitly trained to 

lower concentrations of an odorant and how the dog’s threshold improves.  

 

Another failure in the second link of the response chain can occur if the dog is able to detect 

and recognize the odor but fails to indicate. This failure may occur due to extinction when 

the primary reinforcement (i.e., food reward or toy reward) is not delivered. In an 

operational setting, detection dog handlers may not reinforce the dog with a reward because 

they are unsure if the alert is a confirmed target odor, and the environment of the operation 

may not be safe to reward the dog (i.e., side of a busy highway). One potential model that 

may enhance the resistance to extinction when the primary reinforcement can’t be 

delivered is behavioral momentum theory. Behavioral momentum theory (BMT) is a model 

that describes the strength of a behavior reflected by its resistance to disruptors (Nevin & 
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Grace, 2000). In reference to detection dogs, the BMT models the strength of the indication 

behavior (i.e., alerting on a target odor) by its resistance to disruptors such as extinction. 

BMT proposes that the magnitude of the disruption of a behavior is directly related to the 

magnitude of the disruptor, and inversely related to the richness of reinforcement history 

(Nevin & Grace, 2000). Therefore, according to BMT, the key to maintaining indication 

behavior in dogs during extinction is by using richer schedules of reinforcement. For 

example, Nevin et al. (1983) trained pigeons to a two-component multiple schedule where 

a green and red light signaled either a richer or leaner reinforcement schedule (Nevin et al., 

1983). When disrupted by providing response independent food between components or 

by extinction, the discriminative stimulus associated with the richer reinforcement 

schedule showed the greatest resistance to change (Nevin et al., 1983).  

 

The conclusion that resistance to change is directly related to the signaled rate of 

reinforcement has one exception: when a response is reinforced continuously it usually 

extinguishes faster than if that response was reinforced intermittently (Mackintosh, 1974). 

With intermittent or partial reinforcement, responding persists in extinction because the 

animal has learned to anticipate not all responses will be reinforced, and makes 

discrimination between reinforcing and extinction conditions more difficult (Mackintosh, 

1974; Thrailkill et al., 2016). In contrast, under continuous reinforcement, it is more readily 

detectable when the reinforcement schedule changes to extinction (i.e., no reinforcement).  

 

Although not published in a peer reviewed study, my personal experience is that trainers 

typically utilize an intermittent schedule of reinforcement to enhance resistance to 
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extinction, although there is discrepancy as to what is the optimal schedule of 

reinforcement. Nevin (2012) suggests the discrepancy between BMT and Partial 

Reinforcement Extinction Effect (PREE) during extinction results from the discrimination 

of the transition from a continuous reinforcement schedule to extinction (Nevin, 2012). 

There is limited research observing the effects of intermittent reinforcement schedules for 

detection dogs, but I would hypothesize that if a rich intermittent reinforcement schedule 

is utilized during training, the dog would be more resistant to extinction in an operational 

setting under extinction compared to receiving continuous reinforcement during training. 

The potential success of intermittent reinforcement in training depends on the type of 

detection dog because if the dog will be reinforced on a rich schedule operationally, then 

having the dog on an intermittent reinforcement schedule may not be necessary. However, 

if the detection dog will be under extinction in an operational setting, it may be more 

advantageous to having the dog on an intermittent schedule during training. Nonetheless, 

more parametric research is needed to determine which schedule of reinforcement is more 

resistant to extinction for various detection dog scenarios.  

 

Another important training variable is the timing between the response and reinforcer may 

perhaps also be important to research. Reinforcement is considered to be delayed when 

there is any  period of time between the response producing the reinforcer and the 

subsequent reward (Lattal, 2010). Dogs learned a novel sniffing task faster with a 0s delay 

from the time their nose was inserted into the container to being rewarded compared to a 

1s delay where only 40% of the dogs learned the task (Browne et al., 2013). Based on the 

limited research in reinforcement delay, it appears the timing of the reward may be most 
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critical when initially training a dog to detection and more research is needed examining 

the effect of reinforcement delay in trained dogs.  

 

Concluding notes 

Detection dogs serve as a critical partner in several different organizations. Detection dogs 

are trained using a stimulus-response chain with two links. The first link is the dog being 

initiated to search (perhaps a handler command) and the dog continues to search until 

encountering the target odor. That target odor serves as conditioned reinforcer for the 

search, and occasions the second link behavior, an alert. This alert leads to the terminal 

reinforcer of the handler rewarding the dog. The dog can fail in the first response chain 

when the search behavior undergoes extinction. One potential way to mitigate this 

decrement is training an appetitive conditioned stimulus with Pavlovian instrumental 

transfer which is discussed in Chapter 4. The dog can also fail in the second response chain 

when the dog is incapable of discriminating the target odor, potentially due to lack of 

generalization of various odor concentrations that differ from the target odor. Chapter 2 

discusses how explicitly training dogs to lower concentrations improves dog’s limit of 

detection which may be one potential way to mitigate the failure in the second response 

chain. Chapter 3 discusses the importance of olfactory generalization across concentrations 

in dogs and how it can be applied to different detection dog organizations. This dissertation 

details several different methods of training to enhance the detection dog’s olfactory 

performance. Detection dogs are literally saving lives and it is of the upmost importance 

that researchers continue to study detection dogs to improve their olfactory performance as 

well as their welfare so these dogs can continue to make a significant impact in the world.   
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Chapter 2 

 

TRAINING WITH VARYING ODOR CONCENTRATIONS: IMPLICATIONS 

FOR ODOR DEETECTION THRESHOLD IN CANINES 

 

Published in Animal Cognition March 1, 2021, https://doi.org/10.1007/s10071-021-01484-

6 

 

Abstract 

Detection dogs are required to detect trace quantities of substances, many times in the parts 

per billion or parts per trillion concentration range. Frequently, detection of trace quantities 

is not explicitly trained but rather assumed when dogs show proficiency at higher 

concentrations to which they are trained. The aim of this study was to evaluate the effect 

of the odor concentration of the training sample on the minimum concentration dogs will 

subsequently detect. We expected that dogs may not spontaneously generalize to trace 

odor concentration when trained with higher concentrations, but when trained to a range 

of lower concentrations, dogs will show superior detection to lower untrained 

concentrations. A total of 11 dogs were randomly assigned to 2 groups and were trained to 

alert to isoamyl acetate at 0.01% odor dilution (v/v with mineral oil)  using a 3-alternative 

forced choice test. Once reaching proficiency, odor detection threshold was assessed using 

a 2-down 1-up descending staircase procedure. Next, experimental dogs received training 

with systematically lower concentrations of isoamyl acetate and threshold re-assessed. 

Control dogs were yoked to experimental dogs in terms of training time, but only received 

training to the 0.01% dilution between threshold assessments. Experimental dogs showed 

significantly improved detection thresholds, outperforming control dogs by detecting an 

average dilution about 100-fold lower. Results suggest that explicitly training for lower 

concentrations is critical for generalization for trace odor detection.  
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Introduction 

For centuries, military and now civilian dog-handlers have utilized dogs for a myriad of 

detection jobs for chemical stimuli such as explosives (Furton, 2001; Gazit & Terkel, 

2003; Lazarowski & Dorman, 2014a), narcotics (Marks, 2002; Riva et al., 2012), human 

odor (Alexander et al., 2011; L. E. Gordon, 2012, 2015; Greatbatch et al., 2015; Slensky et 

al., 2004), and wildlife scat  (Cablk & Heaton, 2006; Cristescu et al., 2015; Dematteo et 

al., 2009; Reed et al., 2011; Smith et al., 2005). Despite the well-known use and 

importance of detection dogs, little research has been published on the limits of detection 

(see Passe and Walker 1985). The olfactory sensitivity, or threshold, is the minimum 

concentration of an odorant that is detectable (Krantz, 1969). For example, amyl acetate (a 

commonly researched odorant because of its high volatility and is safe to handle) has a 

varied range of olfactory thresholds reported in dogs: 50 ppb (Krestel et al., 1984) and 

6.15–0.21 ppt  (Walker et al., 2006). Furthermore,  dogs’ threshold detection limits have 

been shown to be quite variable across odorants and sometimes unexpectedly higher than 

that of humans (McGann, 2017). The origin of this high variability in canine thresholds is 

unknown, but could relate  to methods of calculating odor concentration (Ashton et al., 

1957; Moulton et al., 1960; Passe & Walker, 1985), tools used to dilute the odorant, or 

perhaps training technique (Walker et al., 2006).  

 

When training professional detection dogs, trainers do not have a simple way to manipulate 

odor concentration of solids (e.g., explosives). This could potentially be problematic if the 
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dog is expected to detect significantly lower concentrations from the training stimulus, 

such as when the target material is nefariously concealed. In humans, changes in odor 

concentration of 100-fold or more has been associated with quality perceptual changes, 

in which participants rated odorants of varying concentration to be as different as other 

chemicals in a same-different task (Gross-Isseroff & Lancet, 1988).  

Generalization is a process that groups similar stimuli into functional categories that are 

perceived to share the same contingency (Shepard, 1987).  Generalization, as a process, 

produces responding for stimuli similar to, but different from, the original training 

stimulus. Generalization across stimuli that vary in a single dimension (e.g., sound 

frequency, spatial location, wavelength of light, and odor mixture) have been well studied 

in various species (Cheng, 1969; Guttman & Kalish, 1956; Moser et al., 2019; Wright et 

al., 2008). In these studies, a systematic relationship between a quantitative change in the 

stimulus and the probability of a response is frequently observed, yielding a 

generalization gradient (Guttman & Kalish, 1956). In a generalization gradient, 

responding is highest to the trained stimulus and systematically decreases with increasing 

dissimilarity of the stimulus in either direction from the trained stimulus (Guttman & 

Kalish, 1956; Guttman, 1959).  

With olfactory stimuli, however, frequently, there is no single dimension upon which the 

stimulus can be described. One notable exception is with carbon chain length, in which 

an odorant with a common functional group can vary with the length of the carbon chain 

(e.g., ethanol, propanol, butanol, pentanol, etc.). It has been repeatedly shown across a 

variety of species a systematic relationship between the similarity of the odorant to the 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 25 

train stimulus and the probability of a response (Hall et al., 2016; Linster & Hasselmo, 

1999; Marshall et al., 1981). Furthermore generalization gradients have also been 

observed when testing different ratios of odor mixtures (Wright et al., 2008; Wright & 

Smith, 2004) and odorants with different functional groups with similar carbon chains 

(DeGreeff et al., 2020), suggesting that odorants stimuli do follow a generalization 

gradient similar to other sensory stimuli. Interestingly, there is little research analyzing 

generalization of odor stimuli varying in concentration in dogs. Generalization from a 

trained odor to concentrations tenfold lower than the trained odorant has been 

demonstrated in rodents; however, significantly less responding occurred to 

concentrations that differed by anything more than tenfold (Cleland et al., 2009). This 

indicates that generalization across concentrations might only occur for a limited range 

of concentrations. In other sensory domains (e.g., audition, vision), generalization 

gradients do occur for changes in stimulus intensity (e.g., loudness and brightness), 

except that they tend to lead to asymmetrical responding. Animals frequently generalized 

to more intense stimuli than the training stimulus, despite their dissimilarity, but show a 

typical decreasing pattern as the stimulus intensity decreases (Ghirlanda & Enquist, 

2003). Based on this, we hypothesize that dogs may not respond to low concentration 

odorants if only trained with a high concentration target. Furthermore, we expect they 

may learn to respond to lower (untrained) concentration odorants if explicitly trained with 

exemplars of the odor at the lower concentrations. 

Research exploring dogs’ generalization to various odorants is a significant need for 

detection dog applications (Moser et al., 2019). Detection dogs can feasibly only be 
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trained on a limited set of target odors but need to be able to respond to a broad range of 

variations of the odorant they may encounter in operational environments. Importantly, 

dogs have previously been shown to make several important olfactory generalization 

failures, such as when trained to one compound they failed to detect a highly related 

compound or even the same compounds produced from different manufacturers (Cerna 

et al., 2011; Lazarowski et al., 2015). An example is when dogs were trained with pure 

trinitrotoluene samples, they could not successfully generalize to trinitrotoluene targets 

that were of different origins (Cerna et al., 2011). Furthermore, dogs may not generalize 

well from being trained on components of explosives to explosive odor mixtures 

(Fischer-Tenhagen et al., 2017; Hall & Wynne, 2018; Lazarowski & Dorman, 2014).  

Generalization across odor concentrations in dogs, however, remains largely unexplored. 

Therefore, the aim of the present study was to determine how the concentration of the 

training stimulus influences detection threshold measurements. We hypothesize that 

training on lower dilutions will enhance dogs’ generalization to lower (untrained) odor 

concentrations and lead to systematically improved thresholds compared to yoked-

control dogs with equivalent amounts of training to just one concentration of the odorant.    

Methods 

Animals 

 Eleven mixed breed dogs were utilized and housed at Texas Tech University Canine 

Olfaction Lab and participated in a training program to increase adaptability. Dogs’ 

backgrounds were unknown, but all dogs were presumably naive to detection training. 
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Dogs received twice daily walks, social enrichment, and training period procedures were 

reviewed and approved by the Texas Tech University institutional animal care and use 

committee (ACUC# 19085-10).  

Experimental design 

 Dogs were pseudo-randomly assigned to an experimental group (EXP) or a yoked-control 

group (CON) (See Table 2.1). Six EXP dogs were trained on 10-2 v/v isoamyl acetate 

dilution in mineral oil for the first training phase, 10-3.5 v/v isoamyl acetate dilution for 

the second training phase, and 10-5 v/v isoamyl acetate dilution for the third training 

phase, with three threshold tests intervening each training phase.   

Table 2.1. Odorant concentration for the experimental and control groups during the three 

different testing phases. Dilution factors shown as the mL/mL liquid dilution in mineral 

oil 

 Phase 1 Phase 2 Phase 3 

 Train  Threshold  Train  Threshold  Train Threshold  

Experimental 0.01  Test 1 0.0003 Test 2 0.00001 Test 3 

Control 0.01  Test 1 0.01 Test 2 0.01 Test 3 

  

Five CON dogs (one dog failed initial training) were trained on 10-2 v/v isoamyl acetate 

dilution for three training phases, with three threshold tests intervening each training 

phase. The length of the training phase for each control dog was yoked to the length of 

the training required for an experimental dog to reach criterion (described below), to 
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ensure equivalent training time across groups. One dog did not meet 86% or greater 

accuracy criterion, and therefore, one experimental dog did not have a yoked-control dog.  

Apparatus 

 The base of the linear three-alternative forced choice task was painted wood, 2.3 m in 

length, and each odor port was PVC pipe (5.75 cm inner diameter) placed 0.91 m apart. 

The device contained up to five ports for use, but only three were utilized for this 

experiment (i.e., held jars) leaving three evenly spaced ports (See Fig. 2.1). Dogs never 

alerted to the unused ports and the ports were not considered further to reduce the dog 

from coming into contact with the glass jars, a 0.15 x 0.15 m piece of charcoal fiberglass 

screen (Model #30000032, Phifer, HomeDepot) was fashioned to the PVC cap with a 

rubber band. The PVC cap was cleaned each day with dawn soap and placed in a 

dishwasher to sanitize. The screen and rubber band were changed after every trial when 

the dog came in contact with it an in between dogs. The screen and rubber band were 

soaked in an Alconox® powdered precision cleaner (Detergent Powder 21835-123, 

VWR) solution for 24 h, rinsed with reverse osmosis water and then dried in an oven.  

Training procedure 

 Dogs worked with the same handler and trained and tested in the same experimental 

room.  Dogs were initially trained to the three-alternative forced choice task by placing a 

piece of food in one of the older ports until the dog learned to search in each odor port. 

Afterwards, shaping to the target odor, isoamyl acetate, with a clicker and food reward, 

was repeated until the dog indicated on the correct odor port. Dogs were not forced to 
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alert via a specific behavior; therefore, the topography of the alert varied, but most alerts 

were a focused stare (Fig. 2.1). The dog handler, Experimenter 1, would call out the 

location of the dog’s alert an Experimenter 2 would confirm the location. Experimenter 

2 was facing away from the dog and not visible to the handler during the entire study. 

Between trials (out of sight of the dog and handler), Experimenter 2 would rearrange (i.e., 

remove and reposition the glass jars) the line up with the appropriate order stimuli. The 

same jars would be used per day of testing but were prepared new each day.  

 Once 86% or greater accuracy was achieved in this preliminary phase under double- blind 

conditions, the dogs moved to the training phase. Each training phase was comprised of 

sessions of 40 trials per day. The target odor location was pseudorandom such that the 

target odorant was not in the same location for more than three trials in a row. Dogs met 

criterion for each training phase when accuracy was 86% or greater averaged over two 

consecutive days (69 out of 80 trials, probability of correct response = 0.33, binomial test, 

p < 0.00001).  

Odor sample preparation 

 All dogs were trained to detect the odor and isoamyl acetate (CAS 123-92-2; ≥ 99% Acros 

Organics, A0376847) diluted in mineral oil (Bluewater Chemgroup, Fort Wayne, IN) at 

different concentrations. A half-log serial dilution series of the odorants starting at a 

dilution factor of 10-2 (volume/volume; 0.1 mL isoamyl acetate in 9.9 mL mineral oil) 

was utilized. The starting dilution factor yields a 0.067 mol/L isoamyl acetate 

concentration. All dilutions were made as volume/volume dilutions, and hereafter, use 

the dilution factor as the primary measure of the odor stimulus. All half-log serial dilution 
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steps were made in a clean 125 mL amber expansion borosilicate glass with solid PTFE 

disc inserted in the polypropylene cap (38 mm cap, Product #1122-0004, QECUSA, 

Beaver, WV). Two controls, each made up of 10 mL of mineral oil, were placed in 

identical clean glass jars. All controls in half-log serial dilution steps were made at the 

same time and were stored closed for 24 h prior to training and testing sessions. The target 

odor and controls were opened and placed in a linear three-alternative forced choice task. 

The glass jars and polypropylene caps were cleaned with several steps: first, jars and caps 

were scrubbed with warm water in Ultra Dawn soap (Procter and gamble) and then rinsed 

with reverse osmosis water and placed in a 85°C ultrasonic bath water with Alconox® 

detergent solution for 15 min; second, jars and caps were placed in a dishwasher to 

sanitize with Alcojet® low foaming powdered detergent (Detergent Powder 21834-051, 

VWR); finally, jars and caps were rinsed with reverse osmosis water and placed in an 

oven 80°C to dry.   

Threshold testing 

 A threshold testing period of two sessions followed each training phase. Each threshold 

testing session was a two-down one-up descending staircase of half-log dilutions starting 

at the train concentration. In this method, if two consecutive correct responses were made, 

the concentration of the target odorant was decreased to the next dilution step (half-log 

dilution). If the dog made a single incorrect response, the concentration would be 

increased (half-log dilution) for the next trial. Testing continued until 6-reversals 

(direction in concentration change) occurred or the session ended after 40 trials. If a dog 

failed to reach the 6-reversal criterion within the 40 trials, testing resumed the following 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 31 

day starting where the previous session finished. This only occurred one time. Each 

threshold test was replicated once on the following day. All testing periods were video 

recorded for interobserver agreement on the odor port indicated.  

 One dog, Two Socks, repeated the second phase of training and threshold testing, because 

initial threshold testing revealed no concentration the dog could not detect. Further testing 

revealed he was picking up on a cue of newly changed screens between trials. Thus, 

thereafter, all three older ports screens were changed identically for each trial, and the 

performance returned to expected, with a failure at low concentration. Only data from the 

second session was included (i.e., excluded data from session where the dog used 

inadvertent cues). All other dogs showed a failure to respond to diluted odorants, even 

when the same reinforcement contingencies remained in place, indicating they were not 

utilizing unintentional cues.  

Statistical analysis 

 A mixed-effect regression model was utilized to evaluate the fixed effects of group (CON 

and EXP), threshold test phase that differed in concentration trained (Test 1, 2, or 3), day 

of threshold testing (session 1 vs. session 2) in an interaction between group and threshold 

test number. A random effect of dog ID was included. The dependent variable was the 

threshold concentration reached, calculated as the average of the six reversals for that 

training session. Modeling was performed using the lmerTest package (Kuznetsova et al., 

2017) in R (R version 3.5.1, https://r.project.org; R Core Team 2018). Posthoc Tukey-

corrected tests were utilized for group comparison at each training dilution phase 

(lsmeans package: Lenth 2016). Pearson's correlation was utilized to evaluate the 
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correlation between the 1st and 2nd threshold assessments that a curd between each 

training phase to assess test-retest reliability of the threshold procedure. A blind observer 

scored 20% of the testing sessions. Inter-class correlations were calculated using the ICC 

function of the psych package in R (Revelle 2018) and was 0.856.   

Results  

 Following initial training/qualification, the average number of days of training for phase 

one and two was 3 days and for phase three was 4 days. The control dogs had the same 

number of training days as the experimental dogs, as each control dog was yoked to one 

experimental dog. Overall thresholds showed good test-retest reliability (r = 0.721, t = 

5.808, df = 31, p = 0.0000021; Fig. 2.2). 

 Figure 2.3 shows the change in liquid dilution threshold for each group across the three 

threshold tests. There was no significant difference between the 1st and 2nd threshold 

measurement on consecutive days [F (1,50) = 0.008, p = 0.93]. This variable was, 

therefore, removed to simplify the model and aid in interpretation. In the reduced model, 

there was a significant group by training concentration interaction [F (2,51) = 6.55, p = 

0.0029]. There was no statistically significant threshold difference between the control 

an experimental group during the first phase of testing (t = -0.319, df = 34, p = 0.75), 

when both groups were trained to the same concentration (10-2 dilution). For Test 2, 

where the control dogs were trained again at 10-2 dilution and experimental dogs were 

trained at 10-3.5 dilution, dogs in the experimental group showed a lower mean threshold 

than the control group, but this difference was not yet statistically significant (t = 0.871, 

df = 34, p = 0.389). For Test 3, where the control dogs were again trained at 10-2 dilution 
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and experimental dogs were trained at 10-5 dilution, threshold testing showed that 

experimental dogs outperformed control dogs (10-1.990 dilution improvement, t = 4.119, 

df = 34, p = 0.0029). 

 When comparing changes within each group, the control group did not show signs of 

improvement from the first training phase to the second training phase (10-0.759 dilution 

improvement; t = -1.675, df = 51, p =0.554), but the experimental group did show 

evidence for improvement (10-1.334 dilution improvement, t = -3.226, df = 51, p = 0.0253). 

Again, there was no difference in the control group from the second training phase to the 

third training phase (10-0.05 dilution improvement; t= -0.11, df = 51, p = 1.00) or when 

looking for improvement from the first to the third threshold test (10-0.809 dilution 

improvement; t= -1.785, df = 51, p = 0.484). In contrast, the experimental group improved 

from the second training phase two the third training phase by 10-1.619 dilution (t = -3.914, 

df = 51, p = 0.0035) and from the first training phase to the third training phase by 10-

2.953 dilution or ~900-fold improvement (t= -7.140, df = 51, p < 0.0001; Fig. 2.3). The 

experimental dogs’ threshold showed in progressive improvements with decreased 

training dilution. 

Discussion 

 Overall, the present results highlight that decreasing training dilution improved the 

threshold for experimental dogs. Importantly, however, the yoked-control dogs with 

identical amounts of training trials, did not show improved performance. This highlights 

the importance of the concentration of the training material on the measured limit of 

detection of the dog.     
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 There are several important limitations to the present study. First, a handler was utilized 

to call out the location of the odor port the dog was alerting towards. It is critical to note 

that the handler did not know the location of the isoamyl acetate in the lineup, making 

this limitation minor. Second, the duration of testing was only three phases due to the 

time and cost constraints. It is possible that we could have seen further improvement in 

threshold in both the CON and EXP dogs with an increase in training. Many olfactory 

perceptual learning studies demonstrate that repeated exposure is a critical factor in 

developing olfactory sensitivities (Hall et al., 2014; Mandairon et al., 2006; Salcedo et 

al., 2005; Walker et al., 2006). A final limitation was the method of dilution. Use of liquid 

dilution can be inconsistent and is generally less preferred than air delusion; however, 

this unlikely had significant impacts on the present results given the method of delusion 

was consistent across our experimental and control groups.  

 It remains unclear whether the training with the lower concentrations in the experimental 

group lowered the physiological detection limit through sensitization (Yee & Wysocki, 

2001) or enhanced generalization to lower concentrations through a more cognitive 

mechanism (i.e., physiological sensitivity did not change). Research in humans has 

highlighted that odorants with a 100-fold difference in concentration can be perceived as 

qualitatively different (Gross-Isseroff & Lancet, 1988). Based on this, we hypothesize 

that training at lower concentrations enhanced their generalization to the lower 

concentration odorants that may have been perceived as qualitatively different, but it is 

unclear if the physiological detection capacity was also changed. In animal categorization 
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studies, the similarity between target stimuli within a category is important in producing 

successful categorization (Astley & Wasserman, 1992; Sloutsky, 2003; Zentall et al., 

2008). The present data highlight that perhaps providing dogs with multiple exemplars 

of the target odorant at varying concentration and reinforcing these variations as the 

“target”, may have enhanced the similarity between the odorants, even if perceived 

qualitatively different. It is interesting to note, that the average threshold measure tended 

to remain about a 100-fold lower than the training dilution for the experimental group 

(see Fig. 2.3), which may suggest behavioral generalization was playing an important 

role rather than physiological enhancement of the olfactory system. However, this study 

cannot rule out or determine whether physiological changes were responsible or also co-

occurring to improve detection. The present study was not designed to address this 

question, but it would be important in future work, to determine whether the mechanism 

involved direct changes in physiological sensitivity (Yee & Wysocki, 2001), or changes 

through more cognitive mechanisms such as generalization.  

 In conclusion, the present results indicate that training with an increasingly diluted 

isoamyl acetate concentration improved the dogs’ olfactory limit of detection. 

Furthermore, control dogs trained with the same concentration for the same number of 

sessions did not show similar levels of improvement and had poorer detection limits than 

the experimental dogs. Overall, the present results suggest that threshold limits improve 

with explicit training at lower concentrations of the odorant, suggesting that stimulus 

concentration may be important dimension for generalization to consider for detection 

dogs.  
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Figure 2.1. An experimental dog (R2D2) alerting with a stare to the second position in 

the three-choice forced device. Although there are five odor ports, only three ports were 

utilized for sufficient spacing. 
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Figure 2.2. Threshold test re-test reliability. Threshold for each session (assessment 1 

and 2) was obtained by taking the average of the last 6 reversal points from each session. 

Point shows the threshold obtained during the first and second session for each dog for 

each Phase (test 1, 2 and 3). Line shows best-fit regression. Overall test re-test correlation 

was r = 0.72.  
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Figure 2.3. Threshold shows progressive improvement for experimental dogs whereas 

yoked-control dogs showed no improvement. Test 1, 2, 3 represent the three threshold 

assessments between training phases. Line shows the mean taken across dogs and the two 

individual threshold assessments (sessions) taken for each testing phase. Horizontal lines 

indicate the concentration of the training odorant for that test. Error bars show 95% 

Confidence Interval, with a line through the mean.  
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STIMULUS CONTROL OF ODORANT CONCENTRATION: PILOT STUDY OF 

GENERALIZATION AND DISCRIMINATION OF ODOR CONCENTRATION 

IN CANINES 

Published in Animals January 28, 2021 https://doi.org/10.3390/ani11020326 

 

Abstract 

Despite dogs’ widespread use as detection systems, little is known about how dogs 

generalize to variations of an odorant’s concentration. Further, it is unclear whether dogs 

can be trained to discriminate between similar concentration variations of an odorant. Four 

dogs were trained to an odorant (0.01 air dilution of isoamyl acetate) in an air-dilution 

olfactometer, and we assessed spontaneous generalization to a range of concentrations 

lower than the training stimulus (Generalization Test 1). Dogs generalized to odors within 

a 10-fold range of the training odorant. Next, we conducted discrimination training to 

suppress responses to concentrations lower than a concentration dogs showed initial 

responding towards in Generalization Test 1 (0.0025 air dilution). Dogs successfully 

discriminated between 0.0025 and 0.01, exceeding 90% accuracy. However, when a 

second generalization test was conducted (Generalization Test 2), responding at the 0.0025 

concentration immediately recovered and was no different than in Generalization Test 1. 

Dogs were then tested in another generalization test (Compound Discrimination and 

Generalization) in which generalization probes were embedded within discrimination 

trials, and dogs showed suppression of responding to the 0.0025 concentration and lower 

concentrations in this preparation. These data suggest dogs show limited spontaneous 

generalization across odor concentration and that dogs can be trained to discriminate 
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between similar concentrations of the same odorant. Stimulus control, however, may 

depend on the negative stimulus, suggesting olfactory concentration generalization may 

depend on relative stimulus control. These results highlight the importance of considering 

odor concentration as a dimension for generalization in canine olfactory research. 

 

Introduction  

The highly developed olfactory system of dogs has been utilized in the applications of 

explosives detection (Furton, 2001; Gazit & Terkel, 2003; Lazarowski et al., 2015; Oxley 

& Waggoner, 2009), narcotics detection (Bird, 1997; Jezierski et al., 2014), cancer 

screening and detection (Gordon et al., 2008; McCulloch et al., 2006; Moser & McCulloch, 

2010; Willis et al., 2004) and conservation related detection (Cablk & Heaton, 2006; 

Greatbatch et al., 2015; Reed et al., 2011). This widespread use of canines for a variety of 

industries and agencies highlights the need for basic research understanding canine 

olfactory perception in how to optimize canine training for detection of highly specific 

targets.  

 

Olfactory generalization, or making the same behavioral response to variations of a learned 

odor (Hall & Wynne, 2018), is a key behavioral phenomenon in need of further research 

for a variety of detection dog applications. For example, dogs trained to one type of 

oxidizer common in improvised explosive device (e.g., ammonium nitrate) also need to be 

able to respond to chemically related oxidizers (e.g., calcium ammonium nitrate) or the 

same oxidizer when mixed with other materials; however, dogs often fail to spontaneously 
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generalize across these odor variations (Hall & Wynne, 2018; Lazarowski et al., 2015; 

Lazarowski & Dorman, 2014).  

 

Predicting the degree or magnitude of generalization to different olfactory stimuli can be 

challenging, because predicting odor “similarity” from chemical structure is not always 

successful. In non-olfactory domains, generalization across a single stimulus dimension 

(e.g., hertz for tone or wavelength for light) shows a predictable generalization curve 

(Ghirlanda & Enquist, 2003; Guttman & Kalish, 1956) in which the highest levels of 

responding occur to the trained stimulus with systematically less responding to increasingly 

dissimilar stimuli (of higher or lower values) following a Gaussian-like curve. Such 

generalization curves have rarely been described or tested for olfactory stimuli, except for 

a few notable exceptions. Generalization across odorants with the same functional group 

but vary in the length of the carbon chain follows a predictable generalization gradient 

(Hall et al., 2016; Laska & Freyer, 1997; Laska & Hübener, 2001; Yoder et al., 2014). In 

addition, honeybees show a predictable pattern of generalization from made trained binary 

odor mixture to systematically varying ratios of the binary odor mixture (Wright & Smith, 

2004). 

 

Interestingly, little work has investigated odor concentration as a dimension for 

generalization. Perceptual constancy a cross odor concentration is important for animals to 

track and locate natural odorants at varying distances from an odor source (Cleland et al., 

2012), all the little research has evaluated animals’ spontaneous recognition of odors across 

varying concentrations. In non-chemosensory stimuli, research has previously shown that 
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changes in stimulus intensity produce asymmetric generalization curves, showing typical 

Gaussian generalization for less intense stimuli, but flatten high response for more intense 

stimuli (Ghirlanda & Enquist, 2003).   

 

Little work, however, has utilized olfactory stimuli. In humans, changes in odor 

concentration of 100-fold or more can be perceived as producing a different odor quality 

that is as different as a new chemical (Gross-Isseroff & Lancet, 1988). Further, research 

suggests that rodents generalize from a trained odor to concentrations 10-fold lower (or 

greater) than the trained odorant but show significantly lower responding beyond a 10-fold 

change in concentration (Cleland et al., 2009, 2012). 

 

To what degree animals can be trained to generalize or discriminate odor concentrations 

that are within a perceptually similar range has yet to be tested, to our knowledge. Further, 

this information would have important implications for the use and capabilities of detection 

dogs. For example, in the detection dog handler community it is frequently, but 

anecdotally, reported that dogs may show great proficiency in detecting a target odor at a 

concentration they are familiar with, but failed to show interest when the odor is presented 

at a different concentration.  

 

Another important application is for when dogs are trained in certain detection applications, 

such as oil spill remediation. Dogs trained to detect oil from leaking pipes or spills are 

deployed to rapidly identify and screen for potential oil sources that require remediation. 

However, it may not be uncommon for trace concentrations of oil to appear when 
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remediation may not be feasible, and, thus, dogs need to be trained to ignore such trace, 

yet detectable, concentrations and respond only to concentrations exceeding some 

threshold. However, little research has investigated such procedures for training this type 

of olfactory discrimination, although such learning induced changes to generalization 

gradients have long been known for visual stimuli (Guttman & Kalish, 1956; Guttman, 

1959). 

 

The aims of this project were therefore: (1) to assess dogs’ spontaneous generalization to 

lower concentrations of a trained odorant (i.e., the range of lower concentrations dogs alert 

to without explicit/ additional training to different concentrations); and (2) to evaluate 

whether training can suppress responding to a concentration to which dogs spontaneously 

generalized, while maintaining responding to higher concentrations.   

 

Materials and Methods 

Animals. Four mixed breed dogs (see Table 3.1) were utilized and housed at Texas Tech 

University Canine Olfaction Lab and were participating in a training program to increase 

adoptability. Dogs were sourced from two local animal shelters and were housed with 

indoor and outdoor kennels. Dogs’ backgrounds were unknown, but all dogs were 

presumable naive to detection training. Dogs received twice daily walks, social enrichment 

and training. Procedures were reviewed and approved by the Texas Tech University 

institutional animal care and use committee (ACUC# 20010-01). 
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Table 3.1. Description of dogs.  

Dog ID Approximate Age (Years) Approximate Weight (kg) Visual Breed Estimate  
Reproductive 

Status 

Wednesday 1 19.00 Labrador Retriever Mix Spayed Female 

Morticia 1 22.65 Labrador Retriever Mix Spayed Female 

Pedro 2 25.50 Pit Mix Neutered Male 

Hugo 2 22.85 Pit Mix Neutered Male 

 

Air Dilution Olfactometer. To measure thresholds, and air dilution olfactometer that 

produces one diluted or clean airline was used (see Figure 3.1). This device takes clean 

compressed “zero” air and utilizes Alicat® (Tucson, AZ, USA) gas mass air flow 

controllers to do a serial air dilution of an odorant held in a glass vial designed for volatile 

organic compound sampling that rested in a temperature-controlled bath at 38°C. All odor 

whetted parts are made of Polytetrafluoroethylene (PTFE, Teflon), stainless steel 316 and 

glass per olfactometry standards. A final stimulus flow rate of 10 L/min was used for all 

odor concentrations and clean air stimuli. The final odor port was constructed of PTFE. 

The odor port was wiped and cleaned daily with water and ethanol.  
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Figure 3.1. Schematic of the air-dilution olfactometer. Air flow path is shown from left to 

right and dog is shown evaluating the odor port. Briefly, compressed zero air is used to 

collect odorant from a sealed glass odorant jar in a water bath. The vapor stream is then 

systematically diluted using mass air flow controllers and turbulent static mixers. The odor 

line is then delivered to the odor port.  

 

Odorant. All dogs were trained to detect isoamyl acetate (CAS #123-92-2). To reduce 

contamination within the olfactometer, the odorant was pre-diluted in mineral oil to a liquid 

dilution of 10-2.5 v/v. The odorant was prepared fresh weekly.  

 

Odorant delivery validation. To validate odorant delivery prior to the experiment, a 10-2 

v/v dilution of isoamyl acetate was used to generate odorant stimuli to be read by a photo-

ionization detector (PID, 200b miniPID, Aurora Scientific® (Aurora, ON, Canada)). The 

miniPID was placed in the odor port (medium gain, high pump) where a dog would place 

its nose. The mean of 200 samples at each of five different concentrations (0.1, 0.07, 0.05, 

0.025 and 0.01) was taken during the stable phase of odor activation to create a calibration 

curve using the mean PID voltage reading with the theoretical vapor dilution generated. 
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The range of vapor dilutions used was higher than the range of concentrations presented to 

the dog, so that the odorant was sufficiently concentrated to be readable by the PID. 

Extrapolation to lower concentrations outside the PID reading range was assumed.  

 

Preliminary training period. Dogs were trained on a Go/No-Go task. Dogs were presented 

with a polytetrafluoroethylene odor port approximately 51 cm from the ground, an exhaust 

line to remove the odorant, infrared sensors to detect dog presents and a retractable lever 

that was present during the entire session. An automated cover restricted access to the port 

between trials, such that the dogs were only able to access the odor port during designated 

periods. The intertrial interval (ITI) was 20 s and the automated cover prevented access to 

the odor port during the ITI. An exhaust fan evacuated residual odor during the ITI and the 

olfactometer initiated the odor (or no odor) presentation for the subsequent trial during the 

ITI, such that, at the end of the ITI, this target odor concentration was ready for the next 

trial.  

 

An automated feeder (SuperFeeder™, Mount Juliet, TN, USA) rewarded dogs for correct 

responses. The target odor was presented as a 0.01 air dilution of the diluted isoamyl acetate 

odorant (10-2.5 v/v). Dogs “alerted” by holding their nose in the odor port for 3 s, measured 

by infrared beams, or by pressing the lever. Three dogs tended to make a “nose hold” 

response, whereas one dog made mostly lever presses. Both responses were counted as 

“indication” responses and were provided as options to suit the dog’s preference for a more 

active or passive alert. The “no-go” response was comprised of not holding their nose in 

the odor port for more than 3 continuous seconds and by not pressing the lever.  
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Dogs were initially trained to the automated go/no-go device by placing a piece of food in 

the odor port until the dog learned to insert their nose. Afterwards, shaping to the target 

odor, isoamyl acetate, with a clicker and food reward was repeated until the dog indicated 

on the odor in the port. Dogs were taught to “alert” by either holding their nose in the odor 

port for 3 s or by pressing the lever. The final response was determined simply by which 

the dog learned 1st and both responses were allowed. Dogs were trained to press the lever 

by placing a piece of food on the lever until the dog learned to press with its nose.  

 

Continuous Reinforcement Training. Once dogs learn to operate the olfactometer 

independently (without experimenter assistance an experimenter outside of the testing 

area), they were trained in 40 trial sessions to discriminate clean air from a 0.01 air dilution 

of the odorant, completely under computer control (see Table 3.2). Correct responses (hits 

and correct rejections) where reinforced with delivery of a treat from an automated feeder. 

Misses and false alarms were not reinforced. If dogs made two consecutive incorrect 

responses of the same type (miss or false alarm) without an intervening correct response, a 

correction was conducted. Instead of terminating the trial without food for the incorrect 

response, the olfactometer continued to present the stimulus until the dog made the correct 

response (made an alert or rejection response). The trial was still scored as incorrect, but 

these trials were used to maintain motivation if multiple incorrect responses were made. 

Once dogs achieved 75% accuracy or higher for two consecutive sessions (binomial test, 

p < 0.0001), dogs moved on to intermittent reinforcement training.  
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Table 3.2. Training sessions conducted. The target stimulus (alerts reinforced) and non-

target stimulus (no-go response reinforced) or the trials are shown. The training is shown 

in the order in which it was conducted (top to bottom).  

Training Phase (In Order) 
Target Odor 

Dilution(S+) 

No-Response Stimulus 

Dilution (S-) 
Probes? 

Continuous Reinf 0.01 0.00 No 

Intermittent Reinf 0.01 0.00 No 

Generalization Test 1 0.01 0.00 Yes 

Concentration Discrimination 0.01 0.0025 No 

Generalization Test 2 0.01 0.00 Yes 

Compound Generalization Test 

and Discrimination 
0.01 0.0025 Yes 

 

Intermittent Reinforcement Training. After successfully reaching criterion with continuous 

reinforcement, dogs were adjusted to an intermittent schedule of reinforcement in which 

the probability of reinforcement for any correct response was uniform at 0.8 (see Table 

3.2). The purpose of these sessions was to adjust dogs to expect that not all responses to 

the target odor, or all no-go responses to the clean stimulus, will be reinforced. This is 

important for the subsequent generalization testing where non-reinforced probes are 

inserted as 20% of the trials. First, intermittent reinforcement training was used to prepare 

dogs to not receive feedback (reinforcement) on 20% of trials. Dogs received two 

consecutive sessions of intermittent reinforcement training to prepare for generalization 

testing.  

 

Generalization Test 1. Immediately following intermittent reinforcement training, dogs 

underwent eight 40-trial sessions of generalization testing (see Table 3.2). Generalization 

testing was identical to training except that 20% of the trials (8 of the 40 trials) were non-

reinforced probe trials to measure spontaneous generalization to different concentrations. 
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No corrections were made for responses on probe trials. On half of the sessions, dogs 

received two trials of each of the following probe air dilutions of the target odor (isoamyl 

acetate diluted to 10-2.5 v/v in mineral oil): 0.003, 0.001, 0.0003 and 0.0001. On the 

remaining half of sessions, two trials of the following air dilutions were tested: 0.0075, 

0.005, 0.0025 and 0.00075. Testing was alternated between the two sets of probe dilutions 

for all eight sessions, using a total of eight probe trials of each dilution for each dog.   

 

Concentration Discrimination. Following Generalization Test 1, we identified the lowest 

concentration dogs (as a group) were significantly more likely to alert toward than the clean 

air stimulus. To evaluate if dogs can learn to accurately discriminate between an odor to 

which they spontaneously generalized to (0.0025 dilution: see Results) from the trained 

concentration (0.01), six training sessions (40 trials per session) were conducted in which 

dogs were required to discriminate these two concentrations. The 0.0025 dilution replaced 

all clean air trials (0.01 vs. 0.0025) and only rejection responses toward the 0.0025 

concentration and alert responses to 0.01 were reinforced (see Table 3.2).  

 

Generalization Test 2. Following the six concentration training sessions, 8 generalization 

test sessions were conducted identically to Generalization Test 1.   

 

Compound Generalization Test and Discrimination. Following Generalization Test 2, to 

evaluate if alerting to low concentration odors can be further suppressed, another series of 

eight generalization test sessions were conducted. However, different from the previous 

generalization test, the contingencies in effect for Concentration Discrimination training 
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(0.01 vs. 0.0025) remained in effect for 80% of the trials during the sessions. Alerts to a 

concentration of 0.0025 were therefore not reinforced and no-go responses to 0.0025 were. 

Generalization probes 20.0025 were not conducted (because they were explicitly 

reinforced) and instead replace with the concentration of 0 (clean air) to assess responding 

to clean air (see Table 3.2). 

 

Statistical Analysis. For early training and concentration training, we calculated accuracy 

as the number of correct trials (alert to the target stimulus and no alert to the negative 

stimulus) divided by the total number of trials period to assess generalization on non-

reinforced probes, we utilized probability of a response, which refers to the number of trials 

the dog made an alert to that concentration divided by the total number of trials the 

concentration was presented. This metric was used for generalization tests because there 

are no “correct” or “incorrect” responses for the probes. The probability of a response to 

the 0-concentration stimulus indicates the overall false alarm rate in is displayed in the 

relevant figures. To analyze the probability of a response during generalization tests 

statistically, a generalized linear mixed-effect model was used for this binomial data 

(response or no response) using a logit-link. For all models, dog ID was used as a random 

effect. The lme4 package (Bates et al., 2015) in R (R version 3.5.1, www.r.project.org; R 

Core Team, Vienna, Austria, 2018) was used to fit models. Post-hoc Tests were conducted 

using the lsmeans package (Lenth, 2016).   

 

Results 
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The air dilution olfactometer calibration curve is shown in Figure 3.2. The PID Output was 

highly related to systematic changes in the air delusion olfactometer within the dilution 

range tested (t = 804.8, p < 0.0001; R2 = 0.998). However, the PID showed little detection 

of the 0.01 concentration, indicating the concentrations used by the dogs for this study were 

below the detection limits of the PID, and, therefore, accuracy in odor delivery for the 

concentrations presented to the dogs must be assumed from extrapolation from the data 

within the sensors limits of detection.  

 

 

 

Figure 3.2. Calibration of Air Dilution Olfactometer. Figure shows the systematic change 

in the Photo Ionization Detector output as a function of systematic changes in the air 

dilution olfactometer (R2 = 0.998). X-axis shows the air dilution in effect on the 

olfactometer, and Y-axis shows the change in sensor output.  

 

 

Figure 3.3 shows dogs’ spontaneous generalization (proportion of trials dogs made a 

response to that concentration) to a 100-fold range of concentrations below the trained 

target concentration. The left panel shows the response to the clean air stimulus (0 
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concentration), which reflects the overall false alert rate. A generalized-linear mixed-effect 

model was used to compare the probability of an alert at each probed dilution in comparison 

to the clean air (negative) stimulus. Overall, there was a significant effect of odor 

concentration on dogs’ probability of making an alert response (X2 =750, df = 9, p < 0.001). 

Dunnet-adjusted post-hoc tests, comparing the probability of response at each 

concentration to clean air, indicate that dogs were significantly more likely to alert to the 

trained odorant at a 0.01 dilution (z = 19.58, p < 0.001), the probe dilution 0.0075 (z = 

8.07, p < 0.001), probe dilution 0.005 (z = 6.97, p < 0.001), probe dilution 0.003 (z = 4.01, 

p < 0.001) and probe dilution 0.0025 (z = 3.13, p = 0.01). Dogs, however, alerted to the 

remainder lower concentrations statistically at the same rate as clean air (0.001, 0.00075, 

10 -3.5, and 10-4, all p >0.05). Thus, dog spontaneously alerted to any concentration within 

a 10-fold dilution of the target odor but failed to respond to the 10-fold dilution itself and 

any dilution lower. Figure 3.4 shows the individual dog generalization curves. All dogs 

showed similar patterns of responding to that of the group trend, although Wednesday 

showed an overall lower probability of responding across all concentrations.  
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Figure 3.3. Generalization Test 1. The spontaneous generalization to a range of air 

dilutions of the trained odorant (0.01; dashed line): (Left) the response to the clean air 

stimulus; and (Right) the range of concentrations on a log scale. * Indicates the probability 

of response was greater than the probability of response to the clean stimulus p < 0.05.  

 

 

Figure 3.4. Individual Data for Generalization Test 1. Individual data for all four dogs. 

Dogs showed similar generalization patterns that reflect the group trends.  

 

Overall, Generalization Test 1 indicated that a concentration of 0.0025 was the lowest 

concentration dog spontaneously alerted towards greater than clean air period to evaluate 

whether dogs could be trained to discriminate between concentrations, Concentration 

Discrimination training was initiated in which alerts to 0.01 dilution were still reinforced 
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but alerts to 0.0025 were not (but no-go responses to 0.0025 were reinforced). Only the 

0.01 and 0.0025 stimuli were presented during the six concentration training sessions. This 

training would reveal if dogs could successfully learn this discrimination between 

concentrations.  

 

Figure 3.5 shows the mean probability of alerting to the 0.0025 concentration (proportion 

of trials in which dogs made an alert). During Session 1, the probability of an alert to 0.0025 

was nearly identical to the probability and Generalization Test 1 (Figure 3.3). As training 

proceeded, however, the probability of response to this concentration subsequently 

decreased. A generalized linear mixed effect model predicting alert probability to the 

0.0025 concentration across the six sessions indicated dogs showed lowering probability 

in alerting to the 0.0025 concentration across sessions (effect of day: z = 3.00, p < 0.001). 

In addition, accuracy (i.e., mean number of correct responses by alerting to 0.01 and not 

alerting to 0.0025, see Figure 3.5) showed improvement with training days, reaching over 

90% accuracy. The affective day, however, did not reach statistical significance (z = 1.07, 

p = 0.28).  
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Figure 3.5. Concentration Discrimination Training. The mean performance and 95% 

confidence intervals during the concentration training session: (Left) The probability dogs 

alerted to the 0.0025 concentration, which decreased across sessions; and (Right) the 

overall session accuracy, where alerting 20.01 was correct and not alerting to 0.0025 was 

correct. 

 

Following Concentration Discrimination, the generalization test was repeated 

(Generalization Test 2; see Figure 3.6). A generalized linear mixed-effect model, 

predicting response probability as a function of odor concentration, the test number 

(Generalization Test 1 or Test 2) and their interaction, indicated that there was not a 

significant interaction (X2 = 13.92, df = 9, p = 0.13), suggesting that responding to each 

concentration did not differ between the two generalization tests. However, to breakdown 

comparison between the two generalization tests at each concentration, Tukey-adjusted 

post-hoc test comparing the probability of an alert between Generalization Test 1 and 2 at 

each concentration were run. Post-hoc tests indicated that, in Test 2, dogs were 

significantly less likely to false alert on the clean air compared to Test 1 (z = 3.06, p = 

0.002). The probability to alert to all other concentrations, however, was not significantly 

different between Test 1 and 2, including the 0.0025 concentration (z = 1.053, p = 0.29) in 

which dogs were successfully taught to not alert toward in the immediately previous 

Concentration Discrimination sessions.  
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Following Generalization Test 2, we evaluated whether generalization might be relative to 

the contingencies in effect during the session (i.e., is a clean air stimulus the no-go stimulus 

or another concentration). Dogs’ generalization was next evaluated in identical 

generalization sessions except that 0.0025 was used as the no-go stimulus, thereby 

combining contingencies of the Concentration Discrimination and Generalization Test 

sessions.  

 

 

Figure 3.6. Combined generalization testing. The spontaneous generalization to a range of 

air dilutions of the trained odorant (0.01; dashed line) for generalization test one and 

generalization test 2: (Left) the response to a clean air stimulus; and (Right) the range of 

concentrations on a log scale.  

 

Figure 3.7 shows the mean probability of response to each concentration during the 

Compound Generalization and Discrimination and during the last two sessions of the 

Concentration Discrimination training. In both conditions, the same contingency was in 

effect (alerts to 0.01 reinforce and alerts to 0.0025 not reinforced). A generalized-linear 

mixed effect model, predicting response probability as a function of odor concentration, 

session type in their interaction, indicated there was no significant interaction between the 
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odor concentration in session (X2 = 2.77, df =1, p = 0.10) or a main effect of session (X2 = 

0.68, df =1, p = 0.40), indicating responding with similar in both conditions.  

 

 

Figure 3.7. Concentration Discrimination and Compound Generalization. The 

response probability for the last two sessions of the discrimination training phase 

(0.01 vs. 0.0025) and the Compound Discrimination and Generalization test. 

Dashed line shows the target odor concentration. 

 

Figure 3.8 shows the result across all generalization sessions (Generalization Test 

1, Generalization Test 2 and Compound Generalization and Discrimination). A 

generalized linear mixed-effect model was fit in which the probability of an alert 

was predicted by odor concentration, the session type (Generalization Test 1, 

Generalization Test 2 or Compound Generalization and Discrimination) and their 

interactions. There was a significant interaction between the session type and odor 

concentration (X2 = 44.45, df = 18, p = 0.001). Tukey-adjusted pairwise post-hoc 

tests at each concentration indicated that at the target odor concentration (0.01), 

the probability of an alert was lower in the Compound Discrimination and 

Generalization phase than in the Generalization Test 2 phase (z = 3.17, p = 0.0004) 
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and the Generalization test 1 phase (z = 4.38, p < 0.001). At the next lower 

concentration (0.0075), there were no statistically significant differences between 

the three phases. At a concentration of 0.005, the probability of an alert was lower 

in the Compound Discrimination and Generalization sessions than the 

Generalization Test 2 (z = 3.03, p < 0.001) and the Generalization Test 1 (z = 3.03, 

p = 0.007). At the next lower concentration (0.003), a similar result held, such that 

the probability of an alert tended to be lower in the Compound Discrimination and 

Generalization sessions than Generalization Test 1 (z = 1.82, p = 0.16), and it was 

almost significantly lower than in Generalization Test 2 (z = 2.28, p = 0.06). At 

the concentration used for training dogs not to alert (0.0025), dogs showed 

significantly lower probability to respond in the Compound Discrimination and 

Generalization session compared to Generalization Test 1 (z = 3.62, p < 0.001) 

and Generalization Test 2 (z = 7.13, p < 0.0001), highlighting successful reduction 

in responding to this concentration. For all the remaining lower probe 

concentrations, post-hoc tests revealed no significant differences between the 

three session types, except for the clean air (no odor) concentration. For the clean 

air stimulus, the lowest probability to alert (i.e., false alert) was in the Compound 

Discrimination and Generalization condition, but this was not significantly 

different from Generalization Test 1 (z = 0.02, p = 0.99) and Generalization Test 

2 (z = 0.02, p = 0.99). As previously shown, however, the probability of a response 

to clean air was lower in Generalization Test 2 then in Generalization Test 1 (z = 

3.06, p = 0.006). 
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Figure 3.8. Generalization across all tests. The spontaneous generalization to a 

range of air dilutions of the trained odorant (0.01; dashed line) for Generalization 

Test 1, Generalization Test 2 and Compound Discrimination and Generalization: 

(Left) the response to a clean air stimulus; and (Right) the range of concentrations 

on a log scale. 

 

Discussion  

The results indicate that dogs spontaneously generalized in non-reinforced probes 

within a 10-fold range of the trained odor concentration. At a 10-fold dilution and 

lower, the probability of response was no greater than it was to clean air. This is 

an important finding as it suggests that dogs only spontaneously generalized to a 

limited range of an odor concentration without explicit training. Importantly, 

however, dogs were not reinforced for responding to lower concentrations, 

therefore it is expected that generalization would be greater if dogs had reinforced 

training for lower concentrations.  

One possible explanation for the minimal concentration generalization is that 

perhaps dogs could simply not detect a concentration < 10-fold dilution of the 

target odor. However, assuming a vapor pressure of ~6 mmHg (PubChem, 
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Isoamyl acetate, CID = 31,276), the anticipated vapor concentration (assuming 

ideal conditions for Raoult’s law) would be approximately 90 parts-per-billion for 

the 10-fold dilution of the target odorant. Given that recent work has shown amyl 

acetate thresholds to be close to 1 parts-per-trillion for dogs (Concha et al., 2019; 

Walker et al., 2006), our test concentrations should be well above the dog 

detection limits. This suggests that the low probability of response was a 

generalization failure, not a sensitivity failure. We selected the concentration 

range used in this study to optimize dog detection (sufficiently salience) without 

being too concentrated to produce nuisance contamination in the system. Future 

work, however, can evaluate whether the same results are observed at varying 

starting concentrations for the trained odorant.  

Results from the Concentration Discrimination sessions indicate dogs can readily 

learn to discriminate a 0.0025 dilution form a 0.01 dilution (a difference of only 

0.0075), achieving greater than 90% accuracy within six sessions. Dogs 

successfully made go responses to the 0.01 dilution, and no-go responses to the 

0.0025 dilution. Interestingly, however, despite successfully making nearly all no-

go responses to the 0.0025 concentration, when the second generalization test was 

conducted, responding at the 0.0025 concentration immediately rebounded. This 

suggests that the training context (i.e. the dilutions used within a session and their 

contingencies) may have an important impact on generalization responding.  

By inserting probe trials within a session in which 0.01 is discriminated form 0, 

dogs may be more likely to respond to any stimulus smelling close to the 0.01 
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target. In other sensory domains, generalization has been demonstrated to be under 

relative stimulus control vs. absolute control of the stimulus. For example, the 

early generalization gradient work demonstrated that when an extinction stimulus 

is introduced (i.e., a stimulus to which alerts are not reinforced), responding is 

shifted away from the extinction (non-reinforced) stimulus, leading maximum 

responding to values exceeding the trained stimulus, termed a “peak shift” (i.e., 

not the exact value of the reinforced stimulus ((Guttman, 1959; Hanson, 1959; 

Purtle, 1973)). It appears aa similar process may occur with respect to olfactory 

stimuli.  

In the final session, in which probe trials were inserted within concentration 

training (0.01 dilution was discriminated from the 0.0025 concentration), we 

found that no-go responses to the 0.0025 concentration were maintained (i.e., 

alerts suppressed). In addition, responding to the 0.01 dilution was maintained, 

although the probability of a response was lower than observed in the other 

generalization tests. This could suggest that had we tested generalization to higher 

concentrations, we may have observed a peak shift away from the 0.0025 stimulus 

for higher concentrations of the target odorant.  

Importantly, however, this does suggest that dogs can be trained to alert to 

concentrations greater than some threshold and not respond to lower 

concentrations that the dog perceives as being similar to the target concentration. 

These results further suggest that successful application of this may require 

constant training with the low concentration odorant as a no-go stimulus to 
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maintain suppression of responding and prevent alerting to the low concentration 

from rebounding, as it did in the second generalization test.  

Another interesting finding is that false alarms decreased after Concentration 

Discrimination training. This may result from training dogs not to respond to the 

low, but detectable concentration odor (0.0025), which made the clean air 

stimulus even more perceptible as a no-go stimulus. However, because this was 

not experimentally tested, it is possible that simply additional training led to this 

improvement.  

There are several important limitations to the present findings. The first is the 

required inherent training order in the sessions. This makes it challenging to 

determine if the decrease in false alarms may simply be a maturation/experience 

effect across time or may reflect behavioral changes due to training the 0.0025 

concentration as a no-go stimulus. Ideally, we would have further alternated 

between generalization test sessions and the compound discrimination and 

generalization sessions to assess steady state responding, reducing experience 

effects. However, the 2020 SARS-CoV-2 pandemic prevented further testing 

between the conditions, but this would remain an important follow-up.  

Another limitation is that we explicitly reinforced correct no-go responses. This 

differs from typical peak-shift protocols that suppress responding with extinction 

(i.e., simply not reinforcing any response expect an alert). We opted not to use this 

option due to concern that non-reinforced probe trials would thin the 

reinforcement schedule too much to maintain responding. We do not expect this 
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would have changed the direction of any effects observed by may have more 

effectively suppressed alerting to the low concentration odorant, given the 

additional reinforcer to not respond in addition to extinction of any alerts.  

The present results also have important implications for detection dogs. It suggests 

that dogs can be trained to actively not respond to concentrations of a trained 

odorant below a desired threshold. This could be useful for oil-leak detection 

dogs, in which detection of low concentrations of oil may not present a 

remediation issue. However, the result suggests that continuous training to not 

alert to low concentrations may be necessary. Another implication of these results 

suggest that dogs do not spontaneously generalize to a wide range of 

concentrations lower than the concentration of the odorant trained. This suggests 

that, if low concentrations are necessary to detect, explicit training at those 

concentrations will be important.  

Another important implication for detection dog training is regarding potential 

training problems. If odor samples are not prepared carefully, and samples that a 

trainer may think are “clean” are incidentally contaminated with a significant 

amount of the odorant, this research suggests dogs can learn to not alert to the 

contaminated container and still respond to the higher concentration target. From 

the trainer’s perspective, the dog may seem proficient in detection. Critically, 

however, the dog may explicitly ignore significant concentrations of the odorant 

that resemble the contamination concentration, which may only be slightly lower 

than the trained odor concentration (the present study indicates dogs can 
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successfully ignore a 25% dilution of the trained odor). This may lead to poorer 

than expected performance in operational scenarios.  

Last, it is important to highlight the potential impact detection training itself may 

have on the welfare of the dogs. Recent research has suggested that scent training 

can induce a positive judgment bias in dogs (Duranton & Horowitz, 2019). Given 

that the population of dogs participating in this study were in a training to adopt 

program, training and procedures that improve the welfare of animals is an 

important consideration. Future research should evaluate more explicitly what, if 

any, impact the detection training program has on the overall welfare of the dogs.  

Conclusion  

In conclusion, the present results suggest dogs may only spontaneously generalize 

to concentrations less than a 10-fold dilution of the training odorant. Further, dogs 

can learn to successfully discriminate between a higher concentration odorant and 

a 25% dilution of that odorant within six training sessions. Lastly, dogs can 

successfully learn to only alert to concentrations greater than a certain threshold, 

but this may need to be done within a context of consistent training to not respond 

to the lower concentration.  
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Chapter 4  

PAVLOVIAN INSTRUMENTAL TRANSFER DOES NOT INCREASE 

PERFORMANCE OF DETECTION DOGS DURING LOW PREVALENCE 

ODOR CONDITIONS 

Abstract 

When detection canines consistently search in environments where there are no targets 

(narcotics, land mines, explosive device, etc.), their search behavior undergoes extinction 

and overtime their motivation can decline. Search behavior decrement in detection canines 

pose a safety risk to the public because potentially hazardous targets may be missed. The 

aim of this study was to evaluate if an appetitive conditioned stimulus with Pavlovian 

instrumental transfer would increase search behavior and accuracy when few targets are 

present. Seven dogs were initially trained to detect isoamyl acetate in a three-choice 

olfactometer until accuracy was 85% or greater. Dogs were then Pavlovian conditioned 

using delayed conditioning for a total of six 30-minute sessions where a 432 Hertz tone 

(conditioned stimulus) was presented for 1-minute at 5-minute intervals.  Following 

conditioning, two refresher sessions were conducted for search training, followed by 

sessions with low target rates (1 out 10 trials) intervened by sessions with high target rates 

(9 out of 10 trials) to maintain search. During low target rate sessions, the CS tone was 

presented pseudo randomly throughout the session at the start of 25% of the trials. Overall, 

the accuracy with low odor prevalence was lower than during high prevalence sessions. 

During the low prevalence sessions, presentation of the CS led to a 1s decrease in latency 

to search; however, we consider this not operationally relevant. Overall, the Pavlovian CS 
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did minimally change search behavior, but it is not clear to what degree this may be 

operationally relevant and requires further study.   

 

Introduction 

Scent detection dogs are trained using operant conditioning to create a chain of searching 

for a target odor and making a response when the odor source is located, ending in a 

terminal reinforcer. However, detection dogs often encounter searches that do not yield a 

target odor (e.g. there is no narcotic or explosive device). In these cases, the behavior of 

searching may start to undergo extinction because it does not lead to the target odor, and 

ultimately, the terminal reinforcer. Previous research has demonstrated that detection 

animal search behavior can become variable and start to undergo extinction under these 

conditions (Gazit et al., 2005; Mahoney et al., 2014; Porritt et al., 2015; Thrailkill et al., 

2016). For example, Gazit et al. (2005) trained explosive detection dogs on two different 

paths. One path always had hidden explosives; however, the second path never had any 

explosives. Within a few sessions the dogs showed significant decrease in search behavior 

on the path with no explosives, but not on the path with explosives. Gazit et al. (2005) also 

tried to regain search but after 12 sessions with one explosive hidden, the dogs failed to 

regain normal levels of search and detection. Another study trained dogs to an innocuous 

odor (e.g. non-explosive), and planted these innocuous odors in areas with few to no targets 

to mitigate the extinction of search behavior with success (Porritt et al., 2015; see Chapter 

1 for a review). However, this may not be feasible for all detection dog scenarios and to 

the best of our knowledge, this practice has not been widely adopted.  
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A method to mitigate a decline in performance due to extinction may be the use of an 

appetitively conditioned Pavlovian stimulus. Pavlovian conditioned stimuli associated to a 

reward can affect instrumental responding toward the same or different reward (Cartoni et 

al., 2013). This effect is called Pavlovian instrumental transfer (PIT). A classic example is 

when a rat is trained to associate a tone (conditioned stimulus) with food. Next, the rat 

undergoes an instrumental training phase where it learns to press a lever to receive food. 

In the test phase, the instrumental response (lever pressing) is placed under extinction in 

phases in which the conditioned stimulus (tone) is present or absent. Results indicate that 

the rat will press the lever more in the presence of the tone compared to without the tone 

(Cartoni et al., 2013).  

 

Pavlovian instrumental transfer can further be described as either specific PIT or general 

PIT. Specific PIT occurs when the conditioned stimulus is paired with the same reward of 

the instrumental action (Corbit & Balleine, 2005). Specific PIT is described in terms of a 

stimulus-outcome-response chain where the sound stimulus is associated with food and 

that food in turn evokes the associated response of pressing a lever (Cartoni et al., 2013). 

Whereas, general PIT occurs when the conditioned stimulus is paired with the same or 

different reward (Corbit & Balleine, 2005). General PIT is described in terms of stimulus-

outcome and outcome-response chains where the CS is associated with food, however the 

CS is not necessarily associated with the instrumental response, but the CS will exert a 

general increase in the instrumental response (Cartoni et al., 2013). General PIT 

corresponds to the use of cues that indicate the presence of an additional reward in the 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 68 

immediate future which is thought to motivate the animal to execute the response with 

more vigor (Trick et al., 2011).  

 

There are several studies utilizing the rodent model (Campese et al., 2017; Galarce et al., 

2007; Holland, 2004) and humans (Cartoni et al., 2013, 2015; Prevost et al., 2012; Trick et 

al., 2011) to demonstrate that an appetitive conditioned stimulus in Pavlovian instrumental 

transfer successfully enhanced the rate of instrumental responding during extinction. 

However, there is limited research observing if an appetitive conditioned stimulus 

increases behavior under extinction in dogs. In one study, rats, used as a model for detection 

dogs, were trained to a similar search-target behavior chain model (Thrailkill et al., 2016). 

A discriminative stimulus signaled that the search response (e.g. chain pull) led to a second 

stimulus that set the occasion for a target response (e.g. lever press) which was reinforced 

by food (Thrailkill et al., 2016). Results determined that intermittent reinforcement of 

searching (specifically the number of non-reinforced searches) led to more persistent 

search responding in extinction (Thrailkill et al., 2016). Based on these studies it is possible 

that an appetitive conditioned stimulus in Pavlovian instrumental transfer could also 

mitigate the decline in search behavior during extinction. More specifically, we 

hypothesize that an appetitive conditioned stimulus under general PIT conditions will 

increase search behavior when few target odors are present.    

 

Materials and Methods 

Animals 
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Seven mixed breed dogs were utilized and housed at Texas Tech University Canine 

Olfaction Lab and were participating in a training program to increase adoptability. Dogs’ 

backgrounds were unknown, but all dogs were presumable naïve to detection training. 

Dogs received twice daily walks, social enrichment, and training. Procedures were 

reviewed and approved by the Texas Tech University Institutional Animal Care and Use 

Committee (ACUC #19061-07). 

 

Three-choice automated device 

An automated three-choice device was built utilizing olfactometers connected to three 

Polytetrafluroethylene (PTFE, Teflon) odor ports which were fashioned to an aluminum 

metal frame with a motor (100 mm Linear rail guide with NEMA17 stepper motor) driven 

odor port cover (Figure 4.1). All odor whetted parts were made of Polytetrafluoroethylene 

(PTFE, Teflon) and glass. Each odor port was approximately 51cm from the ground and 

had infrared beams to record the duration of the dog’s presence with their nose inserted in 

the port. All three olfactometers were controlled with a microcontroller (Arduino Nano 

Sense board) that controlled the olfactometer valves. Each olfactometer was fed from a 

common air supply generated by a commercial high-flow air pump with a charcoal filter 

to remove odor from the air and was regulated by a rotameter (Dwyer™ VFBTM). The 

automated cover restricted access to the odor ports between trials, such that the dogs were 

only able to access the odor ports during designated trial periods. The intertrial interval 

(ITI) was 14s and the automated cover prevented access to the odor ports during the ITI. It 

took 12.7s for the automated panel to move up after the ITI. The time from the start of the 

panel moving up until the first nose poke was scored as latency. Due to a coding error, any 
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latency measurement (dog inserting nose into a port) greater than 12.7s was not scored, 

therefore the maximum time of 12.7s was scored for latency if the dog did not initiate a 

trial prior to 12.7s. An automated feeder (SuperFeeder™, Mount Juliet, TN, USA) 

rewarded dogs for correct responses. 

 

Odorants 

All dogs were trained to detect isoamyl acetate (CAS #123-92-2). To reduce contamination 

within the olfactometer, the odorant was pre-diluted in mineral oil to a liquid dilution of 

10-4.5 v/v in mineral oil. Non-target or “distracting” odors were l-Limonene (-) (10-2 v/v 

diluted in mineral oil; CAS #5989-54-8), mineral oil (Bluewater Chemgroup, Fort Wayne, 

IN), a plastic glove (Brandon-super disposable polyethylene gloves), cotton balls (Simply 

Soft Premium Cotton Balls), and a blank jar. 

 

Preliminary training 

Dogs were trained to utilize the three-choice automated device. The target odor was 

presented as 3.1 x 10-5 liquid dilution of isoamyl acetate odorant (10-4.5 v/v mineral oil). 

Dogs ‘alerted’ by holding their nose in the odor port for 3 continuous seconds, measured 

by infrared beams. Dogs worked with the same handlers and trained and tested in the same 

room. Dogs were initially trained to the three-choice automated device by placing a piece 

of food in the odor port until the dog learned to insert their nose. Afterwards, shaping to 

the target odor, isoamyl acetate, with a behavioral marker (i.e., clicker) and food 

reinforcement was repeated until the dog indicated on the odor in a port.  
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Once dogs learned to operate the three-choice automated device independently (without 

experimenter assistance), dogs were trained in 40 trial sessions to discriminate isoamyl 

acetate from the 5 distractor odorants (blank air, l-limonene (-), mineral oil, cotton balls, 

plastic gloves), completely under computer control. Correct responses (alerts; a 3s nose 

hold in the odor port) were reinforced continuously with delivery of a treat from an 

automated feeder. Figure 4.2 demonstrates Zeke alerting with a nose hold for 3s to the 

target odor in port 1. A false alarm was recorded if the dog responded to a port that did not 

contain the target odor. False alarms terminated the trial, and the dog was not reinforced. 

During preliminary training, all 40 trials had a target odor present. Once dogs were 85% 

accurate (calculated by the number of correct alerts divided by total number of trials) or 

higher over two consecutive days, dogs were introduced to “blank” trials in which no target 

port contained the target odor (all three ports contained non-target odors). The next training 

phase, high prevalence, was considered high odor rate because a target odor was present 

36 out of 40 trials (i.e., 90%). The remaining 4 trials had no target odor present. On these 

“blank” trials, dogs were not reinforced. Dogs were trained to respond with an ‘all clear’ 

where the dog inserted its nose into all three odor ports for less than 3s to indicate no target 

odor was present. An “all clear” response was scored as correct during these trials, but not 

reinforced. A false alert (indicate on an odor port that does not contain the target odor) or 

a miss (did not alert the target odor but searched in the odor ports) was scored as incorrect. 

A timeout was defined as the dog not inserting its nose into all three odor ports within 40s, 

at which point the odor port cover would come down and initiate the next trial. Time outs 

were not reinforced and scored as incorrect. Once dogs were 85% accurate during the high 
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prevalence training over 2 consecutive days, they progressed to the Pavlovian Conditioning 

phase. 

 

Pavlovian Conditioning 

The Pavlovian Conditioning phase consisted of a total of six 30-minute sessions where a 

432 Hertz tone (conditioned stimulus) was presented for 1-minute at 5-minute intervals. 

While the tone was presented, food was released from the automatic feeder every 10s 

during the 1-minute period. The goal was to condition dog to associate the tone with a food 

reward and later present the tone in the low prevalence testing. After completing the six 

sessions dogs proceeded to the next phase.  

 

Odor prevalence testing 

Following Pavlovian conditioning, dogs completed two high prevalence “refresher” 

trainings. Then dogs progressed to the testing phase which was 12 sessions total (6 sessions 

for each odor prevalence) that alternated with high prevalence testing and low prevalence 

testing with the conditioned stimulus. The low prevalence had a target odor present 4 out 

of 40 trials (i.e. 10%). The testing phase was alternated with high prevalence because with 

a significant drop in target odor (90% to 10%), it was expected that dog’s search behavior 

would undergo extinction. Therefore, the high prevalence testing days were intermixed to 

maintain performance. The dogs went through one testing session a day and alternated 

across days where the first session was the low prevalence testing, followed by the high 

prevalence testing. During the low prevalence condition, the trained conditioned stimulus 

tone (60s 432 Hz tone) was pseudo-randomly presented at the start of 25% of the trials. 
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The tone was programed to be “on” for half of the odor present trials during the low 

prevalence condition. The high prevalence testing was identical to the high prevalence 

training where 36 out of the 40 trials had a target odor present. A timeout was defined as 

the dog not inserting its nose into all three odor ports, which after 40s the odor port cover 

would come down and initiate the next trial. Timeouts were not reinforced and scored as 

incorrect. Only correct hits during both the high and low prevalence conditions were 

reinforced. 

 

Statistical Analysis 

According to signal detection theory with the use of a three-alternative forced choice task, 

an unbiased measure of detection capability is overall accuracy (number of correct alerts 

divided by total number of trials). However, to calculate common detection dog metrics, 

sensitivity and specificity, two calculations where done, one with the signal (i.e., odor) 

present and one with the signal absent. To calculate sensitivity (number of total correct 

alerts divided by total number of correct alerts plus total number of misses), the overall 

accuracy on trials in which the odor was present (the dog successfully indicated on the odor 

port containing the target odor) was determined for high prevalence, low prevalence with 

no tone, and low prevalence with tone using the mean function in R for the number of 

correct alerts. Miss rate was defined as one minus this calculated accuracy. To calculate 

specificity (total number of correct rejections divided by total number of correct rejections 

plus total number of false alerts) the overall accuracy for correct rejections (dog 

successfully responded with all-clear when no target odor was present) was determined for 
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high prevalence, low prevalence with no tone, and low prevalence with tone using the mean 

function in R for the number of correct rejections.  

 

To assess the effect of the session on odor accuracy in the high and low odor prevalence 

testing, a logistic linear mixed effect model was fit in which the dependent variable was 

the trial outcome (1 for correct, 0 for incorrect). This was predicted by the session number 

and a random intercept for each dog. To assess the effect of the CS tone on odor accuracy 

during the low prevalence rate sessions, a logistic linear mixed effect model was fit in 

which the dependent variable was the trial outcome (1 for correct, 0 for incorrect) during 

the low prevalence session. This was predicted by the session number, tone (on and off) 

and a random intercept for each dog. To assess the effect of the CS tone on latency during 

the low prevalence rate, a linear mixed effect model was fit in which the dependent variable 

was the latency which was predicted by tone (on or off) and a random intercept for each 

dog. To assess the effect of the CS tone on miss rate and false alert rate during the low 

prevalence rate, a logistic linear mixed effect model was fit in which the dependent variable 

was the trial outcome (1 for correct, 0 for incorrect) during the low prevalence session. 

This was predicted by the CS tone (on vs. off) and a random intercept for each dog. The 

lmer package (Kuznetsova et al., 2017) in R (R version 3.5.1, www.r.project.org; R Core 

Team, 2018) was used to fit models. 

 

Results 

High prevalence testing 
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The overall accuracy for the high prevalence testing rate was not statistically different 

across the sessions (z = 5.39, p = 0.623, i.e., performance did not improve across sessions). 

Figure 4.3 shows the overall accuracy for the high prevalence testing rate by session for 

each individual dog. Some dogs showed more stable performance across sessions (Buffalo, 

Morticia, Wednesday) whereas some dogs were more variable across sessions (Karley, 

Pedro, Socks, Zeke). Overall, dogs maintained performance accuracy in the high 

prevalence training and testing rates above 75% during all eight sessions. Table 4.1 shows 

that dogs in the high prevalence test had an overall accuracy of 84.38%. Dogs’ sensitivity 

(accuracy with odor present) of 83.85% and specificity (accuracy with odor absent) was 

86.00% in the high prevalence test. Dogs overall had a miss rate of 16.15% with odor 

present. Finally, dogs overall had a false alert frequency of 0.59% on trials in which an 

odor was present in the trial and 4.89% on trials in which no odor was present in a port. 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Mallory T. DeChant, August 2021 

 

 76 

Table 4.1. The percentages for overall accuracy, overall accuracy with the subset of trials 

for which the target odor was present in one of the ports or the target odor was absent from 

all the ports, the miss rate, and false alarm frequency with the subset of odor present or 

odor absent trials in the two testing conditions (high prevalence and low prevalence). Low 

prevalence testing has both no tone present and tone present.  
Overall 

accuracy 

Accuracy 

with 

odor 

present 

Accuracy 

with 

odor 

absent 

Miss rate 

with 

odor 

present 

False 

rate with 

odor 

present 

False 

rate with 

odor 

absent 

High 

Prevalence 

Test 

84.38% 83.85% 86.00% 16.15% 0.59% 4.89% 

Low 

Prevalence 

(No Tone) 

Test 

36.51% 33.33% 35.00% 63.49% 1.01% 9.85% 

Low 

Prevalence 

(Yes Tone) 

Test 

34.98% 37.50% 32.73% 65.02% 7.29% 13.40% 

 

Low prevalence testing  

There was no difference in overall accuracy when the CS tone was present compared to 

not present (F (1,1671) = 0.426, p = 0.514; Figure 4.4). However, dogs had a reduced 

latency when the CS tone was present by approximately 1s (F (1,1671) = 4.035, p = 0.044) 

(Figure 4.5). There was no statistical difference in the miss rate when the CS tone was 

present or not present (z = -0.653, p = 0.514; Figure 4.6). When looking at the total number 

of false alerts, dogs were more likely to false alert when the tone was on compared to off 

(z = 2.416, p = 0.015; Figure 4.7). Further, dogs made 904 timeout responses out of 1,680 

trials in the low prevalence test. Dogs made 557 all-clear responses out of 1,680 trials in 

the low prevalence test. Table 4.1 shows that dogs in the low prevalence test (tone on) had 

sensitivity (accuracy with odor present) of 37.50% and specificity (accuracy with odor 

absent) was 32.73%. Dogs overall had a miss rate of 65.02% with odor present. Lastly, 
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dogs overall had a false rate of 7.29% with odor present and 13.40% with odor absent. In 

comparison, Table 4.1 shows that dogs’ performance in low prevalence with tone off was 

quite similar to low prevalence with tone on. Dogs had sensitivity (accuracy with odor 

present) of 33.33% and specificity (accuracy with odor absent) was 35.00%. Dogs overall 

had a miss rate of 63.49% with odor present. Lastly, dogs overall had a false rate of 1.01% 

with odor present and 9.85% with odor absent.  

 

There was a difference in overall accuracy by session in the low prevalence test (z = 3.94, 

p < 0.05). Accuracy improved by 0.129 for each session in the low prevalence test. Figure 

4.8 shows the overall accuracy by session for both the high prevalence and low prevalence 

tests.  

 

Discussion  

These results showed that reducing the odor rate from high prevalence to low prevalence 

(90% to 10%) had a substantial decrease in overall accuracy (83.79% to 34.52%) and an 

increase in miss rate (16.21% to 65.48%). The accuracy during the six sessions of the high 

prevalence testing did not differ, meaning that dogs maintained accuracy even when 

alternating between sessions with low prevalence. Alternating between the high prevalence 

testing and low prevalence testing mimics a typical training scenario (considered high 

prevalence) for detection dogs where there is always a target odor to indicate and the 

operational setting (considered low prevalence) where there are infrequent target odors to 

indicate. Figure 4.3 shows some individual dog difference in both the high prevalence 

training and high prevalence testing where all but three dogs (Karley, Pedro, Socks) 
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maintained accuracy above 75% during all eight sessions. Although the criteria to progress 

from training to testing was an accuracy of 85% or greater, it was expected that the dog’s 

performance would decline due to the significantly low (10%) number of target odors 

during the low prevalence testing. The minimal interference during the high prevalence 

testing was similarly observed in Gazit et al. (2005) when asking dogs to search in one path 

that always had target odors and another path that never had target odor. Dogs maintained 

motivation during the path that always had targets but significantly declined in motivation 

during the path that never had a target (Gazit et al., 2005). Interestingly, in our case, the 

high and low prevalence conditions took place in the same context/room and the dogs still 

successfully discriminated (i.e., differentiated) between high and low prevalence 

conditions. The decrease in search behavior that was observed during the low prevalence 

condition was similar to the behavior change Gazit et al. (2005) observed during searches 

with no target odors. Nonetheless, the significant decline in accuracy and increase in miss 

rate in the low prevalence condition is alarming as this could represent an operational 

setting.  

 

The most interesting observation was the lack of effect an appetitive conditioned stimulus 

with Pavlovian instrumental transfer had on the dogs during the low prevalence testing. 

Although statistically significant, the 1s improvement in latency when the tone was present 

is not operationally impactful. In contrast, dogs made more false alerts during the low 

prevalence testing when the tone was present compared to absent. This may suggest that 

the tone did initiate some behavior, but if the odor was not present, the dog made a false 

alert. During the low prevalence testing, dogs timed out 904 out of 1,680 trials or 53.80%. 
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In contrast during the high prevalence training and testing, dogs timed out 169 out of 1,800 

trials or 9.38%. This means that slightly more than half of the trials, the dogs did not search 

the odor ports adequately, and is reflected in the high miss rate during the low prevalence 

condition when the tone was on or off.  

 

Our hypothesis was incorrect and in fact, an appetitive CS tone in Pavlovian instrumental 

transfer did not significantly maintain search behavior during low odor rates. It has been 

demonstrated in humans that reward based cues, such as an appetitive CS tone, initiates 

behavior directed towards obtaining the reward (Cartoni et al., 2015; Lovibond et al., 

2015). Pavlovian appetitive CS stimuli are also considered incentive stimuli that become 

objects of desire and generate a conditioned motivational state that can initiate seeking out 

the associated reward (Meyer et al., 2012). This phenomenon of initiating behavior (i.e., 

search behavior) to obtain the reward was not demonstrated in this study with dogs.  

 

 It is possible that our experimental design was too complex in having the dog search, 

discriminate odorants, and alert to the correct port instead of a basic design with one 

instrumental response (press a lever). There was a trend in the increase in instrumental 

responding (nose hold in odor port) while the CS tone was on compared to off; however, 

the dogs responded in a false alert, perhaps due to the majority of the trials being blank (no 

target odor). Another explanation is the difference in species as the majority of PIT articles 

are in humans (Cartoni et al., 2013, 2015; Hogarth et al., 2014; Prevost et al., 2012; 

Seabrooke et al., 2017, 2019; Trick et al., 2011) or rats (Campese et al., 2017; Galarce et 
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al., 2007; Holland, 2004). More research is needed in dogs testing a potential PIT effect, 

even though this may not be relevant for detection dogs.  

 

One potential limitation of this study was the odor prevalence was drastically changed from 

90% to 10% and although 10% is operationally realistic, it may be more beneficial for the 

dog to decrease the odor rate slower over time. During the 90% odor rate find during the 

high prevalence training and testing, the reinforcement schedule was high for encountering 

target odors. It may be more beneficial and allow the dogs to transition to the 10% odor 

rate during the low prevalence testing if the schedule of the appearance of odor was more 

intermittent during the high prevalence training and testing. For example, Thrailkill et al. 

(2016) used rodents as a model for detection dogs where extinction of heterogeneous 

behavior chains (a model of searching behavior) to investigate whether training subjects to 

search for longer durations under intermittent reinforcement schedules led to greater 

resistance in extinction. The rat would pull the chain which would lead to the presentation 

of a discriminative stimulus and pressing the lever in the presence of the discriminative 

stimulus led to food (Thrailkill et al., 2016). Rodents showed greatest resistance to 

extinction with intermittent reinforcement of searching, which led to more persistent search 

responding in extinction (Thrailkill et al., 2016). More research is needed in dogs to 

determine if using the appearance of odor on a more intermittent schedule during high 

prevalence training would increase the resistance to search behavior extinction under low 

prevalence testing and if this could also improve the effects of an appetitive conditioned 

stimulus in PIT. Interestingly, dogs showed improvement in the low prevalence condition 

across sessions. This may signal that they were adjusting to the lean schedule of the odor. 
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Unfortunately, we did not continue training long enough to see if performance would 

eventually recover.  

 

Another limitation to the study may be the short number of sessions of Pavlovian 

conditioning. In this study each dog received six sessions of 30-minute Pavlovian 

conditioning at 1 minute of 5-minute intervals. Corbit et al. (2007) gave rats 10 sessions of 

Pavlovian conditioning with an average of 5-minute intervals and 2-minute CS exposures. 

In contrast, Campese et al. (2017) gave rats a single 15-minute session of Pavlovian 

conditioning that consisted of three trials in which a 30s tone (followed by a foot shock) 

was separated by 180s intertrial interval. Again, it is difficult to determine the ideal time 

and number of sessions for dogs, because to our knowledge, there are currently no PIT 

studies utilizing an appetitive conditioned stimulus in dogs. More research is needed 

studying dogs with longer sessions of Pavlovian conditioning and observing the effect of 

PIT. Finally, the small sample size of seven dogs is another limitation of this study. 

However, to date, there are no other studies in dogs observing the effects of an appetitive 

conditioned stimulus with PIT to mitigate low odor prevalence.  

 

The present results have important implications for detection dogs as the low prevalence 

testing odor rate (10%) is realistic in an operational setting. Gazit et al. (2005) and Porritt 

et al. (2015) both demonstrated that when dogs continuously search in an environment or 

path with zero target odors, the dog’s search behavior declines. This is a critical issue 

because if the dogs are searching in environments that they have associated with zero 

targets (e.g., airport security check-in) they may miss potential targets (e.g. explosive 
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devices). Although, this study does not directly give a method to mitigate the decline in 

performance, it demonstrates the performance and behavioral differences from going to 

high prevalence odor finds to low prevalence odor finds. It also highlights the need for 

more research in dogs analyzing if extending the duration of Pavlovian conditioning, 

changing the appearance of odor schedule to be more intermittent in the high prevalence 

rate, and transitioning to a low prevalence rate that is not as drastic will maintain search 

behavior when the target odor rate declines. In conclusion, the prevalence of target odor is 

critical, and more research needs to be done to examine the impact of an appetitive 

conditioned stimulus on low target odor density searches in dogs.  
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Figure 4.1. Three-choice automated device with an automated cover. From left to right, 

odor ports 1, 2, and 3 with infrared beams that record the dog inserting their nose. Each 

odor port has an individual olfactometer (black box behind the kennel) that is attached 

with a Teflon tube to the bottom of the odor port. Each olfactometer is connected to a 

microcontroller (Arduino Nano Sense board) that controls the olfactometer valves by a 

computer using Python coding. Each olfactometer was fed from a common air supply 

generated by a commercial high-flow air pump regulated by a rotameter.  
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Figure 4.2. Zeke alerting to the target odor, isoamyl acetate, with a nose hold to odor port 

1. The infrared beams on the odor port records the duration of the hold. After 3 seconds, 

the automated feeder located to the right of the panel and odor port 3 will release food, 

the primary reinforcer. Then, the automated panel will come down and cover the three 

odor ports and move to the next trial.  
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Figure 4.3 Overall accuracy in the high prevalence testing by session for each individual 

dog. There was a total of 8 sessions of the high prevalence rate (2 high prevalence 

training and 6 high prevalence testing). The high prevalence testing was alternated each 

day with the low prevalence testing. Error bars show 95% confidence interval.  
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Figure 4.4. Overall accuracy in low prevalence test with the CS tone on and off. Error 

bars present 95% confidence interval.  
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Figure 4.5. Latency to search the automated panel with and without the presence of the 

CS tone. Error bars show 95% confidence interval.  
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Figure 4.6. The average miss rate in low prevalence testing when the CS tone was on or 

off. Error bars show 95% confidence interval.  
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Figure 4.7. The average false alert rate when the CS tone was on or off. Error bars represent 

95% confidence interval.  
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Figure 4.8. Overall accuracy across the 6 testing sessions for high prevalence and low 

prevalence. High prevalence session 0 is a high prevalence training. The dashed line 

indicates the 33% for chance with the three odor ports. Error bars represent 95% confidence 

interval.  
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Chapter 5 

 

CONCLUSION AND FUTURE IMPLICATIONS 

 

Dogs have been utilized for various detection jobs for chemical stimuli such as explosives 

(Cerna et al., 2011; Furton, 2001; Gazit et al., 2005b; Hall & Wynne, 2018b; Lazarowski 

et al., 2015; Lazarowski & Dorman, 2014b; Oxley & Waggoner, 2009), narcotics (Bird, 

1997; Jantorno et al., 2020; Jezierski et al., 2014; Marks, 2002; Riva et al., 2012; Francis 

et al., 2019), human odor (Alexander et al., 2011; Gordon, 2012, 2015; Greatbatch et al., 

2015; Slensky et al., 2004), cancer (Cornu et al., 2011; McCulloch et al., 2006; Moser & 

McCulloch, 2010; Walczak et al., 2012; Willis et al., 2004), and conservation related 

detection (Cablk & Heaton, 2006; Cristescu et al., 2015; Dematteo et al., 2009; Reed et al., 

2011; Smith et al., 2005). Regardless of the stimuli the detection dog is trained to, the dog 

is trained through operant conditioning to create a stimulus-response chain of searching, 

locating the odor, and indicating at the location (or as close as possible) of the target odor. 

In response to a correct indication, the handler will reward the dog, which acts at the 

primary and terminal reinforcer.  

 

The two reinforcers that drive the dog to search and maintain motivation during the search 

are the actual target odor (conditioned reinforcer) being present and the handler rewarding 

with toy or food (primary/terminal reinforcer). If the target odor is not in the environment 

where the dog is being repeatedly asked to search or if the handler ceases reinforcing the 

dog for the indication, the dog may stop searching all together. If the dog stops searching, 
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their performance declines and they could miss a target odor which could have detrimental 

implications. For example, if a search and rescue or cancer detection dog misses a target 

odor, that could mean the difference between life and death.  

 

Under certain conditions detection dogs will show a decline in motivation and search 

behavior will undergo extinction when the dog infrequently encounters the target odor. For 

example, explosive detection dogs were repeatedly asked to search in two different paths, 

one path always had odor present and the other path never had odor present, dogs quickly 

learned that one path always had no target odors and their motivation to search declined, 

whereas their performance was maintained on the path that always had target odors (Gazit 

et al., 2005). To mitigate this performance decrement, explosive detection dog handlers 

train in various contexts by pre-hiding targets for dogs to find; however, in some contexts 

this is logistically not possible. Porritt et al. (2015) suggested a potential solution by 

training explosives detection dogs to an innocuous non-explosive odor (e.g. vanillin) and 

showed that dogs maintained performance when having an odor to indicate in the field. 

However, this may not be feasible for all detection dog scenarios and to the best of our 

knowledge, this practice has not been utilized extensively.  

 

The study in Chapter 4 highlights when odor prevalence shifts from high odor rate (90%) 

to low odor rate (10%) that dog’s performance declines. The overall accuracy from high 

prevalence to low prevalence decreased (83.79% to 34.52%) and the miss rate increased 

from (16.21% to 64.48%). The study explored the use of an appetitive conditioned stimulus 

to mitigate the performance decline during low odor prevalence. Latency was reduced by 
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1s during the low prevalence testing compared to the high prevalence testing; however, 

this 1s is unknown on how operationally impactful it may be. Overall, an appetitive 

conditioned stimulus with Pavlovian instrumental transfer was not as beneficial during low 

odor prevalence. The slight increase in accuracy during the low prevalence test across 

sessions may also indicate with more time the dogs may increase in search behavior; 

however, further research is needed to determine if more sessions may increase accuracy.    

 

There were limitations to this study which can be reviewed in the Discussion section of 

Chapter 4. However, there were several important implications of the study. The low 

prevalence testing rate of 10% odor presence is realistic in an operational setting. It has 

been extensively described throughout this dissertation that dogs continuously searching 

in an environment with zero target odors causes search behavior to undergo extinction. One 

future direction that should be studied is training dogs to the low prevalence odor rate. This 

could be conditioning dogs to a progressively lower odor prevalence over time as in 

Chapter 4, the study went right from 90% to 10% during the testing period. Another way 

to potentially “acclimate” dogs to a lower odor prevalence may be to put them on an 

intermittent schedule of odor appearance during training. As described in Chapter 4, 

Thrailkill et al. (2016) showed greatest resistance to extinction with intermittent 

reinforcement of searching which led to more persistent search responding in extinction, 

specifically the number of non-reinforced searches in rats. More research is needed in dogs 

as the majority of PIT studies are in humans (Cartoni et al., 2013, 2015; Hogarth et al., 

2014; Prevost et al., 2012; Seabrooke et al., 2017, 2019; Trick et al., 2011) and rats 

(Campese et al., 2017; Galarce et al., 2007; Holland, 2004).  
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The second performance decrement that was discussed in this dissertation was when 

detection dogs may search and encounter the target odor but fail to indicate. One reason 

the dog may not indicate on the target odor is because they simply cannot detect the odor. 

Dogs have a limit of detection, or threshold, for each odorant. Chapter 2 suggests that the 

limits of detection improve with explicit training at lower concentrations of the odorant. 

This indicates that stimulus concentration may be an important dimension for 

generalization to consider for detection dogs. The scent emerging from a target source is 

diluted by the surrounding environmental air and increasing the distance from the target 

source will cause further dilution of the original source, or a lower odorant concentration 

(Ong et al., 2017). There are several factors (i.e., volume flow rate and turbulence of 

environmental air, temperature, volatility of the target source, etc.) that determine the 

volatilization rate of the target source which will ultimately influence the concentration the 

detection dog with perceive (Goss, 2019). Search dogs will often encounter this 

phenomenon in an operational setting until they get closer to the target source, the target 

source will then be perceived as higher concentration as it is less diluted with 

environmental air. By explicitly training detection dogs to lower concentrations, this may 

improve the dog’s limit of detection and the dog may be able to locate a target source faster 

and potentially further away.  

 

On the opposite spectrum, a target source may be so concentrated in a small area that no 

concentration gradient exists within the area and may make it difficult for the detection dog 

to locate the source. For example, if a dead body is concealed in a closed room, the 
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surrounding environmental air will quickly be concentrated because of the high volatility 

of flesh and the detection dog may have difficulty locating the body (Fjellanger et al., 

2002). Although the study highlighted in Chapter 2 focused on lower concentrations for 

isoamyl acetate, it is important for future studies to examine the effects of high 

concentrations on the performance in detection dogs as they may encounter extremely high 

concentrations of an odorant beyond what they are trained to regularly. In a case study, 

detection dogs trained to 30g subsample failed to detect 13 kg of the same material (Aviles-

Rosa et al., 2021) which highlights the importance of training dogs to the odor 

concentration they need to detect in the field.  

 

Another example of the benefits of creating odor concentration threshold ranges can be 

applied with conservation detection dogs. There is a broad range of concentrations and 

variations in the target odor of wildlife scat due to degradation of the target source from 

the environment (precipitation and increased bacterial loads) (Wasser et al., 2004). Leigh 

and Dominick (2015) conducted threshold trials where the dog was trained to less than 24 

hours old to 324-day old scat, varied weight of scat (0.51g – 7.9g) and varied environmental 

exposure scat (3-22°C, up to 84 days in the bushland with 36 days of rain, and 0-200 mm 

of precipitation). The dog successfully did not indicate on an area where scat had been 

placed for 2 days and then removed 24 hours prior to the trial. Authors also describe the 

dog in the study was successful in alerting to scat that had been exposed to 200 mm of 

precipitation (with explicit training from 0 mm – 200 mm of precipitation) (Leigh & 

Dominick, 2015) where precipitation greater than 5 mm was originally thought to cause 

performance rates to decline (Reed et al., 2011). Overall, in addition to training with 
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various odor concentrations, it is important to train the detection dog in the operational 

setting that it will work in. 

 

Another reason the dog may not be able to detect the odor is because they are unable to 

generalize from the odor they were originally trained to. Generalization is a critical concept 

for detection dogs, especially explosive detection dogs. For example, explosive detection 

dogs are trained to one type of oxidizer (e.g., ammonium nitrate) and need to respond to 

chemically related oxidizers (e.g., calcium ammonium nitrate) or the same oxidizer when 

mixed with other materials. Notably, dogs often fail to spontaneously generalize across 

these odor variations (Hall & Wynne, 2018; Lazarowski et al., 2015; Lazarowski & 

Dorman, 2014). The results in Chapter 3 indicate that dogs spontaneously generalize to a 

limited range of an odor concentration without explicit training. In addition, dogs can be 

trained to alert to concentrations greater than some threshold and not respond to lower 

concentrations that the dog perceives as being similar to the target concentration. The study 

in Chapter 3 has several implications. First, constant training with a low concentration 

odorant as a no-go stimulus is one method to maintain suppression of responding and 

prevent alerting to the low concentration from rebounding. This is applicable for different 

organizations of detection dogs where the handler wants suppression of a low concentration 

of a trained odorant such as conservation or oil spill detection dogs. Conservation dogs are 

sometimes trained to ignore scat that has been removed after 24 hours (Leigh & Dominick, 

2015). Oil spill detection dogs are typically trained to not detect low concentrations of oil 

as this may indicate a small leak. Another implication of the study in Chapter 3 suggests 

that dogs do not spontaneously generalize to a wide range of concentrations lower than the 
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concentration of the odorant trained. Therefore, if handlers need dogs to detect lower 

concentrations than the concentration of the odorant trained, they need to explicitly train 

the dog to lower concentrations, which reinforced the findings in Chapter 2.  

 

Finally, an implication from the study in Chapter 3 is the importance of properly cleaning 

samples and preparing odor samples carefully. If odor samples are not prepared carefully, 

and samples that a trainer may think are clean are incidentally contaminated with a 

significant amount of the odorant, the study in Chapter 3 suggests dogs can learn to not 

alert to the contaminated container and still respond to the higher concentration target. 

Although the dog appears proficient in detection, the dog may explicitly ignore significant 

concentrations of the odorant that resemble the contamination concentration, which may 

be slightly lower than the trained odor concentration.  

 

In conclusion, the three studies described in this dissertation demonstrate the importance 

of training detection dogs and maintaining a strong stimulus-response behavior chain. 

There are several factors that may cause extinction of search behavior and indication 

behavior in the detection dog. Detection canines are frequently asked to operate for 

extended durations and in harsh environments. By training dogs to their optimal olfactory 

threshold and performance is the upmost important. Not only by training the detection dog 

to explicitly lower concentrations will it help them detect lower concentrations, but it may 

also help them generalize to even lower concentrations than originally trained to. In 

addition, certain detection dog agencies that want dogs to only indicate within a certain 

range of concentration (i.e. conservation or oil-spill) need to explicitly reinforce the desired 
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concentration. Lastly, motivation decrement may occur due to extinction of search 

behavior in a zero or low-density target environment, which could have critical 

implications to public safety. Potential methods to mitigate this decrement and extinction 

behavior may be a longer duration of time when transitioning the dog from high odor 

prevalence to low odor prevalence conditions. Detection canines are extraordinary animals 

that are required to operate in difficult environments that aid in protecting the public. It is 

in our best interest to optimize detection canine’s abilities and to improve their cognitive 

vigilance to insure confident searches. 
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