
Inferential Learning in the Domestic Dog 
 
 

Introduction 
 

Distinguishing behaviors that have been directly trained from behaviors that demonstrate true 
comprehension of a task is challenging.  Consider the famous example of Koko, the gorilla who has been 
trained to use sign-language (Patterson, 1978).  Is this an example of language comprehension or is Koko 
merely performing a series of individually trained behaviors?  Sidman and Tailby (1982) proposed that 
task comprehension and inferential leaning can be evaluated by testing for emergent (i.e., untrained) 
relationships between various stimulus cues.  They called this “stimulus equivalence”.  To satisfy the 
criteria of an equivalence relation, the relationship between stimuli must be reflexive (i.e., each stimulus 
is equivalent to itself), symmetric (i.e., the direction of the relation between stimuli is reversible), and 
transitive (i.e., two or more stimuli can be related through an intermediate stimulus).  These three 
defining properties can be represented in symbols as follows: 

 
Reflexivity:  If given A, then A = A 
Symmetry:  If given A = B, then B = A 
Transitivity:  If given A = B and B = C, then A = C 

If all three properties are satisfied, then the stimuli A, B, and C are said to be members of an 
equivalence class and thus, the stimuli within those classes are functionally equivalent.  This is a 
phenomenon we encounter every day.  For example, when driving a car, encountering a stop sign on the 
road will prompt a driver to apply the brakes.  A passenger giving the verbal command “stop” would also 
prompt the driver to perform that same braking behavior.  In this instance, the visual stimulus of the 
sign and the auditory stimulus of the spoken command have the same control over the driver’s 
behavior, despite the fact that these two stimuli do not resemble each other. 

The formation of equivalence classes can be tested by training an organism several arbitrary 
relationships between sets of stimuli and subsequently testing the organism’s understanding of 
additional, inferred relations between those stimuli.  In the laboratory, this is traditionally accomplished 

using a conditional discrimination arrangement.  This type of 
discrimination, which is analogous to an “if…then” statement, is 
presented as a matching-to-sample task.  The subject is first 
presented with a sample stimulus, followed by several 
comparison stimuli.  The subject must then choose the 
comparison that matches the original sample.  As illustrated in 
Figure 1, if the sample is the red paw print, then the correct 
comparison is the red paw print.  If the sample was the green star, 
then the correct comparison would be the green star, and so on.   

Equivalence studies take this conditional matching task 
one step further, now requiring the subject to match two 
arbitrary stimuli after first being taught that those stimuli are 
equal to one another.  For example, if an organism was first 
taught that a raccoon image equals the letter “R”, we could then 
test for an inferred relation between these two stimuli by 
reversing that relationship (symmetry), as illustrated in Figure 2.  
If given the sample stimulus “R”, does the organism recognize 
that the raccoon image is the correct comparison choice? By 

 
Figure 1. An identical matching task. 

 
Figure 2. An arbitrary matching task. 



manipulating the sample and comparison images in this manner, each of the three properties of 
stimulus equivalence can be experimentally evaluated.   

Stimulus equivalence may be related to language, and although the specific nature of any 
relationship between stimulus equivalence and language abilities remains unclear, their similarities are 
apparent.  Both involve forming relations between arbitrary stimuli, using those stimuli interchangeably, 
and inferring relations between those stimuli in the absence of direct training.  For example, a child 
viewing a picture of a cat (i.e., stimulus A) and repeatedly being given the oral name “cat” (i.e., stimulus 
B) can learn this relation.  If this child is then shown the written word “CAT” (i.e., stimulus C) and this 
new stimulus is assigned to the same oral name given previously, the child could then infer that the 
picture of a cat and the written word “CAT” are equivalent because they are each related to the same 
oral name (i.e., stimulus A equals stimulus C via stimulus B).  There is no known limit to the number of 
stimuli that can become related within an equivalence class, and new class members may originate from 
the same sensory modality (e.g., visual, olfactory, tactile, auditory) or a different modality (Sidman, 
1994).  For example, the three-member class created for this child could later be expanded to include a 
real cat, the American Sign Language sign for “cat”, the smell of a cat, and so on.  All of these related 
stimuli could then exert similar control over the child's behavior.  In other words, the presentation of 
any one of these stimuli could cause this child to experience a mental image of a cat. 

Research on stimulus equivalence has lead to the development of efficient, reward-based 
language training programs for humans (Sidman, 1994; Sidman, Willson-
Morris, & Kirk, 1986).  The efficiency arises because if a person is taught 
just two key relations connecting at least three stimuli (e.g., A = B and B = 
C), then four new relations will emerge without any direct training (B = A, 
C = B, A = C, and C = A).  This is illustrated in Figure 3, where solid arrows 
depict the two directly trained relations, while the dashed arrows 
represent the four equivalence-based inferred relations. 

Similar training protocols could be valuable in the training of 
nonhuman animals (e.g., efficiently teaching service animals complex 
tasks and basic language skills).  However, there is controversy over 
whether any nonhuman animals have ever successfully demonstrated 
stimulus equivalence ability.  Numerous studies have failed to find evidence of equivalence class 
formation in a variety of nonhuman animals including pigeons, chimpanzees, rhesus monkeys, and 
others (e.g., Dugdale & Lowe, 2000; Lipkins, Kop, & Matthijs, 1987; Sidman et al. 1982).  The studies that 
have produced positive results have been heavily criticized on the grounds of methodological 
inconsistencies and limited experimental control (Hayes, 1989; McIntire, Cleary, & Thompson, 1987; 
Saunders, 1989).  For example, Schusterman and Kastak (1993) recently claimed to have demonstrated 
stimulus equivalence in sea lions, but critics asserted that they directly trained all three of the defining 
properties of equivalence, thus violating the "emergent" aspect of these relations.  In other 
experiments, the definitions and procedures used were consistent with stimulus equivalence studies 
done previously with human subjects, but there may have been confounding variables.  For example, 
Pepperberg (2012) suggested a successful demonstration of stimulus equivalence in Grey parrots.  
However, due to a high level of interaction between the birds and trainers during both training and 
testing procedures, it is possible the birds were responding to additional cues provided by the 
experimenters.   

Compared to the wild animal species previously tested, domestic dogs have a unique 
evolutionary history.  They have been artificially selected for thousands of years to live easily with 
humans and respond to human emotions and language cues (Coppinger & Coppinger, 2002; Fogle, 
1990).  Perhaps second only to primates, the domesticated dog is now often referenced in discussions of 
nonhuman language comprehension.  As such, they may be an ideal candidate for stimulus equivalence 

 
Figure 3. Equivalence triangle. 



research.  The March 2008 issue of National Geographic featured a story on "Animal Minds."  Among the 
animals featured was a border collie named Betsy, who had a 300 word "vocabulary".  As impressive as 
this case is, similar to Koko’s use of sign language, it is unclear whether the associations this dog has 
apparently formed between verbal cues and physical objects meet the defining properties of reflexivity, 
symmetry, and transitivity required for true stimulus equivalence and thus true comprehension.  The 
present study aimed to provide precisely such a test of true inference and language abilities by 
evaluating talented dogs’ conditional discrimination and stimulus equivalence performance under highly 
controlled experimental conditions. 

   
Method 

 
This study used a single-subject design arrangement with two dogs.  

Single-subject designs are standard for equivalence research, as a successful 
demonstration of the properties by an individual of a given species is 
considered sufficient evidence of species capabilities.  The first dog used in 
the study was a mature, 7 year old border collie with an extensive 
repertoire of learned behaviors (Dazzle).  The second dog was a 6 month old 
golden retriever that, starting from birth, was given stimulation exercises 
and training games to foster her mental development (Kova).  The majority 
of brain maturation in dogs occurs prior to 16 weeks of age (Gross, Garcia-
Tapia, Riedesel, Ellinwood, & Jens, 2010), so this puppy already possessed 
learning capabilities similar to those of a mature dog.  

The procedures used paralleled those used by Sidman et al. (1982) 
as well as Bush, Sidman, and De Rose (1989).  The training and testing 
protocol utilized a matching-to-sample task.  Trials were conducted in a 
three-sided, covered work station, with a touch screen monitor 
mounted on the back wall (Figure 4).  The dogs interacted with the 
matching task by touching the screen with their noses (Figure 5).  Food 
rewards were automatically dispensed into the work station for each 
correct response. No human input was required for the full duration of 
each training session, eliminating all experimenter/dog interactions and 
ensuring a high degree of experimental control.  Training was 
conducted 5-7 days per week with up to three sessions occurring in a 
single day.  Each session lasted a maximum of 20 minutes.  The study 
was broken into four distinct phases: 

 
 
Phase 1: Training the dogs to operate the touch screen using a target program. 
Phase 2: Matching-to-sample training (i.e., prerequisite skills for stimulus equivalence) with 24 stimuli. 
Phase 3: Training the arbitrary relations for equivalence testing (i.e., A = B and B = C) with 9 stimuli. 
Phase 4: Testing for inferred stimulus equivalence relations (i.e., reflexivity, symmetry, and transitivity). 

 
Mastery of a given phase was defined as the dog choosing the correct match on ≥90% of the 

trials over 5 successive training sessions.  Advancement to the next phase was contingent upon mastery 
of the previous phase.  Within Phase 4, if the dogs achieved mastery criteria for a given property of 
stimulus equivalence (i.e., reflexivity, symmetry, or transitivity), that was considered a successful 
demonstration of that one property.  Mastery of all three properties constituted a successful 
demonstration of stimulus equivalence ability by a canine. 

 
Figure 4. Training apparatus. 

 
Figure 5. Dazzle operating the screen. 



 
Results 

 
Phase 1: Both dogs successfully learned to operate the touch screen system using their noses.  Dazzle 
achieved mastery after 14 weeks.  Kova achieved mastery in 5 weeks.  This video shows the dogs’ 
advancement from the introductory to mastery stages of target training: http://youtu.be/EFIfhyKMlkM  
 
Phase 2: Matching performance varied between 40-75% accuracy for both dogs, indicating a failure to 
achieve mastery during this phase of training (Figure 6).  This video shows Kova’s variable matching 
performance during a single training session: http://youtu.be/rbpCM6NoN5Q.  Instances of 100% 
performance occurred during “forced choice” sessions, meaning the program did not move forward 
until the dog made the correct match.  This change in protocol was imposed as an additional training 
strategy on these select days, but failed to produce lasting improvements in response accuracy.   

Dazzle 

 

Kova 

 
Figure 6. Overall matching performance for Phase 2 for Dazzle (left) and Kova (right). 

 
 
 The dogs worked with only two visual stimuli: the letter “E” and a dog sketch.  Throughout 
training both dogs demonstrated a bias for the “E” image, indicated by their consistently higher 
matching accuracy on that stimulus compared to the dog sketch (Figure 7).   

Dazzle 

 

Kova 

 
Figure 7. Matching accuracy for each image for Dazzle (left) and Kova (right); black triangles represent the “E” 

image, white circles represent the dog sketch image. 
 

 

http://youtu.be/EFIfhyKMlkM�
http://youtu.be/rbpCM6NoN5Q�


As illustrated previously in Figure 1 and Figure2, comparison images were shown in one of three 
positions on the bottom half of the touch screen: left, middle, or right.  One dog, Kova, showed biases 
for certain comparison positions throughout training, as indicated by her varied matching accuracy 
depending on the location of the correct comparison (Figure 8).  The other dog, Dazzle, did not 
demonstrate any consistent comparison position biases.   

Dazzle 

 

Kova 

 
Figure 8. Matching accuracy for each image for Dazzle (left) and Kova (right); black triangles = middle position, 

white triangles = left position, gray diamonds = right position. 
 
 
Phases 3 and 4: The dogs’ failure to meet mastery criteria in Phase 2 prevented their advancement to 
these phases of the study. 

 
Discussion 

 
Both dogs failed to reach mastery criteria on the matching-to-sample task, and thus failed to 

demonstrate conditional discrimination ability.  This skill is a prerequisite for demonstrating stimulus 
equivalence.  One possible conclusion is that dogs are incapable of such problem-solving. If so, previous 
claims to the contrary should be questioned. While possible, it seems unlikely that domestic dogs are 
roundly incapable of conditional discriminations. A wide variety of species have proved capable of this 
skill under experimentally controlled conditions, including monkeys, rats, pigeons, sea lions, and others 
(D'Amato, Salmon, & Colombo, 1985; Iversen, 1993; Carter & Werner, 1978; Kastak & Schusterman, 
1994).  Further, there have been numerous anecdotal reports of dogs performing conditional 
discriminations, including search and rescue dogs routinely matching a sample scent to a target object.  
It could be that the dogs had difficulty with the visual matching task in this study, but would have 
performed better had a different modality been used (e.g., scents or sounds).  

An alternative conclusion is that aspects of the current protocol undermined the dogs’ learning.  
Minor inconsistencies with the touch screen technology were observed, primarily due to the dogs’ saliva 
accumulating on the screen over the course of a training session. These temporary equipment 
malfunctions may have resulted in the system providing the dogs with inconsistent or delayed feedback 
about their performance. The fact that the dogs’ position and image biases failed to resolve with 
continued training further suggests that learning was stymied beyond the mastery of conditional 
discriminations. Even if dogs were incapable of performing conditional discriminations, their biases 
should have been diminished over time with consistent reinforcement.  



Modifications to the apparatus have been made to eliminate the touch screen malfunctions. A 
plate with cut-out windows covered in plastic, which acts as a 
shield to collect the dogs’ saliva, has been installed (Figure 9).  
Both dogs have recently resumed training in Phase 2 using this 
new apparatus.  This video illustrates the improved 
responsiveness of the touch screen with the plate installed: 
http://youtu.be/mlSJXsVUme8.  Consistent practice with this new 
design should rectify both the image and location biases the 
dogs demonstrated previously.  If mastery of the conditional 
discrimination task is achieved, then equivalence training and 
testing will follow as originally proposed in Phases 3 and 4. 
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