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Highlights
•

A two-choice discrimination task assessed relational class concept learning in dogs.

•

Dogs exhibited conceptual behaviour in the form of relational concept learning.

•

There were differences in dog’s generalization capabilities across certain shapes.

•

Behavioral stimulus generalization does not explain performance.
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Abstract
One central issue in the study of animal cognition concerns conceptual behaviour,
where an organism categorises objects, events, and relationships so as to transfer previously
learned rules to novel contexts. In this study, we investigated whether or not dogs
demonstrate conceptual behaviour in the form of simple relational class concept learning. A
two-choice visual discrimination task was used to assess if dogs are capable of simple
relational class concept learning by generalising the same rule (i.e. circle is larger or smaller
than) to various novel shapes. Eight purebred Lagotto Romagnolos were included in the
study. The results demonstrated that they were capable of generalising a previously learned
size discrimination rule to novel stimuli; however, there were differences in dog’s
generalization capabilities across certain shapes. Considering their unique relationship with
humans, and their immediacy in everyday life, a better understanding of conceptual
behaviour and generalising abilities in domestic dogs may have implications for training and
management methods, as well as contributing to comparative psychology and applied
ethology.

1. Introduction
Conceptual learning, when an organism categorises objects, events, and relationships
by transferring previously learned rules to novel contexts (Thomas 1980), is often considered
to underlie higher-order cognitive functioning. Successful application of conceptual abilities
can reduce the costs associated with repeated trial-and-error learning and increase learning
efficiency (Zentall et al. 2008). If an individual can recognize a situation as being similar to
another and utilise prior learning, quick and adaptive reactions can be applied with few, if
any, repeated attempts at potentially costly problem solving.
Traditionally, concept learning has been divided into two categories, absolute and
relational concepts (Thomas 1980). The first, absolute concepts, is where a distinguishing
feature is intrinsic to the stimulus itself. The second, relational concepts, is where a
distinguishing feature is relative and may be affirmed only by comparing stimulus choices.
Pepperberg and Brezinsky (1991) summarized Thomas (1980) by stating that “responding on
a relative basis requires a subject to compare stimulus choices and then derive and use an
underlying, more abstract (and thus general) concept; in contrast, learning an absolute
stimulus value requires only that a subject form a single association” (p.286). Thus, in order
to identify an absolute concept there does not need to be a comparison between stimuli,
however in order to identify a relational concept a reference to another stimulus must occur
(Thomas and Crosby 1977).
Within relational concepts, researchers often distinguish between two additional
levels. The first represents a complex level of understanding the relations between relations
(e.g. same versus different) or conditional circumstance (e.g. if A-then-B tasks) (Pepperberg
and Brezinsky 1991; Premack 1978). The second and simpler level represents an
understanding of relational concepts (e.g. larger than, smaller than, lighter than). While
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hypothesised to be less cognitively complex than conditional relations, relative concept
learning remains worthy of study, functioning as one measure of cognitive ability (Thomas
1980; Pepperberg and Brezinsky 1991). This is because demonstration of relative concepts
requires individuals not only to compare the presented stimuli, but also to apply an
underlying concept developed through previous learning (Pepperberg and Brezinsky 1991;
Premack 1978).
In humans, relational concept learning is typically tested using tasks such as the
California Sorting Test (Delis et al. 1992), the Visual-verbal test (Feldman and Drasgow
1959), the Category Test (Reitan and Wolfson 1985), or the Wisconsin Card Sorting Test
(Heaton 1993) (for an overview see Tapp et al. 2004). In non-human animal (hereafter
animal) species, more commonly used tasks are simple discrimination paradigms followed by
novel transfer tests (Roberts 1998; Shettleworth 2009; Zentall et al. 2008). In order to
demonstrate an understanding of conceptual behaviour, an animal must first learn a given rule
to discriminate stimuli (e.g. larger size, smaller size, darker colour). Once trained to
consistently utilise this rule, or at least to respond to specific stimuli in a way that matches the
particular rule, the animal must respond to novel stimuli based on the properties used in the
discrimination task.
Evidence of relational concept learning in animals most commonly arises from
transposition tests. In this experimental paradigm, an animal that has been trained to select a
given stimulus within a pair is subsequently presented with both familiar and novel stimuli
(e.g. Lazareva 2012; Spence 1937; Köhler 1918). Originally it was assumed that if the animal
indicated the trained relation in a new context, the animal had learned the relation between
the stimuli (Köhler 1918). For example, say an animal is trained to choose a dark grey
stimulus over a light grey stimulus, and is then presented with dark grey and black stimuli. If
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it has simply learned to select the stimulus that was previously reinforced, the animal should
select the dark grey stimulus. However, if it chooses the black stimulus it could be
responding relatively to the general rule of selecting the darker of two stimuli, although
further testing would be required to substantiate this (Pepperberg and Brezinsky 1991). Since
this initial conceptualisation, additional theoretical accounts have been proposed to explain
that a preference for a relationally correct stimulus may be explained by factors other than
relational concept understanding [e.g. postdiscrimination peak shifts (Spence 1937), and
adaptation level (James 1953)]. While variations of transposition paradigms have been
conducted, and theoretical accounts vary in their proposed explanations (for an extensive
review of transposition research in animals see Lazareva 2012), to date, a variety of species,
including birds (Pepperberg and Brezinsky 1991; Page, Hulse, and Cynx 1989; Hulse, Page,
and Braaten 1990), rats (Thompson 1955), dogs (Tapp et al. 2004), dolphins (Richards, Wolz,
and Herman 1984), sea lions (Schusterman and Krieger 1986), humans, and other primates
(Premack 1978) have been found to be successful in transposition paradigms.
Considering their unique relationships with humans, domestic dogs offer an
interesting species within which to assess the development and extent of conceptual
behaviour in animals. Over the last 20 years, a substantial portion of cognition research has
attempted to better understand the cognitive abilities of dogs (for a comprehensive review see
Bensky, Gosling, and Sinn 2013). According to many of these studies, dogs provide a unique
model for investigating cognitive processes as they outperform all other animals, including
humans’ closest living primate relatives, chimpanzees, in some social-cognition tasks
requiring cooperation with humans (Bräuer et al. 2006; Hare et al. 2002; Kaminski 2009).
However, while dogs are a well-studied species, little is still understood about their basic
cognitive processes.
To our knowledge, only a few studies have assessed conceptual behaviour, for the
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large part indirectly, in domestic dogs. Furthermore, mixed results have been observed across
these studies, likely due to the use of different methodologies and experimental paradigms. In
social testing paradigms, dogs appear unable to transfer rules from a communicator to a novel
person (Topál et al. 2009; Hertel, Kaminski, and Tomasello 2014). Dogs were more likely to
obey a rule when the original communicator remained in the room than when the
communicator left for a moment or when confronted with a novel person (Hertel, Kaminski,
and Tomasello 2014). In non-social testing paradigms, using a three-choice transposition test
to assess age-related executive dysfunction in a reversal learning task, beagles were found to
be able to generalise previously learned rules to novel contexts – although performance was
dependent on the stimulus and the dog’s age (Tapp et al. 2004). In this study, after
conducting both two and three choice size discrimination tasks, dogs that were successful
continued onto a test of concept learning. In these sub-tests, the authors presented the dogs
with novel objects, such as soccer balls, and bottles, to evaluate the transfer of the concept to
novel stimuli. Lastly, it has been reported that dogs can sort dog versus landscape images
according to a perceptual response rule and relationally transfer this rule to novel images
(Range et al. 2008). Together, these findings suggest that certain experimental paradigms,
such as social and non-social tasks, may yield different results when used to assess dogs’
generalising abilities. Therefore, further investigation is required before any confident claims
about conceptual behaviour and relational class concept learning in dogs can be made.
The purpose of the present study was to assess whether or not dogs could generalise a
single rule to a novel context in a non-social testing paradigm involving simple twodimensional images presented on a computer monitor, in a way demonstrative of simple
relative class concept learning. A shape concept task was selected to assess these abilities, as
all dogs in the present study had substantial training on the two-choice size-discrimination
test paradigm, where they were trained to identify the larger (or in one subject’s case,
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smaller) of two circle stimuli. We then varied the shape of the stimuli to test the same dogs’
generalisation abilities, such that they were presented with novel stimuli, consisting of eight
different shapes (e.g. two squares or two triangles), rather than the two circles on which they
were trained. Based on previous research in dogs and other animals, it was hypothesised that
the dogs would demonstrate relational class concept learning, generalising the previously
learned rule to similar, but novel, situations.

2. General methods
2.1. Participants
All procedures were in accordance with the ethical standards of La Trobe University
Animal Ethics Committee (approval number: AEC 16-26). Participants consisted of eight
companion dogs (Canis familiaris): six females and two males (mean age = 3 years, 2
months; age range = 1 year and 9 months to 7.5 years) (see Table 1). All participants were
purebred Lagotto Romagnolos and all but one (Gabbie) was sexually intact. A member of the
research team owned all dogs and they mostly lived together on a large rural property. The
dogs were kept as companions as well as for breeding purposes. All were either born on the
property or acquired at 8 weeks of age, and all had participated in a previous study in which
they were trained to discriminate between two circles on the basis of circle size (Byosiere et
al. 2016).
2.2. Materials
Testing was conducted in the Canine Nose-Touch Testing Apparatus, a 1,540mm x
600mm x 600mm wooden apparatus designed to eliminate experimenter-expectancy effects
by removing the experimenters from the sight of the dog, and to decrease environmental
distractions (for additional information see Byosiere et al. 2016) (see Fig. 1). The testing
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chamber was equipped with a 508mm Dell® widescreen computer monitor for stimulus
presentation (1280 x 800 pixels; one pixel measures approximately 0.3 mm2). Stimuli were
black computer graphics (RGB values: 0, 0, 0; Luminance: 0.18 cd/m2) on a white
background (RGB values: 255, 255, 255; Luminance 175.5 cd/m2) presented on the LCD
screen, which was positioned with the lower edge approximately 24 cm above ground level.
Below it, at ground level, was a remotely controlled treat dispenser (Treat & Train®) that,
when activated, distributed one piece of semi-moist dry dog food (Nature’s Gift® Mini
Kangaroo, or Good-o® treats). Above the monitor, a video camera was mounted to record
each trial.
Data acquisition was conducted through customized programs developed specifically
for this study by the research team using Processing 2.2.1 and administered via a Dell
Latitude D531 laptop. The program allowed the researcher operating the laptop to control the
rate of presentation of stimuli, including trial commencement, trial duration, and the location
of the target stimulus on the screen. Dog responses were recorded manually by the
experimenter pressing either the up or down arrow, indicating correct and incorrect choices
respectively, on the computer keyboard, which simultaneously ended the trial and
commenced the inter-trial intermission while storing all data automatically. The order and
side of stimuli presentation were randomly assigned using one of 44 left-right sequences
designed by Gellermann (1933) to ensure that the most probable chance score in each round
of ten trials would be 50%.
2.3. Stimuli
Each stimulus comprised two identical shapes that varied in size. As the dogs had
previously been trained to make size judgments based on circles, these were used as controls.
The circles sizes were based on an array of 12 circles used previously to test transpositions in
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pigeons (Lazareva, Wasserman, and Young 2005; Lazareva, Young, and Wasserman 2014;
Lazareva et al. 2008) and labelled S1 through S12 (16.2 to 189mm, 54 to 630 pixels in
diameter). We selected three intermediate circles from the array: S4 (106 pixels; 31.8mm): S7
(207 pixels; 62.1mm): and S10 (403 pixels; 120.9mm). Two circle pairs, S4-S7 and S7-S10,
were used to ensure the dogs were not continually reinforced for choosing a single stimulus.
All dogs could reliably discriminate between the stimuli at an average rate of 78.4% (65%87%).
In addition to the familiar circle stimuli, eight novel shapes were presented (Fig. 2).
These were chosen based on their similarity to the circle stimulus, and based on novel shapes
utilized in similar testing paradigms (Hanggi 2003). They consisted of ovals, squares,
diamonds (a square tilted 45 degrees), rectangles, triangles, stars, horizontal lines, and
vertical lines (Fig. 2). Each shape was tested in two versions, small-medium (roughly
equivalent to S4–S7), and medium-large (roughly equivalent to S7–S10); sizes were derived
from the circle stimuli in terms of width and/or diameter (see Fig. 2). The difference in area
for all the shapes was controlled as well as possible. For all shapes (except horizontal and
vertical lines) the stimuli differed in size by approximately 26% for both the small-medium
and medium-large comparisons. Lines varied by 52% for both the small-medium and
medium-large comparisons, however they were consistent in length to the other shapes used.
Physical similarity values were computed between the circle and each of the shapes
using the Gabor-jet model (Fiser, Biederman, and Cooper 1996) in a manner similar to
procedures described elsewhere (Kim et al. 2009) (Table 2). In short, each image was resized
to 256 × 256 pixels. A grid, consisting of 10 × 10 squares of 20 × 20 pixels, was centred over
each image. A jet, consisting of 40 Gabor filters at five scales and eight orientations, was
centred at each grid square. For each filter, a magnitude of activation vector for that grid
square was computed by multiplying the image value by the sine and cosine coefficients of
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the filter value. This was done with every filter in the jet at every square of the grid for both
images, yielding a matrix of values for each filter for each image. A single similarity value
was calculated by taking the dot product of the two matrices and dividing by the norm of the
two matrices, thereby producing a value between 0 and 1. The closer this resulting value was
to 1, the more similar the novel shape was to the circle. As can be seen from the values
presented in Figure 2, ovals and squares were calculated to be the shapes most similar to the
target circle stimuli, and horizontal lines and vertical lines to be the most dissimilar.
Rectangles, diamonds, triangles and stars were intermediate but more or less similar, in that
order.
In addition to degree of similarity calculated by the Gabor jet analysis, we assessed
the area of a given shape in relation to the circle (Table 2). According to these values, squares
and diamonds were larger than the circle, whereas ovals, rectangles, stars, triangles, and
horizontal and vertical lines were smaller than the circle.
2.4. Procedure
As part of a previous study, the dogs were trained to select one of two circles
presented on the screen within the Canine Nose-Touch Testing Apparatus (for an extensive
overview of the training process see Byosiere et al. 2016). They did this by touching the
stimulus with their nose. All dogs were trained to select the relatively larger circle, except for
one (Baxter) who was trained to select the smaller circle. The reason for this is that the eight
dogs were originally randomly assigned into two groups, Audrey, Gabbie, Hamish, and
Molly being trained to select the larger circle and Baxter, Beth, Eliza, and Lulu being trained
to select the smaller one. Each dog was trained on various combinations of circles for 12
weeks, following which they were tested for accuracy. Throughout the training period it
appeared that dogs being trained to select the small circle were less successful, appearing to
have an existing preference for the larger stimulus. Despite previous reports that dogs do not
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show an innate preference for large over small stimuli (Tapp et al. 2004), only one dog in the
small circle group, Baxter, met the criteria of 80% correct responses. All four dogs in the
large circle group met the same criteria. Due to time constraints, and our wish to include as
many dogs in the initial study as possible, we decided not to persist with training Beth, Eliza
and Lulu to select the small circle. However, rather than excluding them from the study, we
retrained them to select the large circle. When they were tested four weeks later, all three met
the criteria of 80% correct responses.
Two experimenters (Ex A, Ex B) were present at all times during testing. Ex A sat to
the left side of the apparatus and controlled a laptop computer. This person presented and
removed the stimuli, while recording the data. Ex B was positioned at the front-right side of
the apparatus, out of sight from the dog. Each trial began when the stimuli were presented on
the screen and the dog was positioned at the entrance of the apparatus. Once in the apparatus
and unable to see either experimenter, the dog moved to the screen and selected one stimulus
by nose-touching the image. If the dog chose correctly, Ex B, watching the dog through the
top of the apparatus, activated the remotely controlled treat dispenser located below the
computer monitor and signalled to Ex A to record a correct choice. If the dog chose
incorrectly or failed to make a choice after 3 seconds, no reward was provided and Ex B
relayed a signal to Ex A to remove the stimuli and thereby end the trial. Ex A then called the
dog to return to the entrance of the apparatus to resume the starting position for the next trial.
Once the dog returned to Ex A, the dog received a small treat randomly (regardless of
whether the choice was correct or not) before beginning the next trial. This meant that the
dogs were rewarded simply for participating in the experiment, which helped to maintain
motivation even when performance was suboptimal. The dogs typically participated in the
experiments enthusiastically. Although data were recorded manually, the dog’s responses
were typically easy to distinguish. In our previous study, we assessed inter-rater reliability
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using a random sample of the video-recorded data (n = 150) and found it was 99.3%
(Byosiere et al. 2016).
Each testing block comprised ten trials and began with two trials involving circles,
one S4-S7 and one S7-S10, presented randomly in order to motivate the dogs to ‘play the
game’ before the presentation of any unfamiliar stimuli. For the remaining trials in each
block, two versions (S4-S7 and S7-S10) of each of four of the novel shapes were presented
randomly so that any shape in either the S4-S7 or S7-S10 pair was presented in any given trial.
In total, each dog responded to 40 circle trials (20 each of the S4-S7 and S7-S10 forms) and 20
trials for each of the eight novel shapes (10 each of roughly S4-S7 and S7-S10 forms). Testing
was conducted on four non-consecutive days. Each testing block typically lasted one to three
minutes and the dogs participated in approximately five testing blocks on a given day. Whilst
more trials would have added power to the statistical analyses, we were mindful of the fact
that the dogs could quickly learn how to respond to the new shapes, and wanted particularly
to assess their performance while the shapes were still novel. It was considered that ten trials
of each size combination for each shape, spread across multiple testing blocks, would ensure
that novelty was maintained. This reasoning is supported by other generalisation tasks using
novel stimuli (e.g. Oden, Thompson, and Premack 1988; Bhatt et al. 1988).
2.5. Data Analysis
Each trial was coded as correct, incorrect, or failure to make a choice. All failures to
make a choice were removed from the data set (approximately 4% of the total 800 trials)
prior to analysis. To examine group performances, two-tailed one-sample t-tests were
conducted on the dogs’ average proportion correct across each shape stimuli presented
(combining performance from S4-S7 and S7-S10 sizes). Two-tailed binomial tests were used to
investigate whether or not individual dogs chose the ‘correct’ stimulus for each shape,
according to the rule they were familiar with, at rates significantly greater than chance. All
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results are reported using alpha of 0.05, adjusted using Holm’s sequential Bonferroni
procedure, which controls for family wise error rate.
To further test the extent to which the dogs were able to apply a learned rule, we
correlated performance with the degree to which the shapes differed physically from the
circle. Spearman correlation coefficients were calculated to assess the relationship between 1)
performance and the index of similarity from the Gabor jet analysis across the different
shapes, 2) performance and the area of the shape in relation to the circle. Note that the
correlations were calculated twice, once with all shapes included, and again with the vertical
and horizontal lines excluded from the analyses. We also report the index of similarity
between the Gabor jet analysis and the area of the shape in relation to the circle. When all the
shapes were included, the index of similarity and area of the shape in relation to the circle
were significantly correlated (ρ = 0.67, N = 9, p = .05, 95% CI [0.01, 0.92]). However, when
the lines were removed from the analysis, the index of similarity and the area of the shape in
relation to the circle were not correlated (ρ = 0.29, N = 7, p = .53, 95% CI [-0.59, 0.86]).

3. Results
In the first testing block, where shapes were novel, two-tailed binomial tests indicated
that, as a group, the dogs performed significantly above chance in identifying the appropriate
sized (larger for most dogs but smaller for Baxter) stimulus for ovals (M = .94, SD = 0.17)
t(15) = 9.90, p < .001, squares (M = .81, SD = 0.26) t(15) = 4.83, p < .001, rectangles (M =
.75, SD = 0.38) t(15) = 2.65, p = .018, diamonds (M = .88, SD = 0.23) t(15) = 6.4807, p <
.001, and stars (M = .88, SD = 0.23) t(15) = 6.4807, p < .001 (Fig. 3). However, dogs
performed at chance during the first presentation of triangles (M = .63, SD = 0.35) t(15) =
1.41, p = .18 and vertical lines (M = .44, SD = 0.27) t(15) = 0.19, p = .85. When presented
with horizontal lines, the dogs selected the incorrect (smaller for most dogs and larger for
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Baxter) stimulus at rates significantly above chance (M = .25, SD = 0.18) t(15) = 3.7417 , p =
.002. Across ovals, squares, rectangles, diamonds, and stars the dogs selected the appropriate
stimulus 87.5% of the time in the first block, with the lowest score other than the lines being
the triangles at 62.5%. No statistical difference in performance was observed between circles,
ovals, squares, rectangles, diamonds, and stars (p > 0.10). There was a statistical difference in
performance between circles and triangles (p = 0.02), circles and horizontal lines (p < .01),
and circles and vertical lines (p < .01).
When the results of all trials for each shape were analysed, results of the two-tailed ttests for the group revealed that the dogs performed above chance when presented with circle
(M = .94, SD = 0.03) t(7) = 41.12, p < .001, oval (M = .93, SD = 0.05) t(7) = 21.24, p < .001,
square (M = .83, SD = 0.14) t(7) = 6.70, p < .001, rectangle (M = .83, SD = 0.10) t(7) = 9.48,
p < .001, diamond (M = .95, SD = 0.03) t(7) = 32.78, p < .001, triangle (M = .85, SD = 0.09)
t(7) = 10.09, p < .001, and star (M = .92, SD = 0.04) t(7) = 26.29, p < .001 (Fig. 4). Dogs
performed at chance when presented with both horizontal (M = .48, SD = 0.16) t(7) = 0.19, p
= .85, and vertical lines (M = .48, SD = 0.12) t(7) = 0.27, p = .79.
During the testing blocks the dogs were rewarded for correct choices. Therefore, in
order to check whether the overall results might have reflected rapid learning (indicated by
better performance in later compared with earlier testing blocks), rather than generalisation of
the previously learned rule, we collated data showing how the dogs performed in each
individual testing block (Fig. 5). As reported above, as a group the dogs were highly accurate
at generalising their rule at the start of the experiment (i.e. during the first block) to all shapes
except the triangles, horizontal and vertical lines. Performance generally remained constant
within each shape across the 10 blocks.
Given the very low number of dogs in the analysis, correlations between stimulus
characteristics and performance should be interpreted with caution. Nonetheless, to determine
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if differences in physical features between each novel shape and the circle may have
influenced the dogs’ ability to generalise, we correlated task performance with the index of
similarity with the circle obtained from the Gabor jet analysis. The correlation was significant
(ρ = 0.74, N = 9, p = .02, 95% CI [0.15, 0.94]). Additionally, we correlated task performance
with the area of each shape in relation to the circle. The correlation was not significant (ρ =
0.31, N = 9, p = .41, 95% CI [-0.45, 0.81]).
Due to the marked differences in performance observed across the shapes (oval,
square, rectangle, diamond, triangle and star) versus the horizontal and vertical lines, we
conducted the same correlations excluding the lines from the analysis. Neither correlation
was significant. Performance versus Gabor jet index of similarity (ρ = 0.45, N = 7, p = .31,
95% CI [-0.46, 0.90]) was positive and moderate in strength, while area of the shape in
relation to the circle (ρ = -0.47, N = 7, p = .28, 95% CI [-0.90, 0.44]) was negative and in
moderate strength.

4. Discussion
A two-choice visual discrimination task was conducted to assess whether or not dogs
are capable of simple relational class concept learning. The results suggest that the dogs in
the study were able to generalise a previously learned rule to novel situations, but that there
are limits to this ability (see S1 for a video example). More specifically, all dogs could
successfully generalise the rule to a series of shapes that were more or less similar to circles
(ovals, squares, rectangles, diamonds, triangles and stars), but they were, as a group, unable
to apply the rule to vertical or horizontal lines. Moreover, they demonstrated good
generalisation on the very first trial for all shapes other than triangles, performing
immediately at close to ceiling levels.
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The results from this study expand on indirect evidence in the literature suggesting
that dogs can generalise a previously learned rule to a novel situation, in a way demonstrative
of simple relational learning. The dogs attended to and applied a familiar concept, rather than
re-learning the task via trial-and-error. These findings are consistent with transfer abilities in
visual classification tasks (Range et al. 2008; Nagasawa et al. 2011), as well as evidence of
relational learning observed previously in domestic dogs (Tapp et al. 2004). Moreover, these
results are consistent with those observed in other species. Hanggi (2003) observed that
horses were able to successfully generalise a previously learned rule, specifically larger than
or smaller than, to novel stimuli (five 3-D novel objects) using a similar discriminationtesting paradigm.
These findings are particularly interesting in terms of how dogs may perceive size in
their daily lives. Quantity discrimination tasks have often been used to assess if dogs
differentiate between food rewards of different sizes. These studies have found that dogs
preferentially select the larger quantity of two rewards, but performance varies as the ratio
between quantities is reduced (Ward and Smuts 2007; Baker et al. 2012; Petrazzini and
Wynne 2016). However, some of these studies, while suggestive of basic quantitative
capacities, have been criticized as they fail to control for potential confounds between the
amount of food and the number of food items (Petrazzini and Wynne 2016). Macpherson and
Roberts (2013) observed that a dog successfully discriminated between various differently
sized geometric figures (while controlling for volume), demonstrating quantitative abilities
similar to those observed in other non-human animals, such as Rhesus macaques (Beran
2007), bears (Vonk and Beran 2012), cats (Pisa and Agrillo 2009), angelfish (Gómez-Laplaza
and Gerlai 2011) and pigeons (Emmerton and Renner 2006). Our results support these
findings, suggesting that dogs are capable of perceiving size differences, and therefore can
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likely generalise this knowledge to various contexts, such as quantity discrimination
paradigms.
A discussion of relative class concept learning would be incomplete without mention
of stimulus generalisation as a behavioural process without cognitive requirements. In
behavioural psychology, stimulus generalisation is defined as “the transfer of a learned
response from one stimulus to a similar stimulus” (for a comprehensive review see Zentall et
al. 2008). Unlike relative class concepts, transfer of learned responses via stimulus
generalisation is expected to follow a generalisation gradient, where transfer is more
complete for more similar stimuli and becomes less and less as the novel stimuli differ more
substantially from the original training stimulus (Bouton 2007). As such, if dogs did not have
the cognitive capacity to conceive a mental representation of the relative class concept of
size, we would expect that their performance on the two-choice paradigm with novel shapes
would be worse for shapes that differed more from the initial training circles as compared to
more similar shapes.
To assess this we calculated how similar each novel shape was to the circle stimuli
used for training using the Gabor jet analysis and area. Analysing performance on all of the
shapes, we observed a significant relationship between degree of similarity calculated using
Gabor jet analysis and performance. Area of the shape was not significantly correlated with
performance. While this suggests that behavioural stimulus generalisation might account for
our results, extremely high levels of accuracy were observed across the novel shapes, other
than the vertical and horizontal lines, beginning during the very first presentation.
Furthermore, when horizontal and vertical lines were removed from the analyses no
significant correlations were observed. These findings suggests that behavioural stimulus
generalisation may not adequately explain our findings, and that dogs do demonstrate simple
relational learning.
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It was also observed that the dogs often hesitated upon encountering a shape for the
first time, pausing to consider both stimulus options before making a, usually correct, choice
(see S1 for a video example). Unfortunately, the paradigm we used made it impossible to
record response times accurately so this evidence of careful consideration was not evident in
the data. It is recommended that future studies investigate the potential for response latencies
to be used as an indicator of dogs’ confidence when faced with difficult or novel choices.
Additionally, future studies should include a greater variety of shapes that become
progressively less like circles and more like lines in order to further investigate generalisation
thresholds. Such research could expand on quantity sensitivities in dogs (Ward and Smuts
2007; Petrazzini and Wynne 2016) and develop a better understanding of whether there are
limits to the extent to which dogs generalise a learned rule.
While we examined generalisation abilities of relative class concept learning using a
rule based on size, we expect successful generalisation would also apply to other concepts
with predetermined rules. Dogs have been found to be successful in classifying visual images
according to a perceptual response rule (Nagasawa et al. 2011; Range et al. 2008), as well as
to discriminate between sizes in 3-D paradigms (Tapp et al. 2004). This generalizability to
other dimensional features is consistent with results observed in other species. For example,
pigeons and primates have demonstrated an ability to learn various perceptual concepts and
transfer their performance to novel instances. Considering dogs demonstrate successful
transferral to novel shapes, we expect this ability would extend to other class concepts.
4.1. Methodological Considerations of Present Investigation
We believe that the results will generalise to other dogs, regardless of breed, since
consistency was generally observed across our subjects. Nonetheless, our reliance on a single
breed limits the extent to which we can extend our results beyond this breed. Considering that

20
certain morphological differences, such as nose length and face shape, may have an impact
on brain structure and visual processing in dogs (Honig and Urcuioli 1981), it would be
interesting for future research to discern if breeds with flat faces (e.g. Boxers, Pugs, and
Bulldogs) perform differently from those with longer noses (such as Labrador retrievers,
German shepherds, and Border collies). Therefore, replication in a larger and more diverse
sample is recommended.
Within the breed that we chose to work with, primarily because of their accessibility, it
is unfortunate that we had access to only one dog, Baxter, who was trained to select the
smaller sized stimuli to obtain a food reward. All other dogs were trained to identify the
larger stimulus. As reported, the eight dogs were originally randomly assigned into two
groups: one trained to choose the larger circle and one to choose the smaller circle. It was
noted that many of the dogs being trained to choose the smaller circle struggled to reach the
same criteria (in the same amount of time) as those assigned to indicate the larger stimulus.
This finding suggests that there might be a potential for a population-wide preference for the
larger stimulus. This has yet to be investigated but, regardless, the fact that one dog was able
to successfully complete training successfully for the smaller stimulus indicates that it is, in
fact, possible. Moreover, we have since successfully trained three additional dogs to select
the smaller circle for upcoming studies. Future research should focus on the training
preferences involved in fundamental stimulus dimensions, such as size, in order to determine
if population-wide preferences exist.
The method that we used meant that, for each experimental condition, we analysed only
a few (10-20) trials per dog. This was necessary because, in order to assess concept
transference of a previously learned rule to novel stimuli, the stimuli need to remain novel, a
property that is compromised after the very first presentation of each shape. In the paradigm
we used, the results were often striking, with perfect or near perfect performance being the
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norm for some shapes. This provides reasonably strong support for the conclusions drawn.
However, it should be noted that, while the paradigm and procedure we used is not novel in
terms of relational concept learning assessments, it has not been applied as widely as
transposition paradigms have. Considering continuing theoretical debates in interpretation of
transposition tasks (for a review see Lazareva 2012) additional assessments of the paradigm
used should be conducted.
Finally, from our findings it appeared that the dogs generalized a learned relational
concept to only certain stimuli. While the dogs performed quite well on all of the shapes,
results across the horizontal and vertical lines were much more varied and performance as a
group was at chance. One explanation for this lack of transfer could be that the lines were
perceived as being so different from circles that the dogs did not understand that the same
rule should be applied. The line stimuli were only 3mm in width, after all, and lacked the
overall area of the other shapes. Indeed, it is possible that most of the dogs in the sample may
have been unable to visually perceive one or both of the lines, and that their choices may
have been essentially random. Considering that visual acuity in dogs is believed to be
approximately two times worse than in humans (Miller and Murphy 1995) and that dogs have
been found to be global processors (Pitteri et al. 2014; Mongillo et al. 2016), focusing less on
detail and more on overall aspects of stimuli, it seems reasonable to assume that the line
stimuli may have been difficult for them to perceive. Unfortunately we could identify no
good way to independently assess visual acuity in dogs. Future research should therefore
assess whether increasing the width of the line stimuli increases successful rates of
transference.
4.2. Practical and Theoretical Applications for Future Research
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In the last 20 years, canine cognition research has increased. While the majority of this
research has focused on social-cognition, some studies have assessed the processes and
functions of non-social cognition (Roberts, McGreevy, and Valenzuela 2010; McGreevy,
Grassi, and Harman 2003). Even so, little is known about fundamental canine perceptual,
reasoning, planning, and remembering skills, or the interactions that take place between some
or all of these cognitive operations. Furthermore, these observations of relative class concepts
in dogs, suggest that dogs, like many other species, are capable of cognitive generalisation
capacities. Therefore, the results allow for further inspection of shared cognitive processes.
Within applied canine behaviour contexts, many misconceptions about learning have
been emphasized. One common assumption is that dogs do not easily generalise behaviours.
For example, while a dog may learn to sit in the living room, they may be incapable of
generalising and performing the behaviour, to the same degree, when outside on a walk
(Cattet 2013; Alexander 2003). However, recent research, including the results from this
study, suggests that dogs are capable of generalizing previously learned rules, both to novel
contexts and, in this study, to novel shapes. Therefore, these findings have implications that
extend beyond those of cognition research into practical applications. Namely, the
implications from a dog training perspective highlight the possibility of a shift to more
cognitively complex training methods. These new methods, such as those employed in certain
training methods may allow for more efficient learning than trial by error learning. For
example, the “Do as I do” approach (Topál et al. 2006; Fugazza and Miklósi 2015) represents
a relatively new training technique that emphasizes training based on dog’s imitative abilities.
If dogs are capable of generalising previously learned rules to novel contexts, these findings
may not only influence our understanding of canine cognitive capabilities but also the
training situation and everyday management of domestic dogs.
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Table 1 Participant demographics at the time of testing
Name

Sex

Age

Audrey

Female

1 year, 9 months

Baxter

Male

2 years

Beth

Female

4 year, 2 months

Eliza

Female

2 year, 8 months

Gabbie

Female (desexed)

2 year, 3 months

Hamish

Male

7 years, 6 months

Lulu

Female

2 year, 8 months

Molly

Female

3 years, 6 months

Note. Eliza, Hamish and Lulu have the same sire, and Eliza and Lulu the same dam.
Hamish is the sire of Audrey, Beth, Gabbie and Molly, whose dams are also closely
related to one another
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Figure 1 Schematic representation of the testing apparatus implemented in the
experimental paradigm (1) with the side (2) and aerial (3) diagram. The figure provides a
photographic representation of the Canine Nose-Touch Testing Apparatus used during
training and testing phases as well as the position of Experimenters A, and B during the
testing process. The asterisk represents the location of the camera. The schematics on the
right include information to the size and placement of integral components within the
apparatus This figure depicts the apparatus used during testing as well as logistical
features such as the location of the equipment and experimenters.
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Figure 2 Schematic representation of stimuli used, with measurements in pixels,
millimetres, similarity to the circle stimulus based on procedures Kim et al. (2009)
developed for assessing similarity between images, as well as the area of the stimulus in
relation to the circle. Stimuli are provided to aid conceptual understanding only and are
not actual size This figure depicts the stimuli presented during testing as well as the size
of the stimuli (in millimetres, and pixels), and the index of similarity, and area of the
shape in relation to the circle.
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Figure 3 Group performance in selecting the correct stimulus for all shapes within the
first block, when stimuli were novel. The dotted line indicates chance level performance,
whereas the asterisks indicate results that differ significantly from chance.This figure
portrays average group performance during the first testing block.
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Figure 4 Average group performance, percent correct, and their respective standard
deviations on selecting the correct stimulus for all shapes and sizes. The dotted line
indicates chance level performance, whereas the asterisks indicate results that differ
significantly from chance This figure portrays average group performance across all
testing blocks.
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Figure 5 Average percent correct for each shape across the ten experimental blocks. The
dotted line indicates chance level performance This figure portrays group performance
across testing blocks 1 through 10.

