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Abstract — Creative animals can flexibly respond to novel circumstances, a capacity that is closely tied to cognitive
complexity. We examined the capacity of four dogs to learn to innovate actions when instructed to do so using a
“create” cue. An action performed in response to this cue was considered novel if the action had not yet been offered
within the current training session and was not already associated with a specific cue. The dogs were able to self-select
many novel actions, similarly to what has been observed in trained dolphins. Training animals to innovate actions on
cue can help reveal aspects of the cognitive processes underlying action selection, cognitive control, and behavioral
flexibility. Successful learning of the “create” cue may indicate that the dogs were able to monitor their recent actions
and form an abstract concept of avoiding recently performed actions. Reinforcing dogs for spontaneity may increase
the range of actions that they perform within the training context. We conclude that the dogs in this study were capable
of learning to innovate actions in ways that are comparable to what has been shown in dolphins. Though it is unclear
how other dogs would perform at this task, our results demonstrate it is possible for dogs to learn to innovate actions
on cue.
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Creativity, or the capacity to produce something novel, helps individuals solve problems in their
environment by facilitating the discovery of solutions when previously used strategies fail (Kaufman &
Beghetto, 2009; Kaufman et al., 2011; Kuczaj, 2017; Schusterman & Reichmuth, 2008; Yeater et al., 2024).
Behavioral innovation (self-selection of an action that is in some way new) can occur when animals play
(Kuczaj & Eskelinen, 2014a; Yeater et al., 2024), use tools to obtain food (Berthelet & Chavaillon, 1993;
Sanz et al., 2014; Shumaker et al., 2011), or discover solutions to novel problems (Kéhler, 1926; Yeater et
al., 2024). As many animals are neophobic, behavioral innovation may be limited to situations that demand
exploring new strategies and may be linked to bold personalities or risk-taking (Kuczaj, 2017; Brosnan &
Hopper, 2014; Burghardt, 2015). Creativity and behavioral innovation can sometimes be facilitated by play,
leading to new actions or combinations of behaviors that may or may not be functionally useful (Burghardt,
2015; Burghardt, 2005; Fagen, 1981).

Observations of animals innovating actions feature prominently in discussions of animal cognition.
For example, Kummer and Goodall (2003) described an instance of a male chimpanzee (Pan troglodytes)
that banged cans together during play, leading to the discovery that the banging noise intimidated other
chimpanzees in the group. The chimpanzee then used the banging behavior outside of the play context to
gain status within the social hierarchy and to become the dominant male. Among a group of killer whales
(Orcinus orca) observed capturing seagulls that came to the surface of the water to feed on fish, one whale
appeared to innovate by leaping several feet out of the water to catch gulls in mid-air rather than continuing
to wait for the gulls to come to the surface (Kuczaj & Walker, 2012). Such episodes, while provocative, are
often viewed skeptically by many scientists, following the examples of Lloyd Morgan and Edward
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Thorndike. However, it is exactly these kinds of novel action sequences that provide the most compelling
evidence of creativity in experimental studies of behavioral innovation.

The processes underlying behavioral innovation are largely unknown (Burghardt, 2015). Animals
can be taught, however, to produce novel behaviors through shaping, a process that involves reinforcing
successive approximations of a desired behavior (Pryor, 2000; Pryor & Chase, 2014; Pryor et al., 1969).
Pryor and colleagues showed that two rough-toothed dolphins (Steno bredanensis) could be trained to
innovate behaviors on cue by reinforcing actions the dolphins had not produced before within a given
training session. By reinforcing a new behavior during successive public demonstrations of training
sessions, researchers found that one dolphin began offering novel and complex behaviors on her own during
each session. These actions ranged from spinning while swimming to jumping out of the water upside down.
Researchers subsequently aimed to use operant conditioning to encourage response variation in pigeons
(Columba livia domestica) and rats (Rattus spp.) (Balsam et al., 1998; Gutiérez & Escobar, 2022; Morris,
1989; Neuringer, 1991, 2004; Stokes, 1995), though not always successfully (Schwartz, 1982). Close
examination of responses suggested that pigeons and rats were simply offering random responses rather
than following a general rule of producing sequences not offered in previous trials.

The extent to which an individual can innovate actions is constrained by the individual’s capacity
for flexible, voluntary motor control (Mercado et al., 2014, 2022), and by the knowledge (e.g., action
repertoire) that the individual has acquired through past experiences (Bailey et al., 2007; Lawrence et al.,
2016). For example, the behavioral variability of pigeons and rats in past operant conditioning studies was
limited in that the reinforced actions only involved key pecks or lever presses (Pryor & Chase, 2014).
Within experimental contexts, creativity is also constrained by subjects’ understanding of task requirements
(Mercado & Scagel, 2022a), and the problem-solving strategies that different subjects employ during
training and testing (Kuczaj & Eskelinen, 2014b). Some subjects may offer actions that require minimal
physical effort while others may physically challenge themselves (Kuczaj & Eskelinen, 2014a, 2014b; Hill
et al., 2022). The specific criteria and approaches that trainers use when attempting to shape individuals to
innovate actions on cue also can strongly affect the relative creativity of an individual’s performance during
testing (Dudzinki et al., 2018; Lawrence et al., 2016; Hill et al., 2022), as well as observers’ subjective
impressions of how creative an individual’s actions are (Kaufman, 2021). Animals that have learned to
associate numerous actions with specific cues may gravitate toward selecting combinations of those actions
when instructed to innovate (Braslau-Schneck, 1994; Hill et al., 2022; VVan Steyn, 2018).

Training animals to innovate actions on cue, beyond providing enrichment, may provide insight
into the cognitive processes underlying behavioral flexibility and creativity (Mercado & DelLong, 2010).
Bottlenose dolphins (Tursiops truncatus) have been trained in several studies to either repeat a previous
self-performed action, innovate an action not performed within the current session, or to perform one of
five possible actions without performing any of the five actions twice consecutively (Braslau-Schneck,
1994, Cutting, 1997; Kuczaj & Eskelinen, 2014b; Lawrence et al., 2016; Mercado et al., 1998; Mercado et
al., 1999; Taylor, 1995; Van Steyn, 2018). Dolphins also may innovate actions in natural contexts (Patterson
& Mann, 2015). Dolphins trained to innovate actions in response to a specific gesture produced a variety
of actions, performing some actions from their previously trained repertoire and other actions they had
never been trained to perform (Braslau-Schneck, 1994; Kuczaj & Eskelinen, 2014b; Van Steyn, 2018).
Dolphins may rely on internal representations of their own recently performed actions to avoid reproducing
previous actions when innovating (Kuczaj & Eskelinen, 2014b; Mercado et al., 1998; Mercado et al., 1999;
Van Steyn, 2018). A recent study of creativity in killer whales found that they were able to avoid repeating
recently performed actions for sequences of more than fifteen cued innovations (Hill et al., 2022).

The current study sought to examine the capacity of domestic dogs (Canis lupus familiaris) to
innovate actions on cue within a training session. Dogs are good candidates for the study of animal creativity
and behavioral innovation because of their widespread availability and willingness to cooperate with
humans (Aria et al., 2021). Through the process of domestication, dogs have developed a greater threshold
for human interaction than their wild counterparts, enabling them to interact with people in ways that are
not feasible for many other species (Coppinger & Coppinger, 2001). Dogs are also excellent at responding
to cues provided by humans, seem to enjoy human social contact, and are often motivated to perform tasks
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for food rewards and social attention (Cook et al., 2016; Riedel et al., 2008; Thompson et al., 2016). Dogs
are known to be able to innovate actions when reinforced for doing so (Pryor & Chase, 2014; Scagel &
Mercado, 2022a; Willgohs et al., 2022), but how their creative capacities compare with those of other
animals remains unclear. Here, we measured dogs’ propensities for innovating actions when tested using
methods closely matching those used in past experimental tests of creativity in cetaceans.

Method
Ethics Statement
All experiments were approved by the University at Buffalo (IACUC protocol #TR202100018).
Subjects

The subjects in this experiment were four pet dogs: Todd, a seven-year-old male chihuahua, Layla,
a six-year-old female golden retriever, Gizmo, a three-year-old male Havanese mix, and Snickers, a nine-
year-old male Cavalier King Charles spaniel. These dogs were selected for their availability to participate
in all required training and testing sessions as well as for their previous experience with cognitive tasks (see
Supplemental Materials for additional details on the training histories of subjects). Todd and Layla had
previously been successfully trained to repeat actions on cue, including innovated actions (Scagel &
Mercado, 2022a), though the range of behaviors they could innovate was not explored. Todd and Gizmo
were trained and tested in their owner’s homes, and Layla was trained and tested in the Neural and Cognitive
Plasticity Laboratory on campus at the University at Buffalo. Each of these three dogs were trained and
tested in the same location. Snickers was trained and tested in his owner’s home as well as the laboratory.
Additionally, each dog was trained and tested by one trainer to ensure responses in each session were
assessed consistently; this trainer had six years of experience training dogs in professional contexts. Dogs
were fed their normal diet throughout the experiment and always had access to water, though owners fed
their dog a smaller amount of their normal food on training and testing days to prevent satiation. Training
and testing lasted approximately four months for each dog.

General Training Procedure

During training with the “create” cue, the dogs were required to produce a novel behavior in
response to the word “create.” In this instance, an action was considered “novel” if it was a behavior that
could be voluntarily performed, had not been produced before within the current training/testing session
and was not already associated with a specific cue. Variations on previously offered “create” responses
were also counted as novel. The trainer began teaching the “create” cue by attending to the dog’s actions
and rewarding any actions performed that were not associated with a cue (Figure 1). This could include
potentially inadvertent actions such as moving a paw, turning the head, sneezing, vocalizing, touching an
object with the nose, etc. Once the dog was reliably innovating actions, the “create” cue was added, and the
trainer rewarded any action produced in response to the “create” cue that was not already associated with a
specific cue and had not been offered previously within the current training session. Any actions judged to
be novel by the trainer were rewarded with a verbal “yes” and a small dog treat approved by the dog’s
owner (see the Supplemental Materials for a more detailed discussion of the benefits and limitations of this
training approach). Actions the dog had already produced within the given training session were not
reinforced.
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Figure 1

Procedure for Training Dogs to Innovate Actions in Response to “Create”

/Attend to
Dogs’ \

\Actlons /
T

Dog Performs Any Action ]
Not Associated with a Cue J

!

i——

<D
“Create!” )
Lo

.

T

Dog Performs Any Different
Action Not Associated with a “Yes!|” + Treat

C: ”L
Create"‘
g
T
Dog Performs Any Different

Action Not Associated with a 1
Cue J

Note. Dogs were trained to innovate actions through a process of shaping in which they were reinforced for producing any action
other than those associated with cues or that they produced in response to the “create” cue earlier within a training session.

Each training session lasted one hour, and each dog typically was trained in two sessions per week.
During each training session, “create” training continued if the dog was motivated to voluntarily participate.
Any signs of disengagement, such as refusing to offer any behavior in response to the “create” cue, walking
away from the training area, getting a drink of water, or indicating a need to relieve themselves resulted in
a five to 10-minute break, depending on the dog’s motivation. Layla and Todd underwent 19 training
sessions prior to testing, Snickers experienced 18 training session prior to training, and Gizmo underwent
17 training sessions prior to testing due to scheduling conflicts.

Behavioral Innovation Testing

Dogs were tested on their ability to innovate actions using methods closely matching those
developed by Braslau-Schneck (1994) to test innovativeness in bottlenose dolphins. Test sessions consisted
of 24 discrete trials, 16 of which were “create” trials. In the other eight trials of each session, deemed “non-
create” trials, each dog was cued to produce one of two trained actions they were familiar with and
proficient at performing (see Table S1 in Supplementary Materials). Non-create actions were to be
performed only once prior to reinforcement in each non-create trial. Non-create trials were included to
provide opportunities for the dogs to easily earn rewards and avoid frustration. Prior to each trial, the dog
was instructed to sit facing the trainer in a “ready” position. All non-create cues were combined gestural
and verbal cues to remain as consistent as possible across subjects. The “create” cue consisted of only the
word “create” with no accompanying hand gesture. The “create” trials were divided into three blocks — an
initial block of eight consecutive “create” trials followed by two blocks of four consecutive “create” trials.
The first and last two trials within a testing session were ‘“non-create” trials, and each block of “create”
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trials was separated by two “non-create” trials. The order of the two actions cued in “non-create” trials was
randomized. Every “non-create” trial was reinforced with a verbal “yes” and a treat when the dog performed
the cued behavior. Incorrect performance of “non-create” trials, including a failure to perform any action,
received no reinforcement and was considered the end of the trial. “Create” trials were only reinforced if
the action produced was not already offered in any prior trials within the test session and did not already
correspond to a specific cue (i.e., a dog who can “spin” on cue was not be reinforced if he performed a
“spin” in response to the “create” cue), as was required during training. During test sessions, the trainer
judged whether offered actions were correct or incorrect. Though this introduced the potential for incorrect
or missed reinforcement, real-time judgement allowed dogs to receive the same schedule of reinforcement
they received during training and kept dogs motivated to participate. All responses to the “create” cue were
recorded on video and in writing.

In this study, the reinforcement contingency during testing was the same as that used in training.
This differs from the method of Braslau-Schneck (1994), who did not reinforce dolphins for responses to
“creative” during test sessions. The change in procedure was made because she found that dolphins became
more hesitant to produce actions to the “creative” cue when they were not rewarded. After being given the
“create” cue, dogs had five seconds to perform an action. If no action was offered within these five seconds,
meaning the dog remained in the “ready” position and did not produce any discernable movement or
vocalization, the trial ended, and the dog received no reinforcement. Because dogs often produced multiple
actions simultaneously or in rapid succession, all actions produced within the first five seconds after the
“create” cue were recorded and considered when judging the novelty of the response. For instance, a dog
could lift a paw while turning its head and vocalizing at the same time, making it impossible to only count
one component action as correct or incorrect. Action sequences that included previously performed actions
as well as completely novel actions were still considered novel responses as long as that particular action
sequence had not been already performed within the given test trial. Recording sequences of behaviors
offered within a given period after the “create” cue is consistent with previous methods of training dolphins
to vary their behavior when asked (Kuczaj & Eskelinen, 2014b). Dogs were tested in a total of 96 “create”
trials over six test sessions. Each test session was recorded via computer webcam (Supplemental Materials
provide a more extended discussion of the rationale for this testing approach, as well as its limitations, and
a more detailed example of the structure of a testing session).

Controls to Limit and Assess the Possible Role of Social Cueing of Innovated Actions

Though the “create” cue itself did not inform the dogs what they were supposed to do, it is possible
the trainer, who was responsible for judging the “creativity” of each response to determine when to provide
reinforcement, could have inadvertently cued subjects and guided them to a response deemed correct. To
reduce the chance that dogs were being influenced by the behavior of the trainer, the trainer and dog began
each trial in the exact same location within the testing room, and the trainer did not move or speak during
any trials unless she was giving a cue or rewarding the dog.

To assess whether a dog could innovate actions in responses to a “create” cue in the absence of a
knowledgeable trainer, control tests were conducted with Layla in which all access to relevant social cues
was removed.

In control sessions, a naive trainer who did not know what was considered a correct response to the
“create” cue gave all cues to the dog. The trainer who determined whether Layla’s responses were correct
observed control sessions from another room via a webcam. Two control sessions were conducted, and
these were structured the same way as all other tests. During each control trial, the naive trainer gave each
cue to Layla. Layla then had five seconds to respond, and the trainer watching via webcam informed the
naive trainer whether to provide reinforcement or not. If Layla did not offer any response within five
seconds, the trial ended and the next trial began. Control session responses were scored the same way as all
other test sessions.
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Scoring

Videos were used to describe and categorize the behaviors the dogs offered in response to the
“create” cue by type of action. For instance, moving the head in a circle or turning the head to one side
would be considered two different actions, but would both be categorized as head movements. Dogs were
scored primarily using metrics developed by Braslau-Schneck (1994) to describe responses of bottlenose
dolphins to a “creative” cue. First, the number of correct responses to “create” was recorded for each dog.
Within a given test session, actions produced in response to “create” trials were considered correct if the
dog produced a novel action or sequence of actions within five seconds after the cue was given. The number
of trials in which a dog repeated a response he or she had already produced in response to “create” within
the current test session as well as the number of trials in which a dog repeated the response given in the
preceding trial were also calculated. The total number of actions produced in response to the “create” cue
for each dog was recorded and categorized according to type of behavior. The absolute and relative
frequency of each kind of behavior was calculated for each dog, as well as the average number of different
kinds of behaviors offered to “create” per test session. A “creativity index” was also calculated for each
dog by dividing the number of different behaviors offered by the total number of responses given for
“create.” The “creativity index” provided a measure of the proportion of all behaviors offered in response
to “create” that were novel. This value could range from a score of 0 if the dog did not respond at all to a
score of 1 if every action produced in response to the “create” cue was different. Lastly, the distribution of
responses to the first “create” cue per test session were recorded for each dog to examine if dogs first
defaulted to any certain type of behavior when initially given the “create” cue within a session and then
modified their behavior in subsequent test trials, or if they varied their initial response to the cue across
sessions.

Results

Dogs correctly produced responses they had not already performed within the current test session
in 64-78 trials (66-81%) and produced an average of 11.79 (74%, SD = 1.59) novel actions/action sequences
during each test session out of a possible 16 “create” trials (Figure 2). Generally, they did not repeat actions
or action sequences they had already produced within a given test session (Figure 3) and did not respond
with behaviors already associated with specific cues. When dogs produced responses they had already
offered, they were more likely to do so during the second half of a test session (M = 2.75, SD = 1.45) than
during the first half of a test session (M = 1.33, SD = 0.92), t(23) = -4.30, p < .001, Cohen’s d = 1.17,
calculated using a two-tailed t test. Layla, Todd, and Gizmo responded correctly in 100% of non-create
trials and Snickers responded correctly in 98% of non-create trials. The dogs often produced a sequence of
actions in response to the “create” cue before the end of a trial. If these sequences were divided into discrete
actions, then Layla, Todd, Gizmo, and Snickers produced 212, 225, 184, and 283 total actions respectively
in response to the “create” cue over all test trials with an average of 2.35 (SD = 0.47) actions per “create”
trial. When categorized into types of actions, the dogs produced an average of 27 (SD = 5.29) different
types of actions overall and an average of 12.73 (SD = 1.78) types of behaviors each test session. As there
were six test sessions, there were six first “create” trials, and all dogs produced unique actions or action
sequences in all six of these first trials, meaning they did not begin any test session with the same response.
Most novel actions were produced during the first session of testing with the “create” cue (Figure 4). During
control sessions, Layla correctly innovated actions in 18 of 32 trials (56.25%); she repeated a response she
had produced in the previous “create” trial four times (12.50%). Layla’s creativity index score during
control sessions (0.26) was higher than that of any dog during standard test sessions (ranging from 0.08-
0.15), which was the proportion of all actions produced that were novel. Inter-rater reliability for coding
responses was 85.77% agreement for all dogs’ test sessions with a Cohen’s Kappa of 0.50. Each dog’s
results are reported individually within the Supplemental Materials. A video of sample test trials can be
viewed here: https://doi.org/10.6084/m9.figshare.25854151.v1.
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Figure 2

Number of Different Types of Actions Dogs Performed After Being Given the “Create” Cue per Test Session for Each Dog
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Note. These actions were represented within each dogs’ responses (actions/action sequences) to the “create” cue as multiple actions
could be performed within the five seconds after a “create” cue was given. Represented within these actions are both correct and
incorrect responses to the “create” cue. A correct response was an action or sequence of actions not already performed within the
current trial and that was not already associated with a cue. An incorrect response was an action or sequence of actions already
performed in a previous trial to the “create” cue, or an action already associated with a specific cue. The same types of actions can
be included in the bars of multiple sessions. Layla produced an average of 12.8 types of actions per session, Todd produced an
average of 15.2 types of actions per test session, Gizmo produced an average of 11.2 actions per session, and Snickers produced an
average of 11.7 actions per session.

Figure 3

Number of Correct Responses to the “Create” Cue Given by Each Dog in Each Test Session
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Note. A correct response was any action or sequence of actions produced within the first five seconds after a “create” cue was
given, provided that action or action sequence had not already been performed in any prior trials within the current test session and
was not a singular action that was already associated with a specific cue. The dotted line depicts the maximum possible correct
responses, which was 16.
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Figure 4

Number of New Types of Behaviors Produced Each Session by Each Dog in Response to the “Create” Cue
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Note. Number of new types of behaviors produced each session by each dog in response to the “create” cue. Each unit is a unique
behavior not performed during any prior test session. Layla performed a total of 28 behaviors, Todd performed a total of 34 different
behaviors, Gizmo performed a total of 24 different behaviors, and Snickers performed a total of 22 different behaviors.

Discussion

The four dogs assessed in this investigation were able to produce a variety of behaviors in response
to the “create” cue. Most responses offered within a given test session were untrained actions that the dogs
had not already produced in other “create” trials during that session. Overall, our results are consistent with
findings from a recent study of dogs’ capacity to innovate actions in less formalized testing conditions
(Willgohs et al., 2022). The degree to which these findings would apply to all dogs in general outside of an
experimental context is not clear, but the fact that four pet dogs were able to successfully learn to innovate
behaviors on cue indicates it is possible other dogs could do this as well.

The training requirement that dogs could not perform a response already associated with a cue to
receive reinforcement in the current study may have encouraged them to actively avoid previously trained
actions. This differs from the definition of “novel” used in other animal creativity studies (Kuczaj &
Eskelinen, 2014b; Lawrence et al., 2016; Pryor et al., 1969; Willgohs et al., 2022), in which any action not
already performed within the current session was considered “novel,” even if it was a behavior associated
with a cue that subjects had been previously trained to perform. We decided not to consider these types of
actions “novel” to encourage the dogs in our study to produce actions they had never been explicitly trained
to perform. In comparison, four bottlenose dolphins trained to be “creative” on cue offered only 25-52 %
untrained responses (Braslau-Schneck, 1994), and killer whales produced 0-4 % untrained actions (Hill et
al., 2022). Neither dolphins nor killer whales were required to avoid trained behaviors in previous studies.
However, dogs trained to innovate on cue using the same criteria for reinforcement as in past studies of
dolphin creativity still proved to be more likely to offer untrained actions (Willgohs et al., 2022). The factors
that determine the range of actions that individuals select from when innovating in such tasks thus remain
unclear. Dogs in the current study did sometimes include previously trained actions within novel action
sequences, combining these behaviors with novel ones in response to a “create” cue. Still, such occurrences
were rare (2-8% of all actions produced). The dogs in the current study seemed to learn that avoiding
familiar actions was part of the task requirements.
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Behaviors such as sneezing, barking, shaking, or scratching, among others, were counted as
responses in the current study because each of these actions can be placed under stimulus control.
Alternatively, these actions could be interpreted as displacement behaviors — actions performed with no
discernable function related to the animal’s current situation that may indicate feelings of conflict or stress
(Pedretti et al., 2022). If so, this could indicate that these particular actions were perhaps a by-product of a
dog feeling stressed or frustrated when he or she did not know the “correct” response to the “create” cue.
Behaviors like sneezing, shaking, or scratching could also simply be the result of other physiological
motivations that happened to occur during a testing session. Whether the dogs voluntarily chose to perform
these behaviors because they met the criteria for reinforcement or inadvertently performed them because
dogs were stressed or otherwise motivated is difficult to determine and is a limitation of our methodology.
These responses represented only a minor portion of the actions dogs produced in response to the “create”
cue, such that excluding them as correct responses would not substantively change the results of the current
study.

All dogs tested produced the greatest number of novel types of actions during the first two sessions
of testing and produced an average of 2.8 additional types of novel actions per session during subsequent
test sessions. This finding indicates that the dogs generally chose from actions they had been previously
reinforced for producing in response to the “create” cue but combined these actions in different ways to
respond with novel action sequences. There were particular classes of actions that each dog tended to
perform more frequently than others, as was the case with dolphins (Braslau-Schneck, 1994; Kuczaj &
Eskelinen, 2014b; Hill et al., 2022). These actions may have been more frequently reinforced after the
“create” cue during training, a pattern consistent with classical learning theory, given that reinforcement
increases the frequency of behaviors (Lawrence et al., 2016; Skinner, 1965). Alternatively, certain actions
may have been preferred by each dog because those actions required relatively less effort to perform (e.g.,
Willgohs et al., 2022, found that dogs were more likely to self-select “low energy” actions when asked to
innovate). Another possibility is that dogs offered most of their different innovative actions toward the
beginning of testing because at some point they reached a plateau of creativity or “ran out of ideas,” and
then defaulted to certain actions when they did not know what to do. Even adult humans struggle when
faced with tasks in which they are supposed to respond randomly (Tune, 1964; Wagenaar, 1972). Still,
dogs’ persistent variations in the way they produced these actions across sessions suggests they learned
they would not be reinforced for performing the same action or action sequence when the “create” cue was
given (see also Willgohs et al., 2022).The dogs did not respond the same way to every first “create” cue
within a testing session indicating that, like dolphins (Braslau-Schneck, 1994), they were not simply
responding in a stereotyped manner to the “create” cue according to a certain order of behaviors they had
previously been reinforced for producing. In fact, all the dogs produced a unique response to every initial
“create” cue within each testing session.

The dogs avoided repeating responses and few response repetitions were of actions or action
sequences produced in the just-prior trial. These results suggest the dogs may have used a strategy of
avoiding recently performed actions (see also Kuczaj & Eskelinen, 2014b; Hill et al., 2022; Van Steyn,
2018) and could be an indication that performance during earlier trials was more likely to be forgotten than
performance during the immediately preceding trial. In that scenario, most repeated responses should have
occurred later in test trials, and in fact this was the case. Though the exact working memory span of
domestic dogs for recently performed actions is unknown, performance by dogs on working memory tasks
typically decreases with increasing passage of time (Krichbaum et al., 2021; Scagel & Mercado, 20223;
Tapp et al., 2003). There are several other factors that may constrain an individual’s ability to avoid
repeating earlier actions, such as a preference for seeking the path of least resistance or a bias toward
performing specific actions. For instance, Pryor (2000) noted that when she attempted to train a pigeon to
produce innovative actions it initially only produced species-typical behaviors. Only after days of
reinforcing the pigeon for producing different actions did it begin expanding its behavioral repertoire to
include novel actions. Similarly, Manabe and colleagues (1997) found that budgerigars (Melopsittacus
undulatus) trained to innovate vocalizations offered more complex actions later in training and only when
reinforcement was restricted to calls that did not match the previous three offered. One bird even began
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including pecks on a wall within the novel sounds it produced. Walruses (Odobenus rosmarus divergens)
trained to produce novel vocalizations gradually came to produce novel sounds rapidly only after the
animals became more experienced with the task (Schusterman & Reichmuth, 2008). Animals operantly
conditioned in puzzle boxes tend toward producing more stereotyped actions as they gain experience with
a task (Guthrie & Horton, 1946), suggesting that learning mechanisms favor uniformity in actions produced
in the context of familiar problems. In short, learning to innovate actions on cue likely requires inhibiting
multiple natural tendencies (Brosnan & Hopper, 2014), as well as some capacity to maintain memories of
recent self-performed actions.

In several ways, the number and variety of actions produced by domestic dogs in the “create” task
were comparable to the performance of bottlenose dolphins in similar tests (Table 1), despite differences in
how dolphins were reinforced during testing, the extensive prior training dolphins received, the absence of
domestication, and the large differences in action repertoires and living conditions between dogs and
dolphins. Braslau-Schneck (1994) trained four dolphins to respond to a “creative” cue by producing a
“behavior that is ‘different’ from the ‘previous’ behaviors,” (how unique each behavior needed to be and
what counted as a “previous” behavior was not strictly defined). The dolphins she tested produced an
average of 4-11 different actions per session, whereas the dogs in this study produced an average of 11-15
different behaviors per session. Although methodological differences between these two studies preclude
direct statistical comparisons between the performances of dogs and dolphins, subjects’ reactions to
“create” cues showed more similarities than differences. Recent work comparing action innovation in
preschool children and dolphins likewise revealed similar levels of creativity, further suggesting cross-
species continuity in creative capacities (Melzer et al., 2022; see also Goetz & Baer, 1973; Holman et al.,
1977).

Table 1

Performance in Response to “Create” by Dolphins (Braslau-Schneck, 1994) and Dogs (Present Study)

Total Number of Types of Actions
Subject Number of Trials Actions Produced to Produced in Response  Creativity Index Score
“Create” to “Create”
Dolphins
Hiapo 144 219 23 0.1
Elele 144 323 72 0.2
Akeakamai 94 102 22 0.2
Phoenix 92 125 16 0.1
Dogs
Layla 97 212 28 0.1
Todd 98 225 34 0.2
Gizmo 96 184 24 0.1
Snickers 96 283 22 0.08

Dogs and dolphins have demonstrated the capacity to innovate actions on cue in controlled
experiments, but many questions remain as to what cognitive mechanisms enable them to do so and whether
those mechanisms differ significantly from those engaged by innovative children. Are dogs’ and dolphins’
innovations intentional or accidental? Are they improvising, problem solving, cheating, or reflexively
reacting to states of frustration or confusion? Are all individuals selecting actions (or reacting) to “create”
cues in the same way? Or, might some individuals have formed different impressions of what trainers are
requesting when they produce this cue? How much of the variety in actions produced in response to such
cues is determined by an individual’s creativity versus the individual’s ability to inhibit natural tendences
toward performing habitual or default responses? What exactly are dogs, dolphins, and children doing when
they respond to requests to innovate?

At a minimum, dogs in the current study were monitoring the actions of trainers, recognizing that
certain sounds and gestures produced by the trainers differed from others, and that a subset of those cues
were predictive of opportunities to receive treats and social praise. The variety of actions that dogs produced
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in response to the “create” cue relative to the stereotypy of actions provoked by other instructions further
suggests that they learned the “create” cue was in some way different from most other cues that trainers
produced. Dogs’ ability to avoid repeating actions offered in response to the cue could indicate they were
also monitoring their own recent actions and/or that they ramped up their variations in exploratory actions
(or reactions to confusion and uncertainty). The fact that the dogs avoided offering trained actions while
producing a subset of untrained actions with differential frequency argues against the possibility that they
randomly selected actions from their behavioral repertoire. These findings imply that the dogs were in some
way self-selecting actions rather than relying only on external stimuli, and that the “create” cue (along with
cues from objects and places within the room) became associated with this process of self-selection.

What distinguishes self-selection of innovative acts from everyday action selection is a kind of
impulse control that enables the actor to deviate from the norm. In the context of animals interacting with
trainers, the selection of innovative actions is more of a joint process because each agents’ actions are
contingent on the actions of their partner. This joint process can be conceptualized within existing
frameworks for understanding creativity in which acquired improvisational skills are engaged as part of a
social interaction (Figure 5). From this perspective, the capacity of a dog or a dolphin to innovate actions
on cue emerges from repeated social interactions that change the ways in which individuals represent and
select actions. Action innovation within experimental tasks can then be viewed as a cognitive skill, because
the dog or dolphin learns novel, context-dependent ways of selecting actions within its existing behavioral
repertoire rather than learning how to perform new perceptual-motor skills (Mercado, 2008).

Figure 5

Dynamic Interactions Contributing to Action Innovation in the Context of an Experimental Task

Apprehension

Affordances
trainer

objects
task

Action

Note. A dog (agent) participating in a task that requires innovating actions on cue must learn to apprehend when the production of
self-selected actions is desired based on observations of the trainer’s behavior, the objects within the area, accumulated experience
about the task demands within the experimental context. Repeated experiences responding to a “create” cue, followed by feedback
in the form of treats, praise (or lack thereof) shapes the dog to select actions without repetition. Successful performance of this task
requires the dog to learn to select actions sufficiently different from each other that the trainer judges them to differ from preceding
actions.
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Limitations

Because our study included only four dogs, it is unclear how our results would generalize to dogs
of different breeds, sexes, ages, or training histories. Our sample size is consistent, however, with other
studies in which nonhuman species perform complex cognitive tasks due to the extensive training required
for each animal (Lyn et al., 2011; Mercado et al., 1998; Pepperberg, 1994; Pepperberg & Gordon, 2005;
Pepperberg, 2015; Pilley & Reid, 2011; Pilley, 2013; Ramos & Ades, 2012; Scagel & Mercado, 2022a,
2022b; Willgohs et al., 2022). Training took place over several months and relied on the availability of the
dogs’ owners.

A second limitation of the study is that control tests were conducted only with Layla, in part because
the other dogs were either unavailable or not comfortable interacting with an unfamiliar trainer. Given that
the goal of these control tests was to establish that a dog can innovate actions in the absence of relevant
social cues, establishing this is possible for a single dog shows that dogs as a species are capable of
innovating actions without relying on such cues (just as experiments with a single horse, Clever Hans, was
sufficient to establish that animals have the capacity to “solve” math problems using social cues, Beran,
2012; Pfungst, 1911). Although it is possible, in principle, that the three dogs not tested in control trials
were using social cues to somehow guide their innovations, in the absence of any clear differences in the
training procedures or test performance across subjects, the assumption that all dogs learned the task in
similar ways is simpler and more consistent with the evidence.

When assessing inter-rater reliability, a second trainer scored each dog’s responses to “create” trials
by watching the recordings of test sessions. This inevitably led to the second rater having a different vantage
point from which to score behavior than the trainer who conducted test sessions in-person with each dog
and judged responses in real time, which could have led to each rater scoring some responses differently
and could have contributed to a moderate Cohen’s Kappa. A delay in reinforcement that could have resulted
from incorporating more controlled evaluation of responses during test sessions could have hindered dogs’
responding to the “create” cue, as increasing delays in reinforcement can result in a decrease in responding
(Yamamoto et al., 2009). In the future, methods of scoring responses could be made more comparable, for
instance by having the trainer wear a small camera that records the dog’s actions from her viewpoint.

The setup of testing sessions may have inherently constrained the way dogs responded to “create”
cues during testing. First, during the extensive training dogs received, responses deemed “correct” by the
trainer were reinforced. This could have led to previously reinforced responses being preferred (Lawrence
et al., 2016; Neuringer, 2004); the observation that each dog did offer one or two types of actions more
frequently than others could support this. However, no one type of action was produced with a frequency
of over 23%, and each dog also produced a wide variety of other types of actions. Additionally, Schwartz
(1982) found that specifically reinforcing pigeons for offering pecking responses that varied from previous
trials prevented stereotyped responding. In a study that required pigeons to vary the pattern of pecking
responses with two different reinforcement contingencies, reinforcement appeared to both enhance and
hinder response variability depending on how it was delivered (Neuringer, 2004). The choice was ultimately
made to provide reinforcement to dogs in this study to ensure they continued to be motivated to respond to
the “create” cue throughout the study, because when Braslau-Schneck (1994) did not provide any
reinforcement for dolphins during testing, the dolphins became hesitant to offer any responses over time.
Additionally, reinforcement only hindered response variation in pigeons when it was initially withheld and
then only delivered after the fourth varied response (Neuringer, 2004). These examples suggest withholding
reinforcement may be more detrimental than providing it.

Conclusions and Future Directions

Collectively, our results provide further evidence that “creativity” is not a characteristic unique to
humans and instead is more likely an adaptive problem-solving process that evolved in a wide variety of
species (Pryor & Chase, 2014). The dogs likely learned that they needed to avoid performing certain actions
and monitor recent actions they had already performed to get treats (Kuczaj & Eskelinen, 2014). The current
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results, along with those showing that dogs can repeat self-selected actions (Scagel & Mercado, 2022a),
suggest that dogs possess mental representations of their own actions that they can flexibly use to influence
their behavior.

Today, training in behavioral innovation is used in zoos, aquariums, and by dog trainers as an
enrichment task for animals in captivity (Pryor, 2009). Different species are likely to produce different
types of actions when cued to innovate based on their own physical capabilities and the affordances of their
environments (Montesano et al., 2008). Examining the different factors that determine how individuals
innovate actions in experimental contexts can clarify the mechanisms that enable individuals to “be
creative.” Future research could examine how innovations performed by highly trained working dogs,
service dogs, or show dogs, who are trained to perform a wide array of behaviors (Hall et al., 2021), compare
to those of companion dogs and wild animals that have been trained to innovate actions on cue. Experiments
that expand the range of contexts within which animals (and their trainers) are encouraged to try new things
may provide further insights into the creative potential of non-humans.
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Supplemental Materials
Method
Subjects

Todd, Layla, and Snickers had previous training with the “create” cue and participated in another
cognitive study in which they were asked to repeat self-performed actions on cue, including actions
performed in response to the “create” cue (Scagel & Mercado, 2022a). The experimental studies of action
repetition involved training the dogs to perform several specific actions in response to verbal and gestural
cues, as well as training them to repeat a recently performed action on cue. Todd and Layla were formally
tested on their ability to repeat recently actions produced in response to the “create” cue in a small number
of trials (four per dog) as a way to assess how flexibly they could apply the repeating rule. The cues were
never combined during training sessions such that the four test trials represented the first four times the
dogs had experienced these cues in combination. Both dogs successfully repeated untrained actions
performed in response to the “create” cue. These tests and earlier training experiences are unlikely to have
affected the dogs’ responses to the “create” cue in the current experiment, except to the extent that the dogs
became familiar with their trainers and formalized testing procedures; learning the “repeat” cue might also
have increased dogs’ attention to their own recently performed actions.

Layla and Gizmo participated in a prior study in which they were asked to classify sets of toys and
other real-world objects as “same” or “different” (Scagel & Mercado, 2022b). The procedure of this task
required training the dogs to perform two specific actions (placing paws on a chair or lying on a towel) to
indicate whether the items were all the same or not. The dogs also learned to initiate their classifications of
objects sets in response to a verbal cue “Choose.” Both dogs successfully learned this task. These tests and
earlier training experiences are unlikely to have affected the dogs’ responses to the “create” cue, other than
by acclimating them to directing their action based on a verbal cue and performing actions within formalized
testing conditions.

Gizmo and Snickers had never been trained to innovate actions on cue prior to this study and none
of the dogs had ever been tested on the variety of actions they produced in response to the “create” cue.

General Training Procedure

“Create” training sessions for Todd and Gizmo were conducted in their owners’ homes in rooms
with at least 10-15 feet of space within which to work, Layla was trained in the Neural and Cognitive
Plasticity laboratory on campus at the University at Buffalo, and Snickers was trained in his owner’s home
as well as the lab. The only objects in the laboratory were a foam mat upon which dogs were trained and
tested, four chairs, a desk, cabinets along two walls, and a water bowl. During training sessions for each
dog, the trainer began teaching the “create” cue by attending to the dog’s actions and rewarding any actions
performed that were not associated with a cue. This could include moving a paw, turning the head, sneezing,
vocalizing, touching an object with the nose, etc. Both voluntary actions, such as moving a paw, as well as
potentially involuntary actions, like sneezing, were reinforced during training to increase the frequency of
any actions being produced as trainers noticed that without any reinforcement, dogs tended to remain
stationary in front of the trainer. Though some actions may have initially been performed involuntarily,
reinforcing them increased the chances these or similar behaviors would be voluntarily produced in the
future. Once the dog was reliably innovating actions, the “create” cue was added, and the trainer rewarded
any action produced in response to the “create” cue that was not already associated with a specific cue and
had not been offered previously within the current training session. Any actions deemed “novel” by the
trainer were rewarded with a verbal “yes” and a small dog treat approved by the dog’s owner. Actions the
dog had already produced within the given training session were not reinforced. Occasionally, dogs seemed
to become fixated on performing certain behaviors, particularly towards the end of training sessions. Novel
behaviors performed after a bout of repeating previously performed actions were heavily rewarded with
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several treats and praise. To “inspire” new actions, objects such as cardboard boxes, chairs, or toys were
sometimes introduced. Upon introduction of an object, dogs often investigated or interacted with the object,
and new actions performed towards objects could then be reinforced to further encourage the production of
new behaviors. Each training session lasted one hour and each dog typically was trained in two sessions
per week. During each training session, “create” training continued as long as the dog was motivated to
voluntarily participate. Any signs of disengagement, such as refusing to offer any behavior in response to
the “create” cue, walking away from the training area, getting a drink of water, or indicating a need to
relieve themselves resulted in a five to 10-minute break, depending on the dog’s motivation. Typically, 40-
45 minutes of each session was spent training “create.” Layla and Todd underwent 19 training sessions
prior to testing, Snickers underwent 18 training sessions prior to testing, and Gizmo underwent 17 training
sessions prior to testing due to scheduling conflicts. Training was extensive, taking place over several
months and relying on the availability of the dogs’ owners.

Behavioral Innovation Testing
Test sessions consisted of 24 discrete trials, 16 of which were “create” trials. In the other eight
trials, deemed “non-create” trials, each dog was asked to perform one of two actions they were familiar

with and proficient at performing (see example test session schedule below).

Sample “Create” Test Session

Trial Action Correct? (1/0) Description Notes
1 Spin
2 Rise
3 Create
4 Create
5 Create
6 Create
7 Create
8 Create
9 Create
10 Create
11 Rise
12 Spin
13 Create
14 Create
15 Create
16 Create
17 Spin
18 Spin
19 Create
20 Create
21 Create
22 Create
23 Rise
24 Rise
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Action Sequences within Test Sessions

When given the “create” cue, dogs would often perform multiple behaviors at the same time or in
rapid succession. For instance, they could lift a paw while also turning their head and vocalizing all at once.
This made counting only single behaviors nearly impossible and led to the decision to count all behaviors
performed within the first five seconds immediately following the “create” cue. Additionally, a new
variation on a previous behavior is still different than the previous behavior and would therefore be counted
as “creative.” A sequence that included a combination of previously performed actions and novel actions
together would still be considered novel as long as that combination of actions had not been performed
before. This is consistent with criteria used by Kuczaj and Eskelinen (2014b) when training three bottlenose
dolphins to vary their behavior on cue.

Limitations of Real-Time Judging of Actions in Testing

Though the use of real-time judging of responses during testing can result in repeated responses
garnering accidental reinforcement or truly novel responses missing reinforcement, the decision was made
to allow the trainer to judge and choose whether to reinforce responses during test sessions to keep the
training and testing procedures consistent for every subject and to avoid any possible loss of the dogs’
motivation to continue to participate. Braslau-Schneck (1994) found that when dolphins were not reinforced
for any responses during test sessions, the animals stopped responding to the “creative” cue over time. This
decision to provide reinforcement in real-time is also consistent with other studies of animals’ abilities to
innovate behaviors on cue (Braslau-Schneck, 1994; Kuczaj & Eskelinen, 2014b; Lawrence et al., 2016;
Pryor etal., 1969, Willgohs et al., 2022). Additionally, real-time judgement and reinforcement was used to
ensure rapid reinforcement of actions to enhance learning acquisition and maintenance of the “create”
response.

Controls to Limit and Assess the Possible Role of Social Cueing of Innovated Actions

Control tests were given to only Layla because the other dogs were either unable to come to the lab
or were distressed by unfamiliar people, which would have hindered their performance with an unfamiliar
trainer. We also had no reason to believe Layla’s performance in the control condition would be somehow
exceptional.

As there are no standardized methods for training or testing behavioral innovation, there are no
standard control procedures. To avoid influencing the actions dolphins produced in response to a “creative”
cue, bottlenose dolphins were not given reinforcement during testing for any responses to “creative”
(Braslau-Schneck, 1994). Willgohs and colleagues (2022) did not employ any control measures with their
dogs, as their subjects were solely trained and tested by dog owners who recorded and submitted videos of
each session. Likewise, Lawrence and colleagues (2016), as well as Kuczaj and Eskenlinen (2014b) did not
use any control measures when testing bottlenose dolphins’ abilities to innovate behaviors on cue.

Scoring

Though the visual coding of actions is less controlled or standardized than the use of behavioral
coding software, this is common practice when testing animals on their ability to produce “creative”
responses on cue (Braslau-Schneck, 1994; Kuczaj & Eskelinen, 2014b; Lawrence et al., 2016; Pryor et al.,
1969; Willgohs et al., 2022). This procedure can lead to disagreements in response characterization by
different evaluators, but measures of inter-rater reliability can assuage these concerns.
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Results
Layla

Due to experimenter error, Layla was tested in 97 total “create” trials rather than 96, and 48 non-
create trials. Over these 97 “create” trials, Layla correctly produced responses that she had not previously
performed within the current test session and were not already associated with a cue in 64 trials (66%) and
produced an average of 10.7 (67%) “creative” responses during each test session out of a possible 16. Of
all “create” trials, 30 (31%) consisted of actions or action sequences Layla had already produced within the
current test session. Among these trials, Layla repeated an action/action sequence she had just performed
in the preceding trial in eight trials (27%). Therefore, Layla only repeated a response from the preceding
trial in eight of 97 “create” trials (8%). During the remaining three (3%) incorrect trials, Layla produced a
behavior that was already associated with a cue (spin, down, or bow). Layla offered the correct behavior in
all non-create trials.

Because she could feasibly produce multiple actions in response to a single “create” cue within the
five seconds after the cue was given, Layla often produced a sequence of actions in response to the “create”
cue before the end of a trial. If these sequences are divided into discrete actions, Layla produced a total of
212 actions in response to this cue over 97 “create” trials for an average of 2.2 actions per “create” trial.
These 212 total actions were divided into 28 different classes of actions. Layla produced an average of 12.8
types of behaviors each test session. The complete list of actions Layla performed in response to the “create”
cue is presented in Table S2 with the absolute and relative frequency of each action. The most frequent
behavior produced was a bark (16%). Of the 28 different actions Layla performed, 25 were not associated
with any previously trained cue. Layla’s creativity index score was 0.13, which was the proportion of all
actions produced that were novel.

As there were six test sessions, there were six first “create” trials in the testing portion of this study.
Of these, Layla produced a unique action/action sequence in all six of these first trials, meaning she did not
begin any test session with the same action or action sequence she produced to begin another test session.
Within first “create” trials, Layla performed eight different types of behaviors with a total of 14 actions
produced. Of these 14 total actions, Layla performed a paw lift twice, bark twice, shift weight to hips twice,
and foot taps four times, though none of these were combined into identical action sequences during initial
trials. The remaining four types of behaviors were never performed more than once during initial “create”
trials. The relative frequency of types of actions Layla performed during first “create” trials is shown in
Figure S1.

The number of completely novel types of behaviors Layla performed per session that she had never
produced in any prior test session is depicted in Figure 4. Most of the 28 types of actions she performed in
response to the “create” cue were produced in the first session. During subsequent sessions, Layla only
produced an average of three completely novel types of behaviors per session.

During training sessions, Layla offered some actions when given the “create” cue that she did not
perform during testing. These included drinking water from a bowl, lying down on her side, rolling onto
her back, jumping backwards, lifting the edge of a mat with her paw, high-stepping, moving to a seated
position next to the trainer, and touching objects with her nose or paw.

Control Sessions

During control sessions, Layla was tested in 32 total “create” trials and 16 non-create trials over
two test sessions. Of these, Layla performed actions or action sequences she had not already produced
within the current session and that were not already associated with a cue in 17 trials (53%) and produced
an average of 8.5 (53%) correct responses out of 16 possible “create” trials in each session. Of the 32 total
“create” trials, Layla repeated responses already performed within the current test session in 11 (34%) trials.
Of these 11 repeated responses, Layla repeated the response given in the preceding trial in four trials (36%).
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In control trials, Layla did not perform any singular actions that were already associated with a cue. Layla
performed each cued behavior correctly in all non-create trials.

As in other sessions, Layla often produced a sequence of actions in response to the “create” cue
during control sessions before a trial was over. In total, Layla produced 46 actions in response to this cue
over the 32 “create” trials. Of these, she produced 12 different kinds of behaviors and performed an average
of 8.5 kinds of behaviors each control session. Of these 12 kinds of behaviors, none were already associated
with a specific cue. Layla’s creativity index score during control sessions was 0.26. Of the two first “create”
trials during control sessions, Layla produced different responses to each, meaning she did not simply
produce the same order of responses in each session.

These results provide strong evidence Layla was not relying on inadvertent social cues from a
trainer to produce responses to “create.” Even in the presence of a trainer who did not know what constituted
a “correct” response to this cue, she innovated a variety of actions. It is important to note that this is the
first time such a control condition has been implemented in any study of action innovation/improvisation
in any species (including humans). Past studies universally have had trainers or test administrators
requesting actions who were aware of the nature of the task and of the kinds of actions that would qualify
as correct responses to those requests. Although unlikely, it is possible that every innovative action reported
in those past studies was unintentionally cued by a trainer/test administrator. Given that Layla’s creativity
index during blind testing was twice what it was when she was tested by an informed trainer, her
performance suggests that if anything inadvertent social cues during testing may have degraded her capacity
to innovate actions. These findings increase confidence that past demonstrations of action innovation in
children and non-humans provide a conservative estimate of their creative capacities and that they are not
simply artifacts of experimental methods.

Todd

Due to experimenter error, Todd was tested in 98 total “create” trials rather than 96, and 48 non-
create trials. Out of these 98 “create” trials, Todd correctly produced actions or action sequences that he
had not previously produced within the current test session and were not already associated with a cue in
71 trials (72%) and produced an average of 11.8 (74%) correct “creative” actions/action sequences out of
16 possible “create” trials during each test session. Of the 98 “create” trials, Todd produced actions/action
sequences he had already performed within the current session in 27 (28%) trials. Among these 27 trials,
Todd repeated the action or action sequence he had just performed in the preceding trial in 11 trials (41%).
Overall, Todd only repeated an action or action sequence from the preceding trial in 11 of 98 “create” trials
(11%). Todd did not perform any discrete actions previously associated with a cue unless they were part of
a sequence that included novel actions. Todd performed the correct behavior in all non-create trials.

Todd, like Layla, often produced a sequence of actions in response to the “create” cue before the
end of a trial. When divided into discrete actions, Todd performed a total of 225 actions in response to this
cue over 98 “create” trials for an average of 2.3 actions per “create” trial. Of these 225 total actions, Todd
performed 34 different kinds of behaviors. Todd produced an average of 15.2 different kinds of behaviors
each test session. The complete list of actions Todd produced in response to “create” is provided in Table
S3 along with the absolute and relative frequency of each action. The most frequently performed behavior
was a “head tip up” (18%). Of the 34 different actions Todd performed, 30 were not associated with any
previously trained cue. Todd had a creativity index score of 0.15.

Of six first “create” trials, Todd produced a unique action/action sequence in every first “create”
trial. In other words, he did not begin any test session with the same action or action sequence he produced
in the first trial of another test session. Within first “create” trials, Todd performed nine different types of
behaviors with a total of 10 actions produced. Of these 10 total actions, Todd performed a paw lift twice,
though neither of these were combined into an identical action sequence during initial trials. The remaining
eight types of behaviors were never performed more than once during initial “create” trials. The relative
frequency of the types of behaviors Todd produced in first “create” trials is shown in Figure S2.
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The number of completely novel kinds of behaviors Todd performed per test session that he had
never produced in any prior test session is depicted in Figure 4. Fifteen of the 34 types of actions he
performed in response to the “create” cue were performed in the first session. During subsequent sessions,
Todd produced an average of 4.4 completely novel types of behaviors per session.

During training, Todd offered behaviors he did not produce during testing in response to the
“create” cue. These included a “chirp” vocalization, picking up a toy with his mouth, standing on a toy,
licking his lips, walking through the legs of a nearby chair, growling, jumping straight into the air, jumping
over objects, standing on an object and pivoting around it, pulling an object with his paw, resting his head
on the ground, snapping his teeth, scooting backwards while lying down, standing on his back legs and
wiggling his body, rubbing the side of his face on an object, turning to face the opposite direction, and
grasping an object with his front paws.

Gizmo

Gizmo was tested in 96 total “create” trials over six test sessions and 48 non-create trials. Out of
the total 96 “create” trials, Gizmo correctly produced actions or action sequences that he had not previously
produced within the current test session and that were not already associated with a cue in 70 trials (73%)
and performed an average of 11.7 (73%) novel “creative” actions/action sequences during each test session
out of the total 16 “create” trials. Of the 96 “create” trials, Gizmo produced actions/action sequences he had
already performed within the current test session in 26 (27%) of all “create” trials. Among these, Gizmo
repeated the action or action sequence he had just performed in the prior trial in 10 trials (38%). In total,
Gizmo repeated an action or action sequence from the preceding trial in 10 of 96 “create” trials (10%).
Gizmo did not perform any singular action previously associated with a cue unless the action was part of a
sequence that included novel actions. He also performed correctly in 100% of non-create trials.

Like other dogs, Gizmo typically produced a sequence of actions in response to the “create” cue
before a trial ended. When divided into discrete actions, Gizmo performed a total of 184 actions in response
to “create” over 96 trials for an average of 1.9 actions per “create” trial. Of these 184 total behaviors, Gizmo
produced 24 different kinds of behaviors (Table S4). Gizmo produced an average of 11.2 types of behaviors
each test session. The complete list of actions Gizmo performed in response to “create” is listed in Table
S4 along with the absolute and relative frequency of each action. Of the 24 types of actions Gizmo
performed, 23 were not associated with any previously trained cue. Gizmo’s creativity index score was
0.13.

Out of the six initial “create” trials Gizmo faced, he produced a different action/action sequence in
all six first “create” trials. He did not start any test session with the same action or action sequence he had
performed in the first trial of another test session. Across first “create” trials, Gizmo performed nine
different types of actions. He did not perform any of these actions in more than one first trial. Figure S3
illustrates the relative frequency of types of actions Gizmo performed in initial “create” trials.

The number of completely novel type of actions Gizmo produced within a single test session that
he had never performed in any prior test session is depicted in Figure 4. Of the 24 types of actions he
performed in response to the “create” cue, Gizmo performed 10 in the first session and eight in the second.
During the following sessions, Gizmo produced an average of 1.5 completely novel types of behaviors per
session.

During training, Gizmo produced several types of actions he did not produce during testing. These
included scratching himself with a back leg, lying on his back and writhing back and forth, jJumping over
objects, lying on his side and covering an eye with his front paw, jumping sideways, moving to a seated
position behind the trainer, lying on the ground and crawling backwards, lying on the ground and crawling
forwards, pushing or touching a box with his nose or feet, standing on a box, biting a box, walking around
a box, and walking onto a dog bed and sitting on it.
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Snickers

Snickers was tested in 96 total “create” trials and 48 non-create trials. Out of these 96 “create”
trials, Snickers correctly produced actions or action sequences that he had not previously produced within
the current test session and were not already associated with a cue in 78 trials (81.25%) and produced an
average of 12.8 (80%) correct “creative” actions/action sequences out of 16 possible “create” trials during
each test session. Of the 96 “create” trials, Snickers produced actions/action sequences he had already
performed within the current session in 13 (13.5%) trials. Among these 13 trials, Snickers repeated the
action or action sequence he had just performed in the preceding trial in 6 trials (46%). Overall, Snickers
only repeated an action or action sequence from the preceding trial in 6 of 96 “create” trials (6%). During
the remaining five incorrect trials, Snickers responded with discrete actions that were already associated
with a cue (down, rise). Snickers performed the correct behavior in 47 of 48 non-create trials (97.92%).

Snickers often produced a sequence of actions in response to the “create” cue before the end of a
trial. When divided into discrete actions, Snickers performed a total of 283 actions in response to this cue
over 96 “create” trials for an average of 3 actions per “create” trial. Of these 283 total actions, Snickers
performed 22 different kinds of behaviors. Snickers produced an average of 11.7 different kinds of
behaviors each test session. The complete list of actions Snickers produced in response to “create” is
provided in Table S5 along with the absolute and relative frequency of each action. The most frequently
performed behavior was a “bow” (15%). Of the 22 different actions Snickers performed, 19 were not
associated with any previously trained cue. Snickers had a creativity index score of 0.08.

Of six first “create” trials, Snickers produced a unique action/action sequence in every first “create”
trial. In other words, he did not begin any test session with the same action or action sequence he produced
in the first trial of another test session. Within first “create” trials, Snickers performed eight different types
of behaviors with a total of 12 actions produced. Of these 12 total actions, Snickers performed a down four
times, though none of these were combined into an identical action sequence during initial trials. The
remaining seven types of behaviors were never performed more than once during initial “create” trials. The
relative frequency of the types of behaviors Snickers produced in first “create” trials is shown in Figure S4.

The number of completely novel kinds of behaviors Snickers performed per test session that he had
never produced in any prior test session is depicted in Figure 4. Ten of the 22 types of actions he performed
in response to the “create” cue were performed in the first session. During subsequent sessions, Snickers
produced an average of 2.6 completely novel types of behaviors per session.

During training, Snickers offered behaviors he did not produce during testing in response to the
“create” cue. These included growling, tipping his head up, tilting his head to the side, scratching his ear,
chasing his tail, whining, drinking, and licking objects.

Limitations of the Experimental Approach

The number of dogs tested in this study is smaller than in several other studies of dogs’ cognitive
capacities and multiple reviewers of this manuscript questioned whether a sufficient number of subjects
were tested to justify any scientific claims about the innovative capacities of dogs. The current data cannot
support any broad claims about how innovative capacities vary across dogs of different breeds, sexes,
training histories, or ages. Undoubtedly, individual dogs will vary in their learning capacities and
innovativeness as a function of these factors and many others, including the skills of their trainers. Our
experimental design was not intended to survey or explain such individual differences or to test a specific
hypothesis about the mechanisms that might enable dogs to self-select actions. Our purpose was instead to
establish whether it was possible for dogs to learn to respond to a specific cue by producing a wide variety
of untrained actions. Anecdotal reports (especially in publications by Karen Pryor) suggested that this
should be possible, but to our knowledge our study is the first to explore this capacity in a controlled context
using methods previously used to test another species (dolphins). Our sample size matches that used in the
earlier dolphin study and can be interpreted similarly. The exploratory nature of the experiment and the
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subjective aspects involved in identifying innovative actions do lead to limitations in what can be inferred
from the results; several such limitations are discussed below.

One limitation of research on “creativity” in general is that there is still disagreement on the
definition of “creativity,” both conceptually and operationally (Dudzinski et al., 2018; Kaufman &
Kaufman, 2014; Kuczaj, 2017; Shevlin, 2020). Karwowski and colleagues (2016) state that “creativity” is
“a human capacity to produce ideas and products that are both novel and useful or appropriate.” Others
have described it as “acting in an open and nonpredetermined manner in ways that generate novelty”
(Patterson & Mann, 2015). Bateson & Marton (2013) defined “creativity” as “having a new idea” and
“innovation” as “applying that idea in a productive and novel manner so that a better outcome is developed.”
Kaufman & Beghetto (2009) even divided creativity into a “four-C” model which included mini, little-,
Pro-, and Big-c creativity, essentially qualifying certain types of acts as “more” or “less” creative and
reserving the entire category of Big-c creative acts to human societies. When defining the “creativity” of
species other than humans, the characteristics of creativity have been described as fluency, flexibility,
originality, and elaboration (Kaufman & Kaufman, 2004; 2014; Kaufman et al., 2011). In each study of
non-human “creativity,” researchers must operationalize the term to determine whether their animals have
been “creative” or not. Pryor and colleagues (1969) defined “creativity” for their dolphins as “only those
actions...which have not been reinforced previously.” Braslau-Schneck (1994) described it as “the
production of original or novel motor behaviors. This can involve recombination of previously produced
behaviors.” Schusterman & Reichmuth (2008) defined vocal “creativity” for their walruses as acoustic
responses that were obviously different from those emitted before. Subtle changes in vocalizations did not
count as novel.

The current study could only examine whether dogs could learn to be “creative” as it was defined
in this methodology: producing behaviors not already produced in the current session that were not already
associated with a cue. By this metric, Layla, Todd, and Gizmo did learn to “be creative.” We describe the
task the dogs learned as innovating actions on cue, in part because we did not attempt to evaluate the
originality of any of the actions offered by dogs. Others might describe the task as involving behavioral
improvisation (Shevlin, 2020). The current study could not definitively determine whether dogs learned to
actively avoid performing recent or trained behaviors or to randomly vary their actions as rats and pigeons
have done in the past (Morris, 1989; Neuringer, 1991; Schwartz, 1982). Which strategy an individual is
using can be difficult to identify because multiple situations can lead to the production of a variety of
behaviors. Still, the finding that dogs rarely repeated actions just performed in the previous trial and almost
never responded with actions already associated with a specific cue indicates dogs likely did avoid
performing certain actions in response to the “create” cue. Dogs also were more likely to repeat responses
from earlier trials within the second half of test sessions rather than the first half, indicating that as a greater
number of trials had passed, dogs either “ran out of ideas” or may have struggled to remember what they
had done earlier in the session. If dogs were performing actions randomly, they should have been equally
as likely to repeat an action from the just-preceding trial as they were to repeat an action from earlier trials,
and they also should have performed some actions from their trained repertoire. Additionally, the fact that
dogs generally defaulted to certain types of actions that they combined in different ways and that each dog
had a particular type of action they seemed to prefer over others suggests they were not randomly selecting
actions.

It could be argued that the dogs were not selecting actions at all, but merely learned to associate
the “create” cue with states of distress or confusion that led to reflexive reactions (displacement activity,
attempts to escape, etc.) that naturally were more variable, for example through processes of classical
conditioning. This scenario is unlikely because: (1) trainers worked with the dogs extensively prior to
testing, before the dogs learned to consistently produce a variety of actions in response to the cue, and thus
had extensive experience with identifying actions that the dogs produced in response to confusion or
frustration; (2) prior to learning the task, when presumably any confusion and frustration was near its peak,
the dogs were more likely to repeatedly offer specific trained actions than to perform untrained actions; and
(3) reflexive reactions to states of confusion and frustration fall within a relatively constrained set that
would be expected to vary systematically either within or across test sessions.
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The types of actions the dogs produced in response to the “create” cue depended on the objects
available in their environments. During training sessions, the trainer occasionally introduced objects such
as boxes, dog toys, paper bags, or chairs to the training context. When these objects were available, dogs
offered behaviors like sniffing the objects, touching, pushing, or tapping the objects with their paws, biting
or picking up the objects in their mouths, jumping over the objects, and even standing on top of and pivoting
around the objects. Because not all the dogs had the same objects available to them, no objects were used
in testing sessions, limiting the types of actions they might have produced. These observations indicate that
the “creativity” of an individual may depend on their environment, as objects have their own affordances,
or action possibilities that can be performed with a certain object based on its physical features (Montesano
et al., 2008).

In everyday situations, individuals often have more time to think of creative actions and having this
“incubation” period often seems to help spark creativity. To avoid influencing the dogs’ responses, the
trainer remained still and did not express emotion during testing, simply saying the word “yes” and
providing a treat if a response was correct. During training, the structure of trials was at the discretion of
the trainer and trials could occur in rapid succession, with few pauses. Though this data was not recorded,
it is possible less time between trials during training could have lowered the likelihood dogs would forget
recently offered responses. If a dog produced a completely novel action during training, the trainer excitedly
praised the dog and offered a “jackpot” of multiple treats. When Alex, an African grey parrot (Psittacus
erithacus), was trained to innovate vocal utterances, excitement from trainers seemed to encourage him to
continue attempting new words (Pepperberg, 2015). The fact that it was up to the trainer’s discretion to stop
a trial to reinforce the dog could have influenced the number of actions each dog produced within a trial.
In the future, an additional experimenter could be used to decide when to provide reinforcement, though
this could result in delayed reinforcement. During test sessions, the trainer remained emotionless to prevent
influencing the dog’s behavior, but this could have potentially stifled creativity. Sometimes, dogs appeared
frustrated during training by lack of reinforcement for incorrect responses, but after being continually
probed to “create,” seemed to try a new action. Similarly, a rough-toothed dolphin being reinforced for
producing new actions during shows appeared to show signs of frustration after cycling through her typical
repertoire of behaviors and subsequently appeared to have a “breakthrough” of creativity (Pryor et al.,
1969). Pacific walruses (Odobenus rosmarus divergens) trained to produce varied vocalizations typically
repeated a vocalization several times, and only shifted their acoustic response after appearing frustrated
from lack of reinforcement (Schusterman & Reichmuth, 2008). Perhaps some frustration helps encourage
a change in behavior. Because of the setup of test sessions, Layla, Todd, Snickers, and Gizmo did not appear
to show signs of frustration, as the presence of intermittent “non-create” trials meant they never needed to
wait long to receive an “easy” instruction and receive reinforcement. Additionally, while the trainer did
their best to remain still, it is possible dogs could have detected inadvertent movements made by the trainer
during trials that could have influenced the type of action each dog produced. In the future, studies could
examine how dogs perform in this task without a trainer in view.



Table S1

Behaviors to be Performed by Dogs in “Non-Create” Trials
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Dog Behavior Description
Spin Turning in a circle
Todd Pose Sitting up on back feet
Layla Spin Tu_rning in a circle
Rise Standing up on back feet
Gizmo Twirl Tgrning in a circle
Down Lying down on belly
Down Lying down on belly
Snickers Rise Standing up on back feet
Spin Turning in a circle
Table S2

All Behaviors Layla Produced in Response to the “Create” Cue Within Test Sessions

Actions Layla Produced in Response to “Create”

Behavior Category

Frequency Relative Frequency

Bark * Vocalization 33 0.156
Foot taps * Paw movement 27 0.127
Head turn to side * Head movement 26 0.123
Paw lift * Paw movement 16 0.075
Groan/grumble * Vocalization 16 0.075
Walk backwards * Walking movement 11 0.052
Partial bow * Bow 10 0.047
Step side to side * Walking movement 8 0.038
Side step * Walking movement 7 0.033
Slap floor with paw * Paw movement 6 0.028
Soft bark/woof * Vocalization 5 0.024
Forward hop * Hop 4 0.019
Side hop * Hop 3 0.014
Head shake * Head movement 2 0.009
Spin Spin 2 0.009
Grunt * Vocalization 1 0.005
Scoot backwards on rump * Shift position 1 0.005
Shift weight to hip while sitting * Shift position 1 0.005
Full bow Shift position 1 0.005
Down Shift position 1 0.005
Slow paw wave * Paw movement 1 0.005
Step forward * Walking movement 1 0.005
Sniff ground * Head movement 1 0.005
Touch nose to back paw * Head movement 1 0.005
Body shake * Shake 1 0.005
Scratch floor with paw * Paw movement 1 0.005
Lick self * Head movement 1 0.005
Tap feet while sliding into a down position * Paw movement 1 0.005
Total =28 212 1.000

Note. Asterisks indicate behaviors that were not already associated with a cue.



Table S3

All Behaviors Todd Produced in Response to the “Create” Cue Within Test Sessions

Actions Todd Produced in Response to “Create”

Behavior Category

Frequency Relative Frequency

Tip head up * Head movement 40 0.178
Paw lift * Paw movement 27 0.12
Head circle * Head movement 14 0.062
Hop in place * Hop 13 0.058
Reach paw forward * Paw movement 13 0.058
Side hop * Hop 13 0.058
Touch trainer’s knee with paw * Touch 12 0.053
Sneeze Vocalization 9 0.04
Stand on back legs * Shift position 9 0.04
Hop with front legs while sitting * Hop 8 0.036
Huff * Vocalization 7 0.031
Skip * Hop 6 0.027
Step forward * Walking movement 5 0.022
Rest chin on trainer’s knee * Touch 5 0.022
Bark Vocalization 4 0.018
Put both front paws on trainer’s knee * Touch 4 0.018
Side step * Walking movement 4 0.018
Hop forward * Hop 3 0.013
Partial down * Shift position 3 0.013
Move head side to side * Head movement 3 0.013
Walk to object * Walking movement 3 0.013
Wave both front legs * Paw movement 3 0.013
Sniff ground * Head movement 3 0.013
Foot stomp * Paw movement 3 0.013
Head turn * Head movement 2 0.009
Down Shift position 1 0.004
Nod head up and down * Head movement 1 0.004
Hop on back legs * Hop 1 0.004
Jump over trainer’s knee * Hop 1 0.004
Push off trainer’s leg with paw * Touch 1 0.004
Walk around trainer’s knee * Walking movement 1 0.004
Touch notebook with paw Touch 1 0.004
Sway side to side * Shift position 1 0.004
Touch trainer’s knee with nose * Touch 1 0.004
Total =34 225 1.000

Note. Actions with an asterisk were not previously associated with any cue.
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Table S4

All Behaviors Gizmo Produced in Response to the “Create” Cue Within Test Sessions

Actions Gizmo Produced in Response to “Create”  Behavior Category ~ Frequency Relative Frequency

Single paw lift * Paw movement 43 0.234
Sneeze * Vocalization 18 0.098
Down Shift Position 15 0.081
Reach paw forward * Paw movement 14 0.076
Step forward * Walking movement 10 0.054
Head shake * Head movement 10 0.054
Forward lunge * Shift position 10 0.054
Partial down * Shift Position 7 0.038
Scoot * Shift Position 6 0.032
Lift one paw then other * Paw movement 6 0.032
Touch trainer’s hand with nose* Touch 5 0.027
Hop forward * Hop 5 0.027
Woof * Vocalization 4 0.021
Shift weight to hip * Shift position 4 0.021
Lie on side * Shift position 4 0.021
Stretch forward while lying down * Shift position 4 0.021
Walk backwards * Walking movement 4 0.021
Stand * Shift position 4 0.021
Huff * Vocalization 3 0.016
Touch trainer’s knee with paw * Touch 3 0.016
Touch trainer’s knee with nose * Touch 2 0.011
Sniff * Head movement 1 0.005
Outstretch back legs while lying down * Paw movement 1 0.005
Side step * Walking movement 1 0.005
Total =24 184 1.000

Note. Actions with an asterisk were not previously associated with any cue.



Table S5

All Behaviors Snickers Produced in Response to the “Create” Cue Within Test Sessions
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Actions Snickers Produced in Response to “Create”

Behavior Category

Frequency Relative Frequency

Bow™* Shift position 41 0.145
Down Shift position 40 0.141
Paw lift * Paw movement 34 0.12

Foot tap * Paw movement 34 0.12

Shift forward * Shift position 28 0.099
Wipe feet * Paw movement 19 0.067
Shuffle paws * Paw movement 18 0.064
Sit Shift position 14 0.049
Half down * Shift position 10 0.035
Crouch * Shift position 9 0. 032
Hop * Hop 9 0.032
Step forward * Walking movement 7 0.025
Touch trainer’s leg with paw * Touch 5 0.018
Sneeze* Vocalization 3 0.011
Shuffle backwards * Walking movement 3 0.011
Rise Shift position 2 0.007
Huff * Vocalization 2 0.007
Head turn * Head movement 1 0.004
Paw slap * Paw movement 1 0.004
Groan * Vocalization 1 0.004
Lean back * Shift position 1 0.004
Head down * Head movement 1 0.004
Total =22 283 1.000
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Figure S1
Relative Frequency of Types of Actions Layla Produced to the First “Create” Trial of Each Test Session
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Figure S2
Relative Frequency of Types of Actions Todd Produced in the First “Create” Trial of Each Test Session
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Figure S3

Relative Frequency of Types of Actions Gizmo Produced in the First “Create” Trial of Each Test Session
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Figure S4

Relative Frequency of Types of Actions Snickers Produced in the First “Create” Trial of Each Test Session
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