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Abstract
Prior research has produced mixed results on whether human social interaction can
function as a reinforcer for dog behavior. However, that research used either short
durations of social interaction or rapid, repeated trials such that satiation could have
been a factor. We investigated whether two durations of social interaction (30 s or 4 s
petting plus vocal praise) would maintain more responding than extinction, than each
other, or than food. We limited each session to 10 trials and temporally spaced sessions
within and across days. Both durations of social interaction produced more responding
than extinction, but there was no difference in responding between the two social inter-
action durations. When we compared responding in food sessions to 30-s and 4-s social
interaction sessions, we could not determine differences in responses emitted per session
for two dogs due to ceiling effects, but the third dog doubled her responding when food
was provided. Additionally, latencies in food sessions for all dogs were significantly
lower than expected from a random sampling of latencies. Our results suggest both
durations of social interaction can function as a reinforcer, especially when delivered
sporadically, but they are still not as effective as food as a reinforcer for most dogs.
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Identifying effective reinforcers is essential for training and
maintaining desirable behaviors across species. In domestic
dogs, prior research has identified food as an effective posi-
tive reinforcer (Feuerbacher & Wynne, 2012; Fukuzawa &
Hayashi, 2013; Okamoto et al., 2009). Despite its utility as
a reinforcer, using food requires extra effort on the part of
the owner, as it must be prepared and carried during train-
ing. Although the use of food as a reinforcer has become
more commonplace, some owners are still reluctant to use
food as a reinforcer, have dogs with dietary restrictions, or
would simply like to have a variety of effective reinforcers.
Identifying other positive reinforcers for owners to use is
important to ensure they always have a reinforcer available
and to potentially increase owners’ willingness to use posi-
tive reinforcers for training. Social interaction, such as pet-
ting and vocal praise, are easily delivered to dogs; however,
the research on the utility of social interaction as a rein-
forcer has shown mixed results. Although there is evidence

for its reinforcing function, it typically does not maintain
much responding, especially compared with food.

When comparing brief (4 s) periods of social interaction
(petting and vocal praise) to food as a consequence, the
brief social interaction maintained less responding with lon-
ger latencies to respond than what food produced in both
shelter and owned dogs (Feuerbacher & Wynne, 2012). In
fact, the brief social interaction often was indistinguishable
from extinction. However, one shelter dog did respond as
much and as quickly for brief social interaction as for food,
leaving open the possibility that it is an effective reinforcer
for some dogs. Okamoto et al. (2009) evaluated whether
food or petting plus vocal praise affected the frequency of
correct responses to the cue “sit.” Food produced more cor-
rect responses in two of the three experimental dog groups
(which were distinguished by the speed at which the dogs
ate food) as well as more gazing at the handler. The
amount of petting dogs received was not specified, but the
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vocal praise was a single “good,” suggesting that the pet-
ting was also brief. Similarly, Fukuzawa and Hayashi
(2013) compared dogs receiving food, five strokes of pet-
ting, or one praise statement. Especially during the baseline
training stages (training “sit” and “stay” behaviors), dogs
that received food as the consequence reached criterion fas-
ter and were faster to respond to the “come” command that
was used in the experimental training sessions than dogs
that received petting or praise. Nevertheless, in both studies
the dogs did respond in the social interaction conditions,
suggesting that it can function as a reinforcer, although
weaker than food. However, neither study presented indi-
vidual dog data or individual session data, so it is not possi-
ble to determine individual dog variability or how
responding proceeded across sessions, for example if cor-
rect responding or latency increased, decreased, or stayed
the same.

The research discussed thus far has used relatively short
social interaction. It is possible that longer social interac-
tion could function as a more effective reinforcer; dogs
have been shown to be sensitive to the magnitude of other
reinforcers (food; Feuerbacher et al., 2022), and humans
have been found to be sensitive to different magnitudes of
social interaction (e.g., Trosclair-Lasserre et al., 2008).
Fonberg et al. (1981) evaluated longer social interaction,
which was 30 s of petting plus a vocal praise statement
(“good dog”) as a reinforcer and reported it was as effective
as food in that it produced the same percentage of correct
for the dogs’ behavior of placing and holding their foreleg
on a food tray. However, an additional contingency (the
dog being physically placed into the cued position if it did
not respond within 1 min) confounds a clear conclusion
about longer social interaction as a reinforcer and its rela-
tive value to food. Still, it is possible that 30 s of social
interaction is more effective than the brief interaction
periods provided in the previously described studies.

Another possibility is that even brief social interaction
can function as an effective reinforcer but that dogs satiate
on it quickly. In prior research (Feuerbacher & Wynne,
2012), sessions were run back to back all on the same day.
In this study, shelter dogs, owned dogs, and hand-reared
captive wolves did not show strong evidence that 4 s of social
interaction functioned as reinforcer; only one dog showed
sustained responding (nose touch) in the social interaction
conditions. This lack of effect might be due to satiation from
the repeated trials. Similarly, Okamoto et al. (2009) ran
repeated trials and sessions: dogs were cued every 5 s for
three 5-min sessions, with 5-min sessions separated by only a
3-min break. In the two groups in which the authors detected
a statistical difference, the responding in the social interac-
tion sessions was approximately one third of that of the food
sessions. In the third group, which did not show a statistical
difference, the number of correct responses in the social inter-
action group was still approximately 20% less than the food
group. In both studies, satiation effects from rapid, repeated
trials might influence results and social interaction might
function as a more effective reinforcer when many trials are
not delivered in quick succession.

The study by Fukuzawa and Hayashi (2013) addressed
this issue with sessions limited to 10 trials, and sessions were
temporally spaced with at least 90 min between them. How-
ever, the social interaction used (five strokes or one praise
statement) was still brief. It is possible that longer social
interaction, combined with limited trials and spaced ses-
sions, could successfully maintain responding in dogs and
show a strong reinforcing effect. To this point, Fonberg
et al. (1981), who suggested petting and praise was as effec-
tive as food as reinforcer, used sessions with only eight trials.
Although they did not explicitly state how many sessions a
day were conducted, other statements seem to suggest that
only one session was run per day. Thus, their results that
social interaction was as effective as food might stem from
the longer duration of social interaction they delivered com-
bined with their use of sessions with limited trials and spaced
out across time. Nevertheless, confounding contingencies in
their research limit the strength of those conclusions.

In this study we took a translational research approach
to evaluate whether different durations of social interaction
could function as a reinforcer for owned dog behavior when
we limited the number of trials in a session and temporally
spaced sessions to reduce the likelihood of satiation. In
Experiment 1, we tested whether a 30-s social interaction
would maintain more responding than extinction. In Experi-
ment 2, we tested whether a 4-s social interaction would
maintain more responding than extinction to elucidate
whether it was the trial and session parameters or the length
of social interaction that was the critical factor in producing
consistent responding. Finally, in Experiment 3 we directly
tested whether 30- or 4-s social interactions would maintain
more responding (Phase 1) and compared both of these to
food as a consequence (Phase 2). In all three experiments,
dogs alternated between conditions in a multielement design.

METHODS

Subjects

We tested owned dogs, all of which were at least
6 months of age and had lived in their current home for

TABLE 1 Dog demographics

Dog Breed Age Sex

Cosmo Standard poodle 1y UM

Iorek German shepherd 7y NM

Leica Belgian malinois 2y 6 m SF

Lucky Yorkshire terrier 2y UM

Ninja Pit bull x 10y SF

Nintendo German shepherd x 2y NM

Shelby Yorkshire terrier 6y SF

Zaki Golden retriever 8y NM

Note. Age is reported in years (y) and months (m). Sex: F is female, M is male, S
is spayed, N is neutered, U is unaltered. Under breeds the predominant breed type
is listed, and an x indicates the dog is a mix.

92 FEUERBACHER ET AL.

 19383711, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jeab.842 by V

irginia T
ech, W

iley O
nline L

ibrary on [09/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



at least 4 months. Table 1 shows the dogs’ demographic
information as reported by the owners. Ethical animal
use was approved by the Virginia Tech Institutional Ani-
mal Care and Use Committee (Protocol #20–023).

Sessions

We tested the dogs in a quiet room in their own homes.
They were tested on leash (approximately 2 m long) to
parallel prior research (Feuerbacher & Wynne, 2012).
The owner acted as experimenter in all sessions. Sessions
began with the experimenter standing with their back to
a wall to limit the dog from moving behind the experi-
menter and placing one hand at the dog’s nose level. If
the dog touched the experimenter’s hand with any part of
its muzzle, the experimenter delivered the programmed
interaction. If the dog did not touch the experimenter’s
hand within 30 s, the experimenter raised their hand and
then re-presented their hand for the next trial. This con-
tinued until 10 trials were provided.

In social interaction sessions, if the dog emitted a nose
touch, the experimenter immediately began praising
the dog in a high-pitched voice while petting the dog
with both hands such that the skin moved over the under-
lying muscle (Feuerbacher & Wynne, 2014; Hennessy
et al., 1998) and the experimenter’s fingertips moved
along the dog’s skin. We petted the dog on the part of the
body closest to the experimenter so that the dog could
position itself to receive petting on the preferred area.
This social interaction lasted for 30 s or 4 s, depending
on the condition. After the social interaction ended, the
experimenter presented their hand again for the next trial.
In extinction sessions, if the dog emitted a nose touch, the
experimenter raised their arm, waited 4 s, and then re-
presented their hand for the next trial. In the food ses-
sions, if the dog emitted a nose touch, the experimenter
said “yip” and delivered one small treat (PetBotanics,
Azusa, CA) to the dog using the hand not used for the
nose touches. The treats were chicken-flavored and
approximately 1 � 1 � 0.5 cm, and kept on a small table
to the side of the experimenter. We chose to use a short
vocal cue such as “yip” so that the stimulus change was
delivered as rapidly as it was in the social interaction
phases in which the experimenter immediately began
praising the dog while reaching toward the dog to pet
it. We did not preestablish “yip” as a stimulus that pre-
dicted treats; thus, if “yip” took on conditioned reinfor-
cing functions, it occurred as the experiment progressed.

After completing a session, the dog was allowed to
resume its normal activities for the day before participat-
ing in another session after a break of at least 30 min.
Sessions took place across multiple days. No more than
3 days elapsed between sessions except for an approxi-
mately 1-month delay between Session 10 and 11 for
Ninja in Experiment 2, and Experiment 3 was conducted
two months after Experiment 2. On a given day, a dog

experienced at least one session of each condition in that
experiment, with a maximum of four sessions per day
(Experiments 1 and 2, and Phase 1 of Experiment 3) or
six sessions per day (Phase 2 of Experiment 3).

The recruited dogs differed in their prior history with
the experimental response (nose touch). Two dogs (Iorek
and Ninja) had extensive training with emitting a nose
touch to their owner’s hand to receive food and have been
subjects in prior research using nose touch as a response
that produced food (Feuerbacher et al., 2022). Nintendo
and Leica had some but little training by their owner to
emit a nose touch to the owner’s hand for food, and the
owner had not been engaged in any specific training of this
response for at least 2 months prior to the experiment. All
other dogs had no history of emitting a nose touch to the
owner’s hand to receive any specific consequence. Addi-
tionally, for the dogs that had not been previously trained
to emit a nose touch to their owner’s hand, we did not pro-
vide any pretraining for these dogs prior to the start of the
study and instead captured the response during the experi-
ment (Feuerbacher & Wynne, 2012).

Experiments 1 and 2

Sessions alternated between 30 s of social interaction and
extinction (Experiment 1) and 4 s social of interaction
and extinction (Experiment 2). In these experiments, the
first session of the experiment was always a social interac-
tion session to increase the likelihood that dogs contacted
the putative reinforcer rather than contacting no conse-
quence and possibly extinguishing the response by having
an extinction session as the first session.

Experiment 3

Experiment 3 had two phases: in Phase 1 dogs alternated
between 30 s of social interaction and 4 s social interaction
to directly test these against one another, and in Phase
2 dogs alternated between 30-s social, 4-s social, and food
sessions to allow for a comparison between our social
interaction results and another well-established reinforcer.

In Phase 1, we counterbalanced which condition each
dog started in and sessions were pseudorandomly deter-
mined, with the restriction that no more than two ses-
sions of the same condition occurred in a row. In Phase
2, which immediately followed Phase 1, all dogs started
with a food session because we already had 30- and 4-s
sessions as comparison data from Phase 1. After the food
session, each dog received one session each of 30 s and
4 s of social interaction, before experiencing another food
session. The 30- and 4-s sessions were randomized as to
which order they were provided after each food session.
Because the dogs we tested were fed twice a day, and thus
had more limited access to food compared with social
interaction, we conducted food sessions between 30 and
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60 min after the dogs had eaten, to minimize their food
deprivation and make it more comparable to their depri-
vation from social interaction.

Analysis

In all three experiments, we recorded the number of
responses per session. Sessions were live coded by a
researcher (either the first or second author) who
recorded each nose touch the dog emitted. The experi-
menter testing the dog (i.e., the owner) also reported the
number of nose touches emitted by the dog. Starting in
Session 3 of Experiment 3, we also video-recorded ses-
sions to allow us to calculate latency to respond and to
allow for interobserver agreement (IOA) calculations for
latency. For number of nose touches, we calculated IOA
between the researcher and the experimenter for all ses-
sions; interobserver agreement was 100% for number of
nose touches completed in a session. To calculate IOA
for latency to respond, the first author scored the videos,
along with a second trained research assistant. If the two
latencies were within 3 s of each other, this was consid-
ered an agreement. The average IOA for latency was
98.8% (range 90%–100%).

For all three experiments, we used visual analysis on
number of responses per session to determine whether there
was an effect of condition on responding, along with non-
parametric tests (Wilcoxon signed-rank tests) on the median
number of responses in each condition, where appropriate.

In Experiment 3 only, we also recorded latency to
respond in the three different conditions (30-s social interac-
tion, 4-s social interaction, and food). To determine whether
any differences in the latency to respond were meaningful,
we conducted a Monte Carlo analysis, which is a type of
analysis that relies on simulations of data rather than mak-
ing statistical assumptions about the data. For single-subject
designs, they are useful for determining whether a specific
set of behavior is meaningfully different from the baseline
behavior while accounting for the variability across all of
the measured behavior (Friedel et al., 2022; Friedel
et al., 2019). This is achieved by simulating a new set of
behavior by randomly selecting samples, with replacement,
hundreds or thousands of times from all of the recorded
behavior. The goal of repeating this process is to determine
the likelihood that the experimentally obtained data was
due to a chance arrangement. The experimentally obtained
data set is then compared with the simulated data set. If the
simulation process reliably produces measures of behavior
that are similar to the experimentally obtained measures,
then the experimental data is not meaningfully different
from the baseline. If the experimentally obtained sample is
lower or higher than the vast majority of the random sam-
ples, it is reasonable to assume that the behavior of interest
is lower or higher than the baseline. For in-depth descrip-
tions and examples see Friedel et al. (2022), Friedel et al.
(2017), and Friedel et al. (2019).

In this study, we compared the experimentally obtained
latencies to a set of randomly selected latencies. We created
nine sets of random samples of response latencies, one for
each subject for each condition (4 s, 30 s, and food). For a
given random sample, response latencies were only ran-
domly selected from the response latencies for that subject
and no latencies were sampled from the other subjects. The
number of latencies selected for each simulated sample was
based on the number of experimentally obtained latencies
for that condition for that subject. For example, for each
simulated sample in Leica’s 4-s reinforcer condition we ran-
domly selected 96 latencies and for the 30-s reinforcer con-
dition we randomly selected 85 latencies. For each of the
nine sets, we created 10,000 simulated samples. From each
of these, we then counted how many of the simulated sam-
ples had mean latencies that were higher (or lower) than
the associated experimental mean latency to generate a
p value for that specific condition.

RESULTS

Experiment 1

We tested seven dogs comparing 30 s of social interaction
to extinction. Figure 1 displays the results of individual
dogs (a–g). Five of these dogs had clear increased respond-
ing during the 30 s of social interaction sessions—that
is, there was no overlap in the dogs’ data paths (Figure 1
a–d, f), except for the first two sessions for Iorek and Zaki,
in which the dogs might not have fully discriminated the
contingencies. Lucky (e) showed more variability in the
data and had three extinction data points that overlapped
with the 30-s social interaction data path. However, the
other three extinction sessions were lower than the 30-s
social interaction path by at least two nose touches. Only
one dog, Ninja (g), did not show differentiated responding
between the two conditions.

We also calculated the median number of nose
touches emitted in each condition by each dog
(Figure 1h). Using a Wilcoxon signed-rank test, we found
that the dogs emitted a significantly greater number of
nose touches in the 30-s condition compared with extinc-
tion (Figure 1h; W = �28, p = .016).

Experiment 2

We tested six dogs, all of which participated in Experiment
1, comparing 4 s of social interaction to extinction. Figure 2
displays the results of individual dogs (a–f). Five of these
dogs had clear increased responding in the 4-s social interac-
tion sessions; there was no overlap in data paths except for
Session 3 for Shelby (c) and Session 5 for Nintendo (e). The
sixth dog, Ninja, initially did not show differentiated
responding but showed an increasing trend in the 4-s social
interaction sessions starting in session 11. Although there

94 FEUERBACHER ET AL.
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was some variability in her data, the final five out of six ses-
sions of 4 s of social interaction were higher, and near maxi-
mal responding, compared with extinction.

We also calculated the median number of nose
touches emitted in each condition by each dog
(Figure 1h). Using a Wilcoxon signed-rank test, we found

F I GURE 1 Experiment 1: 30 s of social interaction versus extinction. Individual dog data from Experiment 1 (a–g) and the median number of
nose touches across all dogs (bar) and individual dogs (data points) in each condition (h); *p < .05.
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F I GURE 2 Experiment 2: 4 s of social interaction versus extinction. Individual dog data from Experiment 2 (a–f), and the median number of
nose touches across all dogs (bar) and individual dogs (data points) in each condition (h); *p < .05.
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that the dogs emitted a significantly greater number of
nose touches in the 4-s condition compared with extinc-
tion (Figure 1h; W = �21, p = .031).

Experiment 3

Phase 1

We tested three dogs that participated in Experiments
1 and 2 and an additional dog that was new to the study,

comparing 4 s of social interaction to 30 s of social inter-
action. Figure 3 displays the results of individual dogs
(a–d). In all four dogs, there was substantial overlap in
the data paths for responding in the 30-s social interac-
tion and 4-s social interaction phases.

We also calculated the median number of nose
touches emitted in each condition by each dog
(Figure 3e) in Phase 1. Using a Wilcoxon signed-rank
test, we found that the dogs did not emit a significantly
different number of nose touches in the 4-s condition
compared with the 30-s condition (W = �3, p = .50).

F I GURE 3 Experiment 3: 4 s of social interaction versus 30 s social interaction versus food. Individual dog data from Experiment 2 (a–f) and the
median number of nose touches across all dogs (bar) and individual dogs (data points) in each condition of Phase 1 (e).

SOCIAL REINFORCEMENT DOGS 97
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Phase 2

We tested three dogs that completed Phase 1 (Figure 3b–d)
in Phase 2 in which we compared 4 s of social interaction
to 30 s of social interaction to food. Two of these dogs
(b and d) showed high and sometimes maximal respond-
ing in sessions with social interaction. When we added in
food as a condition, the dogs’ data paths for the three
conditions were indistinguishable. We were only able to
detect differentiated responding for one dog (c) in this
phase; Ninja responded maximally for food but emitted
no more than five nose touches for either 4 s or 30 s of
social interaction, and these two conditions continued to
have complete data path overlap in this phase. We did
not conduct a nonparametric test on these data because
we had only three subjects and three experimental
conditions.

To evaluate latency to respond in the three conditions
(30 s of social interaction, 4 s of social interaction, and
food), we conducted a Monte Carlo analysis. Figure 4
displays the results from the Monte Carlo analysis com-
pared with the experimental mean latency. This analysis
found that in the food condition, all dogs responded with
significantly shorter latencies than expected from a ran-
dom sample of latencies. On the other hand, for each dog

there was one social interaction condition in which it
responded with significantly longer latencies than
expected from a random sample of latencies. For Iorek,
this was the 30-s social interaction condition, whereas for
Ninja and Lecia, it was the 4-s social interaction
condition.

DISCUSSION

In this study, we assessed whether different durations of
social interaction would function as a reinforcer for dog
behavior when we limited the number of trials per session
and temporally spaced sessions within and across days to
reduce the chance that satiation would affect our results.
We found that both 30 s and 4 s of social interaction pro-
duced higher responding than extinction for most dogs
and the median number of nose touches in each of those
conditions was significantly higher than the number of
responses in the extinction condition.

These results support earlier research that suggested
30 s of social interaction functioned as a reinforcer for
dogs (Fonberg et al. 1981). Nevertheless, the results we
obtained differ from those found by Feuerbacher and
Wynne (2012), even in the experiment in which owners

F I GURE 4 Monte Carlo analysis on latencies to respond. Frequency distribution of mean latencies produced by a Monte Carlo analysis for each
condition (columns) and each dog (rows). The vertical line on each graph shows the individual dog’s experimentally measured mean latency to
respond in that condition (p values are provided; those in bold are statistically significant).

98 FEUERBACHER ET AL.

 19383711, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jeab.842 by V

irginia T
ech, W

iley O
nline L

ibrary on [09/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



provided the interaction and food (Experiment 3), as
occurred in the current study. In that study, 4 s of social
interaction did not maintain much responding and, in
fact, looked like extinction curves, with the exception of
one dog. What differs between that study and the current
study is how we scheduled trials and sessions. In the cur-
rent study, we limited our sessions to 10 trials and spaced
sessions out with at least 30 min between them, with a
maximum of four social interaction sessions (Experiment
3) in a day. That we found similar responding in both the
30-s and 4-s conditions suggests that both durations can
function as reinforcers for dogs but that session parame-
ters might influence whether they do or not—that is,
when many trials per session are provided and sessions
are run back-to-back, dogs might satiate on social inter-
action as a reinforcer, whereas with fewer trials and tem-
porally spaced sessions, we see a reinforcing effect even
with only 4 s of social interaction. In other work, dogs
did not show any decrement in time spent by the owner
when the owner was providing petting for eight 3-min
sessions that were run with only a short break in between
each (Feuerbacher & Wynne, 2015). Nevertheless, in that
study the only response required was to be near the
owner. Although we chose a lower effort response in the
current study, that effort could still influence reinforcer
value.

Despite finding a reinforcer effect in Experiments
1 and 2 of the current study, only two dogs responded
maximally (10 nose touches) in more than one session
and four of the dogs never had a session in which they
responded on all 10 trials. We chose a relatively low-
effort response on a fixed ratio 1 (FR1) schedule and con-
ducted the sessions in a familiar, low-distraction environ-
ment. With a more effortful response, or with a thinner
schedule of reinforcement, or in an environment with
more environmental reinforcement available, social inter-
action might not function as a very effective reinforcer.
Future studies should evaluate the reinforcing effect of
30 s and 4 s of social interaction in these other scenarios
to elucidate the generality of our results. Additionally, in
both experiments we continued to see responding in
extinction conditions. This is likely because we rapidly
alternated sessions between social interaction and extinc-
tion and, other than the absence of social interaction dur-
ing the extinction condition, there were no other
discriminative stimuli that would have indicated the pre-
vailing contingency. Another possibility is that the dogs
that had more extensive preexperimental histories of the
nose-touch response producing food continued to
respond in extinction because of that history of reinforce-
ment. However, of the two dogs that had the most exten-
sive preexperimental history of reinforcement (Iorek and
Ninja), one showed the most rapid discrimination
between social interaction and extinction (Iorek) and the
other showed no or little discrimination at all (Ninja) but
also very low responding overall. It is possible that Ior-
ek’s prior history of reinforcement also came with more

experience with extinction, and thus he more quickly
discriminated the contingencies (e.g., Vaughan, 1988).
We expect that with continued exposure to the contingen-
cies, as well as the addition of clear discriminative stimuli
for each condition, differentiation between social interac-
tion and extinction conditions would increase.

As was indicated from the comparing the results of
Experiments 1 and 2, we found no difference in amount
of responding maintained by the two different durations
when we compared them directly in Experiment 3. We
did find differences in latencies, with Iorek responding
more quickly for 4 s of social interaction (4.10 vs. 6.57 s)
and Ninja and Leica responding more quickly for 30 s of
social interaction (2.33 vs. 4.75 s and 1.66 vs. 3.73 s,
respectively), suggesting that there might be a difference
in reinforcer value between the two durations but that it
varies across individuals.

That we found no differences in responding between
4-s and 30-s social interactions was not expected given
that the magnitude of reinforcement often affects rein-
forcer value (e.g., Hoch et al., 2002; Hodos &
Kalman, 1963; Nader & Woolverton, 1991), including in
dogs (Feuerbacher et al., 2022). However, there might be
differences that we did not detect; in an effort to reduce
satiation as a possible factor, we capped sessions at 10 tri-
als. This, though, produced a ceiling effect, without
which we might have detected differences in reinforcer
value between the two social interaction durations. Three
of the four dogs were potentially affected by ceiling
effects, as they often or always responded on every trial.
However, the fourth dog, which responded at a relatively
low frequency and therefore was not subject to a ceiling
effect, also showed no difference in responding between
conditions. Future research might use a progressive-ratio
schedule to further investigate differences between the
two social interaction durations. Progressive-ratio sched-
ules have been effectively used to detect differences in
other reinforcers for dogs (Feuerbacher et al., 2022;
Vicars et al., 2014) and are especially effective at distin-
guishing differences in reinforcer efficacy (Hodos, 1961).
Larger response schedule requirements have also been
found to reveal differences in learner preferences for rein-
forcers that were not evident at smaller response schedule
requirements (DeLeon et al., 1997).

Interestingly, two of the dogs that responded near or
at maximum participated in Experiments 1 and 2, and
although they responded on the higher side in those
experiments, their responding was even higher in Experi-
ment 3. Whether this increase in responding was due to
extended exposure to the contingencies, the possible
influence of no longer alternating with an extinction con-
dition or other factors is unknown.

Given our evidence that both durations of social
interaction could function as a reinforcer for dog behav-
ior, we measured how dogs’ responding for social interac-
tion in the current experimental set up (limited trials and
temporally spaced sessions) compared with food as a
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reinforcer, which has been established as a highly
effective reinforcer for dog behavior (Feuerbacher
et al., 2022; Feuerbacher & Wynne, 2012, Fukuzawa &
Hayashi, 2013; Okamoto et al., 2009). When we consider
number of responses in the food condition compared with
the social interaction, we again encounter a potential ceil-
ing effect, with two of the dogs responding near maximally
in all conditions, highlighting again the utility of
progressive-ratio schedules for future research. However,
the third dog, which had low responding in both social
conditions, increased to maximum responding in all food
conditions, indicating that it was a more valuable rein-
forcer for this dog. Additionally, when we analyzed the
latencies to respond, the mean experimental latency for all
three dogs was shorter than what we would have expected
based on a random sample of latencies. Thus, even for
dogs for which there was a ceiling effect for response prob-
ability, we still saw differential responding for food with
shorter latencies. Although our results indicate that social
interaction can function as a reinforcer for dog behavior in
some instances, food is likely a still more effective rein-
forcer, which parallels prior research (Feuerbacher &
Wynne, 2012, Fukuzawa & Hayashi, 2013; Okamoto
et al., 2009). The results we obtained occurred even when
we had set up the food sessions against finding this result;
we tested dogs within 1 hr of one of their daily meals such
that we were testing them when they were least deprived
of food. Differences between food and social interaction as
reinforcers could be even more pronounced when tested
further from mealtime.

One of the only notable differences we detected
between the two social interaction conditions was the
amount of barking that one dog (Leica) engaged in dur-
ing sessions. She sometimes would bark after the rein-
forcer delivery had been completed (social interaction
was stopped to start a new trial, or the food item had
been delivered [Phase 2]) and as the next trial was start-
ing. In the 4-s social interaction condition, she barked in
24 trials across six sessions for a cumulative 141.8 s,
whereas she only barked in one trial of the 30-s social
interaction condition for a cumulative 3.94 s, and she
barked in two sessions of the food condition for a cumu-
lative 2.98 s. That barking occurred after petting had
been removed, and especially in the 4-s social interaction
phase, is reminiscent of extinction-induced responding
such that the shortened duration of social interaction
might have produced extinction-like side effects in that
trial while still maintaining responding to access more
social interaction in the subsequent trial. The behaviors
induced in individual dogs by the reinforcer and schedule
of reinforcement used is worth considering to ensure
owner buy-in for training plans. Although we found little
difference in responding between 4-s and 30-s social inter-
action, an owner might opt for the 30-s social interaction
if it produces fewer undesirable behaviors.

In all three experiments, we observed a range of indi-
vidual differences. Some dogs consistently responded at

near-maximal levels (e.g., Iorek, Cosmo, and Lucky);
other dogs showed intermediate responding, and one dog
(Ninja) showed very low responding in all sessions, except
the last sessions of 4 s social interaction in Experiment
2 and in all the food sessions. We did not explore the fac-
tors that generated these differences, such as genetic or
breed differences or prior learning history. Although there
is little research into breed differences in sensitivity to rein-
forcement, in a behavioral test conducted to validate the
Canine Reward Responsiveness Survey, herding and
retriever breeds scored the highest on ball/toy responsive-
ness and retrievers scored highest on food responsiveness
(Gerencsér et al., 2018) compared with other breed groups;
of course, this sensitivity might not translate into sensitiv-
ity to social interaction as a reinforcer. When considering
whether sociability to humans varies by breed, Labrador
retrievers, golden retrievers, and pit bulls were more likely
to score in the highest quartile of human sociability, as
reported by their owners, whereas German shepherds,
dachshunds, and Chihuahuas were less likely (Morrill
et al., 2022); whether this equates to reinforcer sensitivity
has not been investigated. In our study, a purebred
German shepherd (Iorek) and a standard poodle (Cosmo)
showed the highest rates of responding for 30 s of social
interaction, whereas Zaki, a golden retriever, did not show
as high a rate of responding, and Ninja, a pit bull cross,
showed the lowest rate of responding. Morrill et al. (2022)
similarly concluded that although there were some breed
tendencies, breed alone is inadequate to predict individual
behavior. Nevertheless, the role of breed in reinforcer sen-
sitivity warrants further exploration.

In terms of prior learning history, two dogs (Iorek and
Ninja) had extensive histories with the nose touch response
producing food. Nevertheless, the two dogs ended up on
opposite ends of the responding scale, with Iorek being a
high responder for both food and social interaction and
Ninja only engaging in high rates of responding when food
was the provided consequence. Thus, although we did not
detect any clear relation between prior learning and how
dogs responded in this experimental set up, it is likely to
be an interaction with other organismal characteristics.
Future research could experimentally establish different
histories of reinforcement for the experimental response
and evaluate the influence of that history of reinforcement
on current responding.

The increase in responding for 4 s of social interaction
that we observed in Ninja’s data in Experiment 2 and her
return to low responding for social interaction in Experi-
ment 3 parallels her wearing a different collar after a
delay in data collection, suggesting that different environ-
mental stimuli, such as a different collar or having skin
allergies, might act as establishing operations to make
certain forms of petting more reinforcing.

As we have noted earlier, future research should fur-
ther evaluate whether there are differences in reinforcer
efficacy between 30 s and 4 s of social interaction and
how the reinforcing value might be affected by response
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effort, schedule of reinforcement, and context. Addition-
ally, we combined petting and vocal praise; investigating
these separately to determine whether one or both are
producing the observed effects is warranted. Prior
research has suggested that petting, but not vocal praise,
can function independently as a reinforcer for dog behav-
ior (McIntire & Colley, 1967). More recent research has
found vocal praise is not a preferred reinforcer for dogs
(Feuerbacher & Wynne, 2015) and does not influence the
reinforcer value of food when delivered simultaneously
with food (Feuerbacher et al., 2022). Additionally, inves-
tigating different forms of petting and its possible interac-
tion with response topography would be useful; we used
more active massaging and scratching petting. Whether
other forms of petting (stroking or slow massaging) are
as effective a reinforcer is unknown, as is whether the
response topography we are trying to reinforce matters.
It is possible that our form of petting is more effective for
active responses, whereas slow stroking might be more
effective for reinforcing calm, stationary behavior.

In sum, our results suggest that both 4 s and 30 s of
social interaction provided by the owner can function as a
reinforcer. The use of the owner as experimenter adds to
the applied utility of our results, given that the owner is
likely the person most frequently providing training conse-
quences for their dog. In practical terms, both shorter and
longer duration social interaction can function as a rein-
forcer, as long as possible satiation effects are mitigated
and possible individual preferences for different durations
are taken into account. Even though social interaction
might not be effective for long or frequent sessions of
repeated responding, such as in a training class, the sched-
uling of trials and sessions in the current study likely more
closely parallels dogs’ everyday experiences at home.
Owners probably provide social interaction sporadically
throughout the day with other reinforcers such as food or
access to preferred activities like playing with toys, going
on walks, or playing with conspecifics being interspersed
between instances of the owner delivering social interac-
tion in the form of petting and vocal praise to the dog.
Nevertheless, our results still suggest that food is typically
a more valuable reinforcer and likely especially useful in
training contexts in which the owner asks the dog to
respond repeatedly for an extended period.
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