solely for the personal use of the individual user and is not to be disseminated broadly.

article is intended

This document is copyrighted by the American Psychological Association or one of its allied publishers.

2
=

Psychology & Neuroscience
2017, Vol. 10, No. 1, 101-108

© 2017 American Psychological Association
1983-3288/17/$12.00  http://dx.doi.org/10.1037/pne0000080

Temporal Bisection Task With Dogs: An Exploratory Study

Camila Domeniconi
Universidade Federal de Sao Carlos and Instituto
Nacional de Ciéncia e Tecnologia Sobre
Comportamento, Cogni¢do e Ensino, Sdo Carlos,

Armando Machado
Universidade do Minho and Instituto Nacional de
Ciéncia e Tecnologia Sobre Comportamento,
Cognicdo e Ensino, Sdo Carlos, Brazil

Brazil

The temporal bisection task, one of the most widely used to study time perception, has
helped to understand the psychophysics of time and the mechanisms of timing across
different species. We extended the temporal bisection task to dogs. Five dogs were
reinforced for choosing a yellow but not a blue stimulus after a 1-s tone, and for
choosing a blue but not a yellow stimulus after a 4-s tone. After they learned this
conditional discrimination, the dogs chose between the blue and yellow stimuli after
tones with intermediate durations (1.4, 2.0, and 2.8 s). The results showed that the
proportion of “Long” choices increased monotonically with stimulus duration. More-
over, the point of subjective equality was slightly below the geometric mean of the
trained tone durations. These psychophysical results are consistent with those obtained
with other nonhuman species, and suggest that common mechanisms underlie timing
across different mammals and birds.

Keywords: point of subjective equality, psychometric function, temporal bisection task,

timing, dogs

The canine ability to discriminate the time of
day is well known. Dogs usually wait for their
owners and seem to know the time when they
typically come home. They also seem to antic-
ipate the time to go for a walk or the time to eat.
These examples probably depend on the dogs’
circadian clock and their ability to associate the
phase of the clock with a class of reinforcing
events or activities. But dogs can learn also
about arbitrary time intervals. Pavlov (1927/
1960) reported an extraordinary ability in one of
his dogs: Given a bit of food every 30 min, the
dog learned to salivate about 30-s before the

next food delivery. He also reported other in-
stances in which interval timing was involved.
However, no study has addressed the psycho-
physical properties of dogs’ time perception, or
how they learn to regulate their behavior ac-
cording to stimulus durations.

Over the last decades, researchers have ac-
quired a great deal of empirical knowledge
about interval timing in animals—mostly rats
and pigeons—and they have also built theories
and mathematical models about the underlying
processes. The experimental work relied on a
variety of procedures of which the temporal
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bisection task is one of the most common. It has
allowed researchers to explore the form of the
function relating physical time to subjective
time and its properties such as the point of
subjective equality. In the present study, we
used the bisection task to investigate the timing
abilities of dogs.

In a temporal bisection task, the animal learns
a conditional discrimination with different stim-
ulus durations as samples and different (typi-
cally visual) stimuli as comparisons. To illus-
trate, a rat may learn to choose a left lever but
not a right lever after a 1-s tone, and to choose
the right lever but not the left lever after a 4-s
tone. Similarly, a pigeon may learn to choose a
red key over a green key after a 2-s light, and
the green key over the red key after an 8-s light.
After the animal learns the discrimination, the
experimenter introduces test trials with interme-
diate sample durations and records the propor-
tion of choices of one alternative, say, the one
associated with the Long duration. The propor-
tion of choices of the “Long” alternative after a
t-s sample, abbreviated P (“Long” | t), is the
psychometric function. Several studies (e.g.,
Church & Deluty, 1977; Gibbon, 1981; Meck,
1983; Raslear, 1983; Richelle & Lejeune, 1980;
Siegel, 1986; Siegel & Church, 1984; Stubbs,
1968; see Castro, Andreia, & Machado, 2013
for a review) show that the psychometric func-
tion resembles an increasing ogive, with sub-
jects rarely choosing “Long” after the shortest
sample and often choosing “Long” after the
longest sample. Moreover, the sample duration
associated with indifference between the alter-
natives (i.e., the t for which P(“Long” | t) =
0.5), known as the Point of Subjective Equality
or PSE, tends to be close to the geometric mean
of the two trained samples. If S and L represent
the Short (S) and Long (L) training samples, the
geometric mean equals \/(S X L).

During the 1990s, Wearden (1992) and
Wearden and Ferrara (1995) extended the tem-
poral bisection task to humans. Their research
showed that the human psychometric function
also is ogival but its PSE seems to be closer to
the arithmetic than the geometric mean of the
trained samples, particularly when the ratio L/S
is large.

In the present study we adjusted the temporal
bisection task so that it could be used with dogs
in a seminaturalistic setting outside the labora-
tory. We faced two main challenges, to design a

task that would motivate the dogs to learn the
temporal discrimination and to avoid any sort of
Clever Hans effect (Hediger, 1981). To meet the
first challenge the experiment was conducted by
two people who provided not only food but also
social reinforcers. The second challenge was
met by preventing the person running the ex-
periment from knowing the current sample du-
ration, hence the correct comparison, until the
dog responded. With the methodological chal-
lenges met, the theoretical aim of the study was
to investigate the psychometric function of dogs
in the temporal bisection task and compare it
with the psychometric function of other animal
species.

Method
Animals

Five pet dogs (Canis familiaris) participated
in the experiment, two females (Nina and
Rockita) and three males (Zico, Dub and Béris).
Two were Labradors (Nina and Zico) and three
had no defined breed. Their ages (in Rockita’s
case estimated) ranged from 1 to 4 years. They
had been previously trained on basic obedience
skills. Nina and Zico lived together with their
owners. The other dogs lived in three different
apartments in the same building as the first
author. All dogs were acquainted with the ex-
perimenters; they had not participated in any
other study.

Setting and Materials

The materials included a table, a notebook
computer equipped with a wireless mouse and
Microsoft Powerpoint software, a set of head-
phones, a video camera attached to a tripod, two
colored boxes, a bag with dog biscuits, and a
clicker. When the experimenter, wearing the
headphones, clicked the wireless mouse, the
notebook emitted a tone. The dog then ap-
proached and touched one of the colored boxes.
The experimenter then clicked the mouse to
display in the notebook the correct choice. If the
dog made the correct choice, the experimenter
pressed the clicker, petted the dog, and gave it a
biscuit.

The samples were tones produced by the
notebook using its internal speaker. They had
the same frequency (1000 Hz) and intensity (60
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db) but varied in duration. The two trained tones
were 1-s and 4-s long; the three test tones were
1.4-, 2.0-, and 2.8-s long. The five durations
form a geometric progression, and the 2.0-s
duration equals the geometric mean of the
trained durations.

The two colored boxes, one Yellow and the
other Blue, served as comparison stimuli. The
dogs’ dichromatic color vision allows the dis-
crimination between these colors (Neitz, Geist,
& Jabobs, 1989; Range, Aust, Steurer, & Huber,
2008). The boxes were 40 cm long, 30 cm wide,
and 12 cm high. Both were covered with plastic
to protect them from wear and tear and to fa-
cilitate cleaning. The reinforcers were dog bis-
cuits and petting.

Sessions took place separately for each dog, 5
days a week, at approximately the same time for
each dog. For Nina and Zico the sessions ini-
tially occurred in a large, empty room, in their
owner’s apartment. For the other three dogs the
sessions always occurred in a room at the first
author’s apartment. Figure 1 shows the room
layout. Both were approximately 5 m long by 3
m wide. The two comparison stimuli were
placed on the floor, at the back of the room,
approximately 1 m apart. On the opposite end of
the room, approximately 3 m from the compar-

Start positions

1m

Box

3m

0 distance

‘ . A
L1 @ pa
/ Position of dog ’

Lap
Top  Position of experimenter

Figure 1.

Camera

isons, the table with the notebook on top was
placed on the left side, and the 1-m high tripod
with the video camera mounted on it was placed
on the right side. The video camera was set at an
angle that captured the Start location and the
comparison boxes.

The two experimenters ran each dog’s ses-
sions on alternate days. Throughout the test
sessions and approximately in 30% of the
trained sessions, the experimenter wore head-
phones to prevent her from hearing the sample
tone. The experimenter interacted with the note-
book via wireless mouse. Each mouse click ad-
vanced a Powerpoint presentation, played the
sample tone at trial onset, and informed the ex-
perimenter of the correct alternative after the dog
had made its choice.

Procedures

The dogs learned the task by successive ap-
proximations. In the end, a training trial pro-
ceeded as follows. The experimenter and the
dog stood side by side at the Start location,
approximately 3 m away from the comparison
stimuli and equidistant from them (see Figure
1). The experimenter then clicked the wireless
mouse which instructed the notebook to turn on

Final positions

Setup of the experimental room. At the beginning of each trial, experimenter and

dog stood side by side at the Start location. A click with the wireless mouse instructed the
computer to present the sample tone. The experimenter counted silently from 1 to 5 and then
walked toward the boxes. The dog had learned to approach and touch one of the boxes.
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the sample tone. Meanwhile, the experimenter
counted covertly and slowly from 1 to 5, which
lasted approximately 5 seconds and was always
longer than the sample. Afterward the experi-
menter walked along a straight line toward the
comparison stimuli and stopped when she was
between them. Concurrently, the dog walked
toward one of the two comparison boxes and
touched it with its nose or paw, the operant
response. After the dog responded, the experi-
menter clicked the mouse again to find out in
the notebook screen which response was correct
on the trial. If the dog had made the correct
choice, the experimenter would then press the
clicker, pet the dog, and give it a biscuit. Then,
the experimenter placed the boxes for the next
trial, walked toward the Start position, and be-
gan the next trial.

The experiment comprised four phases, pre-
training, baseline training, partial reinforcement
training, and stimulus generalization testing.

Phase 1. The main goal of this phase was to
train the dogs to touch the comparison stimuli.
The experimenter did not wear the headphones.
During the first two sessions the experimenter
did not change the location of the two compar-
isons. In the first session, only the Short tone
was presented for 12 trials. After the tone, the
experimenter walked toward the boxes, turned
to the correct box, touched it, and pointed at it
while encouraging the dog verbally to approach
and touch the box. The top of the box was also
occasionally baited with bits of biscuit to
prompt the touch response. The second session
was similar except that only the Long tone was
presented and only responses to the other com-
parison box were reinforced.

During the next 2 sessions, response shaping
continued, the number of trials increased to 24,
but the prompts were used only during the first
6 trials. As before, only one tone duration was
presented in each session.

In the fifth session, both samples were pre-
sented across trials. The Short tone was pre-
sented on the first 12 trials, the first 6 with
prompts, and the Long tone was presented on
the last 12 trials, the first 6 also with prompts. In
the next two sessions, the Short and Long tones
alternated every 6 trials, for a total of 24 trials,
with the prompts used only on the first trial of
each block of 6.

At this point in training, the dogs had learned
the response and had started to learn the dis-

crimination. Hence, all subsequent sessions
comprised 24 trials, 12 with each sample, pre-
sented in random order, and without any
prompts. Training continued until the dog
showed at least 10 correct responses following
each sample for three consecutive sessions (that
is 83.3% of correct responses).

Phase 2. The next goal was to teach the
temporal discrimination with the position of the
comparison boxes randomized across trials. Ses-
sions comprised 24 trials, 12 Short and 12 Long;
in each set, 6 trials had the blue box on the left and
the yellow on the right, and the other 6 trials had
the alternate configuration. Trials were fully ran-
domized and no prompt was used. Training con-
tinued until the dogs reached the same learning
criterion adopted in Phase 1.

Phase 3. The main goal of this phase was to
introduce extinction trials and thereby prepare
the dog for the test phase. The experimenter
started to use the headphones during some of
the sessions. Each session comprised 30 trials,
12 reinforced trials plus 18 extinction trials. The
learning criterion remained at 3 consecutive ses-
sions with at least 80% of correct responses
following each sample.

Phase 4. The goal was to conduct the tem-
poral generalization tests. Throughout this phase
and for all dogs, the experimenter always used the
headphones. The test sessions comprised 30 trials
in random order, 12 training trials (6 Short and 6
Long), and 18 test trials (6 with the 1.41-s tone, 6
with the 2.0-s tone, the geometric mean of 1 s and
4 s, and 6 with the 2.82-s tone). Responses fol-
lowing the Short and Long tones were reinforced
if correct; responses on the test trials were never
reinforced. In each set of 6 trials with the same
tone, 3 trials had the blue box on the left and 3 had
the yellow box on the left.

To maintain the basic discrimination, the test
sessions alternated with training sessions. The
latter were exactly equal to the sessions of
Phase 3. A total of 4 test sessions were run.

After each session, the experimenter watched
the video recording and categorized each response
to each sample as correct or incorrect. The re-
sponse consisted of touching one of the boxes
with nose or paw. A second observer watched
30% of the test sessions and the agreement rate
reached 90%. The 10% disagreement occurred in
the training samples and they concerned whether a
dog’s touch of the box was intentional or acciden-
tal (i.e., a part of its motion). Hence, on these trials
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a dog may have received a reward when no re-
ward should have been given or vice versa. How-
ever, the relatively small number of such disagree-
ments did not seem to question the method of data
analysis or its interpretation.

Results

The dogs needed 34 sessions on average to
learn the basic discrimination. During the last 5
sessions of the baseline and partial reinforcement
phases that preceded the tests, the average propor-
tion of correct responses was consistently above
0.8.

Generalization Tests

Figure 2 shows the individual psychometric
functions obtained during the test sessions. The
bottom right panel shows the average. The ver-
tical bars on the individual functions represent
the exact 95% confidence intervals for the bi-
nomial proportion'; the vertical bars on the av-
erage function represent the 95% confidence
intervals based on the #-distribution.

The individual panels show that, in most
cases, the proportion of Long choices increased
monotonically with the sample duration. For
Rockita the function changed abruptly, in step-
like manner, but for the other dogs the function
changed more gradually.

To determine whether the individual func-
tions reveal significant biases for one compari-
son (visually, whether the functions shifted up
or down), we contrasted the proportions of
Long and Short responses averaged across sam-
ples. Three dogs, Zico, Dub, and Boéris, were
biased toward the Long comparison (for all
three, p < .05 based on normal approximation
to binomial distribution); Nina was biased to-
ward Short (p < .05), and Rockita showed no
significant bias. Visually, the function shifted
up for three dogs, down for one, and it did not
shift for another dog. The two end points re-
vealed no consistent tendency for the dogs to
perform better at the Short or Long samples
(proportion correct averaged 0.86 for the Short
and 0.85 for the Long samples).

Because the psychometric functions were
smooth, we obtained the PSE by linear interpo-
lation using the two data points that straddled
0.5. The obtained PSEs were below the geomet-
ric mean of 2.0 s for four dogs, but above it for

one, Nina. The 95% confidence interval for the
PSE based on the t-distribution ranged from
1.41 to 2.23 s, an interval that includes both the
harmonic and geometric means of the trained
durations (1.6 and 2.0 s, respectively), but ex-
cludes the arithmetic mean (2.5s).

The average curve revealed the characteristic
ogival shape. The curve was symmetric at the
end points revealing equal accuracy following
Short and Long samples. Its PSE (1.7 s) was
slightly below the average of the individual
PSEs (1.8 s) and the geometric mean of the
training stimuli; its height denoted a slight bias
for the Long comparison.

Discussion

In the last 15 years, students of animal cog-
nition have become more interested in dogs,
perhaps because dogs have lived in close con-
tact with humans for a long domestication pe-
riod (e.g., Budyansky, 2000), and evolved so-
phisticated abilities to respond to human cues
(Udell & Wynne, 2008). Several studies have
assessed the abilities of dogs to use arbitrary
signals in communication (Rossi & Ades, 2008)
or to learn by imitation (cf., Heberlein &
Turner, 2009; Topdl, Byrne, Miklési, & Csédnyi,
2006), and whether they have object perma-
nence (Fiset & LeBlanc, 2007; Miller, Rayburn-
Reeves, & Zentall, 2009), show responding by
exclusion (Aust, Range, Steurer, & Huber,
2008, Kaminski, Call, & Fischer, 2004), or have
some form of metacognition (McMahon,
Macpherson, & Roberts, 2010). In the present
study, we investigated the performance of dogs
in a temporal bisection task.

! An exact 95% confidence interval for a binomial pro-
portion is found as follows. Suppose that on the N = 24
trials with a given duration, the subject chose “Long” on 10
of them. Our point estimate of the probability of choosing
“Long,” , would be 10/24 or approximately 0.417. To find
the upper limit of the interval, we search for the highest
value of m that predicts (according to the Binomial distri-
bution) 10 or fewer choices of “Long” with probability
0.025. That value is approximately 0.634. Similarly, to find
the lower limit of the interval, we search for the lowest
value of 7 that predicts 10 or more choices of “Long” with
probability 0.025. The result is approximately 0.221. Hence,
the 95% confidence interval for  is [0.221, 0.634]. This
interval is not symmetric around the observed value of
0.417, and it is not based on the normal approximation to
the binomial distribution (see, e.g., Smithson, 2003).
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Individual and average psychometric functions. The individual functions plot the

proportion of “Long” choices against sample duration. The bars show the (exact) 95%
confidence intervals for the probability of choosing “Long.” The bottom right panel shows the
average psychometric function with 95% confidence intervals based on the #-distribution.

The study implemented a matching-to-
sample procedure in a seminaturalistic environ-
ment, and, through a variety of techniques of
shaping, prompting, and fading, trained the
dogs to touch one of two separated colored
boxes according to the duration of a previous
tone. Although the general procedure was sim-
ilar to other studies with dogs (e.g., McMahon
et al., 2010; Zaine, Domeniconi, & Costa,
2014), we stress three features that seem impor-
tant to successful training and valid data inter-
pretation. First, the choice response was simple,
close to the natural repertoire of dogs, and easy
to detect by the experimenter. The nose touch
response allowed the experimenter to concen-
trate her efforts mostly on stimulus control is-
sues after the first few sessions. Second, taking
into account the dog’s sensitivity to human

cues, intentional or otherwise, “blinding” the
experimenter to the sample duration—and
therefore to the correct response—during the
test trials is critical to avoid a “Clever Hans”
effect. And third, videotaping the trials frees the
experimenter from having to record the dog’s
choices during the trials and permits her to rein-
force correct behavior promptly. Variations of this
procedure may prove useful to study other issues
related to canine behavior and cognition.

The study’s ultimate goal was to obtain reli-
able psychometric functions from dogs and
compare them with the functions obtained from
other species. All dogs learned the task and
showed relatively accurate discrimination
(slightly above 80%) at the end of training. The
psychometric functions obtained during testing
showed that proportion Long increased with
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Figure 3. The curves show the psychometric functions obtained in four studies with
different species: monkeys (Catania, 1970), rats (Church & Deluty, 1977), pigeons (Machado

& Keen, 1999), and dogs (present study).

stimulus duration, followed the typical ogival
shape with a slight bias toward the Long com-
parison, and crossed indifference (PSE) on av-
erage close to but slightly below the geometric
mean of the trained stimuli.

To compare the dog’s average function with
the function obtained with other species, Figure
3 shows the data from four studies. They all
used the same matching-to-sample task with 1-s
and 4-s samples and two comparisons. The
filled circles are from the present study. The
filled triangles are from theCatania (1970) study
with one squirrel monkey, using tones as sam-
ples and two levers as comparisons. The open
squares are from Church and Deluty’s (1977)
seminal study with rats (N = 8), using dark
periods as samples, and two levers as compar-
isons. The open circles are from the Machado
and Keen (1999) study with pigeons (N = 8)
using a white keylight as samples and red and
green keys as comparisons.

The two sets of functions (dog vs. other an-
imals) are similar in their roughly ogival shape.
The PSE’s vary considerably across species, but
they remain consistent with the geometric mean
of the training samples. The functions differ in
overall accuracy at the trained samples and
overall bias. The dogs showed lower accuracy
following the two trained samples than the other
animals. This difference is not surprising be-
cause the laboratory settings of the other three
studies provide greater control over the sub-
ject’s motivation and the training and testing
environment than the seminatural setting of the
present study. The amount of training was also

significantly shorter in the present study. In
addition, the dogs showed a somewhat stronger
bias for the Long comparison, which is most
noticeable at the 2-s sample. This result sug-
gests that the threshold to respond “Long” (the
PSE) may have been shorter for most dogs than
the other animals (cf., the shift of some psycho-
metric functions in Figure 2). Future studies
with larger samples, other duration ranges, and
more training trials should investigate the na-
ture of these apparent differences.

In the meantime we conclude that dogs are
suitable subjects to study time perception, and
that their psychometric function in the bisection
task is similar to the function produced by other
species. This similarity is clearly consistent with
common mechanisms of interval timing (e.g.,
SET, LeT), but it remains to be seen whether
different tasks (e.g., waiting for different periods
of time) unravel differences among dog breeds or
differences between dogs and other species.
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