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Instituto Superior Técnico, Lisboa, Portugal

November 2015

Abstract

Decision-making is an essential process for the life of all animals, including humans; and decisions based

on perceptual information are particularly ubiquitous. If one wishes to use animal models to study

how perception influences decision, it is not only necessary to develop a behavioral task that allows the

animal to report based on their percepts, but also to ensure other possible sources of uncertainty have

little influence on the behavior.

This work focuses on a two alternative forced-choice (2AFC) task developed to study the neural and

behavioral correlates of decision-making for sound source localization with interaural level di↵erences

(ILDS); and in possible sources of uncertainty, besides stimuli, that may influence performance and,

thus, the behavioral read-outs.

For this study four animals were trained to perform the task and their performance was analyzed through

manipulations regarding sound level, nature of the sound, motivation and reaction-time. Intertrial

dependencies and e↵ects of temporal expectancy were also analyzed. These manipulations showed little

e↵ect on performance, allowing for the conclusion that, in relation to the factors studied, the task

created has the stimulus as its main source of uncertainty and the behaviors that characterize it may

be used as a proxy for perception.
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1. Introduction

Decisions are a vital part of life for animals. This
makes the study of decision-making and its neural
correlates a vital part of neuroscience.

A decision is a commitment to a categorical
proposition which may take into account both im-
mediate evidence and extraneous factors and per-
ceptual decisions are specific choices based on sen-
sory evidence used to guide behavior. To study
perceptual decisions and their underlying processes,
animals must be trained to perform sensory-guided
tasks, such as the one presented in this work, that
will generate behavioral read-outs related to the
decision-driving percepts (Carandini and Church-
land, 2013; Gold, 2007).

Decisions always involve a certain measure of un-
certainty due to external sources of information -
noise - diminishing the ability of the subject to per-
ceive the stimulus (Kepecs, 2013), but also due to
internal sources of variability (Knill and Pouget,
2004). This means if these possible uncertainties
are not dealt with, the behavioral read-outs will
not only relate to the animal’s uncertainty regard-
ing stimulus alone, but also to other factors. Thus,

it is important to design a task that allows control
over other sources of uncertainty and that makes it
possible to establish its main source of uncertainty
is the stimulus. This includes the choice of the ap-
propriate stimulus.

1.1. Sound and Auditory System
Auditory stimuli are useful for perceptual tasks be-
cause the auditory system is well characterized in
several species, including the rat (Malmierca, 2003;
Sally and Kelly,1988), specifically, sound source lo-
calization in the horizontal axis and the use of ILDs
as its main cue (e.g. Wesolek et al., 2010; Kyweriga
et al., 2014; Grothe et al., 2010). It is also impor-
tant that the threshold for azimuth discrimination
is hardwired and not dependent on an association
created by the task, facilitating training when a spa-
tial responses is needed. Sound can be defined as

mechanical waves causing vibrations that are trans-
mitted through the air. These are then collected
and amplified by physical structures in the external
and middle ear and transferred into the inner ear,
where they are decomposed into sinusoidal waves in
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the cochlea so that component frequencies, ampli-
tude and phase can be encoded in the firing patterns
of receptor cells.
The information is transmitted to the neurons

of the vestibulo-cochlear cranial nerve, and to the
cochlear nucleus; after which the fibers with infor-
mation from both ears converge on the superior oli-
vary complex (SOC). The SOC projects mainly to
the nuclei of the lateral lemniscus, which in turn
project to both ipsilateral and contralateral inferior
colliculus (IC). The IC receives input from lower
and higher auditory centers as well as from non-
auditory structures and the IC in the opposite hemi-
sphere, providing further binaural interactions. The
IC then projects to the Medial Geniculate Body
(MGB) and from then information reaches the cor-
tex.
The auditory cortex can be subdivided according

to electrophysiology, establishing a primary area,
A1; other tonotopically organized areas, the ante-
rior auditory field (AAF) and the posterior audi-
tory field (PAF), and other surrounding areas that
do not present a tonotopic organization (Kolb and
Tees, 1990; Doron et al. 2002).
All instances of the auditory system from the

cochlea to the auditory cortex present tonotopy and
studies have shown that high frequencies are located
rostrally and low frequencies caudally in A1.
Neural Basis of Sound Localization
The ability to locate sound sources is a critical

skill for a lot of animals, requiring both ears for
binaural cues. The size and shape of the whole
body influence the di↵erence in the length of the
path travelled by the sound to each ear, resulting
in an interaural di↵erence in time of arrival, mag-
nitude of sound and possible di↵erences in phase.
The important cues for locating a sound source in
the horizontal plane are interaural level di↵erences
(ILDs), interaural time di↵erences (ITDs) and the
head-related transfer function (Grothe et al, 2010).
These cues are not equally e↵ective over all frequen-
cies: ILDs being more e↵ective for high frequen-
cies (above 3 kHz) and ITDs for low frequencies
(Schnupp et al., 2011; Rees and Palmer, 2010).
For animals like the rat, that hear primarily in the

high-frequency range, from about 6kHz to about
48kHz (Kelly and Masterton, 1977; He↵ner and
He↵ner, 2007), ILDs provide the main cue for hor-
izontal sound localization (Kyweriga et al., 2014;
Wesolek et al., 2010).
ILD encoding happens first at the level of the

Lateral Superior Olive, LSO, where cells are inhib-
ited by stimulation of the contralateral ear and ex-
cited by the stimulation of the ipsilateral ear (Rees
and Palmer, 2010). After the LSO, neurons be-
gin to show responsiveness to contralateral monau-
ral stimuli but not to ipsilateral (Rees and Palmer,

2010) and the information in transmitted to the au-
ditory cortex, which has been shown the auditory
cortex has an important role in sound source local-
ization, specifically in the animal’s ability to specify
localization of sound sources within the same hemi-
field (He↵ner and Masterton, 1975; Fay, 2013, p.
252-256).

2. Methods
2.1. Animals
Four female Long-Evans rats 12 weeks-old, weight-
ing between 300 and 400 grams. Animals had free
access to food but only had access to water while
working. Motivated animals performed 800 to 1000
trials per session.

2.2. Training Environment
The animals were trained in a Coulbourn Instru-
ments modular metallic and acrylic cage [30.48 cm
x 25.4 cm x 30.48 cm], equipped with three metallic
nose pokes placed in one of the lateral walls of the
box, 1.5 cm deep, equipped with infra-red sensors.

The two lateral pokes included a water spout for
the delivery of reward and placed under each of
them one sound speaker. This behavioral setup was
placed inside a larger sound-proof box illuminated
by infra-red lights and equipped with an infra-red
camera to observe the animals during the sessions.

2.3. Stimulus
The stimuli presented to the animals consisted of
bandpass noise (5-20 KHz) and 10kHz pure tones,
produced by two cellphone speakers placed beneath
the lateral pokes or on the headphones placed on the
head of the rats and controlled by a RP2 TDT pro-
cessor and MATLAB. These cellphone speakers are
calibrated using a Free-field microphone, providing
the parameters for their response to the voltage sup-
plied in terms of amplitude (level).

2.4. Description of the Behavioral Task

Figure 1: Schematic representation of the task.

In its most general form, the sound localization task
employed for this work consists 4 steps: the animal
pokes in a central poke for a minimum amount of
time; sound plays form one of the sides; the animal
responds to one of the sides, a correct response be-
ing the one where the animal pokes to the side the
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sound originates from and an incorrect response to
the opposite side; if the response was correct the
animal receives water from the poke where it re-
sponded to. As depicted in Figure 1.

2.5. Training Process
The animals were first placed on water deprivation
for 3 to 4 days before their first session, with free
access to food. They were then trained in the pre-
viously described task. This task required them to
poke their head into a central poke for 10 ms, fol-
lowing which they were presented with a 50dB SPL
white noise burst from one of two speakers. The
sound was permitted to play until the rat completed
the behavior or the sound file reached its end (180
seconds). The target behavior was for the rats to
poke, again for 10 ms, in the poke on the side from
where the sound originated. For the first sessions,
they were placed in the box overnight, with access
to food.
The possible outcomes for the task were: Cor-

rect Trial, Incorrect Trial, Abort due to no fixa-
tion, Abort due to broken fixation in the central
poke, Abort due to broken behavioral response and
Abort due to failure to respond. Incorrect trials
and aborts were initially penalized with a 10 ms
penalization period in which the animal could not
start another trial; during this period, for incorrect
trials, a light flashed. The aborted and incorrect
trials were repeated. For every correct trial the an-
imal received water form the spout in the lateral
poke (approximately 0.01 ml of water per correct
trial) and with every completed trial, required time
for fixation was increased by 0.5 ms, until 300 ms,
at which point a random period between 0 ms and
50 ms was added for each trial, 350 ms being the
maximum reached.
The incorrect trials were no longer repeated after

a period and the penalization period was gradu-
ally increased until 10 seconds. Furthermore, in the
last stages of training, when the animal stops its
poking in the central poke the sounds stop playing.
When the animal managed to perform the task with
a performance of at least 80%, the task became a
discrimination task and the stimulus was changed
to ILDs. These were presented with the ABL of 50
dB and comprising 8 conditions, 4 of them corre-
sponding to sounds lateralized to the right and 4 to
the left. The progression of the ILDs form the mid-
line was linear and in multiples of a chosen step. A
session was divided into blocks and in each block,
for each of the 8 conditions 10 trials were presented.

2.6. Surgery Procedure for Implantation
Anesthesia was induced by inhalation of isofluorane
at a concentration of 3-4% (oxygen at 2 liters per
minute) and maintained by an intraperitoneal (IP)
injection of ketamine/xylazine (0.1/100g). The an-

imal was shaven, fixed to the stereotaxic frame and
eye-ointment was applied to the eyes. 0.2 ml of
lidocaine were injected subcutaneously at the in-
cision site for local anesthesia. The place for the
incision was cleaned using iodine and an incision of
approximately 2 cm through the scalp midline was
performed. The skin was displaced laterally, expos-
ing the surface of the skull. After cleaning the top
region of the skull by blunt dissection, drilling holes
were made and titanium screws (3 mm in length ,
1 mm thread diameter) were attached to the skull
(4 to 6). Cement was poured on top of these and a
plastic/resin hollow cylinder was placed in between
the screws and then filled with more dental cement,
acting as a well, where the resin base for the head-
phones was then placed.

The displaced skin was stitched around the base,
only allowing the necessary structures for the at-
tachment of the headphones to remain visible; and
the antibiotic Convenia, 0.1ml/100g) and analgesics
(Rimadyl, 0.1ml/100g) were injected (IP) after the
surgery.

Soft food (gel) was provided for 2-3 days and a
week was given to the animal for recovery with free
access to water and food. After this, the animal was
again put under anesthesia with isofluorane for the
assembly and adjustment of the pieces that com-
prise the headphones.

2.7. Behavioral Task

Figure 2: Final headphones ready to be used for
one specific animal.

After the surgery described, the stimuli were pre-
sented through headphones (Figure 2). The animal
was no longer left in the box overnight, but was
allowed to work until it stopped initializing trials.
The headphones were connected to the sound pre-
sentation system through a cable that exits the be-
havior box through an opening in its top panel. The
stimuli were maintained in what concerns the ILDs
presented, but the ABLs changed form 50dB to 20
dB, 40 dB and 60 dB, in alternating blocks.
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2.8. Analysis of Behavioral Data
Data were analyzed using MATLAB and GraphPad
Prism software was employed specifically for the fit-
ting of the psychometric functions.
It should be noted the analysis of these data is

still ongoing and so the statistical significance of the
e↵ects found so far has yet to be determined.

3. Results and Discussion
3.1. Initial training

Figure 3: Plot of the performance of the rats on
the first two training sessions. The rats are always
above chance level and improve their performance
from the first to the second session. Bars show the
mean of the four animals and error bars show the
standard error of the mean.

The behavioral paradigm of detection allows for the
animals to learn quickly - starting from the first ses-
sion they perform the task above chance level, indi-
cating an understanding of the principle of the task
(Figure 3). From the third session on the animals
started being trained in a discrimination paradigm
with an ABL of 50dB. The sound was coming from
both sides at the same time but with a di↵erence in
intensity, creating a percept of lateralization. Ini-
tially, the di↵erences between the two ears (step)
were large but decreased as animals reached a per-
formance of at least 80%. For the blocks with 1.5dB
steps, it is possible to verify the animals experi-
enced perceptual learning on an individual basis, as
seen in Figure 4 The di↵erences lie on the slope,
threshold and asymptotes of the fitting. For both
animals in Figure 4 the slope becomes steeper as
performance near the midline improves and the eas-
ier conditions tend to form an asymptote, also more
pronounced in the second day of training at 1.5dB
steps.
One can see the performance for the easier con-

ditions is quite asymptotic and reaches above 80%,
indicating the animal understands the task and de-
creased performance in other conditions is indeed
due to increased di�culty and natural bias of the
animal. By the end of the training, i.e. the last
session before the headphones are implanted, the

performance reached above an 80% proportion of
correct trials, on average, for the easiest conditions.

However, because the sound is being delivered
through the speakers placed in the wall of the box it
is not possible to account for other possible strate-
gies the rat might employ to localize the sound
source and accomplish the behavior, and so the
headphones were implanted.

Figure 4: Fitting of psychometric functions for all 4
rats for the first training session comprising blocks
with 1.5dB steps and the following session (second
session in these conditions). All animals show dif-
ferences in the slope and asymptotes of the fittings
from the first sessions to the second. Error bars
show standard deviation.

3.2. Manipulations To The ILD Discrimina-
tion Task

Our task intends to use ILDs to create a percept of
lateralization for sound source localization; and so,
after implanting the headphones, to verify the per-
formance was indeed due to the use of the presented
ILDs and not to any stimulus independent or depen-
dent alternative strategies, it was important to ver-
ify they could generalize their performance across
both stimulus intensity and identity, but also that
their performance was not ruled by motivation. It
was also verified there were little history e↵ects -
prior trials have little e↵ect on the current one.

Level Invariant Discrimination of ILD
Assuming the animals use sound to solve the task,

it is important to ensure the characteristic of the
sound they use are the ILDs, the di↵erence in the
intensity for both ears and not only the intensity
of the sound presented to one of the ears. The dif-
ferent ABLs employed in the task (20dB, 40dB and
60dB) allow to test for this. For only one ABL,
even with multiple ILDs, animals could be using a
variety of possible cues for the localization of sound
source. If they were merely using the intensity pro-
vided to the contralateral ear as a cue for sound
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localization, they would decide based on a decision
criterion regarding one intensity of sound. If the de-
cision criterion were based on the monaural inten-
sity of the sound, all sounds that had an intensity
below the criterion to the contralateral ear would
originate choices to a specific side, regardless of the
di↵erence in intensity between the two ears. How-
ever by presenting the animals with multiple ABLs,
this possibility is accounted for and indeed it was
verified the animals perform at the same level for
all the presented ABLs (Figure 5).

Figure 5: Average psychometric function for the 4
rats for the di↵erent ABLs. Data from all sessions,
error bars corresponding to standard deviation.

The fact the animals manage to solve the task
for the three ABLs used and show similar perfor-
mances, suggests they are not relying on a single
threshold for monaural cues, but is not enough to
a�rm they are using binaural cues as it is possible
for them to just just compute a di↵erent threshold
for each ABL, still based on the intensity for the
contralateral ear alone and use that for the sound
localization cue. This would mean the animal would
need some time to adjust every time there was a
change of block. To account for this fact the initial
and final portions of the block were analyzed. Any
possible adjustments of threshold due to a change in
ABL would be at block transitions, and even if there
were no visible e↵ects in performance when analyz-
ing the overall performance in one or more sessions,
this e↵ect would be visible at the beginning of each
block, creating a di↵erence in performance between
the first and last portions of blocks as the animal
adapted to the new stimuli.

However, as shown in Figure 6, the performance
is constant, indicating the animals do not react to
the change in ABL and thus that they do use the in-
tended threshold - the decision criterion is the level
di↵erence between the two ears and not the absolute
level of the stimulus - and that their performance is
level invariant.

Figure 6: Mean performance of all animals and for
all ABLs for the first and last 24 trials of a block,
showing there is no di↵erence in the discrimination
at block transitions.

Discrimination of Noise vs. Discrimination
of Pure Tones

The goal of presenting pure tones instead of
broadband noise while maintaining the other pa-
rameters of the sound was to verify the animals
were indeed using ILDs to solve the task and not
some other characteristic inherent to the stimulus.

Figure 7: Performance for all animals in a discrim-
ination paradigm at 40dB ABL (A.) and 60dB (B.)
ABL for broadband noise - Noise - and pure tones.
It is clear performance is significantly worse for the
trials where pure tones were presented at 40dB.
However, there is virtually no di↵erence for the tri-
als at 60dB. Error bars show standard error of the
mean.

For this purpose the same ILDs were presented
to the animal but not only between levels of broad-
band noise presented but also between intensities
of 10kHz pure tones. If the animals were using the
ILDs exclusively, performance should remain unaf-
fected. Initially the animals were presented with
discrimination blocks with 1dB steps and ABLs of
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40dB and 60dB. However, given their performance
at 40dB for pure tones, shown in Figure 7 A.
we started presenting the animals with detection
blocks. On these, for pure tones at 40dB we ob-
served a similar decrease in performance and hy-
pothesized it was related to a change not in the
way ILDs were perceived but to a change in how
other dimensions of the stimulus were perceived.
Data from Figure 7 B., where performance for 60dB
is comparable for pure tones and broadband noise
supports this theory and if it were true, presenting
an intermediate ABL should provide and interme-
diate performance. This is shown in Figure 8, the
same being observed for detection. From Figure
9 it is possible to realize animals have comparable
performances for discrimination of broadband noise
and pure tones at 60dB, and that this performance
is also similar to the performance of the animals
for the discrimination of broadband noise at 40dB
ABL.

Figure 8: Performance for all animals in a discrimi-
nation paradigm at 50dB ABL for broadband noise
- Noise - and pure tones. It is clear the performance
for trials with pure tones is more comparable to the
performance for trials with broadband noise than
at 40dB ABL. Error bars show standard deviation.
Data for all rats

The fact that the performance for broadband
noise stimulus and pure tone stimulus are similar
indicates the animals rely on a characteristic other
than the type of sound presented. The di↵erence
in performance verified at 40dB ABL may be at-
tributed to an increased di�culty perceiving the
sound as a whole and not only the ILD. This di↵er-
ence in perception, as evidenced by behavior, might
be explained by the di↵erent response of the audi-
tory system to the di↵erent set of stimuli: the au-
ditory system is organized according to frequency,
and so, broadband noise, comprising multiple fre-
quencies, causes a causes a greater number of cells
to respond than those that respond to the single
frequency of 10kHZ (Sally and Kelly, 1988; Doron
et al. 2002).

Figure 9: Fitting of psychometric functions for the
mean performance of all animals for 60dB and 40dB
ABL of broadband noise and also for 60dB ABL of
pure tones of 10kHz. Error bars show the standard
error of the mean.

E↵ect of Motivation on Performance - Pre-
sentation Of Only the Most Di�cult Condi-
tions

This manipulation consisted of an alteration of
the number of stimuli presented, decreasing the
number of conditions from 8 to 4, keeping only the
4 closest to the midline - the 4 harder conditions.
The goal of this manipulation was to verify that the
animals were not underperforming for these condi-
tions merely because they could gain access to wa-
ter through the easier trials of the more extreme
conditions.

From the performances shown in the previous sec-
tions, it is possible to a�rm the animals show a bet-
ter performance for the easier conditions than for
harder ones. Assuming the harder conditions have
a higher cognitive cost, it is possible for this di↵er-
ence in performance to be due not to the di�culty
of the stimulus but to di↵erences in the motivation.
Thus, the value the animals associate to each trial
would act as a source of uncertainty that influences
the behavioral read-out. If this scenario were true,
by suppressing the easier conditions one would po-
tentially increase the value associated to the trials
featuring the harder conditions.

As expected the animals still managed to perform
in the task and there were no major di↵erences be-
tween performance when all conditions were pre-
sented and when only the harder ones were pre-
sented, as in the figure one sees no significant di↵er-
ence on the slope or threshold of the psychometric
function fitting Figure 10.

For other experiments, namely olfactory experi-
ments, animals experienced an increase in perfor-
mance corresponding for the more di�cult trials
when only these were presented (Abraham et al.
2004; Zariwala, 2007). This lack of improvement in
performance, potentially indicates that even though
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the value associated to each condition changes, as
the animal can no longer perform on the easy trials
for so-called easy water, this increased value given
to each trial does not a↵ect how the animal per-
forms, and so, motivation, in this specific aspect
does not constitute a source of uncertainty for be-
havior.
This modification also allows to infer about stim-

ulus expectancy and attention. Decreasing the
number of conditions presented by block gives the
rat a better sense of expectation concerning the fol-
lowing stimuli, which could a↵ect accuracy.

Figure 10: : Fitting of the psychometric function
for all trials of blocks where only the four harder
conditions were presented.

E↵ect of Motivation on Performance - Un-
even Reward According to Di�culty
Once again we tried to influence motivation and

the value associated to the more di�cult conditions,
now by changing the reward according to di�culty.
For this manipulation, the reward was propor-

tional to di�culty. The 4 middle conditions, the
harder ones, were given larger rewards, while the
outer 4 conditions, were given smaller rewards. The
goal of this manipulation was to assess if the ani-
mal would change its performance on the harder
conditions if more heavily rewarded.
Reward expectancy modulates neural activity in

several brain areas and it is known animals are able
to discriminate reward magnitude-predictive stim-
uli even if the stimuli are very similar (Schweimer
and Hauber, 2005) and tend to show preference to-
wards the conditions that provide the larger or pre-
ferred reward (Leon and Shadlen, 1999).
Given the possible e↵ect of expected reward mag-

nitude, similarly to what was possible to happen in
the previous section, if the value the animal asso-
ciated with the di↵erent di�culties had a large im-
pact on the e↵ort they were willing to make and on
their performance it is possible one would seen an
increase in performance for the harder conditions
and a decrease in the performance for the remain-
ing conditions (Leon and Shadlen, 1999).
However, when it comes to performance, the be-

havior is again not significantly a↵ected by this

modification to the task paradigm, as evidenced in
Figure 11.

Figure 11: : Comparison of the psychometric func-
tions for the performance of two animals in the orig-
inal paradigm and in the paradigm characterized by
an uneven reward assignment. There is no signif-
icant di↵erence in performance so it is possible to
a�rm that rewarding according to di�culty, chang-
ing the motivation has no significant e↵ect on per-
formance. Error bars show standard deviation.

It is possible to a�rm motivation has no influ-
ence on accuracy, the animals showing no improve-
ment neither being subjected only to the hardest
conditions nor being more heavily rewarded for the
harder conditions.

History E↵ects

Besides stimulus-dependent strategies and moti-
vation, other possible sources of uncertainty for the
task studied in this work are stimulus independent
strategies such as the e↵ect of prior trials on the
current one.

The goal was to ascertain if the accuracy was af-
fected by the previous trial being to the left or right
and for this the overall performance was compared
to the performance for trials following a correct trial
to the left and trials following a correct trial to the
right (Figure 12).

From the analysis of the performances depicted
in Figure 12, it is possible to observe that 3 of the
4 animals display weak or no history e↵ects. How-
ever, the choice Rat 01 makes at each trial depends
on the previous choice, particularly the side cho-
sen for the previous trial. Rat 01 seems to employ
a win-stay strategy, according to which, it has a
tendency to repeat the previous choice if this was
correct. The animal seems to adopt this strategy
particularly for the harder conditions closer to the
threshold, where the di↵erence between points rep-
resenting performance for each intensity are further
apart across curves. These strategies might be use-
ful at the beginning of the learning process but in
the current paradigm with a random stimulus pre-
sentation they are suboptimal (Busse et al., 2011).
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Figure 12: : Psychometric function for all trials of
blocks where only the four harder conditions were
presented.

The other rats showed a lesser e↵ect, for Rats 02
and 04 there is only a minor e↵ect and only to one
of the sides: Rat 02 seems to exhibit a win-leave
strategy for trials lateralized left that follow trials
lateralized right, as evidenced by the blue curve on
the left-hand side that di↵ers from both the overall
performance and the performance corresponding to
trials to the left. Rat 04 appears to exhibit a mi-
nor win-stay strategy for the more extreme lateral-
ized right trials, corresponding to an increase in the
lapse rate for the 4dB conditions. However, because
less trials correspond to the data computed for this
rat than to the data computed for the others, no
strong conclusions may be drawn.

Reaction Times and Speed Accuracy
Trade-o↵
It would be expectable for performance to be de-

pendent on the time the animal is subjected to the
stimulus (Reaction Time, RT, in this work), accu-
racy possibly improving as RT increases (Brunton,
2013; Britten et al. 1992; Roitman and Shadlen,
2002).
As shown in Figure 13, reaction times increase as

the stimulus di�culty increases, for all ABLs, be-
ing maximal for the hardest condition of 1.5dB of
absolute value. Incorrect trials had shorter reac-
tion times, their minimum below 100ms, which is
the reaction time usually associated to cells in sen-
sory systems (Luce, 1986; Ditterich et al. 2003), to
which more time should be added to allow for motor
response preparation, thus, a Reaction Time below
100 ms for some conditions hardly accounts for the
processes necessary for perception, potentially ex-
plaining why the animal made mistakes.

Figure 13: : Median Reaction Time for correct tri-
als for four animals, across ILDs and for the di↵er-
ent ABLs.

Speed accuracy trade-o↵ (SAT) corresponds to a
cognitive capability of the subjects to decide what
is more important for a trial, trading speed for ac-
curacy or vice-versa. For some tasks this trade-
o↵ is stronger and the chronometric curves show a
constant improvement as the time the animals are
subject to the stimulus increases (Brunton et al.
2013). However for other tasks, the dependence of
accuracy on sampling time is weaker, resulting in a
saturation of the performance (Uchida and Mainen,
2003). This is consistent with what was observed
in this work, Figure 14

Figure 14: : Chronometric curves for 4 animals. For
each di�culty, performance improves a function of
Reaction Time only to about 200ms, after which
accuracy saturates.

Accuracy improves as a function of RT, but only
to about 200 ms, after which the curves flatten, cor-
responding to a saturation of reaction time depen-
dent accuracy, for all di�culties. After about 225
ms it is actually possible to observe a slight negative
correlation between performance and RT (as seen
in Uchida and Mainen, 2003). This weak speed-
accuracy trade-o↵ might be due to the fact that our
task, unlike the previously mentioned ones, lacks a
stimulus with a time structure, and so, after a cer-
tain period necessary to perceive de stimulus, no
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other information is conveyed.

4. Conclusions
In this work the design of a perceptual decision-
making task was studied and manipulated in order
to investigate the possible sources of uncertainty
and their influence on performance and behavior.
Animals were quick to learn the detection paradigm
of this task, showing an understanding of the struc-
ture of the task from session one. They were also
capable to start performing a discrimination task as
soon as it was presented to them.
It is also possible to observe that by taking into

account extraneous factors that may influence the
decisions of the animals (the sound level of the stim-
ulus, its modality, the motivation and intertrial de-
pendency) it may be concluded that this task has
as its main source of uncertainty the stimulus - the
ILDs presented to the animal.
This means the behavioral read-outs obtained

from this task - namely the animals - performance
across intensities - are greatly influenced by the
ILDs and the percept the animal creates of them,
and so the behavior originated by this task is capa-
ble of acting as a proxy for perception. Thus allow-
ing for this task and stimuli to be used to further
study perceptual decision-making with ILDs.
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