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21 SUMMARY:
22 Psychophysics is essential for studying perception phenomena through sensory information.
23 Here we present a protocol to perform a two-interval forced-choice task as implemented in a
24 previous report on human psychophysics where participants estimated the duration of visual,
25 auditory, or audiovisual intervals of aperiodic trains of pulses.
26
27  ABSTRACT:
28 We provide a procedure for a psychophysics experiment in humans based on a previously
29  described paradigm aimed to characterize the perceptual duration of intervals within the range
30 of milliseconds of visual, acoustic, and audiovisual aperiodic trains of six pulses. In this task, each
31  of the trials consists of two consecutive intramodal intervals where the participants press the
32  upward arrow key to report that the second stimulus lasted longer than the reference, or the
33  downward arrow key to indicate otherwise. The analysis of the behavior results in psychometric
34  functions of the probability of estimating the comparison stimulus to be longer than the
35 reference, as a function of the comparison intervals. In conclusion, we advance a way of
36 implementing standard programming software to create visual, acoustic, and audiovisual stimuli,
37 and to generate a two-interval forced-choice (2IFC) task by delivering stimuli through noise-
38 blocking headphones and a computer’s monitor.
39
40 INTRODUCTION:
41 The purpose of this protocol is to convey a procedure for a standard experiment on
42  psychophysics. Psychophysics is the study of perception phenomena through the measure of
43  behavioral responses, elicited by sensory inputs'3. Usually, human psychophysics is an
44  inexpensive and essential tool to implement in imaging or neurophysiological experiments*.
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However, it is never easy to select the most appropriate psychophysical method out of many that
exist, and the selection somewhat depends on experience and preference. Nevertheless, we
encourage beginners to revise available methodologies thoroughly in order to learn about
selection criteria>’. Here, we provide a procedure for performing a 2IFC task, which many
researchers frequently use for studying perceptual processes such as working memory?8, decision
making®19, or time perception!?13,

To guide the readers along the method, we recreate a report on the perceptual duration of visual
(V), auditory (A), and audiovisual (AV) intervals of aperiodic sequences of pulses. We will refer to
this task as an aperiodic interval discrimination (AID) task!3. When attempting to describe this
paradigm in psychophysics jargon, it would be a class-A, type-1, performance-based, criterion-
dependent discrimination task that uses a non-adaptive method of the constants and a
hyperbolic tangent (tanh) model to calculate a differential threshold. Even when such a
characterization sounds somewhat entangled, we will use it to introduce the reader to some
general aspects of psychophysics, hoping to provide decision criteria for new experiments and
maybe even the possibility of tailoring the current protocol to other needs.

Any psychophysical experiment, such as a 2IFC task, requires implementing stimuli, a task, a
method, an analysis, and a measurement®. The goal is to obtain the psychometric function that
better accounts for the measured performance'®. A 2IFC task consists of presenting to
participants, who are naive to the purpose of the experiment, trials of two sequential stimuli.
After comparing the stimuli, they report the outcome by selecting one, and only one, out of two
possible responses that better suits their perception.

With stimuli, we refer to technical considerations about the sensory modality under study. A
class-A experiment consists of the comparison of stimuli of the same modality within a trial,
whereas class-B experiments include cross-modal comparisons. Other essential considerations
about stimuli include their implementation, such as the technical ways of modulating stimuli
within a required range. For example, if we want to find the just noticeable difference (JND)
between two flutter frequencies vibrating on the skin'®>, we need a precision stimulator to
generate frequencies within the confines of flutter (i.e., 4 - 40 Hz). In other words, the dynamic
operating range of the technical elements depend on the dynamic spectrum of each sensory
modality.

Selecting a task is about the perceptual phenomenon under study. For instance, finding whether
two stimuli are the same, or equivalent, may rely on different brain mechanisms than those
resolving if a stimulus is longer or shorter than a reference?® (as in the AID paradigm). Intrinsically,
stimuli selection defines the type of obtained responses. Type-1 experiments, sometimes closely
related to the so-called performance experiments, include correct or incorrect responses. In
contrast, a type-2 experiment (or appearance experiment) produces mostly qualitative answers
that depend on the participant’s criteria and not on any explicitly imposed criterion; in other
words, criterion-independent experiments. It is noteworthy that 2IFC task responses are criterion
dependent because, in every trial, the standard stimulus (sometimes called base or reference
stimulus) constitutes the criterion on which the comparison’s perception depends.
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The method may refer to three things; first, it may refer to the mechanism for selecting the range
of stimuli to test or, in other words, to an already known range of stimulus variability, as opposed
to adaptive methods aimed to establish the adequate range!’. These adaptive matters are
recommended for quickly finding detection and discrimination thresholds and for minimum trial
repetitions!®. Also, adaptive methods are optimal for pilot experiments. The second definition of
a method is the scale of stimuli modulations (e.g., the method of the constants) or a logarithmic
scale. The selected scale may or may not be a direct consequence of the outcome of an adaptive
method, but primarily, it regards the dynamics of the studied sensory modality. Lastly, the
method also refers to the number of trials and their presentation order.

As for analysis, it relates to the statistics of experimental measurements. Regardless of selecting
appropriate analytical methods for comparisons between test and control groups, psychophysics
is mostly about measuring absolute or differential thresholds between two conditions (e.g.,
presence vs. absence of a stimulus, or the JND between two stimuli), particularly in 2IFC*°. Such
measurements derive from psychometric functions (i.e., continuous models of behavior as a
function of the probability of detecting or discerning one of the conditions at stake). Selecting
the model function depends on the scale or, in other words, on the spacing of the values of the
independent variable. Functions such as cumulative normal, logistic, Quick, and Weibull are
appropriate for values spaced linearly, whereas Gumbel and log-Quick are better suited for
logarithmic spacing. Alternative models also exist, such as the tanh employed in the AID task.
Importantly, selecting a correct model depends on the parameters of interest, as considered in
the design of the experiment?°. After fitting the data to a model, it should be possible to derive
two parameters: a and B parameters. In the case of a logistic function typically employed in a
2IFC paradigm, a refers to the abscissas value projecting to the point of subjective equality (i.e.,
at half the logistic). The B parameter refers to the slope at a value (i.e., the steepness of the
transition between conditions). Finally, a parameter commonly obtained out of a psychometric
curve is the differential limen?! (DL). In a 2IFC experiment, the DL relates to B, but strictly,
corresponds to the minimum perceived difference between two intervals. The formula to
determine the DL is the following equation (1).

DL = xo.75;xo.25 (1)

Here, x stands for independent variable values projecting at a 0.75 and 0.25 performance
measured directly at the sigmoidal curve. Up until this point, we have covered only some
generalities about psychometric functions. We recommend further study of estimating and
interpreting psychometric functions, with these and other parameters??.

Other technical aspects to consider when implementing a psychophysical experiment are related
to equipment and software. Memory and speed capacities of commercial computers nowadays
are usually optimal for processing in high-fidelity visual and auditory tasks. Moreover, the
dynamic resolution of complementary material, such as noise-blocking headphones, speakers,
and monitors, must fulfill the sampling rate at which the sensory modalities operate (e.g.,
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frequency, amplitude, contrast, and refreshing rate). Also, software programs such as
PsychToolbox?3 and PsychoPy?* are easy to implement and highly efficient at synchronizing tasks’
events and equipment.

The previously described AID task assembles many of the topics described above for a 2IFC
paradigm. Interestingly, it explores the perception of V, A, and AV intervals in the range of
milliseconds, where most of the brain’s processes occur?>-?’, Paradoxically, it is also a challenging
lapse for studying vision, which, compared to audition, begets a somewhat constrained sampling
rate?®. In this sense, multimodal comparisons require additional theoretical scopes!??°3,
Sometimes, they need further tailoring to encompass a common modulation spectrum or to
achieve congruent interpretations.

This protocol focuses on a discrimination task (i.e., a 2IFC where a base stimulus, also called
reference or standard, is contrasted against a set of comparison or test stimuli to find a JND or,
in other words, a discrimination threshold). Here, the task is set to study the capacity of humans
to discriminate time intervals of V, A, or AV aperiodic patterns of pulses!. We provide
information on creating and parameterizing stimuli, as well as on analyses of accuracy and
reaction times. Importantly, we discuss how to interpret subjects’ time perception from the
psychometrics statistical outcome parameters, and some experimental and analytical
alternatives within topics of a 2IFC psychophysical method.

PROTOCOL:

The experiments were approved by the Bioethical Committee of the Institute of Cellular
Physiology of UNAM (No. CECB_08) and carried out under the guidelines of The Code of Ethics of
the World Medical Association.

1. Experimental Set-up

1.1. Material and stimuli set-up for performing an aperiodic interval discrimination (AID) task

1.1.1. Perform this experiment on a computer with a minimum of 8 GB RAM, 2.5 GHz processor,
and a 60 Hz refreshing rate monitor to create and run the task.

1.1.2. Obtain a set of noise-canceling headphones to avoid environmental sounds distracting the
participants while performing the task.

1.1.3. Use a decibel meter to set the volume of the headphones to ~65 dB SPL.

1.1.4. Create the V, A, and AV stimuli for the task by running a graphical user interface (GUI)
included in this protocol (Figure 1), or by using programs such as PsychToolbox or PsychoPy.

1.1.4.1. Download the Stimuli_GUl.zip file from http://www.ifc.unam.mx/investigadores/Luis-
lemus. Then, open MATLAB (2016a or higher for this GUI).
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1.1.4.1.1. Click on the SetPath option at the MATLAB’s menu tab to add the Stimuli_GUI folder
to the workspace. First, select the Add Folder button, select the Stimuli_GUI folder, and press
the Save button. Finally, close the window by clicking on the Close button.

1.1.4.1.2. Open the Stimuli_GUI.m file using the Open option under the Main menu tab. Then,
press F5 on the keyboard to display the GUI (Figure 1).

1.1.4.2. Click on the Condition popup menu to select the preferred distribution of pulses (i.e.,
Periodic for creating a stimulus of equidistant pulses, or Aperiodic for a random distribution).
Then, select the desired number of pulses (i.e., 2 - 6) in the Number of Pulses popup menu.
Finally, enter the desired duration of the stimulus in the Duration dialog box.

CAUTION: To avoid V flicker fusion (i.e., two or more pulses are perceived as only one), it is
essential to create interpulse intervals (IP1) of a minimum of 30 ms. Therefore, given that each of
the pulses is predefined to last 50 ms, the maximum number of pulses in a stimulus is constrained
by the IPIs. Pulses exceeding the minimum [Pl produce an error.

Note: The program generates images in an Audio Video Interleave (AVI) format at a rate of 60
frames per second. However, they can be created online at each trial using PsychToolbox or
PsychoPy. Consider creating 50-ms pulses by concatenating at least three frames of 4° gray circles
on black backgrounds. Here, the method generates AVI and WAV files for implementing in
LabVIEW, thus suggesting the possibility of using more complex video or audio clips.

1.1.4.3. Click on the Generate IPI button to display the IPIs’ values at the IPI values box and to
see a plot of the resultant distribution of the pulses.

Note: The IPI values update automatically at every click of the Generate IPI button. These values
can be copied and saved for further analysis.

1.1.4.4. Generate and store a V stimulus by typing a descriptive filename (e.g.,
PeriodicVisual500ms.avi) in the Enter Video Filename dialog box. Click on the Generate Video
button and wait for the popup window displaying gray ~4° circles to close. Then, click on the Play

button to see the created V stimulus.

CAUTION: While the program generates the images, do not click on other figures, as this may
cause the program to lose the figure’s handle and produce a faulty video.

Note: The angular amplitude of a V object is obtained by the following equation (2).
_ -1,5
V = 2tan (20) (2)

Here, a is the amplitude of V expressed in degrees, S is the visual’s size in centimeters, measured
at the screen, and D is the distance in centimeters from the observer to the screen.
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1.1.4.5. Generate and store an A stimulus using the same V IPI values by typing a descriptive
filename (e.g., AperiodicAcoustic500ms.wav) in the Enter Audio Filename dialog box. Click on the
Generate Audio button to observe a plot of the created audio and click on the Play button to
listen to the new audio.

Note: The predefined A pulse frequency is 1 kHz; however, it is possible to change it in the Sound
Frequency (Hz) dialog box.

1.1.4.6. Repeat steps 1.1.4.2 through 1.1.4.5 to create 10 aperiodic (AP) stimuli for each of the
comparison intervals of the AID task (i.e., V and A intervals from 500 ms to 1,100 ms in steps of
100 ms). Create only one periodic (P) stimulus for each of the intervals of the control sets.

1.1.5. Generate an extended white-noise clip (e.g., 30 min) to use as background during the
experiment, or download it from an internet library.

1.1.6. Create a 3° white cross and save it in a JPEG file to use as a cue for the participants to
initiate a trial.

Note: AV stimuli result from superimposing V and A congruent clips during the execution of the
task. Shift the A stimuli up to 90 ms after the V onset for producing perceptual simultaneity32.

1.2. Task design and implementation

1.2.1. Create sets of P and AP V, A, and AV trials by listing the names of the created stimuli in an
Excel sheet. Use different columns to include all the information required during the task, such
as the modality of the reference and comparison stimuli, the number of repetitions per trial, the
stimuli durations, and the expected response (see an exemplary CSV file included in
Stimuli_GUIl.zip file). Save each of the sets in a comma-separated values (CSV) format.

Note: The experiment aims to obtain psychometric functions of the probability of perceiving the
test stimuli (i.e., the comparison stimuli) longer than the reference as a function of the variations
of the comparison stimuli. Therefore, trials to generate psychometric functions must employ a
reference stimulus fixed at half of the range of intervals (i.e., 800 ms). However, to guarantee
that the participants’ criteria rely on the reference stimulus, they must always attend to both the
reference and the comparison. Therefore, trials of varying references should be included to
counterbalance the number of varying comparisons. Finally, consider presenting blocks of V, A,
and AV trials to avoid attentional effects. However, always present P and AP trials randomly
intercalated.

1.2.2. Create a program for automatically running the task using PsychToolbox or PsychoPy, or
download and run the automatized 2IFC_Task available at
http://www.ifc.unam.mx/investigadores/Luis-lemus (for running in LabVIEW 2014 or higher).
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1.2.2.1. Open the 2IFC_Task by double-clicking on the task’s file.

1.2.2.2. Load the created stimuli by selecting the stimulus folder from the Control Panel. First,
use the up and down buttons on the dialog box to display a 0. Then, press the folder icon to select
the stimulus folder.

1.2.2.3. Repeat step 1.2.2.2 to set the File Path to 1, 2, 3, or 4 to load the CSV set of trials file, a
TXT output file, a WAV background audio, and a cue of a white cross in JPEG format, respectively.

Note: When programming a task, store data in a convenient format for offline analysis (e.g., in
TXT or CSV format). Include information about the trial: the order of appearance and the
behavioral outcomes, such as hits, errors, reaction times, and response times.

1.2.2.4. Press the White Noise button located on the Control Panel to activate the background
noise. Then, place the decibel meter as near as possible to the headphones and set the OS volume
control to ~65 dB SPL. Finally, adjust the Background Volume control located on the Control
Panel to ~55 dB SPL.

1.2.2.5. Use the dialog boxes Pre_S1 and Inter_Stim to specify time-lapses of the first stimulus
delivery and of the interstimulus separation, respectively.

Note: The default times are 1,000 ms. Other graphical indicators are for the examiner to observe
results in real-time (e.g., a bar plot of the performance per condition and displays of the number
of hits, errors, false alarms, and a current number of trials).

1.2.2.6. Test the task by clicking on the Run right arrow icon under the Tools tab and perform
some test trials.

Note: We recommend to use two monitors, one for delivering the task and the other for
monitoring the task online.

1.2.2.6.1. Initiate each trial by holding the spacebar down after the appearance of the visual cue
at the center of the screen. Release the spacebar after the delivery of a pair of stimuli and press
the upward or the downward arrow key to finalize the trial.

1.2.2.6.2. Repeat step 1.2.2.6.1 until the set is completed. The task stops automatically.
Alternatively, abort the task by clicking on the Stop button in the Control Panel menu.

2. Participants
2.1. Recruit 10 to 30 male and female right-handed participants, with no more than ten years of

difference in age between them, with normal or corrected-to-normal vision, and no auditory
deficits.
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2.2. Ask the participants to fill out a questionnaire regarding their age, gender, handedness, and
physical or psychological conditions (e.g., having visual or auditory deficits, musical training, and
drug intake).

2.3. Tell the participants about the aim, procedures, and duration of the experiment. Be careful
no bias is induced (e.g., telling them about the occurrence of P or AP conditions). Then, ask the
participants to give written consent to participate in the experiments.

3. Experimental Procedure

3.1. Perform the experiments in a quiet room with constant lighting.

3.2. Run the task.

3.3. Calibrate the decibel meter and repeat the procedure as described in step 1.2.2.4.

CAUTION: Throughout the experiment, acoustic stimuli should be delivered binaurally at ~65 dB
SPL. It is essential to use a decibel meter to test the acoustic amplitudes before the experiment
to avoid injuries.

3.4. Ask the participant to sit comfortably in front of the monitor, situated at a distance of 60 cm.
Then, place the keyboard at a reachable distance, and adjust the headphones to the participant’s
head (Figure 2C).

3.5. Instruct the participant to start a trial after the appearance of the visual cue by pressing and
holding down the spacebar for the entire trial. Indicate to the participant to release the spacebar
after the presentation of two sequential stimuli and to press the upward arrow key if the second
stimulus lasted longer than the first, or to press the downward arrow key if it lasted for a shorter
period of time (Figure 2B).

3.6. Finally, instruct the participant to use only the right index finger to complete the task, and
comment on the possibility of taking a 5-min break in case the participant feels tired or distracted

during the experiment.

3.7. Turn on the noise-blocking feature of the headphones and let the participant practice 10 -
15 trials.

Note: During this phase, providing a visual input for correct answers is recommended. Also, it is
possible to provide feedback during the experiment; however, be aware of possible biases.

3.8. Run the task.

4. Data Analysis
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4.1. Calculate the mean and the standard error of the mean of the performance of each of the
blocks of P and AP V, A, and AV trials.

4.2. Generate scatter plots of the probability of perceiving the comparison stimulus longer than
the reference as a function of the comparison’s intervals. Then, fit a logistic function to the data.

Note: As noted in the Introduction, selecting a convenient model depends on the experiment
and the data. An example of a model is the tanh as reported for the AID task. Such a model
delivers four parameters (inset in Figure 3A) defined by:

P(S1 > S2) =a xtanh[B(s2 —0)] + ¢

The parameter a corresponds to the performance’s magnitude measured from the inflection
point to the plateau. The B parameter corresponds to the first derivative at the inflection point.
The higher the value, the easier to perceive a transition between longer and shorter, when
compared to the reference categories. The parameter © or X0 is the abscissa value of the
projection of the inflection point (i.e., the point of subjective equality). The shifting of such a
parameter represents overall temporal biases. Finally, ¢ or YO represents the inflection point at
the ordinate and reveals biases toward a particular response. Alternative routines for fitting and
analyzing psychometric functions are the Palamedes toolbox® and quickpsy33.

4.3. Repeat the procedure from step 4.1 for analyzing the reaction times and response times.

4.4, Perform statistical analyses to compare the P and AP accuracy distributions within each of
the sensory modalities.

4.5. Perform additional analyses, such as Pearson correlations, to find the relationship between
periodicity indices and accuracy and between periodicity indices and reaction times.

REPRESENTATIVE RESULTS:

This protocol presented a method to perform a psychophysics experiment in humans. The
technique replicated previous research on the discrimination of intervals of AP trains of V, A, and
AV pulses, which was performed using a 2IFC method. The stimuli resulted from P and AP
distributions of trains of six 50-ms pulses in different intervals within the range of milliseconds
(i.e., from 500 ms to 1,100 ms in steps of 100 ms). Figure 2A shows some intervals and their
calculated periodicity index.

The task was programmed in LabVIEW and consisted of delivering intramodal trials of two
sequential stimuli (Figure 2B). After 31 participants (15 women and 16 men of an age of 23.6 £
4.3 years [mean + standard deviation]) performed the task, we obtained the psychometric
functions of each of the P and AP V, A, and AV overall accuracies using a tanh function (Figures
3A - 3C; goodness of fit: x2, Q > 0.05).
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The right panels in Figure 3 show comparisons of the regression parameters of the tanh to the P
and AP conditions. Non-overlapping variances of such parameters indicated statistical
differences, for example in V's a, B, and ¢ values (p < 0.05). This result is apparent at the V AP
sigmoid shifting downward, suggesting that the participants perceived the intervals longer than
the reference as shorter (Figure 3A). Similarly, intervals that were shorter than the reference
were accurately regarded as shorter since the ¢ parameter showed an AP shifting to a probability
of calling the comparison shorter than the reference. Moreover, comparisons of AP and P
intervals during A and AV discriminations showed differences in B and @ parameters (p < 0.05)
because the overall AP accuracies decreased, suggesting that the AP stimuli were generally
harder to discriminate. Interestingly, the A and AV performances were similar during P and AP
conditions (Figures 3B and 3C), indicating an A dominance over V in AV discriminations.

In the V condition, B proved that the transition from shorter to longer occurred faster in the AP
condition. This result suggests that the participants were confident of their decisions, as
evidenced by the reaction times (Figure 4A). In contrast, reaction times of P and AP AV resemble
those of the A conditions, also suggesting an A dominance (Figures 4B and 4C). The overall
interpretation of these results is that V AP patterns produced a perceptual compression of the V
AP time intervals.

The psychophysical results reflect differences in information processing across sensory
modalities. When we asked the subjects to discriminate between the duration of AP patterns, we
found that the modality alters the time perception differentially. The V system compresses the
estimation of time, whereas A and AV accuracies were only slightly affected by AP structures.
Altogether, these results show different examples of interpreting the outcomes of a
psychophysical task through their psychometric parameters.

FIGURE AND TABLE LEGENDS:

Figure 1: A graphical user interface (GUI) to create AID’s task stimuli. The GUI allows creating a
visual or an auditory stimulus by introducing parameters and naming the stimulus. A graphical
representation of the resulting interpulse intervals (IP1) and a plot of the auditory stimulus is
shown in the windows on the right. A thorough description of how to implement this GUI is
described in the text.

Figure 2: Task structure and set-up. (A) This panel shows a graphical depiction of intervals of
different durations of aperiodic trains of pulses represented by gray squares. The intervals and
their periodicity indices obtained by atop formula are shown in different lines and as a function
of their durations. Pl = periodicity index; P = periodic; AP = aperiodic. (B) This panel shows the
sequence of events during unimodal trials. Each of the trials started when a participant released
the spacebar (SBD). After a reference stimulus followed by a 1-s interstimulus, a comparison
stimulus was delivered, the participant released the spacebar (SBR), and, in order to report
whether the comparison was longer or shorter than the reference, pressed the upward or the
downward arrow key, respectively (choice). The reference and comparison’s gray squares
represent pulses of actual visual, acoustic, and audio-visual pulses depicted by icons above. (C)
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This panel shows the depiction of the experimental set-up. The material includes a computer, a
set of noise-canceling headphones, a monitor, and a keyboard. Figures 1A and 1B are adapted
from Duarte and Lemus'3, under the guidance with the Copyright Statements of Frontiers in
Integrative Neuroscience.

Figure 3: Psychometric functions obtained by the hyperbolic tangent regression model. (A) This
panel shows the overall probabilities of declaring comparisons longer than the reference as a
function of the comparison’s time intervals of the visual periodic (solid lines) and visual aperiodic
(dotted lines) experiments. (B) This panel shows the same information as panel A, but then for
acoustic conditions. (C) This panel shows the same information as panel A, but then for
audiovisual conditions. The right panels show the distribution of the tanh parameters as defined
in the inset in panel A. The error bars in panels A - C denote the standard error of the mean and
the confidence intervals in the right panels. The asterisks express intramodal differences. P =
periodic; AP = aperiodic; V = visual; A = acoustic; AV = audiovisual. This figure is modified from
Duarte and Lemus?®3, in guidance with the Copyright Statements of Frontiers in Integrative
Neuroscience.

Figure 4: Reaction times. (A) This panel shows the mean reaction times for visual experiments.
(B) This panel shows the mean reaction times for acoustic experiments. (C) This panel shows the
mean reaction times for audiovisual experiments. Solid lines = periodic intervals. Dashed lines =
aperiodic intervals. The error bars denote the standard error of the mean. This figure is modified
from Duarte and Lemus?®3, in guidance with the Copyright Statements of Frontiers in Integrative
Neuroscience.

Table 1: List of materials.

DISCUSSION:

In psychophysics, the selection of a task depends on particular interests in perceptual
phenomena>®. For instance, this protocol consisted of recreating a previously reported paradigm
on the time-interval perception of visual, auditory, and audiovisual stimuli of aperiodically
arrayed pulses, which implemented the 2IFC method?!3. Here, as in most of the psychophysics
tasks, adequate hardware and software are essential to create, reproduce, and record the task’s
elements accurately, especially when exploring phenomena that occur in the range of
milliseconds?>?’. An advantage of the current method is the ability to produce diverse stimuli
through a GUI since it allows exploring their metrics and performance. In this respect, it is worth
bearing the importance of the parameterizing variables regardless of the complexity of the
stimuli, as in this protocol, which implemented a simple but novel method for quantifying
aperiodicity'? (Figure 2A). We also proposed storing the stimuli in audio and video formats such
as WAV and AVI because that presents the possibility of implementing large video clips in
experiments. However, those formats require administering hardware and software processing
efficiently; for instance, by prebuffering stimuli into variables of the environment of the
conducting program. Notwithstanding, some programs such as PsychToolbox or PsychoPy are
useful for, alternatively, creating online stimuli.
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Although we did not include the results of pilot experiments, it is advisable to perform them in
order to check the correct functioning of the equipment and to find the satisfactory range and
scaling of the independent variables!®34, In this sense, implementing adaptive psychophysical
methods is recommended®!’. Moreover, pilot experiments determine the adequate pool of
participants and the number of trial repetitions, thus yielding robust results and statistical
analyses'4,

With regard to the participants, it is always important to clearly instruct them as to what they
should attend and how they should perform. Otherwise, adopting alternative strategies could
mislead the results?%3>, For example, in this task, we asked the participants to discriminate the
duration of the stimuli; however, typical behaviors include discriminating speed, acceleration??,
the number of events!!, or reporting similarities. In other words, while it is possible to observe
similar performances among participants, results may yet be flawed by including different brain
processes'®. Therefore, together with adequately instructing the participants, it is mandatory to
ask them about their adopted strategy for solving the task.

An inherent problem of psychophysics comes from the nature of sensory modalities since they
impose limits on methodologies?2%3%32, For example, given that visual frames delivered above
15 Hz are likely to create flicker fusion?8, studying the visual perception of pulses requires slow
modulations to avoid undesired results. Furthermore, comparisons among sensory modalities
escalate the problem. In this regard, an interesting phenomenon observed in the AID experiment
was that aperiodic visual stimuli created a perceptual compression of temporal estimations but
the periodic ones did not. There, the tanh function fitted to the data optimally because the
observed aperiodic visual plateau did not reach a maximum probability of 1, such as other logistic
models predict (Figure 3A). However, regardless of selecting the best logistic model, it could be
argued that the aperiodic visual did not reach a probability maximum because the stimuli range
was insufficient. Therefore, increasing the duration of the intervals or decreasing the number of
pulses would probably produce a different result!’. However, there is a much more profound
issue here that actually relates to a dilemma in psychophysics. First, the AID experiment aimed
to test the interval perception in the range of hundreds of milliseconds, which accounts for a
particular case of temporal processing?®?’. Therefore, increasing the interval durations would
result in testing a different brain mechanism?®. Second, the visual periodic control proved to
operate within an adequate range; hence, spreading visual intervals was not justified. Finally,
adjusting one of the condition’s intervals alone disables comparisons across groups or,
importantly here, between sensory modalities3?. Again, adapting auditory and audiovisual
intervals were not justified (Figures 3B and 3C). Thus, the dilemma is that aiming to obtain perfect
psychophysical distributions may mix neuronal processes, whereas not doing so may produce
suboptimal results.

In conclusion, psychophysics consists of studying the behavioral outcome of neuronal
mechanisms of sensory processing. Such a challenging goal demands the optimal selection and
implementation of the stimuli, the task, the method, the analysis, and the measurement®. When
mastering psychophysics, it provides valuable insights into perception. Furthermore, it is
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essential in models that require well-trained animals for studying, for example, the
neurophysiological correlation of behaviorl®303637,
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1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No ~ Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
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recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JOVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in  the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JOVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

<\t ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author’'s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have




Center #200

&
1 Alewife
Cambridge, MA 02140

tel. 617.945.9051

www.jove.com

VISUALIZED EX {

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JOVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JOVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governi aw. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Responses to
Editors.docx

Responses to the Editorial’s commentaries to the manuscript, 58408_R1.docx

We tracked all of the changes suggested by the Editor in the manuscript 58408 R1.docx.
Most of the changes and included descriptions are visible in the methods section.
However, we added small changes in other parts for a more precise reading.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.
The manuscript was proofread accordingly.

2. Please be aware that computational steps cannot be filmed unless there is graphical
user interface being used. Please do not highlight steps involving command lines for
filming.

We included a complete description of the usage of the GUI without highlighting
command lines.

3. Please do not highlight notes for filming.
The revised manuscript does not include highlighted notes

4. For steps that are done using software, a step-wise description of software usage must
be included in the step. Please mention what button is clicked on in the software, or which
menu items need to be selected to perform the step.

We included step-wise descriptions about all of the MATLAB, and LABVIEW buttons and
menu items required to perform the protocol.
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Supplemental File (Figures, Permissions, etc.)

Permissions, etc.);Copyright Statement.docx

Copyright Statement of Frontiers in Integrative Neuroscience

“Under the Frontiers Conditions for Website Use and the Frontiers General Conditions for
Authors, authors of articles published in Frontiers journals retain copyright on their
articles, except for any third-party images and other materials added by Frontiers, which
are subject to copyright of their respective owners. Authors are therefore free to
disseminate and re-publish their articles, subject to any requirements of third-party
copyright owners and subject to the original publication being fully cited. Visitors may also
download and forward articles subject to the citation requirements and subject to any
fees Frontiers may charge for downloading licenses. The ability to copy, download,
forward or otherwise distribute any materials is always subject to any copyright notices
displayed. Copyright notices must be displayed prominently and may not be obliterated,
deleted or hidden, totally or partially.”

This statement can be found at https://www.frontiersin.org/journals/integrative-
neuroscience#fabout. A more thorough description of the copyright statement can be found at
https://www.frontiersin.org/legal/copyright-statement or at
https://www.frontiersin.org/legal/terms-and-conditions under the “Licences (Permissions) You
Grant as an Author” section.

Click here to access/download;Supplemental File (Figures,
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