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SUMMARY: 21 
Psychophysics is essential for studying perception phenomena through sensory information. 22 
Here we present a protocol to perform a two-interval forced-choice task as implemented in a 23 
previous report on human psychophysics where participants estimated the duration of visual, 24 
auditory, or audiovisual intervals of aperiodic trains of pulses. 25 
 26 
ABSTRACT:  27 
We provide a procedure for a psychophysics experiment in humans based on a previously 28 
described paradigm aimed to characterize the perceptual duration of intervals within the range 29 
of milliseconds of visual, acoustic, and audiovisual aperiodic trains of six pulses. In this task, each 30 
of the trials consists of two consecutive intramodal intervals where the participants press the 31 
upward arrow key to report that the second stimulus lasted longer than the reference, or the 32 
downward arrow key to indicate otherwise. The analysis of the behavior results in psychometric 33 
functions of the probability of estimating the comparison stimulus to be longer than the 34 
reference, as a function of the comparison intervals. In conclusion, we advance a way of 35 
implementing standard programming software to create visual, acoustic, and audiovisual stimuli, 36 
and to generate a two-interval forced-choice (2IFC) task by delivering stimuli through noise-37 
blocking headphones and a computer’s monitor. 38 
 39 
INTRODUCTION: 40 
The purpose of this protocol is to convey a procedure for a standard experiment on 41 
psychophysics. Psychophysics is the study of perception phenomena through the measure of 42 
behavioral responses, elicited by sensory inputs1-3. Usually, human psychophysics is an 43 
inexpensive and essential tool to implement in imaging or neurophysiological experiments4. 44 
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However, it is never easy to select the most appropriate psychophysical method out of many that 45 
exist, and the selection somewhat depends on experience and preference. Nevertheless, we 46 
encourage beginners to revise available methodologies thoroughly in order to learn about 47 
selection criteria5-7. Here, we provide a procedure for performing a 2IFC task, which many 48 
researchers frequently use for studying perceptual processes such as working memory8, decision 49 
making9,10, or time perception11-13.  50 
 51 
To guide the readers along the method, we recreate a report on the perceptual duration of visual 52 
(V), auditory (A), and audiovisual (AV) intervals of aperiodic sequences of pulses. We will refer to 53 
this task as an aperiodic interval discrimination (AID) task13. When attempting to describe this 54 
paradigm in psychophysics jargon, it would be a class-A, type-1, performance-based, criterion-55 
dependent discrimination task that uses a non-adaptive method of the constants and a 56 
hyperbolic tangent (tanh) model to calculate a differential threshold. Even when such a 57 
characterization sounds somewhat entangled, we will use it to introduce the reader to some 58 
general aspects of psychophysics, hoping to provide decision criteria for new experiments and 59 
maybe even the possibility of tailoring the current protocol to other needs. 60 
 61 
Any psychophysical experiment, such as a 2IFC task, requires implementing stimuli, a task, a 62 
method, an analysis, and a measurement6. The goal is to obtain the psychometric function that 63 
better accounts for the measured performance14. A 2IFC task consists of presenting to 64 
participants, who are naïve to the purpose of the experiment, trials of two sequential stimuli. 65 
After comparing the stimuli, they report the outcome by selecting one, and only one, out of two 66 
possible responses that better suits their perception. 67 
 68 
With stimuli, we refer to technical considerations about the sensory modality under study. A 69 
class-A experiment consists of the comparison of stimuli of the same modality within a trial, 70 
whereas class-B experiments include cross-modal comparisons. Other essential considerations 71 
about stimuli include their implementation, such as the technical ways of modulating stimuli 72 
within a required range. For example, if we want to find the just noticeable difference (JND) 73 
between two flutter frequencies vibrating on the skin15, we need a precision stimulator to 74 
generate frequencies within the confines of flutter (i.e., 4 - 40 Hz). In other words, the dynamic 75 
operating range of the technical elements depend on the dynamic spectrum of each sensory 76 
modality.  77 
 78 
Selecting a task is about the perceptual phenomenon under study. For instance, finding whether 79 
two stimuli are the same, or equivalent, may rely on different brain mechanisms than those 80 
resolving if a stimulus is longer or shorter than a reference16 (as in the AID paradigm). Intrinsically, 81 
stimuli selection defines the type of obtained responses. Type-1 experiments, sometimes closely 82 
related to the so-called performance experiments, include correct or incorrect responses. In 83 
contrast, a type-2 experiment (or appearance experiment) produces mostly qualitative answers 84 
that depend on the participant’s criteria and not on any explicitly imposed criterion; in other 85 
words, criterion-independent experiments. It is noteworthy that 2IFC task responses are criterion 86 
dependent because, in every trial, the standard stimulus (sometimes called base or reference 87 
stimulus) constitutes the criterion on which the comparison’s perception depends. 88 



   

 89 
The method may refer to three things; first, it may refer to the mechanism for selecting the range 90 
of stimuli to test or, in other words, to an already known range of stimulus variability, as opposed 91 
to adaptive methods aimed to establish the adequate range17. These adaptive matters are 92 
recommended for quickly finding detection and discrimination thresholds and for minimum trial 93 
repetitions18. Also, adaptive methods are optimal for pilot experiments. The second definition of 94 
a method is the scale of stimuli modulations (e.g., the method of the constants) or a logarithmic 95 
scale. The selected scale may or may not be a direct consequence of the outcome of an adaptive 96 
method, but primarily, it regards the dynamics of the studied sensory modality. Lastly, the 97 
method also refers to the number of trials and their presentation order.  98 
 99 
As for analysis, it relates to the statistics of experimental measurements. Regardless of selecting 100 
appropriate analytical methods for comparisons between test and control groups, psychophysics 101 
is mostly about measuring absolute or differential thresholds between two conditions (e.g., 102 
presence vs. absence of a stimulus, or the JND between two stimuli), particularly in 2IFC19. Such 103 
measurements derive from psychometric functions (i.e., continuous models of behavior as a 104 
function of the probability of detecting or discerning one of the conditions at stake). Selecting 105 
the model function depends on the scale or, in other words, on the spacing of the values of the 106 
independent variable. Functions such as cumulative normal, logistic, Quick, and Weibull are 107 
appropriate for values spaced linearly, whereas Gumbel and log-Quick are better suited for 108 
logarithmic spacing. Alternative models also exist, such as the tanh employed in the AID task. 109 
Importantly, selecting a correct model depends on the parameters of interest, as considered in 110 
the design of the experiment20. After fitting the data to a model, it should be possible to derive 111 
two parameters: α and β parameters. In the case of a logistic function typically employed in a 112 
2IFC paradigm, α refers to the abscissas value projecting to the point of subjective equality (i.e., 113 
at half the logistic). The β parameter refers to the slope at α value (i.e., the steepness of the 114 
transition between conditions). Finally, a parameter commonly obtained out of a psychometric 115 
curve is the differential limen21 (DL). In a 2IFC experiment, the DL relates to β, but strictly, 116 
corresponds to the minimum perceived difference between two intervals. The formula to 117 
determine the DL is the following equation (1).  118 
 119 

𝐷𝐿 =
𝑥0.75−𝑥0.25

2
   (1) 120 

 121 
Here, x stands for independent variable values projecting at a 0.75 and 0.25 performance 122 
measured directly at the sigmoidal curve. Up until this point, we have covered only some 123 
generalities about psychometric functions. We recommend further study of estimating and 124 
interpreting psychometric functions, with these and other parameters22. 125 
 126 
Other technical aspects to consider when implementing a psychophysical experiment are related 127 
to equipment and software. Memory and speed capacities of commercial computers nowadays 128 
are usually optimal for processing in high-fidelity visual and auditory tasks. Moreover, the 129 
dynamic resolution of complementary material, such as noise-blocking headphones, speakers, 130 
and monitors, must fulfill the sampling rate at which the sensory modalities operate (e.g., 131 



   

frequency, amplitude, contrast, and refreshing rate). Also, software programs such as 132 
PsychToolbox23 and PsychoPy24 are easy to implement and highly efficient at synchronizing tasks’ 133 
events and equipment. 134 
 135 
The previously described AID task assembles many of the topics described above for a 2IFC 136 
paradigm. Interestingly, it explores the perception of V, A, and AV intervals in the range of 137 
milliseconds, where most of the brain’s processes occur25-27. Paradoxically, it is also a challenging 138 
lapse for studying vision, which, compared to audition, begets a somewhat constrained sampling 139 
rate28. In this sense, multimodal comparisons require additional theoretical scopes12,29,30. 140 
Sometimes, they need further tailoring to encompass a common modulation spectrum or to 141 
achieve congruent interpretations.  142 
 143 
This protocol focuses on a discrimination task (i.e., a 2IFC where a base stimulus, also called 144 
reference or standard, is contrasted against a set of comparison or test stimuli to find a JND or, 145 
in other words, a discrimination threshold). Here, the task is set to study the capacity of humans 146 
to discriminate time intervals of V, A, or AV aperiodic patterns of pulses13. We provide 147 
information on creating and parameterizing stimuli, as well as on analyses of accuracy and 148 
reaction times. Importantly, we discuss how to interpret subjects’ time perception from the 149 
psychometrics statistical outcome parameters, and some experimental and analytical 150 
alternatives within topics of a 2IFC psychophysical method. 151 
 152 
PROTOCOL: 153 
The experiments were approved by the Bioethical Committee of the Institute of Cellular 154 
Physiology of UNAM (No. CECB_08) and carried out under the guidelines of The Code of Ethics of 155 
the World Medical Association. 156 
 157 
1. Experimental Set-up 158 
 159 
1.1. Material and stimuli set-up for performing an aperiodic interval discrimination (AID) task 160 
 161 
1.1.1. Perform this experiment on a computer with a minimum of 8 GB RAM, 2.5 GHz processor, 162 
and a 60 Hz refreshing rate monitor to create and run the task.  163 
 164 
1.1.2. Obtain a set of noise-canceling headphones to avoid environmental sounds distracting the 165 
participants while performing the task. 166 
 167 
1.1.3. Use a decibel meter to set the volume of the headphones to ~65 dB SPL. 168 
 169 
1.1.4. Create the V, A, and AV stimuli for the task by running a graphical user interface (GUI) 170 
included in this protocol (Figure 1), or by using programs such as PsychToolbox or PsychoPy.  171 
 172 
1.1.4.1. Download the Stimuli_GUI.zip file from http://www.ifc.unam.mx/investigadores/Luis-173 
lemus. Then, open MATLAB (2016a or higher for this GUI). 174 
 175 



   

1.1.4.1.1. Click on the SetPath option at the MATLAB’s menu tab to add the Stimuli_GUI folder 176 
to the workspace. First, select the Add Folder button, select the Stimuli_GUI folder, and press 177 
the Save button. Finally, close the window by clicking on the Close button. 178 
 179 
1.1.4.1.2. Open the Stimuli_GUI.m file using the Open option under the Main menu tab. Then, 180 
press F5 on the keyboard to display the GUI (Figure 1). 181 
 182 
1.1.4.2. Click on the Condition popup menu to select the preferred distribution of pulses (i.e., 183 
Periodic for creating a stimulus of equidistant pulses, or Aperiodic for a random distribution). 184 
Then, select the desired number of pulses (i.e., 2 - 6) in the Number of Pulses popup menu. 185 
Finally, enter the desired duration of the stimulus in the Duration dialog box. 186 
 187 
CAUTION: To avoid V flicker fusion (i.e., two or more pulses are perceived as only one), it is 188 
essential to create interpulse intervals (IPI) of a minimum of 30 ms. Therefore, given that each of 189 
the pulses is predefined to last 50 ms, the maximum number of pulses in a stimulus is constrained 190 
by the IPIs. Pulses exceeding the minimum IPI produce an error. 191 
 192 
Note: The program generates images in an Audio Video Interleave (AVI) format at a rate of 60 193 
frames per second. However, they can be created online at each trial using PsychToolbox or 194 
PsychoPy. Consider creating 50-ms pulses by concatenating at least three frames of 4° gray circles 195 
on black backgrounds. Here, the method generates AVI and WAV files for implementing in 196 
LabVIEW, thus suggesting the possibility of using more complex video or audio clips. 197 
 198 
1.1.4.3. Click on the Generate IPI button to display the IPIs’ values at the IPI values box and to 199 
see a plot of the resultant distribution of the pulses.  200 
 201 
Note: The IPI values update automatically at every click of the Generate IPI button. These values 202 
can be copied and saved for further analysis.  203 
 204 
1.1.4.4. Generate and store a V stimulus by typing a descriptive filename (e.g., 205 
PeriodicVisual500ms.avi) in the Enter Video Filename dialog box. Click on the Generate Video 206 
button and wait for the popup window displaying gray ~4° circles to close. Then, click on the Play 207 
button to see the created V stimulus. 208 
 209 
CAUTION: While the program generates the images, do not click on other figures, as this may 210 
cause the program to lose the figure’s handle and produce a faulty video. 211 
 212 
Note: The angular amplitude of a V object is obtained by the following equation (2). 213 
  214 

𝑉 = 2 tan−1(
𝑆

2𝐷
)   (2) 215 

 216 
Here, a is the amplitude of V expressed in degrees, S is the visual’s size in centimeters, measured 217 
at the screen, and D is the distance in centimeters from the observer to the screen.  218 



   

 219 
1.1.4.5. Generate and store an A stimulus using the same V IPI values by typing a descriptive 220 
filename (e.g., AperiodicAcoustic500ms.wav) in the Enter Audio Filename dialog box. Click on the 221 
Generate Audio button to observe a plot of the created audio and click on the Play button to 222 
listen to the new audio. 223 
 224 
Note: The predefined A pulse frequency is 1 kHz; however, it is possible to change it in the Sound 225 
Frequency (Hz) dialog box.  226 
 227 
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 228 
comparison intervals of the AID task (i.e., V and A intervals from 500 ms to 1,100 ms in steps of 229 
100 ms). Create only one periodic (P) stimulus for each of the intervals of the control sets.  230 
  231 
1.1.5. Generate an extended white-noise clip (e.g., 30 min) to use as background during the 232 
experiment, or download it from an internet library. 233 
 234 
1.1.6. Create a 3° white cross and save it in a JPEG file to use as a cue for the participants to 235 
initiate a trial.  236 
 237 
Note: AV stimuli result from superimposing V and A congruent clips during the execution of the 238 
task. Shift the A stimuli up to 90 ms after the V onset for producing perceptual simultaneity32. 239 
 240 
1.2. Task design and implementation 241 
 242 
1.2.1. Create sets of P and AP V, A, and AV trials by listing the names of the created stimuli in an 243 
Excel sheet. Use different columns to include all the information required during the task, such 244 
as the modality of the reference and comparison stimuli, the number of repetitions per trial, the 245 
stimuli durations, and the expected response (see an exemplary CSV file included in 246 
Stimuli_GUI.zip file). Save each of the sets in a comma-separated values (CSV) format.  247 
 248 
Note: The experiment aims to obtain psychometric functions of the probability of perceiving the 249 
test stimuli (i.e., the comparison stimuli) longer than the reference as a function of the variations 250 
of the comparison stimuli. Therefore, trials to generate psychometric functions must employ a 251 
reference stimulus fixed at half of the range of intervals (i.e., 800 ms). However, to guarantee 252 
that the participants’ criteria rely on the reference stimulus, they must always attend to both the 253 
reference and the comparison. Therefore, trials of varying references should be included to 254 
counterbalance the number of varying comparisons. Finally, consider presenting blocks of V, A, 255 
and AV trials to avoid attentional effects. However, always present P and AP trials randomly 256 
intercalated. 257 
 258 
1.2.2. Create a program for automatically running the task using PsychToolbox or PsychoPy, or 259 
download and run the automatized 2IFC_Task available at 260 
http://www.ifc.unam.mx/investigadores/Luis-lemus (for running in LabVIEW 2014 or higher). 261 
 262 



   

1.2.2.1. Open the 2IFC_Task by double-clicking on the task’s file. 263 
 264 
1.2.2.2. Load the created stimuli by selecting the stimulus folder from the Control Panel. First, 265 
use the up and down buttons on the dialog box to display a 0. Then, press the folder icon to select 266 
the stimulus folder. 267 
 268 
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 269 
TXT output file, a WAV background audio, and a cue of a white cross in JPEG format, respectively. 270 
 271 
Note: When programming a task, store data in a convenient format for offline analysis (e.g., in 272 
TXT or CSV format). Include information about the trial: the order of appearance and the 273 
behavioral outcomes, such as hits, errors, reaction times, and response times. 274 
 275 
1.2.2.4. Press the White Noise button located on the Control Panel to activate the background 276 
noise. Then, place the decibel meter as near as possible to the headphones and set the OS volume 277 
control to ~65 dB SPL. Finally, adjust the Background Volume control located on the Control 278 
Panel to ~55 dB SPL.  279 
 280 
1.2.2.5. Use the dialog boxes Pre_S1 and Inter_Stim to specify time-lapses of the first stimulus 281 
delivery and of the interstimulus separation, respectively. 282 
  283 
Note: The default times are 1,000 ms. Other graphical indicators are for the examiner to observe 284 
results in real-time (e.g., a bar plot of the performance per condition and displays of the number 285 
of hits, errors, false alarms, and a current number of trials). 286 
 287 
1.2.2.6. Test the task by clicking on the Run right arrow icon under the Tools tab and perform 288 
some test trials. 289 
 290 
Note: We recommend to use two monitors, one for delivering the task and the other for 291 
monitoring the task online. 292 
 293 
1.2.2.6.1. Initiate each trial by holding the spacebar down after the appearance of the visual cue 294 
at the center of the screen. Release the spacebar after the delivery of a pair of stimuli and press 295 
the upward or the downward arrow key to finalize the trial. 296 
 297 
1.2.2.6.2. Repeat step 1.2.2.6.1 until the set is completed. The task stops automatically. 298 
Alternatively, abort the task by clicking on the Stop button in the Control Panel menu. 299 
 300 
2. Participants 301 
 302 
2.1. Recruit 10 to 30 male and female right-handed participants, with no more than ten years of 303 
difference in age between them, with normal or corrected-to-normal vision, and no auditory 304 
deficits.  305 
 306 



   

2.2. Ask the participants to fill out a questionnaire regarding their age, gender, handedness, and 307 
physical or psychological conditions (e.g., having visual or auditory deficits, musical training, and 308 
drug intake). 309 
 310 
2.3. Tell the participants about the aim, procedures, and duration of the experiment. Be careful 311 
no bias is induced (e.g., telling them about the occurrence of P or AP conditions). Then, ask the 312 
participants to give written consent to participate in the experiments. 313 
 314 
3. Experimental Procedure 315 
 316 
3.1. Perform the experiments in a quiet room with constant lighting. 317 
 318 
3.2. Run the task. 319 
 320 
3.3. Calibrate the decibel meter and repeat the procedure as described in step 1.2.2.4. 321 
  322 
CAUTION: Throughout the experiment, acoustic stimuli should be delivered binaurally at ~65 dB 323 
SPL. It is essential to use a decibel meter to test the acoustic amplitudes before the experiment 324 
to avoid injuries.  325 
 326 
3.4. Ask the participant to sit comfortably in front of the monitor, situated at a distance of 60 cm. 327 
Then, place the keyboard at a reachable distance, and adjust the headphones to the participant’s 328 
head (Figure 2C).  329 
 330 
3.5. Instruct the participant to start a trial after the appearance of the visual cue by pressing and 331 
holding down the spacebar for the entire trial. Indicate to the participant to release the spacebar 332 
after the presentation of two sequential stimuli and to press the upward arrow key if the second 333 
stimulus lasted longer than the first, or to press the downward arrow key if it lasted for a shorter 334 
period of time (Figure 2B).  335 

 336 
3.6. Finally, instruct the participant to use only the right index finger to complete the task, and 337 
comment on the possibility of taking a 5-min break in case the participant feels tired or distracted 338 
during the experiment.  339 
 340 
3.7. Turn on the noise-blocking feature of the headphones and let the participant practice 10 - 341 
15 trials.  342 
 343 
Note: During this phase, providing a visual input for correct answers is recommended. Also, it is 344 
possible to provide feedback during the experiment; however, be aware of possible biases.  345 
 346 
3.8. Run the task.  347 
 348 
4. Data Analysis 349 
 350 



   

4.1. Calculate the mean and the standard error of the mean of the performance of each of the 351 
blocks of P and AP V, A, and AV trials. 352 
 353 
4.2. Generate scatter plots of the probability of perceiving the comparison stimulus longer than 354 
the reference as a function of the comparison’s intervals. Then, fit a logistic function to the data.  355 
 356 
Note: As noted in the Introduction, selecting a convenient model depends on the experiment 357 
and the data. An example of a model is the tanh as reported for the AID task. Such a model 358 
delivers four parameters (inset in Figure 3A) defined by:  359 
 360 

𝑃(𝑆1 > 𝑆2) = 𝑎 × tanh[𝛽(𝑠2 − 𝜃)] + 𝑐 361 
 362 
The parameter a corresponds to the performance’s magnitude measured from the inflection 363 
point to the plateau. The β parameter corresponds to the first derivative at the inflection point. 364 
The higher the value, the easier to perceive a transition between longer and shorter, when 365 
compared to the reference categories. The parameter θ or X0 is the abscissa value of the 366 
projection of the inflection point (i.e., the point of subjective equality). The shifting of such a 367 
parameter represents overall temporal biases. Finally, c or Y0 represents the inflection point at 368 
the ordinate and reveals biases toward a particular response. Alternative routines for fitting and 369 
analyzing psychometric functions are the Palamedes toolbox6 and quickpsy33.  370 
 371 
4.3. Repeat the procedure from step 4.1 for analyzing the reaction times and response times.  372 
 373 
4.4. Perform statistical analyses to compare the P and AP accuracy distributions within each of 374 
the sensory modalities. 375 
 376 
4.5. Perform additional analyses, such as Pearson correlations, to find the relationship between 377 
periodicity indices and accuracy and between periodicity indices and reaction times. 378 
 379 
REPRESENTATIVE RESULTS: 380 
This protocol presented a method to perform a psychophysics experiment in humans. The 381 
technique replicated previous research on the discrimination of intervals of AP trains of V, A, and 382 
AV pulses, which was performed using a 2IFC method. The stimuli resulted from P and AP 383 
distributions of trains of six 50-ms pulses in different intervals within the range of milliseconds 384 
(i.e., from 500 ms to 1,100 ms in steps of 100 ms). Figure 2A shows some intervals and their 385 
calculated periodicity index.  386 
 387 
The task was programmed in LabVIEW and consisted of delivering intramodal trials of two 388 
sequential stimuli (Figure 2B). After 31 participants (15 women and 16 men of an age of 23.6 ± 389 
4.3 years [mean ± standard deviation]) performed the task, we obtained the psychometric 390 
functions of each of the P and AP V, A, and AV overall accuracies using a tanh function (Figures 391 
3A - 3C; goodness of fit: χ2, Q > 0.05).  392 
 393 



   

The right panels in Figure 3 show comparisons of the regression parameters of the tanh to the P 394 
and AP conditions. Non-overlapping variances of such parameters indicated statistical 395 
differences, for example in V's a, β, and c values (p < 0.05). This result is apparent at the V AP 396 
sigmoid shifting downward, suggesting that the participants perceived the intervals longer than 397 
the reference as shorter (Figure 3A). Similarly, intervals that were shorter than the reference 398 
were accurately regarded as shorter since the c parameter showed an AP shifting to a probability 399 
of calling the comparison shorter than the reference. Moreover, comparisons of AP and P 400 
intervals during A and AV discriminations showed differences in β and θ parameters (p < 0.05) 401 
because the overall AP accuracies decreased, suggesting that the AP stimuli were generally 402 
harder to discriminate. Interestingly, the A and AV performances were similar during P and AP 403 
conditions (Figures 3B and 3C), indicating an A dominance over V in AV discriminations.  404 
 405 
In the V condition, β proved that the transition from shorter to longer occurred faster in the AP 406 
condition. This result suggests that the participants were confident of their decisions, as 407 
evidenced by the reaction times (Figure 4A). In contrast, reaction times of P and AP AV resemble 408 
those of the A conditions, also suggesting an A dominance (Figures 4B and 4C). The overall 409 
interpretation of these results is that V AP patterns produced a perceptual compression of the V 410 
AP time intervals. 411 
 412 
The psychophysical results reflect differences in information processing across sensory 413 
modalities. When we asked the subjects to discriminate between the duration of AP patterns, we 414 
found that the modality alters the time perception differentially. The V system compresses the 415 
estimation of time, whereas A and AV accuracies were only slightly affected by AP structures. 416 
Altogether, these results show different examples of interpreting the outcomes of a 417 
psychophysical task through their psychometric parameters. 418 
 419 
FIGURE AND TABLE LEGENDS: 420 
 421 
Figure 1: A graphical user interface (GUI) to create AID’s task stimuli. The GUI allows creating a 422 
visual or an auditory stimulus by introducing parameters and naming the stimulus. A graphical 423 
representation of the resulting interpulse intervals (IPI) and a plot of the auditory stimulus is 424 
shown in the windows on the right. A thorough description of how to implement this GUI is 425 
described in the text. 426 
 427 
Figure 2: Task structure and set-up. (A) This panel shows a graphical depiction of intervals of 428 
different durations of aperiodic trains of pulses represented by gray squares. The intervals and 429 
their periodicity indices obtained by atop formula are shown in different lines and as a function 430 
of their durations. PI = periodicity index; P = periodic; AP = aperiodic. (B) This panel shows the 431 
sequence of events during unimodal trials. Each of the trials started when a participant released 432 
the spacebar (SBD). After a reference stimulus followed by a 1-s interstimulus, a comparison 433 
stimulus was delivered, the participant released the spacebar (SBR), and, in order to report 434 
whether the comparison was longer or shorter than the reference, pressed the upward or the 435 
downward arrow key, respectively (choice). The reference and comparison’s gray squares 436 
represent pulses of actual visual, acoustic, and audio-visual pulses depicted by icons above. (C) 437 



   

This panel shows the depiction of the experimental set-up. The material includes a computer, a 438 
set of noise-canceling headphones, a monitor, and a keyboard. Figures 1A and 1B are adapted 439 
from Duarte and Lemus13, under the guidance with the Copyright Statements of Frontiers in 440 
Integrative Neuroscience. 441 
  442 
Figure 3: Psychometric functions obtained by the hyperbolic tangent regression model. (A) This 443 
panel shows the overall probabilities of declaring comparisons longer than the reference as a 444 
function of the comparison’s time intervals of the visual periodic (solid lines) and visual aperiodic 445 
(dotted lines) experiments. (B) This panel shows the same information as panel A, but then for 446 
acoustic conditions. (C) This panel shows the same information as panel A, but then for 447 
audiovisual conditions. The right panels show the distribution of the tanh parameters as defined 448 
in the inset in panel A. The error bars in panels A - C denote the standard error of the mean and 449 
the confidence intervals in the right panels. The asterisks express intramodal differences. P = 450 
periodic; AP = aperiodic; V = visual; A = acoustic; AV = audiovisual. This figure is modified from 451 
Duarte and Lemus13, in guidance with the Copyright Statements of Frontiers in Integrative 452 
Neuroscience. 453 
 454 
Figure 4: Reaction times. (A) This panel shows the mean reaction times for visual experiments. 455 
(B) This panel shows the mean reaction times for acoustic experiments. (C) This panel shows the 456 
mean reaction times for audiovisual experiments. Solid lines = periodic intervals. Dashed lines = 457 
aperiodic intervals. The error bars denote the standard error of the mean. This figure is modified 458 
from Duarte and Lemus13, in guidance with the Copyright Statements of Frontiers in Integrative 459 
Neuroscience. 460 
  461 
Table 1: List of materials. 462 
 463 
DISCUSSION: 464 
In psychophysics, the selection of a task depends on particular interests in perceptual 465 
phenomena5,6. For instance, this protocol consisted of recreating a previously reported paradigm 466 
on the time-interval perception of visual, auditory, and audiovisual stimuli of aperiodically 467 
arrayed pulses, which implemented the 2IFC method13. Here, as in most of the psychophysics 468 
tasks, adequate hardware and software are essential to create, reproduce, and record the task’s 469 
elements accurately, especially when exploring phenomena that occur in the range of 470 
milliseconds25-27. An advantage of the current method is the ability to produce diverse stimuli 471 
through a GUI since it allows exploring their metrics and performance. In this respect, it is worth 472 
bearing the importance of the parameterizing variables regardless of the complexity of the 473 
stimuli, as in this protocol, which implemented a simple but novel method for quantifying 474 
aperiodicity13 (Figure 2A). We also proposed storing the stimuli in audio and video formats such 475 
as WAV and AVI because that presents the possibility of implementing large video clips in 476 
experiments. However, those formats require administering hardware and software processing 477 
efficiently; for instance, by prebuffering stimuli into variables of the environment of the 478 
conducting program. Notwithstanding, some programs such as PsychToolbox or PsychoPy are 479 
useful for, alternatively, creating online stimuli. 480 
 481 



   

Although we did not include the results of pilot experiments, it is advisable to perform them in 482 
order to check the correct functioning of the equipment and to find the satisfactory range and 483 
scaling of the independent variables18,34. In this sense, implementing adaptive psychophysical 484 
methods is recommended6,17. Moreover, pilot experiments determine the adequate pool of 485 
participants and the number of trial repetitions, thus yielding robust results and statistical 486 
analyses14.  487 
 488 
With regard to the participants, it is always important to clearly instruct them as to what they 489 
should attend and how they should perform. Otherwise, adopting alternative strategies could 490 
mislead the results21,35. For example, in this task, we asked the participants to discriminate the 491 
duration of the stimuli; however, typical behaviors include discriminating speed, acceleration29, 492 
the number of events11, or reporting similarities. In other words, while it is possible to observe 493 
similar performances among participants, results may yet be flawed by including different brain 494 
processes16. Therefore, together with adequately instructing the participants, it is mandatory to 495 
ask them about their adopted strategy for solving the task. 496 
 497 
An inherent problem of psychophysics comes from the nature of sensory modalities since they 498 
impose limits on methodologies12,29,30,32. For example, given that visual frames delivered above 499 
15 Hz are likely to create flicker fusion28, studying the visual perception of pulses requires slow 500 
modulations to avoid undesired results. Furthermore, comparisons among sensory modalities 501 
escalate the problem. In this regard, an interesting phenomenon observed in the AID experiment 502 
was that aperiodic visual stimuli created a perceptual compression of temporal estimations but 503 
the periodic ones did not. There, the tanh function fitted to the data optimally because the 504 
observed aperiodic visual plateau did not reach a maximum probability of 1, such as other logistic 505 
models predict (Figure 3A). However, regardless of selecting the best logistic model, it could be 506 
argued that the aperiodic visual did not reach a probability maximum because the stimuli range 507 
was insufficient. Therefore, increasing the duration of the intervals or decreasing the number of 508 
pulses would probably produce a different result17. However, there is a much more profound 509 
issue here that actually relates to a dilemma in psychophysics. First, the AID experiment aimed 510 
to test the interval perception in the range of hundreds of milliseconds, which accounts for a 511 
particular case of temporal processing26,27. Therefore, increasing the interval durations would 512 
result in testing a different brain mechanism16. Second, the visual periodic control proved to 513 
operate within an adequate range; hence, spreading visual intervals was not justified. Finally, 514 
adjusting one of the condition’s intervals alone disables comparisons across groups or, 515 
importantly here, between sensory modalities30. Again, adapting auditory and audiovisual 516 
intervals were not justified (Figures 3B and 3C). Thus, the dilemma is that aiming to obtain perfect 517 
psychophysical distributions may mix neuronal processes, whereas not doing so may produce 518 
suboptimal results. 519 
 520 
In conclusion, psychophysics consists of studying the behavioral outcome of neuronal 521 
mechanisms of sensory processing. Such a challenging goal demands the optimal selection and 522 
implementation of the stimuli, the task, the method, the analysis, and the measurement6. When 523 
mastering psychophysics, it provides valuable insights into perception. Furthermore, it is 524 



   

essential in models that require well-trained animals for studying, for example, the 525 
neurophysiological correlation of behavior10,30,36,37.  526 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Lapt top Dell Precision Dell M6800 CTO Procesador Intel Core i7-4710MQ, 2.5GHz RAM 16 GB, 64-bit OS; 17.3" screen 1920 x 1080; 60 Hz refreshing rate

Noise-blocking headphones Bose QC25 Headphones QuietComfort 25, noise-blocking

Decibel meter Extech Instruments SL 130G Sound Level meter (dB), range 30 to 130 dB, this meter meets ANSI and IEC Type 2 sound level meter standards

Software Company Catalog Number Comments/Description

Labview National Instruments Labview 2014 Labview SP1 130, 64-bits, version 14

Matlab Mathworks Inc Matlab 2016a The Mathworks Inc., Natick, MA, USA

GUI To create Visual and Acoustic 

stimuli. Created by Fabiola Duarte
Mathworks Inc Matlab 2016a The Mathworks Inc., Natick, MA, USA
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Procesador Intel Core i7-4710MQ, 2.5GHz RAM 16 GB, 64-bit OS; 17.3" screen 1920 x 1080; 60 Hz refreshing rate

Sound Level meter (dB), range 30 to 130 dB, this meter meets ANSI and IEC Type 2 sound level meter standards
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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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