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KPU Registry ID Number: 1023              Date submitted: 11th May 2016 
 
 

Study Registration For the KPU Study Registry 
 
The registration information for the study is given below. Each section can be expanded 
as needed. 
 
1. The title or name of the experiment (for listing the experiment in the registry). 
Baseline Study of Event-Related Potentials in Pre-stimulus and Post-stimulus Time 
Periods in Response to Light and Sound Stimuli Using Electroencephalography.  
 
2. The name, affiliation, and email address for the lead experimenter(s) for the 
study. 
Name: Stephen Baumgart 
Affiliations: Theoretical and Applied Neurocausality Laboratory (TANC Lab), University 
of California at Santa Barbara (UCSB) 
Email: stephen.baumgart@psych.ucsb.edu 
Collaborators (all affiliated with TANC Lab and UCSB): 
 Jonathan W. Schooler 
 Michael S. Franklin 
 Sharon J. Su 
 Hiroumi K. Jimbo 
 Maria Yaroshinsky 
 
3. A short description or abstract of the purpose and design of the experiment. 

Our goal is to measure event-related potentials (ERP) in time periods preceding, 
during, and post-ceding truly random stimuli.  

 
4. A statement or list of the specific hypothesis or hypotheses being tested, and 
whether each hypothesis is confirmatory or exploratory. (confirm/explore guidance) 

Exploratory: In the pre-stimulus period we may find an ERP which is symmetric to the 
post-stimulus ERP. This possibility is based on evidence accumulated in Mossbridge et 
al., 2013. If a pre-stimulus evoked potential exists, we expect it to be smaller in 
magnitude than the post-stimulus potential.  
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5. The planned number of participants and the number of trials per participant. 

• 50 participants 
Selection criteria are: 

• Hair style allows placement of EEG cap (no mohawks or other hairdos 
which stick up rigidly). 

• Unimpaired or corrected vision 
• Unimpaired hearing 
• No pacemakers 
• No serious neurological disorders 

• 80 trials per participant 
 
6. A statement that the registration is submitted prior to testing the first 
participant, or indicating the number of participants tested when the registration 
(or revision to the registration) was submitted. 
Though we have run informal pilot tests to test equipment and procedures, this 
registration is being submitted before the start of our formal experiment.  
 
The following additional information is needed for studies that include 
confirmatory analyses: 
Although this experiment is exploratory, we believe it beneficial to give details on 
experimental procedures.  
 
7. Specification of all analysis decisions that could affect the confirmatory 
results, including: the specific statistical test for each confirmatory hypothesis, 
whether the test is one-sided or two-sided, the criterion for acceptable evidence, 
any transformations or adjustments to the data, any criteria for excluding or 
deleting data, and any corrections for multiple analyses. Checklists and examples 
for registering classical analyses, permutation and bootstrap analyses, Bayesian 
analyses, and classification analyses are provided in the statistics registration 
document. (This information can be included in section 4 above for simple 
experiments.) 

 
In the post-stimulus period we expect statistically significant ERPs which 

resemble those published in the literature (Winkler 2014 and Celesia 2003). These post-
stimulus ERPs will be used as a basis for evaluation of pre-stimulus effects and to 
evaluate the effectiveness of the experimental design.  

This is an exploratory experiment so a target guess algorithm will be developed 
based on a post-hoc analysis. The algorithm will be used in future experiments. 
Because stimuli selection is binary (see section 10), a simple binomial test is used to 
check for statistical significance of a guessing algorithm.  
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Data Exclusion Criteria: 

Data shall be excluded if equipment failed during a data-taking session. This 
includes any of the 3 computers, EEG system, and stimulus circuitry. Data shall also be 
excluded if either experimenters or research subject fail to follow the proper pre-defined 
procedures. Exclusion decisions shall be made prior to analysis and written justification 
shall be made.  
 
8. The power analysis or other justification for the number of participants and 
trials. 

The number of trials per participant was selected based on the literature on what 
would be appropriate for participants and on the experience of pilot testing. 50 test 
subjects are selected increase power.  

 
9. The methods for randomization in the experiment. 

An IDQ Quantique Quantis random number generator is used. This is a quantum 
random number generator (QRNG). Testing verification was done by the government of 
Switzerland. 
 
10. A detailed description of the experimental procedure. 
Facility 

In order to reduce distracting sounds, the experimental area is located inside a 
sound isolation booth (Figure 1) of interior dimensions 1 meter wide by 2 meters deep. 
A white noise generator is used to further mask distracting sounds. The sound booth 
lighting is turned off to increase contrast to the stimulus. The subject sits in pitch 
darkness when the light stimulus is not active.  

To reduce electromagnetic noise in the EEG, electromagnetic shielding is 
attached to the sound booth. For all sides except the door steel wire mesh with ¼ inch 
gaps is used (¼ inch hardware cloth manufacture by HDX). For the door, conductive 
fabric is used (CIRCUITeX manufactured by Less EMF Inc.). The shielding surrounds 
all sides and top of the sound both, excluding the floor. The laboratory is located on the 
ground floor of the building; below it is the concrete foundation. The electromagnetic 
shielding is grounded to the building ground.   

Grounded conductive cloth (Stretch Conductive Silver Fabric manufactured by 
EMFSafetyShop) covers the seat the subject sits on. This is done because testing 
showed this procedure may reduce noise levels in the EEG. A humidifier may be used 
to increase room humidity levels, also because testing showed that this procedure may 
reduce the occurrence of artifacts in EEG data. An electromagnetic-shielding monitor 
cover is used for the laptop screen due to the possibility of artifacts from turning the 
monitor on and off.  
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Figure 1: Sound booth with electromagnetic shielding 
 
Stimuli 

Stimuli are controlled by a program written in C++ (“LightSoundExperiment.cpp”) 
executed Windows 7 HP ENVY desktop computer. A QRNG is connected to the USB 
port of the computer. The QRNG returns a double precision number to the C++ program 
between 0.0 and 1.0. Values below 1.0/3.0 trigger the sound stimulus, values above 
2.0/3.0 trigger the light stimulus, and other values trigger no stimulus or “null”. Light 
stimuli are approximately 0.6 seconds in length while sound stimuli are approximately 
1.2 seconds in length. Actual stimulus lengths vary depending on machine latencies and 
will be reported in analysis. The functionality of the code controlling the stimulus system 
will not be changed after experimentation begins.   

A Lenovo Thinkpad T530 laptop computer running Ubuntu 14.04 is used to 
display the light stimuli. The monitor is powered off except during a light stimulus. Linux 
system commands are used to turn on the monitor at the start of the light stimulus and 
to turn it off at the end. The computer runs a background program in Qt displaying a 
white screen throughout the experiment but the monitor is powered off except during 
light stimuli. The monitor size is approximately 34.3 cm wide and 19.1 cm tall. The 
subject sits approximately 41 cm from the screen. Solar panels occlude the left hand 
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side of the monitor with approximate width 19.8 cm. The stimulus system set up is 
shown in Figure 2. 
 

 
Figure 2: Stimulus system inside sound booth 
 

The same computer controls sound stimuli. Sound stimuli are produced by a 
buzzer (SV4 manufactured by Velleman) connected in series with a USB-controlled 
relay (SRD-05VDC-SL-C manufactured by SONGLE) and a 5V USB power-source 
connected to the stimulus computer. Sound stimuli are triggered by sending a system 
command to the relay to close the circuit. This causes the buzzer to ring until the end of 
stimulus is reached and the circuit is opened.  

Stimuli intensity are measured prior to experiment using a Single Range 
Datalogging Sound Meter and a Visible Light SD Card Datalogger, both manufactured 
by Sper Scientific.  
 
Timing 

 At the beginning of each session, a start screen requests a key press to begin 
the stimulus program. Once a key is pressed, the monitor is powered off and the 
stimulus program executes. At the end of a session, the computer beeps three times 
and the monitor is powered back on.  
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Experimental sessions are done in blocks of 20 trials, between which subjects 
record their alertness level. The period from t = 0 to 8 seconds is defined as the pre-
stimulus region. The stimulus triggers at t = 8 seconds (according to the laptop clock). 
The period from t = 8 to 22 seconds is defined as the stimulus and post-stimulus 
regions. A further 6 second wait period follows, to handle possible de-synchronization 
between the laptop clock and Mobita clock. Another 0 to 4 second period follows, the 
duration of which is chosen by the RNG, in order to reduce anticipation effects of the 
start-of-stimulus by the subject. Therefore, each trial has a duration of 28 to 32 seconds. 
 
EEG Data Recording  
 

Subjects are fitted with a headcap (BIOPAC MB-32EEG-CAP-A) with 32 
electrodes (see Figure 3, below). Data is taken using a BIOPAC Mobita Amplifier which 
communicates wirelessly with BIOPAC AcqKnowledge software running on a Windows 
7 HP ENVY desktop computer. Acquisition rate is set to 250 samples/second. The 
subject sits in a chair in the sound booth in front of the stimulus system (laptop, circuit, 
and buzzer).  

 
Figure 3: Mobita with headcap 
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The Mobita amplifier also contains a digital channel. The digital channel is used 
to mark the durations of stimuli using low and high voltage signals. Since sound stimuli 
have longer durations than light stimuli, stimuli can also be identified by digital signal 
length in addition to being recorded by the stimulus program. To measure the duration 
of the light stimuli, monocrystalline solar cells (7.2V / 100mA manufactured by OSEPP) 
are used. The digital channel is connected in parallel with the solar cells on the light 
stimulus computer. The digital channel also measures the voltage in parallel across the 
buzzer circuit.  

The digital signal representing the null stimulus (control) is also created using 
monocrystalline solar cells. The solar cells and computer monitor used for the null 
channel signal are a copy of the light stimulus set-up but placed in a location hidden 
from the research subject (the subject cannot see light from the computer). The length 
of the null stimulus is much longer (approximately 2.15 seconds) compared to the light 
stimulus (approximately 0.6 seconds) so the analysis program can mark time epochs 
surrounding a null signal as control data.  

 The mastoid position is used as the reference for EEG data. The ground channel 
is attached to the subject’s wrist via use of a metal ESD wristband. 
 
EEG Analysis 
 

A low pass-filter will be used to remove EEG drift effects. Artifact detection will be 
automated. Different cut-off options will be tested to give an indication of systematic 
errors due to analysis choices.  
 
Questionnaire 

A questionnaire is administered during the experiment. Between each set of 20 
trials, the subject must respond how alert they feel on a scale from 1 to 10. At the start 
of the experiment the subject also indicates their gender and estimated hours of lifetime 
meditation experience (due to potential effects on the pre-stimulus region reported in 
Radin, 2011).  
Two-Person Control System  

In order to remove the opportunity for any single researcher to fabricate data or 
otherwise act unethically, two experimenters must be present at all times during formal 
data collection. They must sign a form testifying this after testing each subject. 
Furthermore, after testing each subject, all raw data just collected will be copied to 
multiple thumb drives which are distributed to experimenters present to keep in their 
possession. This is to prevent post-hoc data tampering. Additionally, the program 
running the stimulus system will be copied onto multiple thumb drives before the 
experimental session to prevent tampering with the functionality of the software.  
Analysis 
 Since this is an exploratory experiment, analysis will be post-hoc, dedicated to 
finding whether and where there exists evidence of event-related potential in both pre-
stimulus and post-stimulus regions. Since the analysis is post-hoc, alternate analysis 
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methods will be explored in order to estimate the systematic errors inherent in analysis 
choices.  
Design Limitations 

1) Variances in machines latencies may cause some variance in signal length. 
Analysis may separate light or sound trials into bins based on actual signal 
length. 

2) Post-hoc analysis may over-fit the prediction algorithm to the idiosyncrasies of 
the data collected. A systematic error estimate will attempt to quantify the degree 
of over-fitting.  

Other Notes: 
IRB approval for this experiment has been obtained from the University of California at 
Santa Barbara. 
Funding for this experiment has been provided by the Bial Foundation, Northrop 
Grumman Corporation, and private donors.  
A copy of this pre-registration will be submitted to the Open Science Framework 
website.  
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