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Abstract

Event-Related Potentials (ERPs) are key components in the brain in which excitation of activity is indicative of sensory input. Occurring predominantly as a wave at 200-400ms after the inducing stimulus, ERPs can be used to map structural changes in the brain for the purpose of identifying cognitive deficits or learning impairments. In the lab of Dr. Sunghan Kim, ERPs are a root of interest. In more recent semesters, the lab has received new members from backgrounds other than engineering, and thus have little experience with the process of data collection and coding. Much time is given to these new students and their induction into the lab can take up to an entire semester with the amount of information they must consume to be a productive member in research. The purpose of this Honors Project was to provide a service Dr. Kim greatly needed: a consistent lab manual with comprehensive sources that all new lab members could read on their own time and learn in a fraction of a semester.
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Lab Focus

Event-Related Potentials (ERPs) are key components in the brain in which excitation of activity is indicative of processing sensory input. Occurring predominantly as a wave at 200-400ms (universally called P300 waves) after the inducing stimulus, ERPs can be used to map structural changes in the brain for the purpose of identifying cognitive deficits or learning impairments. For Dr. Kim’s lab and the data I have worked with, ERPs have been examined between adolescents with sleep apnea, type II diabetes, and healthy children of the same age to find weaker instances of P300 waves in those affected by an ailment. Weaker P300s are signs of slower recognition and can be indicative of slower processing and cognitive function.
The Manual

The manual consists of seven pages of content categorized into sections that guide the student through each concept of learning. First is the introduction to Dr. Sunghan Kim and his research interests, followed by what will be expected of them every week at meetings. Methods used to measure ERPs, such as the program BCI2000 and the g.SAHARA electrode headcap, are listed as the main instruments for data collection. Matlab is the statistical software used for data manipulation. Through written code, EEG waves can be filtered and plotted according to condition of the patient, time, event types studied, and so on. Raw data comes in through a large file and is extracted in clean sets thanks to this program. Matlab and its toolboxes are far too extensive to cover in a single manual, therefore, students are provided with a timestamped tutorial video Dr. Kim uses for all new recruits. This resource is especially helpful even if someone has worked with Matlab before. To access the lab data and adhere with HIPAA/IRB requirements, one much use a virtual machine and virtual private network, as personal health data is being examined in each study. The importance of using these tools when conducting research is especially considered here.

The Donders Institute is a group of scientists based in the Netherlands that have become the golden standard of working with ERP data. With the help of funding and focus in their research, they have been able to work with a tool called beamforming, which utilizes software like Matlab to project hotspots of brain activity onto a 3D image from a subject’s raw data. This technique provides extensive insight into possible unmapped areas of the brain that can explain signal processing from external stimuli. Dr. Kim and his lab look to the Donders Institute as a future possibility of data interpretation methods that could help diagnose the bulk of mental disorders and give a framework of treatment.
The remainder of the manual consists of a breakdown and listed sources for fundamental concepts that one must become familiar with to understand what they are doing. Data analyses and classifiers used in the lab are all given here. Lastly, the practical section of the manual allows the new recruit to experience real code and practice on their own to better understand their new software options.
Learning by Doing

The first thing the new student will see in this section is a list of links to the mentioned software ad well as steps to working with data. Personally made videos that walk through each download are provided in a playlist as well. Once these tools are downloaded and access is granted to the virtual machine of lab data, the student will be able to read through annotated codes A, B, and C: A for cleaning raw data into three separate events of ERPs at three different stimuli, B for creating a grand average across all of the same events for simpler processing, and C for visualizing brain activity through a density map. For every few lines of code, the explanation of each function is commented out and explained in a clear manner. Code is very difficult to understand at first, and the unknown language of it can be unsettling, but this part will help tremendously in the learning process. Once the student has gone through each code and has understood most of the commands, they will have the opportunity to work with the same data file and blank codes with no annotations to test their skills. Included at the end of the manual are also correct screen grabs of the workspace after each code is finished, allowing for the student to check their own work. This lab banks on the student working independently every week, and this section will only help solidify their confidence in their work to figure out problems that come their way.
Conclusion
The main emphasis of Dr. Kim’s lab is on ERPs and new lab recruits must acquire the knowledge about why ERPs are significant in order to thrive in research. Weaker ERPs are often indicative of delayed cognition or learning deficits. Such an important relationship can be applied to groups of individuals, such as those with sleep apnea or type II diabetes. How those correlations are found depends on the manipulation of raw EEG data, which can then be formed into a concise measure of brain activation over time for each participant. The manual provided for this Honors Project walks new students that join Dr. Kim’s lab through the process of collecting, running code on, and displaying data along side learning the fundamental concepts of software and analyses they will use for their own scientific studies. Such studies may be the key to one day mapping unknown neural circuits in the brain and helping to diagnose or treat neurological deficits effectively.
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