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Abstract  

A general method to extract information and facts from data mining of random sequences in 

biology and astronomy has been developed.  The random sequence analysis has been implemented 

in several NSF-REU projects using NIH and NASA databases.  Examples of RNA sequence with 

reference to Shannon-entropy based bioinformatics and SDO magnetic topology analysis with 

reference to solar physics are presented.  The contrast to Brookhaven Synchrotron and high energy 

physics data analysis is also discussed.  The feedback of administrating REU projects to our 

physics teaching for engineering students was found to be valuable and the examples of magnetic 

reconnection and geomagnetic induced current are presented.  Therefore community college REU 

project provides connectedness awareness in the linking of previous published reports, critical 

thinking in result interpretation, and career development when going onto a senior college REU 

program, the top three benefits of college education, according to a 2016 July Money Magazine 

”Value of College” survey. 
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Introduction  

The mixing of noise and signal is a fact in science and whether it is possible to extract useful 

information from the noise component is an issue of particular interest.  A well-known 2016 

example is in the detection of gravitational wave with substantial noise 1.  The recent discovery of 

a 4-exoplanet system in tau-Ceti is another example 2.  Our community college has a NSF- REU 

program that offers research opportunities for community college engineering and science students 

in the New York Tristate area.  Among our various REU projects, the extraction of information 

and facts from data mining of random sequences in biology and astronomy is discussed.  In 

particular the NASA Solar Dynamics Observatory SDO and NIH Genbank RNA data are used as 

illustration. 

NASA Solar Dynamics Observatory SDO data analysis  

NASA has been posing solar eruption images in its Outreach program that attract students’ 

attention.  A student project would examine the data fluctuation after subtracting out the 



 

Fall 2017 Mid-Atlantic ASEE Conference, October 6-7 – Penn State Berks 

decreasing/increasing trend, hence a random series analysis, a novel approach in community 

college student research project as far as we know.  In the area of stock data, taking away the trend 

could reveal correlated non-random fluctuation known as volatility in which further analysis could 

suggest some underlying nonrandom issues.  The Black Sholes model used in option trading, 

related to the 1997 Economics Nobel Prize, contains a distribution that can be described by a 

differential equation.  A similar approach for the analysis of SDO images has been reported by us 

earlier 3.  The adaptation to community college student research was done by calibrating original 

data using NASA packages, such as The Interactive Data Language (IDL) and/or The Interactive 

FITS File Editor (Fv), with the posed RGB image of an astronomical object so that popular image 

processing software such as ImageJ could be used 4, 5, 6.   

The SDO data can be used to study magnetic topology via the formula of quasi- separatrix layers 

QSL or quashing factor Q.  The grouping of field lines into separate bundles that connect disparate 

regions on the solar surface as measured by SDO has been performed 7, 8.   In operation the 

squashing factor involves the measurement or computation of the distance between two closely-

spaced field lines with their conjugate footpoints.  The Pasco equipotential field line experiment 

has been one of our standard labs with simple contour line tracing, and students would have no 

difficulty in locating the contour lines in a SDO dataset.   Furthermore the field line random walk 

property study in community college REU projects can be performed with a numerical correlation 

approach on Excel-VBA and/or Matlab performs based on published literature 9.   The galaxy 

magnetic topology from light polarization measurement in gravitational lensing setting can be 

studied when the field lines are already published 10, and simplification for extension to high school 

project in a K-12 education scheme could be performed using Science News contents such as those 

galaxy magnetic field examples posted on Phys.org 11, 12.  

NIH mRNA sequence analysis  

The analysis of mRNA sequence could shed light on the non-coding region which is important in 

control and gene regulation.  The A, T, C, G nucleotide sequences for homolog sequences have 

been examined for the difference in the non-coding regions because the homolog sequences share 

homologous protein structure and NIH confirms the laboratory verifications and routinely updates 

the mRNA database.  Operationally speaking, when two random variables form a regression with 

R-sq > 0.9, the issue of what underlies the high correlation arises.  The Shannon entropy values (p 

* log p with p being the probability) of the mononucleotide and the di-nucleotide of a mRNA 

sequence can be computed.  The mononucleotide entropy has 2 bits per nucleotide maximum value 

while the di-nucleotide entropy has 4-bits per pair maximum value given the 16 possibility AT, 

AC, AG, etc.   

It was reported on August 2017 that female mouse embryos would actively remove male 

reproductive systems using a NR2F2 gene, rewriting the textbook knowledge of using androgen 

as a default since 1950 13.  A study of mRNA sequence on the species sharing the homolog protein 

structure was conducted and our novel method is described below.  The NR2F2 homolog 

information is listed on NIH Genbank webpage with the web address given as 

“ncbi.nlm.nih.gov/homologene/7628”.  The mRNA mononucleotide entropy was found to have a 

high correlation with the dinucleotide entropy for the five studied sequences, as shown in Figure 

1.  The mononucleotide entropy is related to point mutation and/or SNP while the di-nucleotide 

entropy value is related to epigenetics through methylation 14.  When two random variables are 
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correlated as experimental fact, there could be an underlying structure governing the non-coding 

region.  In contrast, the correlation of mononucleotide entropy with sequence length was founded 

to be low at R-sq = 0.23. 

 

Figure 1: Mononucleotide entropy (x-axis) versus di-nucleotide entropy (y-axis) of NR2F2 mRNA sequences 

associated with the homolog proteins for human, rat, chicken, zebrafish and fruit fly. 

Discussion 

Our REU program reviews the available projects and statistical methods to the recruited students 

in the first week.  Students are then asked to list their project choices at the end of the first week 

after discussion sessions with the related faculty supervisors.   Our previous REU program data 

showed that students usually would be worrisome about selecting information extraction projects 

as their first priorities.  The reasons could include a bias attitude towards data mining, difficulty in 

the perceived computation, etc.   Our current REU program introductory week now includes the 

explanation of information extraction in terms of the spreadsheet formulas and Visual Basic 

Application VBA engine in Microsoft Excel.   

The REU students are required to attend a weekly meeting and discuss their projects in PowerPoint 

presentations.  The information extraction presentations illuminate a deeper understanding of 

signal processing among all REU students.   One may argue that the information extraction projects 

are too abstract to benefit community college students in comparison to other projects with wet-

laboratory objectives.   The students would rely totally on the faculty supervisors for mathematical 

facts on random series, resulting in less independent thinking development.  However it has been 

reported in 2014 that “American universities' focus on independence undermines the academic 

performance of first-generation college students.15” Recently Vox.com has a summary article 

saying that the university administrator focus on independence is a major contributing factor that 

college education has become an inheritance, which first generation students do not have 16, 17.   

The offering of information extraction projects is consistent with the following two facts.  Firstly, 

the Vox.com survey result showed that first generation students prefer “helping family after 

graduation” as the first reason for attending college when compared to the continuing generation 

students. Secondly, the building of a biomedical data science workforce is favored by NIH 18.  

Indeed the extraction methodology presented above aims to encourage instructors to include 

information extraction as high impact projects for first generation students. 
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The research of our students could be viewed as a “college-parallel” to the graduate school research 

in the astronomy examples, and as a novel investigation of mRNA Shannon entropy based 

bioinformatics.  Each student project presentation includes the demonstration of the relationship 

between the modeled parameters with simple calculations at introductory physics level so as to 

reinforce the education component beyond numerical model fitting. 

The contrast to Brookhaven Synchrotron and high energy physics data analysis in the other REU 

projects is informative in terms of the college courses taken by a student.  Synchrotron data 

analysis would proceed with standard software packages with less demand on programming skill.  

The Extended X-Ray Absorption Fine Structure (EXAFS) noise smoothing procedure is under 

software control and the Fourier transform from wave vector space to bond length space could be 

performed without having a math course on periodic functions.   The high energy physics data 

analysis requires ROOT special programming language that demands strong programming skill.  

Regardless of which particular project is being selected by a student, each student would need to 

know how to use Excel to calculate statistics such as p-value.  One of the free online literature on 

Excel statistics has been used 19. 

The feedback of REU to our teaching is also valuable.  Magnetic reconnection and geomagnetic 

induced current are two examples.  Magnetic reconnection can be illustrated using a straight 

current wire and a current loop in magnetism, as demonstrated by the open access MIT materials 
20.  The magnetic relaxation in a material such as soft iron could also be illustrated in a LC circuit 

where the magnetic energy is released/ dumped to the capacitor and resistor.  The popular Pasco 

LCR board has been used.  The Gauss-meter recorded pulse shape could be modified by inserting 

the supplied iron rod into the core region of the coil.  Increasing the inductance by more wiring 

would not alter the pulse shape because the L/R would still be roughly the same.  The iron rod 

insertion would prolong the energy dumping process. The prolonged diffusion profile data of 

Gauss versus time would be related to the spin alignment decay in the iron rod. The geomagnetic 

induced current and grounding issues can be part of a discussion in E&M at the introductory 

physics level with excellent resources 21, 22, 23, 24.   

The Money Magazine July 2016 “Value of College” survey showed that students put 

connectedness as a major reason to get a college education 25, 26.  The perspective of a project 

acting as a link to the cited references will promote connectedness awareness beyond social media, 

regardless of the positive or negative results in relationship to the hypothesis.   Such a linking 

perspective is consistent with the prevailing norm in publication practice that a community college 

can still web-access a published abstract with the cited reference information when the content 

access is denied due to subscription fee issue.  A student writing would link the cited facts in the 

introduction section and information in the reference section when discussing the results of the 

analysis.  A successful linking would reflect the student’s judgment in data interpretation.  This 

experience is no other than the development of critical thinking when Wikipedia explains critical 

thinking as the linking of facts and information with judgment.  The Money Magazine survey also 

put critical thinking as a high valued issue by students and their parents.  The possibility of a 

community college REU student going onto a senior college REU program will fulfill the pursuit 

of the number one benefit of college education reported in the Money Magazine survey, that is, 

the development of a career.  Therefore community college REU project provides connectedness 

awareness, critical thinking and career development, the top three benefits of college education.  
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Conclusions  

REU implementation has been described from the faculty viewpoint in terms of the extraction of 

information and facts from data mining activity, with feedback to classroom teaching and attention 

to the “Value of College”.  Future improvement of our community college REU program could 

include the offering of AI related research projects 27, 28. 
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