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Abstract  

Spatial reasoning ability has been assessed via vector diagram construction method with the 

practical objective of incorporating as much as possible the available numerical values in a given 

problem, after the algebra based problem solving method had been assessed as crystallized 

intelligence at a satisfactory level.  The post-score in the spatial reasoning ability learning model 

and pre- score in the crystallized intelligence learning model have been studied via data 

correlation.  An assessment model of problem solving ability improvement in terms of pre- score 

and post- score data was developed.  The ability to solve a similar problem containing modified 

constraints in terms of spatial reasoning with sketching and construction has been assessed as an 

indicator of fluid intelligence.  The application of fluid intelligence assessment as an effective 

tool to assure "not-teaching to the test" in flipped classroom pedagogy is proposed, with inputs 

from cognitive studies that Intelligence is one of the most heritable behavioral traits.  The 

assessment result differences in technology versus calculus physics classes in community college 

pre- engineering curriculum are discussed.  

 

I. Introduction 

 

The critical thinking building skill in the high school years is customarily being measured via the 

SAT scores in critical reading, math, and writing.  A college professor would need to work with 

the incoming students for continued growth of their critical thinking skill.  A recent complaint by 

a Stanford professor on the Edge.org blog and Huffington Post said “All the mathematical 

methods I learned in my university math degree became obsolete in my lifetime” 1, 2.  A 

professor with physics education research interest, Rhett Allain of Southeastern Louisiana 

University, advocated the use of numerical calculation in introductory physics instruction on 

March 4 2017 via social media 3.  A natural extension to include a flexible programming 

language, Python 4,  has been demonstrated with examples which include the crashing of an 

asteroid into the Sun via a spaceship momentum transfer process 5, 6, three body collision 

problem 7, video game analysis 8, etc.  These two proclamations are indicative of our fast 

evolving education paradigm with the information revolution challenge propelled by social 

media driven technology.  In particular, the use of Python on physics problems would depend 

much on fluid intelligence when Python code modification methodology is used 4. The 

importance of fluid intelligence building in college years has undeniably become a center stage 

of learning and critical thinking assessment models would be needed to meet the challenges of 
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social media.  For professors in Southeastern Louisiana University with the LIGO project for 

gravitational wave detection, one would guess that their physics department would have an 

objective to train students in fluid intelligence via Python learning.  On the other hand our 

community college is part of CUNY; our mission would be to train our students to transfer to 

senior college engineering programs in City College, Stony Brook University, etc.  The usual 

practice of asking 7th semester engineering students to take the FE exam in City College, Stony 

Brook (Princeton has a practice of “6th semester taking FE exam” 9), etc. has always been 

stressful for our community college pre-engineering students when planning their transfers.  Our 

students could use a practical blueprint on how to improve fluid intelligence learning other than 

via the Python coding modification platform.  Over the years, we had found that practical issues 

such as drawing to scale and radian versus degree modes in the TI calculator setting are obstacles 

to some of our first semester physics students.  To promote fluid intelligence learning, we have 

been developing spatial reasoning pedagogy and assessment in engineering physics and 

technology classes. 

 

II. Spatial reasoning pedagogy 

 

The learning of spatial reasoning ability has been assessed via vector diagram construction 

method with the practical objective of incorporating as much as possible the available numerical 

values in a given problem, after the algebra based problem solving method had been assessed as 

crystallized intelligence at a satisfactory level.  The kinematics examples would start with 

velocity vector changing direction under the influence of gravity in terms of cause and effect 

direct thinking and reverse thinking when the final velocity is given instead of the initial velocity 

(Figure 1).  The ill-structured problem of giving the initial velocity direction without magnitude 

and final velocity direction without magnitude in cell phone camera shots as the projectile 

information has been given routinely to gauge the development of fluid intelligence when the 

elapsed time between the two camera shots is known.  In such a case, the position of the (9.8 

m/s/s * t) vertical vector needs to be moved sideways until it would fit into a triangle since the 

length of v0 and vf are not known.  The velocity addition with a parallelogram construction in 

constant acceleration was devised for ball throwing using displacement as the objective (Figure 

2).  The use of algebra in the (v0 + vf) vectors in Figure 2 shows that the vertical (g*t) vector and 

the (2*d/t) vector would give 1/2 (gt) = 1/2 (2d/t)*factor so that t = sqrt (2d*factor/g) with g = 

9.8 m/s/s.  Such a solution obtained by mixing measurement and algebra is an important tool to 

demonstrate the practical nature of spatial reasoning.  The relative velocity diagram construction 

in non-90-degree situations is yet another measure of fluid intelligence development (Figure 3).  

Finally the construction of an orbit in a variable acceleration situation would thoroughly 

accentuate the spatial reasoning pedagogy in kinematics learning (Figures 4 and 5).  The special 

case of circular motion when all the (a*t) vectors are constant in magnitude would yield a 

circular quadrant with length 2*3.14*v/4, which is equal to a*t with t given by 2*3.14*radius/v.  

The equality would then become v-sq/radius = acceleration, the physical meaning of uniform 
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circular motion.  The spatial reasoning influence to algebra thinking could lead to the discussion 

of using Excel simulation to find the elliptical orbit and the Feynman construction of ellipse in 

his lost lecture 10, 11.  Last but not the least, force diagram in an ill-structured problem, similar to 

projectile motion ill-structured problem, has been deployed to keep up the spatial reasoning 

paradigm in the first few weeks in Physics I (Figure 6).  

 

v0

vf

9.8 m/s/s * t

 
Figure 1: A diagrammatic representation of a projectile motion with v0 as initial velocity, vf as 

final velocity and (9.8 m/s/s * t) as the cause.  When the magnitudes of v0 and vf are unknown, 

the fact that the (9.8 m/ds/s *t) vector must be vertical would yield an unique answer if the 

elapsed time t is known. 

 

 

v0 vf

2*d/t

 

Figure 2: A diagrammatic representation of a projectile motion with v0 as initial velocity, vf as 

final velocity and (2*d/t) as the result with d being the displacement vector.  Note that the 

vertical (9.8 m/s/s * t vector) would dissect the 2*d/t vector at its mid-point and they will form 

the diagonals of a parallelogram with v0 and vf as the sides.   
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radius=
4 m/s

1.8 m/s, 320 deg

65 deg

 

Figure 3: A diagrammatic representation of a relative velocity spatial reasoning example.  A 4 

m/s boat needed to go to a destination at 65 degree away with water current 1.8 m/s at 320 

degrees.  Spatial reasoning would require drawing the water current first.  Then draw a line at 65 

degrees at the end of the current vector, and then draw a circular arc (radius 4 m/s) with the 

current vector start point as a center using a compass.   

 

 

 

Figure 4: A diagrammatic representation of the orbital velocity changes.   The dash arrows 

represent the velocity vectors.  The vertical dash arrow represents the velocity at perihelion.  The 

solid arrows represent the diminishing (acceleration *t) magnitude as the distances from a focus 

(with the massive planet/star) increases.  The horizontal dash arrow would be the final velocity 

vector in this 4-segment approximation of the quadrant of an elliptical orbit, traced by a satellite 

going around Earth. 
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Figure 5: A diagrammatic sketch of the orbital velocity changes and an elliptical orbit.   The dash 

arrows represent the velocity vectors.  The solid curve would be the elliptical orbit in this 4-

segment approximation of the quadrant of an elliptical orbit traced by a satellite going around 

Earth. 

 

 

 

n

f2

f1

weight

 
Figure 6: A diagrammatic representation of an ill-structured question involving forces.   

There are four forces, weight, floor normal contact force n, applied f-horizontal pointing to the 

right = f1, applied f-sideway at 150 degrees = f2.  The drawing requires slightly higher spatial 

reasoning skill since there are uncertainly values on the magnitudes.  A student could first draw 

the weight vector downward as illustrated by an arrow, then draw a line at 30 degrees off the 

vertical to the left at the weight-end and draw a line at 90 degrees protruding leftward at the 

weight-start. When f1 meets f2 then n =0.  Therefore the question has many (f1, f2, n) sets, a 

flexible polygon drawing based on the ill-design philosophy. 
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III. Assessment data processing and result 

 

The ability to solve a similar problem containing modified constraints in terms of spatial 

reasoning using sketching and construction has been assessed as an indicator of fluid intelligence 

in this project.  The post-score in the spatial reasoning ability learning model and pre-score in the 

crystallized intelligence algebra learning model were used as assessment data.  A correlation 

graph with post-score as the y-axis and first-score (or pre-score) as the x-axis could demonstrate 

a growth as a result of the spatial reasoning pedagogy. The ratio of post-score / pre-score is 

related to the relative growth by a subtraction of 1.  In other words, the slope of the post-score 

versus pre-score minus one would be a measure of the relative growth using the (post- pre)/pre 

concept.   

The learning assessment rubric of Highly Competent, Competent, and Needs Improvement 

versus Participant Deliverables was used.  The student relative growth was about 0.3 (N = 20 and 

N = 16, two classes) in the assessment model using highly competent =1, competent = 0.8 and 

needs improvement = 0.6). The rubric guideline is displayed in Table 1. 
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Participant 

Deliverable 
Highly Competent Competent Needs Improvement 

Spatial reasoning 

and sketching 

(20%) 

Provided a clear and correct 

sketch.   

Provided a correct 

sketch with one or two 

blurred linings. 

Poor sketch with 3 or 

more blurred lines.  

 Spatial reasoning 

with drawing to 

scale (20%) 

Provided a clear drawing in the 

correct scale with no mistake. 

Provided a drawing in 

the correct scale but 

with one silly oversight-

mistake. 

Provided a drawing with 

the wrong scale. 

Spatial reasoning 

problem with 

modified 

constraints (20%) 

Provided a clear scaled 

drawing consistent with the 

modified constraints. 

Provided a scaled 

drawing indicative of 

the modified constraints 

with one minor mistake. 

Provided a wrong 

drawing inconsistent 

with the modified 

constraints. 

Spatial reasoning 

problem with ill-

structured (20%) 

Provided a clear scaled 

drawing consistent with the ill-

structured and found the 

answer by a measurement. 

Provided a clear scaled 

drawing consistent with 

the ill-structured but 

found a partial answer. 

Provided a wrong 

drawing.  

Spatial reasoning 

mixed with 

algebra usage 

(20%) 

Provided a clear scaled 

drawing and got the answer 

using measurement and 

algebra. 

Provided a clear scaled 

drawing and got partial 

answer.  

Provided a wrong 

drawing.  

 

Table 1: Spatial reasoning assessment rubric.  The participants are students.  Scoring could be 

performed when assigning Highly Competent = 1, Competent = 0.8 and Needs Improvement = 

0.6. 

 

 

 

IV. Discussion 

 

The spatial reasoning learning as an indicator of fluid intelligence critical thinking assessment 

result yielded about a 30% relative growth in our assessment data.  Although the working rubric 

in Table 1 may not be of the best design, the growth would be expected to be higher than 30% 

with more home practice and in-class contact hours.  A practical assessment of rote learning 
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crystallized intelligence is possible using the assumption that low crystallized intelligence score 

together with low spatial reasoning score would be indicative of rote learning with minimal fluid 

intelligence development.  The ad hoc intelligence growth concept has been used to assess 

learning-growth.  Our low value of 30% could suggest a cognitive threshold for the transition 

from algebra crystallized intelligence to fluid intelligence.  Simple physics quiz with slightly 

modified algebra steps usually would result in a high median score, but more involved modified 

algebra steps, similar to those in the Python modification examples discussed earlier, would 

generate a lower median score.  The incorporation of spatial reasoning would serve as an 

additional tool for the assessment of fluid intelligence with relationship to algebra crystallized 

intelligence in a learning-growth model using intelligence growth concept.  In fact a nonlinear 

association in terms of correlation and its statistics could be revealed in future studies, perhaps 

with neuroscience input for the hypothesis formulation.  In any event, the dopamine dump 

association with the success in algebra crystallized intelligence learning was evident from the 

excitement during class discussion on the scores earned in a quiz 12.  It has been reported that an 

emotional brain would enhance learning 13, and the application of algebra crystalized intelligence 

to enhance fluid intelligence development would provide instructor a practical tool to assert that 

there is “no teaching to the test” in flipped class style instruction.  When a student sees that the 

fluid intelligence learning is being built as an extension of spatial reasoning from simple algebra 

crystallized intelligence that he/she already mastered, the satisfaction measure would increase 

together with learning measure from earning scores in the spatial reasoning extension.  UPenn 

researchers recently discussed brain remodeling that includes reasoning, coordination, decision 

making, motivation, and regulation of emotions; in a cohort of 934 youths ages 8-22 14, 15.  

Although brain maturity is still an open question in neuron based studies and emotion regulation 

has an association with mindfulness or linguistic signature 16, 17, 18, an experienced instructor 

would know that dopamine dump associated in learning must be regulated to prevent a learning 

measure from becoming a satisfaction measure entirely.  A student usually understands that 

muscle building exercises carry the phrase “No pain no gain” in a gym setting.  The extension of 

such pain-gain association to cognitive skill building in a classroom setting would raise the 

question of “How to measure the pain/discomfort in learning and how would a seasoned 

instructor gauge a lesson to achieve a balance between satisfaction measure and learning 

measure?” 

 

The concept of self- assessment is a practical method for dopamine generation in the learning 

process of standard examples in physics.  An assessment of rote learning with fluid intelligence 

growth could include the use of spatial reasoning to drive algebra equations.  The open 

book/material quiz format has been used to ensure zero stress on memory when recalling the 

algebra crystalline intelligence steps.  A simple example would be a rough-surface ramp problem 

where a block is being pulled up via a pulley connected to a vertically hanging block.  The free 

body diagram on forces for the ramp block with Weight would have Tension arrow longer in 

length than the Weight*sin35 component and the corresponding algebra equation would have 
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Tension as the leading term ready to be decreased by friction and Weight*sin35.  After the 

simple algebra steps of solving for the tension and the acceleration when the ramp angle, friction 

coefficient, and block mass values are given, a new situation where the vertically hanging mass 

is unknown could be given such that the acceleration is down the ramp at 0.1 m/s/s magnitude.  

The free body diagram would be modified such that the Weight*sin35 component is longer in 

length than the Tension, and the friction would flip direction when compared to the previous case 

of being pulled up the ramp.  The corresponding modification on the algebra equations would be 

driven by the spatial diagram where W*sin35 become the leading term in the equation for the 

ramp block.  About 30% of our community college pre- engineering students would forget to 

refer back to the spatial diagram but just would flip the terms in the algebra equation which then 

would give the wrong answer.  Flipping the sign of acceleration would reflect rote learning of the 

ramp problem algebra equation in its math form but not its physics essence, and would suggest a 

minimal understanding of spatial reasoning in an open book/material quiz.  Such an assessment 

of crystallized intelligence in solving the ramp problem would rely much on the spatial reasoning 

of the free body diagram with various sketched vector lengths.  It is interesting to note that the 

decision of taking a short cut and bypassing the free body diagram reasoning could be related 

more to default behaviors (and the absence of executive control) than with emotion; as shown by 

a recent decision science report in which the conclusion of “The enemy of reasoning is not 

emotion, but a lack of mental effort” was supported by MRI data 19. 

 

The other way of teaching directly the ramp problem cases (up the ramp, down the ramp, 

stationary with friction) could become rote learning for a student and an instructor would miss 

out on the opportunity of showing the students about self- assessment and fluid intelligence 

learning through spatial reasoning.  Even with neuroscience finding on cognitive studies that 

Intelligence is one of the most heritable behavioral traits, the anchor on algebra crystalized 

intelligence would provide a solid platform to build spatial reasoning regardless of race/ethnicity, 

a crucial factor in the pre-college SAT critical reading score result 20, 21.  The recent advances in 

genetic neuroscience studies, including the identification of a fluid intelligence gene PRRC1 

(Gene ID: 133619) and over 100 memory genes based on RNA expression and intracranial EEG 

data 22, 23, should not impose deterrents in designing lessons on fluid intelligence improvement 

for every student.  Recently Mayo Clinic explained that epigenetics studies had shown that two 

cells with the identical DNA sequence will show different RNA expression data 24.  Together 

with a reported genetic correlation of 0.62 between intelligence in childhood and in old age 25, 

we propose that the spatial reasoning pedagogy should include a fluid intelligence component in 

a community college setting even with a low graduation rate of less than 50%.  Whether fluid 

intelligence is a composite of several underlying specific cognitive abilities, a question raised by 

The National Academies of Science Engineering Medicine in 2015 26, could be explored with 

spatial reasoning pedagogy and assessment.  The use of brain stimulation based on causation 

revealed by EEG oscillation for cognitive process improvement was reviewed recently 27.  Last 

week McGill University reported that transcranial magnetic stimulation (TMS) in 
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synchronization with the brain theta wave frequency improved working memory in a cohort of 

17 individuals 28.  It would not be unexpected when commercial brain stimulation in 

synchronization with theta wave becomes available in the next decade.  The effect of brain 

stimulation on spatial reasoning will become an important question.   

 

The assessment result differences in technology versus calculus physics classes in community 

college pre- engineering curriculum have been observed. Technology students can master simple 

procedural rule learning and improve some crystallized intelligence readily, while some 

engineering students are complacent on simple procedural rule learning and make silly mistakes.  

The engineering students are better in spatial reasoning learning, consistent with their exposure 

to more abstract thinking like that in calculus once their curiosity is engaged, facilitated by 

rocket science like elliptical orbit and Elon Musk SpaceX  visions and missions.  There have 

been about 15% technology students that would continue to take calculus physics.  Last year 

there were about 10% engineering physics students persuaded (or saved) from transferring out of 

pre- engineering, and we have attributed the building of confidence in fluid intelligence as a 

retention reason.  A future study on whether improving writing would help fluid intelligence 

building is an interesting project, consistent with a Forbes article saying that “Contrary to myth, 

science is not a rigid and objective realm where "soft skills" play no role, but an intensely 

collaborative process where teamwork and communication are absolutely essential” 29.  

 

 

V. Conclusions 

 

We have reported our spatial reasoning strategy for fluid intelligence improvement.    

An assessment rubric was put forward for quantitative analysis with statistics to measure the 

growth of fluid intelligence, with a base reference of algebra crystallized intelligence.  Future 

studies could include an examination of the effect of the liberal arts fluid intelligence on spatial 

reasoning fluid intelligence building. 

 

 

VI. Acknowledgements 

 

Partial supports from several CUNY grants are gratefully acknowledged.  We thank Alexei 

Kisselev for laboratory support.  We thank Dr. Eric Cheung, University of Illinois Medical 

School, for discussion on neuroscience and its applications.  We thank the anonymous reviewers 

for their suggestions.   

 

 

VII. Bibliography 

 

1. Keith Devlin 2017. Number Sense. Edge.org 



Spring 2017 Mid-Atlantic ASEE Conference, April 7-8, 2017 MSU 

https://www.edge.org/response-detail/27097 

2. Keith Devlin. 2017. All the Mathematical Methods I Learned In My University Math Degree Became Obsolete In 

My Lifetime 

http://www.huffingtonpost.com/entry/all-the-mathematical-methods-i-learned-in-my-

university_us_58693ef9e4b014e7c72ee248 

3. Rhett Allain  2017 March You Physics Teachers Really Ought to Teach Numerical Calculations 

https://www.wired.com/2017/03/physics-teachers-really-teach-numerical-calculations/ 

4. Rhett Allain . Introductory Physics With Python 

https://rhettallain_gmail_com.trinket.io/introductory-physics-with-python#/introduction/constant-velocity 

5. Rhett Allain . 2017 March. Let’s Do the Physics Of Knocking an Asteroid Into the Sun 

https://www.wired.com/2017/03/lets-physics-knocking-asteroid-sun/ 

6. Rhett Allain . 2016 July The Physics of Trying to Crash Into the Sun 

https://www.wired.com/2016/07/physics-trying-crash-sun/ 

7. Rhett Allain . 2016 June This Is the Only Way to Solve the Three-Body Problem 

https://www.wired.com/2016/06/way-solve-three-body-problem/ 

8. R. Allain, R. Williams “An Analysis of a Video Game”. 

The Physics Teacher Vol 47 (2), pp. 115-117, February 2009. 

http://aapt.scitation.org/doi/10.1119/1.3072460 

9. Maria Garlock 2014. Fundamentals in Engineering (FE) Exam AKA.  Engineer-in-Training (EIT) Exam 

Importance, Application, Format.  Prepared by Maria Garlock Associate Professor of Civil and Environmental 

Engineering, Princeton, September 2014. (last accessed 3/6/2017) 

http://www.princeton.edu/~asce/FE_Exam.pdf 

10. Ian Cooper 2008, University of Sydney USING MS EXCEL FOR SIMULATION-- HOW DO THE PLANETS 

MOVE?  http://www.physics.usyd.edu.au/teach_res/excel/centralforce.doc 

11. Feynman's Lost Lecture: The Motion of Planets Around the Sun 1996. 

http://calteches.library.caltech.edu/563/2/Goodstein.pdf 

12.  T.M. Madsen Jan 27 2017 Huffington Post. It’s All In Your Head: The Neuroscience Of Learning And 

Performance 

http://www.huffingtonpost.com/thomas-buus-madsen/its-all-in-your-head-the-_b_14382188.html 

13. Tambini A, Rimmele U, Phelps EA, Davachi L.  Emotional brain states carry over and enhance future memory 

formation.  Nat Neurosci. 2017 Feb;20(2):271-278.  

https://www.ncbi.nlm.nih.gov/pubmed/28024158 

14. Penn Medicine News Release 2017 Human Brain Networks Developing in Adolescence Related to Evolutionary 

Expansion  

https://www.pennmedicine.org/news/news-releases/2017/march/human-brain-networks-developing-in-adolescence-

related-to-evolutionary-expansion 

15. Sotiras A, Toledo JB, Gur RE, Gur RC, Satterthwaite TD, Davatzikos C. 2017 

Patterns of coordinated cortical remodeling during adolescence and their associations with functional specialization 

and evolutionary expansion, Proc Natl Acad Sci U S A. 2017 Mar 13. pii: 201620928 

https://www.ncbi.nlm.nih.gov/pubmed/28289224 

16. Somerville LH. 2016. Searching for Signatures of Brain Maturity: What Are We Searching For 

Neuron. 2016 Dec 21;92(6):1164-1167 

https://www.ncbi.nlm.nih.gov/pubmed/28009272 

17. Andrew B. Newberg (2017), Nancy Wintering, David B. Yaden, Li Zhong, Brendan 

Bowen, Noah Averick & Daniel A. Monti: Effect of a one-week spiritual retreat on 

dopamine and serotonin transporter binding: a preliminary study, Religion, Brain & Behavior, 

DOI:10.1080/2153599X.2016.1267035 

http://www.tandfonline.com/doi/full/10.1080/2153599X.2016.1267035 

18. Nook EC, Schleider JL, Somerville LH. 2017. 

https://www.edge.org/response-detail/27097
http://www.huffingtonpost.com/entry/all-the-mathematical-methods-i-learned-in-my-university_us_58693ef9e4b014e7c72ee248
http://www.huffingtonpost.com/entry/all-the-mathematical-methods-i-learned-in-my-university_us_58693ef9e4b014e7c72ee248
http://aapt.scitation.org/doi/10.1119/1.3072460
https://www.ncbi.nlm.nih.gov/pubmed/28024158
https://www.ncbi.nlm.nih.gov/pubmed/28289224


Spring 2017 Mid-Atlantic ASEE Conference, April 7-8, 2017 MSU 

A linguistic signature of psychological distancing in emotion regulation. 

J Exp Psychol Gen. 2017 Mar;146(3):337-346. 

https://www.ncbi.nlm.nih.gov/pubmed/28114772  

19. Li R (2017), Smith DV, Clithero JA, Venkatraman V, Carter RM, Huettel SA. 

Reason's Enemy Is Not Emotion: Engagement of Cognitive Control Networks Explains Biases in Gain/Loss 

Framing.  J Neurosci. 2017 Mar 29;37(13):3588-3598. 

https://www.ncbi.nlm.nih.gov/pubmed/28264981 

20.  SAT score result listed by majors 

http://www.businessinsider.com/heres-the-average-sat-score-for-every-college-major-2014-10 

21. SAT score result listed by race/ethnicity 

https://nces.ed.gov/fastfacts/display.asp?id=171 

22. Rowe SJ (2013) , Rowlatt A, Davies G, Harris SE, Porteous DJ, Liewald DC, McNeill G, Starr JM, Deary IJ, 

Tenesa A. 2013.  Complex variation in measures of general intelligence and cognitive change. 

PLoS One. 2013 Dec 12;8(12):e81189. 

https://www.ncbi.nlm.nih.gov/pubmed/24349040 

23. Genevieve Konopka 2017. Talk 4: Linking genes to behavior using human brain gene expression data 

Cognitive Neuroscience Society Annual Meeting 2017 March 25-28. Symposium Session 2 Genetics and cognitive 

neuroscience: What does the future hold? Chair: Ev Fedorenko 

https://www.cogneurosociety.org/mycns/?page=symposium_sessions#2 

24. Labbé C, Lorenzo-Betancor O, Ross OA. 2016 Epigenetic regulation in Parkinson's disease. 

Acta Neuropathol. 2016 Oct;132(4):515-30. 

https://www.ncbi.nlm.nih.gov/pubmed/27358065 

25. Deary IJ, (2012), Yang J, Davies G, Harris SE, Tenesa A, Liewald D, Luciano M, Lopez LM, Gow AJ, Corley J, 

Redmond P, Fox HC, Rowe SJ, Haggarty P, McNeill G, Goddard ME, Porteous DJ, Whalley LJ, Starr JM, Visscher 

PM.  Genetic contributions to stability and change in intelligence from childhood to old age 

Nature. 2012 Jan 18;482(7384):212-5 

https://www.ncbi.nlm.nih.gov/pubmed/22258510 

26. NAP 2015 Measuring Human Capabilities, Chapter 6 page32.  The National Academies of Science Engineering 

Medicine USA. The National Academies Press. 

https://www.nap.edu/catalog/19017/measuring-human-capabilities-an-agenda-for-basic-research-on-the 

27. Herrmann CS, Strüber D, Helfrich RF, Engel AK. 2016. EEG oscillations: From correlation to causality.  Int J 

Psychophysiol. 2016 May;103:12-21. 

https://www.ncbi.nlm.nih.gov/pubmed/25659527 

28. Albouy P, Weiss A, Baillet S, Zatorre RJ. 2017. Selective Entrainment of Theta Oscillations in the Dorsal 

Stream Causally Enhances Auditory Working Memory Performance. 

Neuron. 2017 Mar 22. pii: S0896-6273(17)30198-8 

https://www.ncbi.nlm.nih.gov/pubmed/28343866 

29. Chad Orzel. April 10 2015. Why Small Colleges Are Great For Science 
Studenthttp://www.forbes.com/sites/chadorzel/2015/04/10/why-small-colleges-are-great-for-science-

students/2/#49e182e50786 

http://www.businessinsider.com/heres-the-average-sat-score-for-every-college-major-2014-10
https://www.nap.edu/catalog/19017/measuring-human-capabilities-an-agenda-for-basic-research-on-the
https://www.ncbi.nlm.nih.gov/pubmed/25659527

