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ABSTRACT 

By actively teaching students about the neurology behind their learning students 
will integrate positive learning practices into their education and everyday lives. The 
questions associated with the focus statement were: Can teaching about the neurology 
behind learning increase tenacity in the classroom? Does implementing a lesson about 
how the human brain learns impact students’ scores, demeanor, and work ethic?  

Teaching students about neurology resulted in students who are more likely to 
implement positive learning practices including, tenacity, increased test scores through 
study skills, and fewer behavioral redirects. Pre- and post- content tests, a Likert style 
survey, an unsolvable problem set, an interview, and a categorized behavioral journal 
were used as data collection instruments. Data were processed and analyze using both 
qualitative and quantitative methods. The results suggested teaching students about 
neurology has a positive impact in the classroom.   

After learning about neurology, students were more likely to spend a longer 
period of time working on a puzzle that does not have a solution than the same students 
before learning about neurology.   Students who learned about neurology improved more 
on their pre- post- test when compared to the same students before learning about 
neurology.   When students were asked, if they felt that learning about neurology was 
valuable, the majority of them said “yes”.  One student said, “I will stick with problems 
now more than ever. If I don’t understand something, I know that if I keep trying 
eventually, I will build that connection.”  Ultimately it is evident that students who were 
taught about neurology in the classroom are more likely to implement and consistently 
use positive learning practices, display appropriate behaviors, and increased the 
likelihood that a student would stick with a problem for a longer period of time if they 
were directly taught about the processes of their brain while learning. 
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of the Study 

 Educators consistently use techniques to best teach lessons to students, but do 

students set themselves up to be successful in education? In order to best identify the 

answer to this question, a lesson specifically designed to teach students about their brains 

and how they learn was implemented into the classroom. The expectation being, if a 

student understands the neurology behind the way the brain learns, then the students will 

be more likely to implement positive learning practices.  

The treatments were administered at Skyline High School on the west side of 

Idaho Falls, Idaho.  Skyline High School is one of two traditional high schools in School 

District 91. Skyline High School is a non-rural, traditional high school that serves grades 

9-12. Skyline High School has a total enrolment of 1,244 students, which is slightly 

higher than the 2019 enrollment.  Though the population at Skyline is a fairly transient 

population, the number of students in each grade remains relatively consistent. The 

number of students in each grade consistently decreases as age increases. As such, Grade 

12 has the lowest percentage of students. At the time of the study the student population 

at Skyline was split with Grade 9 at twenty nine percent, Grade 10 had twenty five 

percent, Grade 11 twenty four percent, and Grade 12 twenty two percent. Skyline High 

School had a nearly identical number of female students (49.6%) when compared to male 

students (50.4%) (Idaho State Department of Education, 2019). 
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At Skyline High School the ethnical diversity is limited primarily to Caucasian 

and Hispanic or Latino origins.  Sixty-six percent of the population of the school was 

considered Caucasian and thirty percent of students were Hispanic or Latino. The only 

other ethnicities that had a population greater than one percent is the multiracial category 

which contained roughly two and a half percent of the population and Asian which 

contained one percent of the population of the school. The other categories (African 

American, Native American, and Pacific Islander) all consisted of less than one percent 

of the population at Skyline.  Seven percent of the students were considered to be English 

Learners that had multiple levels of fluency in the English language, some of whom 

required modifications or accommodations due to their specific language barrier (Idaho 

State Department of Education, 2019). Students who were designated English Learners 

are tested each year to identify their proficiency in writing, speaking, and listening to the 

English language.  Most of the students who qualified as English Learners are native 

Spanish speakers (Newell, 2021). 

 Skyline had an active special education program in which ten percent of the 

students are enrolled. Students enrolled in the special education program were students 

with ether an Individualized Educational Plan (IEP) or students with a 504. The special 

education department supervised the students that had an IEP, where the counseling 

office supervised the students that had a 504.  Each of these students had 

accommodations or modifications that were followed in each class. Students with either 

intellectual or physical disabilities of varying degrees were a part of the ten percent of the 
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student population enrolled in the special education program (Idaho State Department of 

Education, 2019).   

Through the duration of the treatments approximately 39% of students were 

considered from low-income families, one percent of the population was from migrant 

families, and one percent of the population were considered homeless which qualified 

Skyline as a Title-1 Low Income School (N=485) (Idaho State Department of Education, 

2019). The Total Economically Disadvantaged students (students on free and reduced 

lunches) was forty two percent (US News Education, 2019). Skyline High School had a 

graduation rate of 74%, which is well below the state median. Skyline High School 

employed 62 full time teachers. Students had a teacher student ratio of 20:1 (US News 

Education, 2019). Though the state of Idaho encouraged students to enroll in an 

Advanced Placement (AP) course and take the accompanying exam, only twenty three 

percent of students at Skyline high school even attempted to take an AP Exam, and 

fifteen percent of the student population passed at least one AP Exam (US News 

Education, 2019). 

A total of six class periods had treatments administered to them, all during the 

second trimester of the 2020-2021 school year.  Three of the class periods were a biology 

class composed of a total of 70 students, 9 of whom had an Individualized Education 

Program (IEP). Nine additional students had a significant language barrier that impacts 

their learning. Forty three percent of the students enrolled in these biology courses were 

male students (N=70). While the remaining fifty seven percent were female. The students 
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in this block of Biology classes had a paraprofessional who helped with the students who 

had IEP’s.  

 One of the class periods was an Introduction to Chemistry class. Introduction to 

Chemistry was a trimester long elective class, composed of 21 students, 3 of whom had 

an IEP.  This class had a total of 8 female students which made up for less than forty 

percent of the population in this class while the remaining 13 students were male 

students.  

The final class period that was treated was a space science class.  This class was 

also a trimester long elective class containing 25 students, 6 of which had an IEP. Four 

students in this class were designated as an English Learner, a designation indicating that 

a language barrier could significantly impact their learning. Space science had a 

significantly higher percentage of male students than female students. There were 18 

male students, seventy-two percent, compared to the 7 female students, twenty-eight 

percent.  

Focus Question 

 After discussion among teachers, the consensus was that many students are not 

lacking in the ability to take AP Exams or graduate, but rather lack the motivation and 

mindset to challenge themselves.  The dynamics of the school and the environment in 

which the students are consistently engulfed in, lead to the creation of the focus question, 

Does actively teaching students about the neurology behind their learning integrate 

positive learning practices into their education and everyday lives?  Sub questions include 

the following: 
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1. Can teaching students about the neurology behind learning increase tenacity in 

the classroom?  

2. Does implementing a lesson about how the human brain learns impact students’ 

scores, demeanor, and work ethic?   
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Neuroscience 

 The brain is the very essence of humanity composed of millions of connective 

interactive cells. Not as immobile as once imagined, the structure of the human brain is 

malleable, repairable, and metamorphic. The composition of the human brain is complex, 

and now due to advances, specifically in imaging technology, more is known about the 

human brain than ever before (Sousa, 2010). Each thought is transferred by a complex 

interaction of neurons and neurotransmitters leaving a neural pathway in its wake. (Brain, 

2020). 

 Through imaging and a variety of studies, neuroscientists were able to identify the 

components of the brain.  The neuron, one of many types of cells in the brain, sets the 

foundation for the function of the human brain. A neuron is composed of one long 

protrusion called an axon, a cell body, and a multitude of smaller tendrils called 

dendrites. The dendrites of one neuron make connections with other neurons in the brain 

trading information using neurotransmitters as messengers. These connections create a 

pathway for thought to follow called a neural pathway (Brain, 2020).  

Neural pathways, also called neural networks, are integral for recalling 

information. Neural pathways can be created or strengthened through use. By using 

connections of neurons, the brain is able to transfer messages through the entirety of the 

body.  Continual use of a neural pathway increases the breadth of the pathway. This 
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implies that the more times a neural pathway is used, the stronger and more efficient it 

becomes (Frontiers, 2020). Not only is repeated use of a neural pathway instrumental for 

creating and maintaining them, emotions and perceived threats also impact neural 

pathway development. Neuroimaging is able to show us that information can be passed 

through these neural pathways more effectively when a person is calm and perceives no 

danger. Because neural pathways can be strengthened and fabricated by thought, 

intelligence is not static; instead intelligence and many other characteristics are adaptable 

(Sousa, 2020).  

Neuroscience and Success 

In view of the fact that the brain is able to be altered simply by repeating a 

thought, it is evident that a person is deeply, if not solely responsible, for their 

consciousness. By implementing a specific type of thought a person could literally 

change the structure of their brain (Sousa, 2020). “Scientists are learning that people have 

more capacity for lifelong learning and brain development than they ever thought,” says 

Carol Dweck (2017, p. 5), author of Mindset. This does not mean that people are not born 

with certain attributes or talents, they are, but those attributes are not as rigid or defining 

as once perceived. Especially when success is involved, people often think they are born 

into success or that the characteristic, like intelligence, that made them successful was 

somehow ingrained in their genetic material. However, neurologists now believe that not 

only do genes and environment cooperate as we develop, but genes require input from the 

environment to work properly (Dweck, 2017).   
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The author of GRIT discusses success when related to IQ (intelligence quotient). 

Her studies suggest that there is little to no link between a successful person and their IQ, 

instead, success comes from an internal motivation to be successful. Effort and work 

ethic are much more significant in the eventual success of a person (Duckworth, 2019).  

The human brain has an innate capability to obtain specific types of information 

especially regarding math and reading. This means that every brain is not only capable of 

learning and retaining math and reading skills, but is designed to make those pathways in 

specific parts of the brain. The human brain is primed to learn and designed to create new 

pathways (Sousa, 2020).  In essence every human brain has some capacity for learning, 

while natural ability does impact learning, it is not a defining factor of human thought. 

Success is not reliant on congenital characteristics. The capabilities of a person often is 

more reflective of their work ethic instead of their natural born talents. The capabilities of 

the human brain are not predestined, nor should they be considered a stagnant, concrete 

entity, instead learning and excelling at different tasks is really a matter of desire and a 

willingness to persevere (Sousa, 2020). 

Application of Neurology in the Classroom 

By stating that the human brain is a fluid entity and by showing through 

neuroimaging that the brain is changing when information is given to a person, it can be 

implied that specific applications of information may be more conducive to a neural 

pathway formation than others.  Because students create their own neural pathways, force 

feeding them information is less effective. Essentially if a student decides to refuse to 

learn, no one can force their brain to create those neural pathways (Sousa, 2020). Even 
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Alfred Binet, the inventor of the IQ test, felt that intelligence was fluid. The test was 

originally designed to identify children who were not profiting from the Paris public 

schools. This test was designed in order to change the programs the children were in to 

get them back on track. He believed that education and practice could bring about 

fundamental changes in intelligence (Dweck, 2017). 

However, not every student is prepared to learn every day, and many things can 

inhibit the ability for a student to create connections in their brain.  Lack of attunement is 

one such inhibition. Lack of attunement essentially means that a student did not receive 

the attention that he/she needed at a young age.  When that student’s brain was 

developing and in an ideal state to create a basis for connection, there was no stimulation 

and, as such, no neural pathway was formed. This lack of attunement includes a 

deficiency of physical contact at a young age. While a student can create those pathways 

later in life, it is more difficult. Learning throughout life is possible, but there are periods 

of development where building pathways is easier.  The brain is not in the same state of 

development and those neural pathways are not as readily made (Tate, 2014).  

Technology is encompassing so much of students’ lives that students are not 

making the social neural pathways in which to build. Students are not creating the social 

neural pathways that previous generations have developed.  In fact, this generation of 

students interacts with each other face to face less than half of the amount of time as any 

generation before them (Twenge, 2017).  According to Tate (2014), “The average 

number of minutes that fathers spend in meaningful conversation with their children is 7 

minutes per day. It is not much better for mothers at eleven minutes per day.” (p. 43) The 
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social aspect of the brain has not been developed and as such any education that involves 

human interaction will be less effective. 

The human brain and the effectiveness of building neural pathways can be greatly 

influenced by stress and emotions.  Increased amounts of stress, fear, or other negative 

emotions, especially over a long period of time, can significantly impact the effectiveness 

of the human brain, specifically when it creates effective neural pathways. Emotions can 

also be used to help build more robust neural pathways by making a strong connection 

from that emotion to the thought (Sousa, 2020).  

An additional significant influence on a student’s neural development is an 

increase in drug and alcohol use.  Neuroimaging shows that drug use can immediately 

change the human brain. Extended drug use can cause significant changes in the human 

brain that have been mapped previously. In the instance of neural pathways, alcohol is as 

much of a drug as any other, it still impacts the brain significantly and directly impacts 

how effectively the brain creates pathways (Tate, 2017). 

With all of the potential inhibitors for creating pathways, it is vital that educators 

use as many methods as possible to create an environment that is conducive to building 

the strongest possible neuropathways.  Creating a space where students feel safe, and 

negative emotions are less likely to occur or interfere, is important for a pathway 

conducive classroom (Sousa, 2020). Teaching students how to use technology 

appropriately and creating times for interaction among peers and in front of peers is 

instrumental to creating a pathway inducing classroom (Twenge, 2017). Implementing 

different types of instructional practices can also significantly influence how effectively 
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students are able to create a complex interaction of neurons (Tate, 2017).  Teaching a 

student to persevere, however, may be the most vital part of a student’s success. A 

student who has developed the behaviors of a growth mindset are more capable of 

dealing with the inhibitors of neural pathways. Students who will keep going and work 

hard are going to create more effective pathways because they will find a way to create 

them (Dweck, 2017). The most successful students are not those without struggles or 

without something inhibiting their learning, instead the students who will be most 

successful are the students who will persevere (Duckworth, 2017). 
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CHAPTER THREE 

METHODOLOGY 

 The idea for this paper originated from the theory that students would implement 

better, more effective classroom skills, if they were aware how those classroom skills 

worked on a neurological level.  Initially, when looking at possible topics for this paper, 

the major point that arose was that students were told about study skills, especially in the 

middle school, but they did not understand why those skills work. If students do not 

understand why those skills work, they will be less likely to use those skills. Students that 

have a fundamental understanding of the human brain and how it learns will understand 

why study skills work, how to use study skills most effectively, and will be more likely to 

use them.  Students would need some background in neurology in order to understand 

why the study skills taught to them work.  

 If teachers taught the basics of neurology during the school year, students would 

increase performance in the classroom.  Students would also alter their behaviors in order 

to create pathways that students would consider beneficial for themselves.  The topics 

identified as the most helpful classroom skills were tenacity, behavioral issues, and test- 

taking/study practices. Tenacity, as defined by Oxford Dictionaries is the quality or fact 

of being very determined. If students have tenacity, they will stick with problems that are 

difficult.  Behavioral issues like talking out of turn, not following instructions, and being 

disrespectful were all considered in this study. Test taking and study skills like using 

flashcards, studying a little each night for a week instead of cramming, and using study 
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guides and notes to better learn the information.  By teaching a lesson about the human 

brain, teachers would be able to positively impact the three topics with one lesson.  

Treatment 

There were multiple instruments applied though this project, including a test 

designed to quantify tenacity, an interview, and a behavior monitor. The research 

methodology for this project received an exemption by Montana State University's 

Institutional Review Board and compliance for work with human subjects was 

maintained (Appendix A). Each of the classes were taught a lesson directed toward 

neurology.  

A lesson plan complete with a few recommended quotations was created 

specifically to teach this lesson (Appendix B). Accompanying the lesson plan was a slide 

show that had speaker notes included (Appendix C). The speaker notes are not intended 

to be read word for word, but rather give a framework for the lecture so each teacher who 

potentially used the lesson would be able to make it their own.  The lesson was then 

given as an introductory lesson, in a lecture format, to all of the students present in class 

on that day. Each class was taught the same lesson in a face-to-face format. Students 

were told that they did not need to take notes on this lecture but rather actively participate 

by asking questions. 

To begin the lesson students were given a brief background of the human brain. 

Students were told that the brain is a compilation of neurons that make connections. 

Those connections get stronger each time a thought is created. The more times a specific 

thought is created the more intense the neural pathway. The human brain creating neural 
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pathways were then compared to literal pathways like roadways, walking paths, and 

superhighways being constructed.   

After students were exposed to the roadways analogy, they were asked what 

happens when a snowstorm comes through roadways in real life. They noticed if the 

snowstorm is powerful enough it will shut down roadways, typically in order of size. It is 

harder to shut down a superhighway than it is to shut down a walking path.  Students 

were then exposed to the idea that their brains also have snowstorms. Stress, emotions, 

dehydration, trauma, and exhaustion were all compared to snowstorms of varying sizes 

and severities.  

Students were asked if only the large pathways are accessible during a 

snowstorm, do the pathways the students made everyday impact the way they react to a 

snowstorm in their brain? The answer is inevitably, yes. The students were then told that 

the thoughts that they have every day create the larger pathways in their brain. The more 

times a student thinks something, the easier it is to think that thought again. So, if they 

give up even on something small, all of those “I quit” moments add up to a large neural 

pathway. The opposite is also true, the “I can do this” moments add up. This implies to 

the students that their attitude in school towards difficult problems can impact them even 

outside of school.  

The last part of this lesson focuses on who is responsible for the creation of those 

pathways. Can the students’ teachers, parents, or other authority figures force students to 

create positive pathways? Can anyone other than the student, influence the way they 

think? Essentially students come to the conclusion, guided by the lesson, that they are 
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entirely responsible for their learning. “Only you can change the way your brain works, 

that is pretty empowering,” said one student after the lesson.   

Data Collection Instruments 

The initial treatment was designed to test tenacity in a year-long biology 

classroom. Three different biology classes were exposed to the “Impossible Puzzle” 

(Appendix D). Each biology class is a year-long class of freshmen and sophomore 

students. It is a required course for graduation at Skyline High School.  Students were 

given an impossible to solve problem, but were not told that the problem is impossible to 

solve. The intent was to identify how long each student would work on the problem 

before giving up.  After the baseline test the lesson on neurology was taught to the 

students (Appendix B). The following day students were given another unsolvable 

question that was extremely similar, but not the same as the first (Appendix E).  Each 

student was timed to measure how long it would take them before they gave up on the 

problem.  The times were then compared to each other using box and whisker plots. The 

averages, longest times, shortest times, and the differences between the two exposures 

were all compared. The average time that each student spent on the initial puzzle was 

then directly compared to the average time spent on the second puzzle. If the neurology 

lesson was successful, the average time the students spend on the puzzle would increase 

after the exposure to the neurology lesson. Each student’s individual time would also 

increase.  

The Campbell Tenacity Likert Survey was applied to the introduction to 

chemistry class, a trimester long, elective science class.  Students were asked to fill out 



16 
 
the Campbell Tenacity Likert Survey on the first day of class (Appendix F). Data was 

collected in each category and then compiled using the average quantitative value 

assigned to each category. A score of one indicating strongly disagree; a two, disagree; a 

three, no opinion; a four, agree; a five, strongly agree, and each question had a potential 

answer of N/A, this doesn’t apply to me. No student chose the N/A option, but it was 

available to them should they elect to take it.  Students were informed that the 

participation in this survey was completely elective and they were not required to take the 

survey, nor would it impact their grade if they did not. Students were asked not to put 

their names on their surveys in an effort to increase the likelihood that they would be 

more truthful. A letter was put on each student’s survey in order to compare the pre-

lesson survey to the post-lesson survey, but the student’s name was never associated with 

the letter to better uphold their privacy.  

The neurology lesson was taught the next day the students were in class. Students 

were given the Likert Survey a second time immediately after the neurology lesson.  The 

pre- and post- Likert Surveys were then compared. In an effort to encourage students to 

answer the questions as truthfully as possible, students never put their name on the 

survey. Instead each student received a letter and the letter became the identifier that 

allowed matching the initial survey to the second survey without applying any identifying 

material. If the neurology lesson was successful, each category should show movement in 

the data toward the end requiring positive behaviors and study skills. Which direction this 

change impacts depended on the specific category.  
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 The pre- post- tests were applied to an introduction to chemistry class. This class 

is a science elective that lasts for one trimester. The students each took a pretest at the 

start of the trimester (Appendix H). That pretest was then compared to the identical post-

test for the first unit. The differences between the two tests showed an improvement after 

a typical lesson, which was expected. Then later in the trimester the neurology lesson was 

taught to this same class. A pretest was given immediately after the neurology lesson and 

the unit was then taught as normal. The post-test was given at the summation of the unit 

(Appendix I). If the neurology unit was successful, the difference between the initial 

pretest and post-test without the neurology lesson would not be as pronounced. The 

difference between the pretest and post-test with the neurology unit applied would be 

more pronounced, if the neurology lesson was successful.  

 The lesson was taught for three different biology classes. This was the same group 

of students that attempted the impossible puzzle treatment. A sample grouping was 

randomly drawn from each class and was asked four questions (Appendix G). The 

students’ responses were then compiled. The students’ thoughts and opinions about the 

neurology lesson and the potential impacts of that lesson were compiled into three 

groups. Positive responses were put into one group, negative responses were put into a 

second group, and indifferent responses were put into the third and final category.  

 The behavioral referral treatment was applied to the space science, trimester long, 

elective class. This class is known for its challenges in classroom management and 

negative behaviors. Their behaviors were tracked before the neurology lesson, each time 

a verbal warning was given to a student, it was tracked (Appendix J). Behaviors were 
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broken into categories including: verbal warning, verbal warning and classroom 

consequence, office referral, detention, suspension, and expulsion. It is important to note 

that the only behaviors that were tracked were the behaviors that occurred in the space 

science classroom, not the behaviors that occurred outside of the classroom. The tracked 

behaviors were then compared to the behaviors after the neurology lesson was applied. If 

the lesson was successful, then the number of behavioral referrals in class and the 

severity of the behavioral referrals in class would decrease (Table 5).  

 

Data Triangulation Matrix 

Focus Question 
and Sub-Questions 

Instrument and 
Methodology 

Instrument and 
Methodology 

Instrument and 
Methodology 

Does teaching 
students about 
neurology impact 
their tenacity?  

The Impossible 
Puzzle- Biology 
 
(Quantitative) 

Interview: 
Questions regarding 
tenacity.-Biology 
(Qualitative) 

Likert Survey: 
Questions regarding 
tenacity. 
(Quantitative) 

Does teaching 
students about 
neurology impact 
student’s behavior? 

Behavior Tracker-
Space Science 
 
(Qualitative) 

The Impossible 
Puzzle -Biology 
 
(Quantitative) 

 

Does teaching 
students about 
neurology impact 
student’s 
performance in the 
classroom?  

Likert Survey: 
Questions regarding 
studying and test 
taking.-Intro to 
Chem 
(Quantitative) 

Interview: 
Questions regarding 
studying and test 
taking.-Intro to 
Chem 
(Qualitative) 

Pre/Post Test- Intro 
to Chem 
 
 
 
(Quantitative) 
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CHAPTER FOUR 

DATA AND ANALYSIS 

Results  

 The Campbell Tenacity Likert Survey which was given to the second trimester 

introduction to chemistry class was given to the class before and after the neurology 

lesson was taught. The results indicated that after learning about neurology, students were 

more likely to say they enjoyed a challenge. The category I am a hard worker, is the only 

one that did not show any change.  

A score of one indicating strongly disagree; a two, disagree; a three, no opinion; a 

four, agree; a five, strongly agree; and each question had a potential answer of N/A this 

doesn’t apply to me. No student chose the N/A option, but it was available to them should 

they elect to take it. The question with the largest average change was “if schoolwork is 

too hard then I don’t do it.” Students who had not yet received the neurology lesson 

averaged a 4.3 (most agree) while the same students after they received the neurology 

lesson averaged a 3.7 (agree) a decrease of .61 points. The question with the second most 

change was “if I am not good at something right away, I usually don’t do it for long.” 

This question went from an average score of 3.4 to an average score of 2.89, a change of 

.56 (Table 1).   
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Table 1. Comparison of the average scores of the Campbell Tenacity Likert survey. Pre- 
and post- lesson averages included along with the change in each, (N=18).  

 I enjoy a 
challenge 

I like to 
learn 
new 
things 

If I am not 
good at 
something 
right away, I 
usually 
don’t do it 
for long 

When I 
don’t 
succeed at 
something I 
do not try 
again 

I am a 
hard 
worker 

When 
something is 
hard, I keep 
trying until I 
get it 

I get 
frustrated 
when I am 
unable to 
complete 
my goals 

I always 
finish a 
project 
that I 
start 

If my 
schoolwork is 
too hard, I 
don’t do it  

Pre- 
Lesson 
average 

2.89 2.72 3.44 4.28 3.94 3.00 3.28 2.83 4.33 

Post-
Lesson 
average 

3.17 2.83 2.89 4.11 3.94 3.44 3.22 3.22 3.72 

Change 
in 
Average 

-0.27 -0.11 0.56 0.17 0 -0.44 0.06 -0.39 0.61 

 

 

Figure 1. Campbell Tenacity Likert Results. Stacked bar graph displaying the answers to 
the Campbell Tenacity Likert Survey before and after the Neurology Lesson. See 
Appendix F for the full list of questions. See Table 1 for a comparison of averages pre- 
and post- lesson, (N=18). 
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The Impossible Puzzles were administered to three different biology classes. Each 

of the three classes spent on average longer on the second trial than on the first. In total 

the students spent an average of 2.25 minutes longer on the trial after learning about 

neurology than they did on the trial before learning about neurology. Students spent an 

average of 6.38 minutes on the first impossible puzzle while the same students, after 

learning about the neurology of their brain, spent an average of 8.79 minutes on the 

impossible puzzle (Table 2).  

Table 2. The individual breakdowns of the amount of time students took on the 
Impossible Puzzles. See Appendix D for time trial 1 and Appendix E for time trial 2. See 
Figure 2 for box and whisker plots of the information, (N=47). 
 Class Period 1 Class Period 2 Class Period 3 Totals 

Sample Size 15 Students 17 Students 15 Students 47 Students 

Average Time 
Before Lesson 

8:19  8:21 2:73 6:38 

Average Time 
After Lesson 

9:38 11:14 5:84 8:79 

Difference 1:056 3:35 2:35 2:25 
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Figure 2. The Impossible Puzzles time trials. See table 4 for individual student results. 
See Appendix D for time trial 1 and Appendix E for time trial 2, (N=47). 

 The two pre/post- tests were administered during an introduction to chemistry 

class to a total number of 15 students. There were two separate pre/post- test sets of data. 

The first set of data was before the neurology lesson, the Science Skills pre/post test 

(Table 3). The second, the Parts of an Atom pre/post test, was after the neurology lesson 

(Table 4). 
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Table 3. The initial scores for each student on the first pre-post- test. Including a 
breakdown of the average and median scores for each column. Students highlighted were 
absent for the Neurology lesson and as such were not counted in this data set, (N=15).  

 

Table 4. The initial scores for each student on the second pre-post- test. Including a 
breakdown of the average and median scores for each column. Students highlighted were 
absent for the Neurology lesson and as such were not counted in this data set, (N=15). 
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In the first test set the average grade of the pretest was 23% while the average 

grade of the post- test was an 87%. The average percentage increase was 64 percentage 

points. The test set after the neurology unit had a lower initial average score at 10% and a 

final average score of 84%. The average percentage gained was 74%. The difference of 

the first average test improvement percentage to the second average test improvement 

percentage was exactly 10%.  

 

Figure 3. A dot graph describing the change in scores of a pre- post- test set when 
compared to a pre- post- test set after the neurology lesson, (N=15). 

The behavior tracker used a sample size of 25 students over the trimester a total of 

twelve weeks. There was a total of 144 behavioral issues during this time period ranging 

from a minor behavioral check to a suspension. Before the neurology lesson there was a 

total of 69 behavior issues. There were two suspensions, two detentions, four office 

referrals, eighteen warnings with classroom consequences, and forty-three warnings. The 

most severe behavioral issues resulting in the suspension of two students. In comparison 
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after the neurology unit there was a total of 75 behavior issues. Three of which were 

office referrals, twenty-four verbal warnings with a classroom consequence, and forty-

eight classroom warnings. The most severe of which was three office referrals (Table 5).  

Table 5. Behavior incidents in space science during trimester 2. Comparing severity and 
total incidents before and after the neurology lesson. See figure 4 for graphical analysis, 
(N=25). 

 

 

 

Figure 4. A bar graph that shows the changes in behavior issues from before the 
neurology lesson plan and after, (N=25). 
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CHAPTER FIVE 

CLAIMS, EVIDENCE, AND REASONING 

Claims From the Study 

 Students who are actively taught about the physical structure of their brain and 

how it changes as they learn were more likely to stick with problems for an extended 

period of time. This was shown in multiple data collection instruments. Biology students 

worked on a puzzle with no solution for 2.2 minutes after they understood how they 

learned. When the students were asked if they felt they would stick with problems 

specifically because of this lesson one said, “I believe I will stick with problems now 

more than ever because now if I just don’t understand something I can try and build that 

connection or use an entirely different one.” In the Campbell Tenacity Likert Survey, 

every category that directly asked about sticking with a problem, showed movement 

toward working on a problem for a longer period of time. These results are indicative of 

learning about neurology impacting tenacity in introduction to chemistry students. It is 

likely that teaching students about how their brain works will increase the amount of time 

they spend on a project.  

 Learning about neurology changed introduction to chemistry students’ test scores. 

Before understanding the neurology of learning students took a pre- post- test. The 

average increase in score was 64% on the first set of pre- post- tests. After the initial set 

of tests, a lesson on neurology was taught and on the second set of pre- post- tests the 

average increase was 74%. While the two test sets were not identical and there may have 
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been some change in percentages due to differing units, it is unlikely that the entire 10% 

average difference was entirely due to the differences in the test sets. Only four 

individual students of the fifteen who took the tests had a greater score increase on the 

first test set when compared to the second test set.  

 Students who have received the treatment are likely to change their behavior in 

the classroom. Of the total 144 behavior issues during the second trimester space science 

class 69 of them occurred before the neurology lesson and 75 occurred after. While it 

seems that the treatment was unsuccessful as there were more behavior issues after the 

lesson then there was before, the second half had fewer severe issues. There were two 

suspensions and two detentions before the neurology lesson and none of either category 

afterwards. While reminding them of the neurology lesson did not seem to eliminate 

behaviors it did seem to deescalate the behaviors. Many times, the warnings given in that 

class are due to students refusing to work on their assignments. In the initial Campbell 

Tenacity Likert Survey in the category if my schoolwork is too hard, I don’t do it scored 

an average of 4.3 meaning most students in that treatment felt that they would not need to 

do the work if they deemed it too difficult. After students averaged a 3.72 indicating that 

students felt they were more likely to try to do their work even if it was too difficult. 

Students who were interviewed after the lesson also noticed a potential change in their 

behavior. “This lesson opened my eyes a lot more of why I do what I do and how I act. It 

also gave me more was to deal with everyday life things, and not let them make my 

learning stuff be bad.” 
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Value of the Study 

 Students are impacted by understanding the way their brains’ function. “I think 

this lesson was a good lesson because it taught me how to deal with ‘snowstorms’ 

(stress),” said one student. Students were more willing to stick with problems, they were 

less likely to escalate negative behaviors, and they increased their improvement from pre- 

test to post-test. Even students in the interview that did not see the value in the lesson 

stuck with the impossible problem for a longer period of time.  

 Additional research could include extending the current studies, making them 

longer by including additional trials.  An additional source of research could be seeing if 

another class of students or a different teacher would produce the same results.  It would 

also be interesting to see if teachers would change some of their methods given the same 

lesson. Many teachers understand techniques that allow for the best practices, would 

teachers be more likely to use those techniques in their classrooms if they knew why on a 

neurological level they worked?  

 While this treatment was focused directly on the implications in the classroom it 

would be beneficial to identify areas in their everyday lives that could be impacted from 

learning about their brains. Addiction, mental health, stress, and a lack of tenacity are all 

issues adults deal with every day in the United States. If we taught students more about 

how their brains functioned, those issues may be better understood by the general public.  

  



29 
 

Impact of Action Research on the Author 

 Students who received this lesson showed changes over a wide range of actions. 

There were changes in the classrooms that were noticeable almost immediately after the 

lesson was implemented. Even weeks after the lesson when students were reminded 

about their neuropathways, they changed their behavior.  Many of the students were 

aware that their learning improved when they were calm or when they had used study 

skills, but they were not aware of why they should use those skills on a neurological 

level. Students in the treatment found the information useful and helpful. If students are 

benefitted long term by a short one-day lesson, then the treatment should be and will be 

continued to be applied in future classes.  Theoretically, as the lesson endures through 

different classes and multiple years the lesson will improve and will continue to provide 

an insight for students about why they think the way that they do. Hopefully, someday 

this lesson will contribute to a change in the way students and teachers think about the 

physiology of learning.  
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APPENDIX B 

 
NEUROLOGY LESSON PLAN 
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NEUROLOGY LESSON PLAN SLIDE SHOW 
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Brain Structure:   

• “Success is not final, failure is not fatal: it’s the courage to continue that counts” 
~Winston Churchill - What is a neuron? 

• Specialized Cell 
• All over the body, but clustered in the brain 
• Designed to “talk” to each other - How do Neurons work together? 
• Neurotransmitters 
• Neuropathways 
• More usage of pathways = stronger pathway 
• Development 
• Different parts of the brain develop at different rates 
• Parts of the brain are responsible for building specific  
• pathways 

 

Brain Structure 
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NEUROLOGY IMPOSSIBLE PUZZLE A 
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APPENDIX E 

 
NEUROLOGY IMPOSSIBLE PUZZLE B 
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APPENDIX F 

 
CAMPBELL TENACITY LIKERT SURVEY 
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APPENDIX G 

 
NEUROLOGY LESSON PLAN INTERVIEW  
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APPENDIX H 

 
SCIENCE SKILLS PRE- POST- TEST  
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APPENDIX I 

 
PARTS OF AN ATOM PRE- POST- TEST 
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APPENDIX J 

 
BEHAVIOR INCIDENT REFFERAL FORM  
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