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ABSTRACT 

Within a second grade classroom of gifted learners, many students could master 

advanced content and concepts, but had difficulty with the application and analysis 

within problem-solving scenarios.  The executive functions that support these higher-

order thinking skills such as working memory, inhibition, and cognitive flexibility are not 

fully developed until later grades.  To determine if these executive functions could be 

strengthened or supported in the math classroom, a strategy notebook was implemented 

for the students to utilize within their daily lessons.  The notebook required students to 

record multiple strategies to increase cognitive flexibility.  Additionally, the notebook 

layout was designed to assist working memory and increase student inhibition when 

solving the math problems.  The results of the treatment concluded that the notebooks did 

increase the executive functions of cognitive flexibility.  In contrast, the strategy 

notebooks did not increase the executive functions of working memory and inhibition. 
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INTRODUCTION AND BACKGROUND 

 Midtown International School in Atlanta, Georgia, is comprised of 147 students 

and serves students identified as gifted and talented.  More than 70% of the student body 

has been identified as gifted and talented in achievement or tested for high cognitive 

ability (Midtown International School, 2016).   

 As a second grade math teacher utilizing advanced content within a problem-

based learning model, I soon realized that although my students could master 

understanding and comprehension of advanced skills and concepts, they struggled with 

their application in analysis and problem-solving scenarios. 

 The second grade class was in a measurement unit studying area and perimeter 

with relevant applications.  The students received daily math instruction for forty-five 

minutes with an emphasis on higher-order thinking skills.  Due to the learning styles and 

preferences of our gifted learners, rote memorization skills and worksheets are excluded 

from our curriculum.  

 The higher-level critical thinking tasks required students to use multiple 

strategies, apply new information to previous learning, and ignore irrelevant data.  These 

three skills identified as cognitive flexibility, working memory, and inhibition are 

components of our executive function enabling us to successfully plan and complete a 

goal-oriented task. 

 To assist my student’s goal setting and completing, I focused on an intervention 

that specifically supported executive function as strategy selection and implementation in 

math problem solving.  Roditi and Steinberg (2007) analyzed the effects of strategy 
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notebooking specifically in the math classroom.  Although their research focused on 

strategy use, I wanted to consider how using the strategy notebook would assist my 

students in documentation for later retrieval and application as well as using the notebook 

to assist with working memory and disregard unneeded information.   

My students needed a well organized and student friendly document, to record 

what worked best for them, that included key math facts and cues.  Giving them one 

place to hold all of their tools may help them achieve higher levels of critical thinking as 

well as increase math achievement and performance.  An added bonus would be to 

increase student confidence levels in math problem solving. 

 Based on my class’ needs and challenges I focused on the main question 

Will using math strategy notebooks support and increase executive functions of working 

memory, cognitive flexibility, and inhibition?   

Additional sub questions include the following:   

 Will the use of math strategy notebooks specifically increase working memory? 

 Will the use of math strategy notebooks specifically increase cognitive flexibility? 

 Will the use of math strategy notebooks specifically increase inhibition? 

CONCEPTUAL FRAMEWORK 

Executive function, the set of frontal lobe skills, which enables a person to reason, 

organize, regulate and set goals (Diamond, 2012), has been shown to predict school readiness 

and future academic performance (Blair & Razza, 2007; Raver et al., 2011).  While the focus 

of math education has moved away from traditional, direct instruction using rote 

memorization and rules, today’s students need assistance with metacognitive problem 
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solving and “learning how to learn”.  Students should be independent and flexible with the 

ability to use their strengths to overcome their weaknesses.  They should be able to plan, 

initiate, organize, prioritize, shift and edit their work in order to complete their given task 

(Roditi & Steinberg, 2007).   

Working memory and inhibition are two paramount executive function skills that 

hinder low executive functioning students in the math classroom (Bull & Scerif, 2001). 

Studies have shown a direct correlation between weak executive function skills and low 

working memory (Meltzer, 2007).  Additionally, cognitive flexibility, or shift, is considered 

to be a core component of executive function (Miyake et al., 2000). 

Detailed analysis of three important components, working memory, inhibition, and 

shift, reveal a direct link to math learning disabilities.  Working memory consists of the 

central executive, the phonological loop and the visual sketchpad.  The central executive 

helps a student select a specific math strategy and allocate the resources for the strategy 

implementation.  The phonological loop and visual sketchpad are both short term storage 

systems for verbal and visual information.  Although there is little research on how each 

component of working memory affects strategy use in elementary arithmetic, researchers 

recognize poor working memory as the second most important factor in math disability, with 

the primary factor being long term memory organization (Wu et al., 2008).  Geary, Brown, & 

Samaranayake (1991) also noted that poor working memory may lead to disorganization of 

long term memory. 

The second executive function for consideration, inhibition, controls the student’s 

behavior, attention, and emotions.  It helps the student resist impulses and temptations and is 
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often seen as the root of discipline. Inhibition’s role in math strategy selection requires the 

student to discriminate between needed and irrelevant information as well as override 

previously learned strategies that may not be useful (Diamond, 2012). 

  Thirdly, cognitive flexibility or shift, allows students to switch from one strategy to 

another (Miyake et al., 2000).  Shift allows students to analyze the task and quickly apply a 

new strategy to a data set or problem (Roditi & Steinberg, 2007).  Shift relies heavily on 

working and long term memory, which hold data and details to be used in the alternative 

strategy selected (Geary, Brown, & Smaranayake, 1991). 

Supporting executive function while providing students with authentic problem 

solving opportunities proves to be a complex challenge for today’s teachers (Metzler, 2007).  

Students are asked to understand math concepts as well as transfer their comprehension to 

complex math problems (Roditi & Steinberg, 2007).  Low executive functioning students 

need support in the form of differentiated scaffolds as well as visual organizers.  (Metzler, 

2007).  Research reveals that all children can benefit from executive function training 

interventions, and students with low executive functioning benefit the most from these 

interventions (Diamond, 2012). Interventions need to be delivered as structured, specific, 

direct instruction with implementation of metacognitive strategies and tools to support the 

executive functions.  Specific strategies include, memory strategies, verbal strategies, visual 

strategies, and keeping a schematic notebook.  Students also need assistance prioritizing their 

strategies and to select the most relevant strategy needed for the math problem.  In these 

cases, visual schemas and templates have proven to be helpful (Roditi & Steinberg, 2007). 
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Choosing a successful strategy is an important component of a student’s math 

success.  For example, students with higher working memory benefit the most from cognitive 

strategies including a general-heuristic model or a visual-spatial option.  In word problems a 

general-heuristic strategy would include instructions and keywords: example, Step 1:  

Underline the question.  In contrast the visual-spatial model would include a diagram, map, 

or visual outline to assist the student with translating the text to a computation.   

In recent studies of students with math difficulties, the heuristic model has proven to 

be less effective than the visual-spatial model.  The heuristic model, relies on using working 

memory which is usually low with math challenged students. When the visual-spatial 

strategy instruction was implemented, low achieving math students improved their problem 

solving accuracy and problem solving component identification (Wu et al., 2008). The 

students were able to decode the text of the word problem to produce a calculation. 

  Regardless of the strategy selected, it is most effective if the student documents it 

schematically in a notebook.  The math strategy notebook is seen as an appropriate option to 

increase executive function skills in the math classroom. The notebook, used as a tool to 

organize important information, reminds the student of options to use when given a math 

task.  The teacher models the strategy and assists the student in selection based on learning 

styles and the type of math problem. The notebook allows the student to use the selected 

strategy consciously until automatic independence is achieved (Roditi & Steinberg, 2007).  

 While the role of using notebooks for writing and reasoning purposes is widely 

researched in the science classroom, the use of using notebooks in the math classroom solely 

for executive function support is not thoroughly explored.  However, based upon the current 
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research involving notebooks in the science classroom, the benefits of using a notebook can 

be both important for both the student and teacher.  As the students document and describe 

their strategies, they can reflect upon the process and mentally evaluate any challenges they 

are experiencing.  This strategy documentation and description can reduce the anxiety level 

within the students and gives them an opportunity to reinforce any strategies that proved 

successful (Salinas, 2004).  From the teacher’s perspective, the notebooks can activate prior 

knowledge, reveal student content understanding, organize student knowledge and reasoning, 

and assist with developing metacognitive strategies (Klentschy, 2008).  It can be used as an 

assessment tool to gather student data quickly and efficiently in a manner that is unobtrusive.  

Student learning and learning opportunities can also be evaluated through the use of 

notebooks (Ruiz-Primo, Li, Ayala, & Shavelson, 2004). 

 The role of executive function and the cognitively gifted student has also been 

studied.  There is a proven inverse relationship between cognitively gifted students and 

frontal lobe growth, which is associated with executive function development.  At age 

seven, gifted students are two to four years behind their lower IQ counterparts in 

executive function development.  By age 12, gifted students eventually close the gap in 

executive function development and are on the same, if not, more advanced, playing 

field.  Gifted students have a longer time to hone and perfect their executive function 

skills (National Institute of Mental Health, 2006), allowing more time to master the 

foundation for goal setting and completion. 
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METHODOLOGY 

The purpose of this study was to determine if the use of math strategy notebooks 

would support and increase executive functions of working memory, cognitive flexibility, 

and inhibition.  The participating students included seven girls and five boys in a second 

grade mathematics classroom.  The math curriculum utilized was designed for gifted and 

highly achieving students.  The content within the treatment included multiplication, 

division, addition, subtraction, fact, families, word problems, and time intervals.  The 

research methodology for this project received an exemption by Montana State 

University’s Institutional Review Board and compliance for working with human 

subjects was maintained (Appendix A). 

Prior to the treatment delivery, the students were given the Confidence Survey for 

Inhibition (Appendix B). It measured the student’s confidence when required to suppress 

unneeded or distracting information. The Confidence Survey for Inhibition was also 

given post-treatment and again asked students their confidence level when required to 

suppress unneeded or distracting information.  The data was analyzed using the Wilcoxon 

Signed-Rank Test, and the mean, median, and mode were determined for each survey 

question.   

The Tower of London Assessment (Appendix C) was given pre-treatment.  This 

test asked the student to look at a set of three pegs with three differently colored discs and 

arrange them in the same pattern as the given picture.  The time to complete the task as 

well as the number of steps utilized were recorded.  Additionally, after each set, the 

student was asked how many moves they believe it took them and if they became stuck 
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during the process.  This specific test measures working memory, cognitive flexibility, 

and inhibition.  These three executive functions are all required to select a successful 

math strategy in the notebook, and are evaluated independently from the math strategy 

notebook through this test.   

The Tower of London Assessment was given post-treatment as well. The time to 

complete the task, the number of steps utilized, as well as the student’s perceived number 

of steps and their determination if they became stuck within the set was recorded.  The 

instrument allowed me to determine if the students’ speed increased, if the number of 

moves required to complete the task decreased, as well as the student’s perception of 

their performance.  The data was analyzed using the Wilcoxon Signed-Rank Test, and the 

mean, median, and mode were determined for each item measured.   

The Tower of London Questionnaire (Appendix D) was given after the Tower of 

London Assessment, pre-treatment, to determine how students were feeling about the 

entire exercise and the process they went through to complete the task.  I was looking for 

students to show any type of anxiety or frustration.  Additionally, I was assessing whether 

or not they realized if they got stuck, and if they were able to shift their thinking to 

complete the task.  The Tower of London Questionnaire was also given after the Tower 

of London test post-treatment to determine how they were feeling about the exercise and 

the process they went through to complete the task.  I was looking for students to show a 

decrease in frustration or anxiety. Additionally, I was assessing whether or not they 

realized that they got stuck and if so, if they were able to shift their thinking to complete 

the task. 
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The Verbal Number Sets for Working Memory (Appendix E) was given pre-

treatment.  The students were read two different series of numbers and words.  The first 

series was read in list form and the second series, which contained new numbers and 

words was read as a paragraph.  After hearing each series, the students were asked to 

write down as many of the numbers they heard.  This test specifically measured 

inhibition and working memory.  I was looking to see if the students could inhibit the 

unnecessary information and hold the numerical values in their working memory for 

immediate recall. The verbal number sets were given again after the treatment.  I was 

looking for the students to show an increase in the quantity of numbers that they were 

able to glean from the series and hold in their working memory.  The data was analyzed 

using the Wilcoxon Signed-Rank Test, and the mean, median, and mode were determined 

for each item measured.   

The Picture Span Test for Working Memory (Appendix F) was given pre-

treatment.  The students viewed a page containing eleven animal pictures for thirty 

seconds.  Next, without referring back to the animal page, the students were asked to 

write down as many animals that they remembered seeing on the page.  This test required 

students to hold the animals in their working memory for short-term recall.  This 

instrument was again delivered post- treatment.  I was looking for students to increase the 

quantity of animals that they could recall. The data was analyzed using the Wilcoxon 

Signed-Rank Test, and the mean, median, and mode were determined for each item 

measured. 
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The treatment began by giving the students an empty, lined notebook at the 

beginning of the new unit titled “Building a Dream House”.  When a new mathematical 

concept was introduced, students were asked to create an entry in their notebooks using a 

template that included the categories:  Task, Example, Strategy 1, Strategy 2, Strategy 3 

(Figure 1).  As the class explored each strategy, the students recorded the strategy and 

practiced using it with a given number of problems.  Additionally, the students recorded 

in their journals their preferred strategy and explained why it worked the best for them 

through a “Strategy Reflection” (Appendix G).  The students used colored and labeled 

tabs to organize and easily refer to each task when needed.  The student kept the 

notebook at their desk and used it to not only record new strategies, but also to support 

them when needing a strategy to complete a new math problem. 

 

Task: 

Addition within 100 

Example: 

21 + 18= 

Strategy 

1: 

Common 

Place 

Value 

20 + 1 = 

 10 + 8 = 

Strategy 2: 100s Chart 

 

Strategy 

3: 

Addition 

with 

Carrying 

21 

   + 18 

 

 

Figure 1. Sample notebook template. 
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Throughout the unit, the students were given formative feedback while using the 

strategy notebooks. This included reteaching, clarifying, practice using the strategies, as 

well as prompting to answer the reflection questions in more depth.  At the end of the 

treatment the notebooks were evaluated using the Notebook Rubric (Appendix H).  I was 

looking for the students to show an increase in multiple strategy use as the treatment 

progressed.  Additionally, I hoped that they could explain the strategies in more depth as 

the treatment progressed. 

The triangulation matrix included all six of the data instruments utilized  

(Table 1).  

Table 1  

Triangulation Matrix 

Focus Question Data 

Source 1 

Data 

Source 2 

Data 

Source 3 

Data Source 

4 

 Will the use of math 

strategy notebooks 

specifically increase 

working memory? 

Verbal 

Number 

Set  

Tower of 

London 

Assessment 

Picture 

Span Test 

Tower of 

London 

Question-

naire 

 Will the use of math 

strategy notebooks 

specifically increase 

cognitive flexibility? 

Tower of 

London 

Question-

naire 

Tower of 

London 

Assessment 

Notebook 

Rubric 

Confidence 

Survey 

 Will the use of math 

strategy notebooks 

specifically increase 

inhibition? 

Confidence 

Survey  

Picture 

Span Test 

Notebook 

Rubric 

Verbal 

Number Set 

 

DATA AND ANALYSIS 

The results of the Confidence Survey for Inhibition given both pre- and post-

treatment indicated that when students were asked if they were able to detect unneeded 

information in a word problem, student confidence increased by 21% (N=12) (Table 2).  
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Additionally, the number of students who increased their confidence level after using the 

strategy notebooks was 42%.  Sixteen percent of students increased their confidence level 

to inhibit using the same ineffective strategy repeatedly. Additionally, 33% of students 

improved their inhibition by not allowing distracting information to interfere with 

problem solving.  While the change from 1.75 to 1.67 appears to move in a negative 

direction, due to wording of the question, this change is reflected as a positive change.  

Finally, there was no variation in student confidence regarding the use of a pencil to 

inhibit unnecessary information.  

Table 2  

Confidence Survey Results  

 Median Pre 

results 

Median Post 

Results 

Percent 

Change 

Percent of 

Students 

improving their 

confidence 

Question 1: are you able to 

find unneeded 

information? 

2 2.42 21% 42 % 

Question 2: and you 

previously used a strategy 

that did not work, do you 

try if first again, even 

though it did not work?  

1.67 1.92 15% 16% 

Question 3: does 

unnecessary information 

distract or prevent you 

from solving the problem? 

1.75 1.67 5% 

 

33 % 

Question 4: and you see 

unnecessary information, 

do you cross it out with a 

pencil? 

1.67 1.58 5% 0% 

Note. (N=12). 

The pre- and post- data sets for each of the Confidence Survey questions showed 

no significant increase in student confidence (Table 3).  Questions one and four had 
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reduced sample sizes due to tied values of pre- and post- treatment scores and could not 

be analyzed.  Results of questions two and three did not suggest a difference in pre- and 

post- survey scores.   

Table 3  

Wilcoxon Signed-Rank Test Results for Confidence Survey at p ≤ 0.05  

  

Question 1: are you able to find 

unneeded information? 

Due to tied values, the reduced 

sample size is too small to obtain an 

accurate calculation. 

Question 2: and you previously used a 

strategy that did not work, do you try if 

first again, even though it did not work? 

The results are not significant at 

 p < .05 to suggest a difference 

between pre and post survey scores. 

Question 3: does unnecessary 

information distract or prevent you from 

solving the problem? 

The results are not significant at  

p < .05 to suggest a difference 

between pre and post survey scores. 

Question 4: and you see unnecessary 

information, do you cross it out with a 

pencil? 

Due to tied values, the reduced 

sample size is too small to obtain an 

accurate calculation. 

Note. (N=12). 

Results from The Tower of London Assessment given pre- and post- treatment 

showed a mean decrease in time of 18% (Table 4).  The Wilcoxon Signed-Rank test 

resulted in a p value of .015 suggesting significance in pre- and post- scores.  When 

specifically analyzing the number of students who improved their speed by a minimum of 

one second per set, all students improved, and the average student improvement was 3.75 

sets.  Additionally, the students decreased the number of moves needed to complete the 

puzzle.  The mean value of 1.58 shows that on average, the students decreased their 

number of moves on at least one set.  I observed the students using several strategies 

including, looking at the picture quickly and then starting, glancing back and forth at the 

picture, and checking their tower with the picture again at the end to verify correctness. 
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Table 4  

Tower of London Assessment Results  

 Pre-

treatment 

mean 

time 

(seconds) 

Post-

treatment 

mean time 

(seconds) 

Percent 

decrease 

in time 

Number of 

Sets the 

student 

improved 

time by more 

than 1.00 

seconds 

Number of 

sets the 

student 

reduced 

their 

number of 

moves 

Student 1 80.2 97.46 -21.52 3 0 

Student 2 52.22 53.17 -1.82 1 1 

Student 3 137.27 123.67 9.91 5 4 

Student 4 114.9 81.23 29.30 5 2 

Student 5 139.50 109.71 21.35 4 2 

Student 6 54.80 36.64 33.14 3 0 

Student 7 109.03 101.32 7.07 3 2 

Student 8 78.51 64.32 18.07 5 1 

Student 9 116.91 104.78 10.38 2 1 

Student 

10 

100.66 57.29 43.09 6 3 

Student 

11 

82.49 66.80 19.02 3 1 

Student 

12 

93.64 53.74 42.61 5 2 

Mean 

Totals 

96.68 79.18 18.10 3.75 1.58 

Note. (N=12). 

 The Tower of London Questionnaire results specifically analyzed whether a 

student became stuck during the test and if the student realized they became stuck (Figure 

2).  The number of students who became stuck during the pre-treatment was twelve.  This 

number decreased to seven students with the post-treatment results showing a 42% 

decrease.  Additionally, the number of students who did not realize that they became 

stuck decreased from four students to one student, a 75% decrease.  The questionnaire 

also asked the student how they overcame being stuck.  All students (N=12) either 
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responded that they used the picture to become unstuck or were observed by me utilizing 

the picture to become unstuck.  

 
 

Figure 2. Tower of London Questionnaire Results regarding becoming stuck during the         

test, (N=12).  

 

The mean test results (N=10) from both the Verbal Number Set and Picture Span 

Test instruments delivered pre- and post- treatment, revealed that students scored lower 

on the number paragraph test after delivery of the treatment (Table 5).  Each test did have 

a few students who improved their test scores.  
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Table 5 

Working Memory Instruments Results  

 Pre- 

treatment 

median 

Post- 

treatment 

median 

Median 

Difference 

Number of 

Students 

improving 

total score 

Wilcoxon 

Signed-

Rank Test 

at p < .05 

Verbal 

Number 

Paragraph 

5.9 5.3 -10% 4 not 

significant 

Verbal 

Number List  

4.5 4.2 7% 2 not 

significant 

Picture Span 

Test 

7.0 7.2 3% 6 not 

significant 

Note. (N=10).  

The strategy notebook was analyzed looking for evidence that students used 

multiple strategies when solving a problem as well as clarity explaining multiple 

strategies.  The rubric specifically evaluated the students’ written reflections on 

explaining one or two strategies, choosing a second strategy, and explaining why their 

first strategy was their preferred strategy.  For each complete response, the student 

received a 1 for that item.  For each non-response, the student received a 0 for that item. 

There were five items evaluated for each of the nine mathematical concepts.  The scores 

were then added to achieve a total overall notebook score (Table 6).  The maximum value 

a student could score for the total score was 45.  Student scores ranged from 15 to 39 

with an average student score of 31.  This score of 31 converts to a 69% completion of 

reflection questions with clarity. 

The scores for specifically choosing and explaining two strategies per 

mathematical concept were evaluated (N=12).  The mean score of 6.92 shows that on 

average 77% of students successfully chose and explained two strategies. 
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Table 6  

Notebook Rubric Scores  

 Total Score on 

Notebook Rubric (45 

max score) 

Score for explaining two strategies for 

each lesson (9 max score) 

Student 1 27 6 

Student 2 38 9 

Student 3 39 9 

Student 4 36 9 

Student 5 15 2 

Student 6 34 8 

Student 7 33 7 

Student 8 32 9 

Student 9 18 3 

Student 10 35 8 

Student 11 35 8 

Student 12 28 5 

Mean 

Totals 

31 6.92 

Note. (N=12). 

 

 As I analyzed the data from the notebook, it became apparent that all strategies 

taught were utilized by the students (Figure 3).  There was not a single strategy that all 

students chose as their first choice.  Additionally, if a student preferred an alternative 

strategy, they were asked to use it as well.  Some student responses of additional 

strategies were actually strategies that were taught and called another name.  For 

example, in multiplication, several students stated that their strategy was “my mind”.  

This would equivocate to times table recall, one of the taught strategies.  The complete 

list of all strategies taught can be seen in Appendix H.  In the addition, word problems, 

and time intervals lessons, some students did not have time to complete the notebook 

reflection.  Despite extra time given, these students struggled with time management, 

conceptual understanding, and a feeling a of being behind due to absences. 
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Figure 3. Strategy selection results, (N=12).  

 

INTERPRETATION AND CONCLUSION 

After analyzing the data and results, I was challenged to determine if the data 

could answer or support my focus question, Will using math strategy notebooks support 

and increase executive functions of working memory, cognitive flexibility, and inhibition?   

I began by focusing on working memory, as it is paramount to strategy selection.  In 

order for the student to successfully select, use, and reflect on a strategy, the student 

needed to hold it in their working memory long enough to solve a math problem.  The 

results of the Verbal Number Set and Picture Span Test showed insignificant 

improvements from pre- to post- test.  The Tower of London Assessment was also used 

to test working memory and these results revealed a decrease in students mean speed.  

This coupled with the students’ usage of the tower picture suggest that the treatment 

increased working memory.  However, one consideration not provided for in my research 

was the students’ ability to learn to take the Tower of London Assessment.  By the third 



19 

 

set in the pre-assessment, the students began counting their moves and self-reporting it to 

me at the end.  This suggests that the students were training themselves how to improve. 

The next sub-questions focused on cognitive flexibility.  Could the students shift 

to a different strategy if needed?  This would most easily be seen in the Tower of London 

Assessment and Questionnaire.  The decrease in mean time on the assessment suggests 

that the students switched to a second strategy more quickly after delivery of the 

treatment.  The Tower of London Questionnaire showed improvements in the number of 

students getting stuck as well as realizing if they did get stuck.  The Notebook Rubric 

revealed that during the treatment 77% of students were able to choose and describe two 

different strategies for each math content area.  This value was much higher than I 

expected.  In fact, most of the students enjoyed writing the reflections.  This was another 

surprise to me.  

The Confidence Survey gave little insight to the focus of cognitive flexibility.  

The results from the Tower of London Assessment, Questionnaire, and Notebook Rubric 

suggest the notebooks assisted with cognitive flexibility.  However, again, I have to 

consider the students’ potential to self-train on the Tower of London Assessment. 

The final sub question asked if the notebooks would specifically increase the 

student’s ability of inhibition.  This would best be seen in the Verbal Number Sets and 

Picture Span Tests where the student would need to disregard unnecessary information 

and keep it from distracting them.  As discussed in the working memory interpretation, 

the results from the Verbal Number Sets and Picture Span Tests did not suggest that the 

treatment improved inhibition.  Similarly, the Confidence Survey results did not show a 
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significant increase in inhibition confidence levels.  Based on the results of all three of 

these instruments for inhibition, I can claim that the notebook did not increase the 

students’ inhibition abilities. 

In conclusion, I found sufficient evidence that the Math Strategy Notebooks 

increased only the executive function of cognitive flexibility.  The notebooks did not 

improve the executive functions of working memory and inhibition.  My focus and sub- 

questions looked for improvements and support of the executive functions.  The design of 

my research only measured improvements and did not specifically address components of 

support.   

VALUE 

In my daily interactions with my gifted elementary students, I routinely see 

deficits in their executive functions.  Whether it is not being able to hold a set of numbers 

in their short term memory, figuring out what is important in a math problem and letting 

go of the rest, or considering a new method to solve a problem.  Until now, I did not have 

a plan or even my own strategy of how to help them.  Thus, my goal of this research was 

to determine if a specific intervention could help my students.  I am pleased with the 

results that the notebooks could potentially increase the executive function of cognitive 

flexibility.  With our gifted population, weak cognitive flexibility is challenging for a 

teacher to support on a daily basis.  If a student is unable to find an alternative strategy 

when needed in problem-solving, the chance of success is very low.  I believe the 

strategy notebooks will greatly assist my second graders to improve their cognitive 

flexibility. 
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While the results of my research indicate that the strategy notebooks can improve 

cognitive flexibility, there are still many questions regarding executive function that 

remain unanswered.  If research suggests that you can train your brain to increase 

working memory (Klemm, 2012), what component to the strategy notebooks do I need to 

add to see these gains in my classroom?  Or is this research only showing the appearance 

of working memory increases, waiting on the natural progression of the student’s 

executive functions to fully develop? 

This research also revealed three more helpful insights.  The first, concludes the 

notebooks were well received by the teachers and students.  The feedback from the 

students was positive with comments such as, “I like learning more than one way”, and 

“It’s handy to have them (the strategies) all together.”  The teacher feedback was equally 

positive.  The second grade math teacher said, “They have to learn this anyway, and this 

organizes it so well.  It forces them to utilize multiple strategies and think on the 

process.”  The positive feedback prompted me to meet with the Head of School and Math 

Coordinator to discuss the results.  We feel so strongly about using the notebook as a tool 

and support measure that the notebook will be implemented into the existing curriculum 

for next year.  

This implementation leads to my second insight.  Not every student prefers the 

same strategy when solving a math problem.  From the Notebook Rubric, the students’ 

first strategy preferences were analyzed (Figure 3), and revealed that students chose the 

strategy that works best for them, and each student choice is as varied as their learning 

style.  If the educational model norm is to only teach one strategy to our students, we are 
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underserving the majority of the student population.  The students need direct instruction 

on multiple strategies to effectively problem-solve in today’s classroom.  The notebook 

provides this opportunity, and it holds the teacher accountable for teaching all of the 

strategies.  This method of using strategy notebooks should be implemented nationwide 

to hold teachers accountable for teaching our students cognitive flexibility.   

The final insight is that I learned which strategies the students preferred most in 

each content area (Figure 3, Appendix H).  This specific data will help the math team 

tweak the strategies taught by eliminating any strategies not appealing, and replace with a 

new alternative.  Sometimes, the data are in the details, the small details.  And sometimes 

those small details can make the biggest impact. 

The value gained from this research has caused me to significantly alter many of 

my daily instructional methods and existing role within my school setting.  I consider my 

self a “go-to” person at school to assist other teachers, new to the school. Since, this 

research required an immense amount of collaboration with my fellow teachers, it 

required me to step back and tap into their strengths and talents.  I learned so much about 

my fellow teachers and now hold them in even higher regard than before.  Additionally, 

my research required a cross-curricular collaboration.  It required me to venture out of 

my science lab, my comfort area, and push towards improvements in an area that I am not 

as strong, the math classroom.  This research experience now allows me to deepen my 

goals in the overarching theme of STEM (Science, Technology, Engineering, Math).  As 

a result of this work, our STEM team is very solid.  Additionally, this collaborative 

success has changed my planning and implementation of projects.  In the past, in my 
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effort to tackle projects, grants, and curriculum planning, I tended to work alone and 

churn out the work.  Now as I am preparing for these tasks, I immediately reach out to 

members of my STEM team.  So far, I have implemented components of the math 

curriculum within my science curriculum, and have begun officially mentoring new 

teachers in science and math with a focus of exploring their strengths first, and letting 

that guide my mentoring.  Recently, this resulted in a new teacher, who had never taught 

science before, becoming quite successful teaching second grade science.  She even felt 

comfortable teaching summer camps in this new content area. 

Regarding my students, my research allowed me to see, that not every student 

relies on the same strategy to solve a math problem.  Now, as I am teaching or reviewing 

a math or science skill, I immediately give the students many strategies to solve the 

problem.  For example, when I ask students to write an equation representing the 

numerical values in our lab set, I model at least two ways they can figure out the 

equation, and also give them a visual or kinesthetic option as well.  In the past I would 

wait and assist students who needed an alternate strategy, however, now, I plan for the 

immediate implementation of multiple strategies. 

Additionally, as a result of my research, I have increased my level of patience 

when asking my gifted students to utilize their working memory.  The results of my 

research indicate that working memory is not easily corrected with a strategy notebook.  

Therefore, additional support measures to assist students’ working memory will be 

required.  I have begun teaching the students strategies that will help them hold those 

numbers or data temporarily for them to use.  For example, I give the students a blank 
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data table to keep the numbers and data organized.  I also break down the task into 

manageable steps and do not move onto the next task until the students are ready.  This 

process appears to reduce a bit of the frustration regarding working memory, and as a 

result my students are appearing more productive and confident. 



25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES CITED 



26 

 

 Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and  false belief 

understanding to emerging math and literacy ability in kindergarten.  Child 

Development, 78(2), 647-663. 

 

Bull, R., & Scerif, G. (2001).  Executive Functioning as a Predictor of Children's 

 Mathematics Ability:  Inhibition, Switching, and Working Memory.  

 Developmental Neuropsychology, 19:3, 273-293. 

 

Cox, A. (2007). No mind left behind: Understanding and fostering executive control-- the 

 eight essential brain skills every child needs to thrive. New York: A Perigee 

 Book/Penguin Group. 

 

Diamond, Adele. (2012).  Activities and Programs That Improve Children's Executive 

 Functions. Current Directions in Psychological Science (pp 335-331).  Sage 

 Publishers. 

 

Geary, D. C., Brown, S. C., & Samaranayake, V. (1991). Cognitive addition: A short 

 longitudinal study of strategy choice and speed-of-processing differences in normal 

 and mathematically disabled children. Developmental Psychology, 27(5), 787. 

 

Klemm, William R. (2012). Training Working Memory: Why and How. Retrieved from   

           www.psychologytoday.com 

 

Meltzer, L. (2011). Executive function in education: From theory to practice (L. Meltzer). 

 Guilford Press. 

 

Midtown International School. (n.d.). Retrieved April 13, 2015, from 

 http://www.midtowninternationalschool.com/ 

 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. 

 (2000). The unity and diversity of executive functions and their contributions to 

 complex “frontal lobe” tasks: A latent variable analysis. Cognitive  psychology, 41(1), 

 49-100. 

 

National Institute of Mental Health, (2006). Cortex Matures Faster in Youth with Highest 

 IQ .Retrieved 10 Apr. 2015 from: 

 http://www.nih.gov/news/pr/mar2006/nimh-29.htm 

 

Raver, C. C., Jones, S. M., Li Grining, C., Zhai, F., Bub, K., & Pressler, E. (2011). 

 CSRP’s impact on low income preschoolers’ preacademic skills: self regulation as a 

 mediating mechanism. Child Development, 82(1), 362-378. 

 

http://www.nih.gov/news/pr/mar2006/nimh-29.htm


27 

 

Roditi, B., & Steinberg, J. (2007). The strategic math classroom. In L. Meltzer, (Ed.) 

 Executive function in education: from theory to practice (pp. 237 – 260). New 

 York. 

 

Swanson, H. L., Lussier, C. and Orosco, M. (2013), Effects of Cognitive Strategy 

 Interventions and Cognitive Moderators on Word Problem Solving in Children at 

 Risk for Problem Solving Difficulties. Learning Disabilities Research & Practice, 

 28: 170–183.  

 

Wu, S. S., Meyer, M. L., Maeda, U., Salimpoor, V., Tomiyama, S., Geary, D. C., et al. 

 (2008). Standardized assessment of strategy use and working memory in early 

 mental arithmetic performance. Developmental Neuropsychology, 33(3), 365-393 



28 

 

 

 

 

 

 

 

APPENDICES



29 

 

 

 

 

 

 

 

 

 

APPENDIX A 

MONTANA STATE UNIVERSITY 

IRB EXEMPTION 



30 

 

 



31 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

CONFIDENCE SURVEY FOR INHIBITION 
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Appendix B - Confidence Survey for Inhibition 

Participation in this research is voluntary and participation or non-participation will not 

affect a student’s grades or class standing in any way. 

 

 

 

When solving a math problem…. 

1) …….are you able to detect unneeded information? 

 

 Always 

 Sometimes 

 Never 

 

2) …….and you previously used a strategy that did not work, do you try it first 

again,    even though it did not work? 

 

 Always 

 Sometimes 

 Never 

 

 

3) …..does unnecessary information distract or prevent you from solving the 

problem?  

 Always 

 Sometimes 

 Never 

 

 

 

4) ……. And you see unnecessary information, do you cross it out with a pencil? 

 

 

 Always 

 Sometimes 

 Never 
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TOWER OF LONDON ASSESSMENT 
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TOWER OF LONDON QUESTIONNAIRE 
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Appendix D – Questionnaire 

Participation in this research is voluntary and participation or non-participation will not 

affect a student’s grades or class standing in any way. 

 

 

1. How did you feel taking the taking the Tower of London assessment? 

2. Did you get stuck?   

 

 

3. If so what did you do? 

4. How many moves do you think it took you? 
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Before delivery of this instrument, the following was read to all students:   

Participation in this research is voluntary and participation or non-participation will not 

affect a student’s grades or class standing in any way. 

 

Students were then told that they would listen to a set of numbers and words.  They 

would then be asked to open their paper booklet and write down as many of the numbers 

that they could remember in thirty seconds.   

Set 1 

24 

cat 

18 

dog 

elephant 

17 

4 

99 

Mr. Travis 

 

 

Ms. Angie 

65 

squirrel 

cat 

86 

lollipop 

21 

anteater 

I’m hungry 

99 

 

Set 2 

Mayla went to the zoo to see the flamingos.  On her way to the zoo she saw 2 police cars 

that with their lights flashing.  In the parking lot there were 3 spaces to park open, and it 

was hard for her to choose which one to park in.  She bought 1 ticket for herself and 4 

tickets for her friends her were joining her 30 minutes later.  She waited at the snack bar 

and spent $4.75 on French fries.  When her friends came, they skipped the first 5 exhibits 

they saw and went to see the pandas.  One panda was just born 22 days ago.  The other 

panda was 9 years old.  Which one do you think the mom is? 
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PICTURE SPAN TEST FOR WORKING MEMORY 
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Appendix F:  Picture Span Test 
Read to students:  Participation in this research is voluntary 

and participation or non-participation will not affect a 

student’s grades or class standing in any way. 
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Strategy Reflection 
 

Which is your favorite strategy? 

 

 

 

Why is it your favorite? 

 

 

 

 

 

List the steps of your favorite strategy. 

 

 

 

 

 

 

 

If your favorite strategy does not work, which strategy will you use next? 

 

Why? 

 

 

 

 

What are the steps of this 2nd favorite strategy? 
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Appendix H Notebook Rubric 

For each concept the following was recorded: 

Student Number: 

The 

student 

could: 

Add-

ition 

Sub-

traction 

Multi-

plication 

Peri-

meter 

Area Division Fact 

families 

Word 

problems 

Time 

intervals 

Explain 

1 

strategy 

         

Explain 

2 

strategies 

         

Chose a 

2nd 

strategy 

         

Explain 

why 1st 

strategy 

was their 

favorite 

         

Used a 

2nd 

strategy 

in 

solving a 

problem 

         

-  if not, 

why? 

         

 

 

Additional Notes:   
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