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Abstract 

This teacher action research study investigated the experiences of students 

who self monitored mathematical automaticities and were given autonomy to 

select practice sessions.  Twenty-five fourth grade students participated in this 

study conducted in a suburban elementary school containing approximately 460 

students in the northeastern United States. Methods of gathering data included 

teacher observation, student surveys, First In Math goals pages, and student work. 

Methods of analysis included educational theorist memos, qualitative coding, and 

construction of theme statements. Students predicted their scores to each fact 

fluency timed test prior to taking the assessment and then subsequently graphed 

their results after the assessment.  Next, students were provided an opportunity to 

choose practice sessions based on these results.  Findings suggest that elementary 

students generally overestimate their mathematical proficiencies.  Providing them 

an opportunity to compare their predicted scores with their actual scores helps 

them make more accurate self-assessments.  Additionally, when students are 

given an opportunity to track their progress, they are able to self-select effective 

practice areas.  Furthermore, the ability for students to participate in mathematical 

discourse has a positive effect on their self-efficacies and interest levels.   
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Researchers Stance 

I don’t remember  many, if any, of my elementary school lessons.  During 

my time as an undergraduate student, learning to become an elementary teacher, I 

can remember professors asking us to relate the things we were doing to our own 

memories of elementary school.  Most of the people in class could remember 

specifics about their early years in school – I could not.   

 At the time I often wondered why I couldn’t remember the lessons, or how 

I learned best.  I often thought that this would negatively affect my ability to be a 

good teacher. Looking back on it now, I see what it was that kept me from the 

clear recollections that my classmates were privy to.  School was both fun and 

easy for me.  I didn’t have to try to learn things; it just happened.   

 One “aha” moment that I remember about my elementary years, regarding 

academics, was learning long division.  Generally this is among the top three 

hated concepts  for students this age to learn, and for teachers to teach.  I loved it.  

I always liked math and had an ability to apply one concept to another, so long 

division was perfect for me.  I was fluent with the four operations, understood the 

concept, and ran with it.  The fact that I could find out exactly how many 18s go 

into 597 (thirty three), and how many pieces of 18 are left over (3/18…or 1/6…or 

.167), fascinated me.  I can remember getting a yellow legal tablet from the junk 

drawer of our house, flipping it sideways (so I could write a REALLY big 
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division problem), and getting to work.  Millions divided by thousands…done.  

Billions divided by millions…done.  It was beautiful.  There was always an 

answer and a sense of pride from completing a difficult task.  I wasn’t doing 

work; I was playing with numbers.  This is why I didn’t remember most of the 

work I was doing – I wasn’t working.  I was reading stories, playing with 

numbers, answering questions, but to eight year old me this was not work.  

Middle  school, however, was an entirely different story. 

 Beginning in sixth grade we were tracked by ability levels.  So, while 

attempting to transition to a new school, with 10 times the number of students, 

and suddenly becoming very interested in the girls in my classes, what used to be 

fun became work.  Because of my successes in elementary school I was placed in 

the A track classes.  This meant that all of my classes would be taught at a high 

academic level.  While I was comfortable with math at the time, I was NOT 

comfortable with English and writing papers.  I also now had a different teacher 

for each of my classes.  I had grown used to my math teacher being my English, 

Science, and Social Studies teacher, too.  He or she knew me as a student – my 

strengths and weaknesses  and could push me or pull me in the direction that was 

needed.  Now my English teacher saw me as a struggling student who didn’t seem 

to care much about school.  Honestly I started off caring, but once I realized that 

the work was more important than our engagement in class, I became detached.  

In the same way this teacher probably generalized my affect in her class to me as 
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a student, I started to generalize my attitudes in that class to school in general.  

The work was no longer fun – it was work.  The culmination of my change in 

attitude came in my seventh grade math class.   

While the content here was slightly more difficult, it wasn’t too difficult 

for me.  After all, I had spent the first 6 years of my life in school “playing with 

numbers.”  Now, however, the complexity of math began to increase.  My seventh 

grade math teacher  was the kind of man who would catch someone passing a 

note, take it to his desk, put his feet up and read it to himself silently while the 

students were expected to be working quietly at their desks.  He would smirk as 

he did this and glance at whichever student was unlucky enough to have been 

caught.  His job (as he saw it) was obviously to keep order and push the content.  

Our job was to listen, obey, take the tests, get them signed by our parents, and 

move on to the next unit.  I was embarrassed that I was struggling with something 

that had always been so easy.   He didn’t seem to care about me, so I didn’t care 

about him.  I failed seventh grade math.  

At this point in my life my mom stepped in and addressed my attitude 

towards school.  She had a way of knowing exactly what was going wrong in the 

way that the majority of my middle school teachers did not.  It started with letters 

to my teachers.  “Please list any work that Shawn does not complete on this paper 

and return it to me each Friday” - this was the beginning of her attempts to right 

my attitude.  I remember the first Friday I got that envelope back.  I asked to go to 
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the bathroom instantly to peek at what was written inside.  I knew what I would 

see, but hoped I was wrong.  Unfortunately I was not.  There was the list of things 

that I was too busy to care about staring back at me.  A knot formed in my throat 

and a rock dropped to the pit of my stomach.  I knew I would be grounded and I 

was angry.  Why did she have to ruin the “important” plans of this thirteen year 

old boy?   My attitude stunk.  Seventh grade was the place that I hit rock bottom 

in this regard and my grades told the story that I couldn’t face.  I was failing.  I 

needed those letters to adjust my attitude.  I needed to face my abilities and my 

performance head on, and ultimately I was lucky to have someone in my life that 

cared enough to make me face the fool that I had become.   Over the next year of 

middle school, and the subsequent years in high school, I learned to adjust my 

attitude enough to give myself a chance.  I cared about the results and that was 

enough to keep me engaged, connected, and somewhat successful in my studies.   

Years later I was now the teacher.  I stood in front of my classroom 

looking at all of those faces trying to push grade level content.  I was in a school 

that scored poorly on the state tests, and most of my students were 1-2 years 

below grade level in language arts and math  as third graders.  The content was 

difficult for most of my students—to say the least.   I was having flashbacks to 

those moments as an undergraduate when I couldn’t remember what the lessons 

were like and again started to question if that was negatively affecting my ability 

to reach these kids.   
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Somewhere over the course of that year I had an epiphany.  While I didn’t 

remember any exact lessons, I did remember how I felt in school.  I remembered 

loving computer class because the teacher joked with me.  I remember loving fifth 

grade because my teacher made things fun.  My attitude towards school was 

positive.  I knew I could succeed at whatever was put in front of me and if I didn’t 

there was a teacher who cared enough to show me why and how.   

I took this newly developed perspective  into my classroom.  I knew that 

as a teacher my job was primarily going to be judged using test scores – which 

focused solely on content knowledge.  However, I now knew that the way to 

affect test scores did not lie solely in pushing content; the focus needed to be in 

fostering positive attitudes.  My students should feel happy in school.  They 

should believe in their abilities.  They should know the difference between 

struggling because they aren’t trying hard, and struggling because they need help.  

They should know I care.  I realized that all of these things improved my 

instruction  and my students’ ability to learn the content.    

In the same way that my positive attitude allowed me to believe in my 

abilities and flourish in elementary school my students needed positive attitudes 

about school to grow academically.   It really is funny what a little confidence will 

do.  I didn’t get drastically dumber in math from elementary school to middle 

school – my perspective changed.  These students struggling in schools today 

aren’t unable to learn or to grow academically– but maybe they need the 
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opportunity to change their perspectives, too.  They need to see school in a 

different light.  However, little time is allocated for this when the ultimate criteria 

of a classroom and a district is students’ knowledge of content as assessed by the 

next standardized test.   

According to The Common Core State Standards Initiative (2015) the 

Common Core standards were produced to provide a set of common academic 

expectations to students across the country, aligned to the expectations of 

colleges, workforce training programs, and employers. This sounds great on 

paper, but if we give the first round of tests and students score poorly, what 

happens next?   Will the public, or the education system itself, be flexible and 

understanding that it will take a number of years to implement change and see 

results?  Historically, this has not been the case but rather another example of our 

supposed failing public education system.  We the people want need results now.  

We the people want need data now.  We are the people who are creating a 

generation of teachers trained to be robotic in their attention to the standards.  I 

sense that this is done mostly out of fear.  After all, no one goes off to college 

saying, “I want to master the standards!” Yet that becomes the focus, and often 

death, of many a teaching career.     

I lost my first job teaching when I was furloughed as a young teacher 

thanks to mismanaged budgets and what I still consider to be an inept school 

system.  It turns out that the same groups of people who had a microscope on each 
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teacher’s classroom encountered major challenges attempting to manage their 

own responsibilities.  I was, however, fortunate enough to find a job with a math 

program providing professional development to teachers and providing students 

an engaging place to “play with numbers.”  During this time the belief in affecting 

students’ attitudes in order to improve their academic abilities became a guiding 

principle of mine.  I saw the impact of students “playing math games” and losing 

themselves in extended practice sessions simply because they approached 

problem-solving with a different attitude than one usually sees in a math 

classroom. 

A few years later and I find myself back where I belong— teaching fourth 

grade.  Here I am able to put attitudes first, and standards a close second, as we all 

work on moving forward each day from our current abilities.   

Affect students’ attitudes and they will be empowered to see themselves as 

learners.  Give them the opportunity to see how their beliefs and actions in the 

classroom affect their educational outcomes.  To see how this occurs in my 

classroom I empowered my students to learn more about their mathematical 

proficiencies, and to become more aware of the attitudes that promote, or 

obstruct, their ability to develop fact fluency and asked: 

What are the effects of self monitoring mathematical automaticity on students’ 

self-efficacy and practice session choice? 
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Literature Review 

Introduction 

Nationally, math scores have stagnated over the past decade.  According 

to the National Assessment of Educational Progress (NAEP),  in 2015 grade 4 

students had an average score in mathematics of 240 points and grade 8 students a 

score of 282 points on separate 0-500 point scales. The 2015 average scores were 

1 and 2 points lower, respectively, than the average scores in 2013.  Since 2007 

our national averages for fourth grade have hovered around the same score with 

high scores of 242 in 2013 and low scores of 240 in 2007(NAEP 2015).  Eighth 

grade students have seen a similar leveling off of data over the same period of 

time with a high scores of 285 in 2013 and a low score of 281 in 2007.   Scores at 

both grades have increased from the first mathematics assessments in 1990 by 27 

points at grade 4 and 20 points at grade 8.   

 Regarding overall proficiency levels, only 40% of our nation’s 4th graders 

scored at or above the proficient level in math with that number dropping to 33% 

for our nation’s 8th graders (NAEP 2015).  These levels have also been 

approximately the same, varying only 1-3% over that decade for fourth and eighth 

graders. According to the NAEP, proficiency is defined as solid academic 

performance and competency over challenging subject matter.   

 Nationally, there has been ongoing concern about these proficiency levels 

in Mathematics.  In 2008 the National Mathematics Advisory Panel (NMAP) 
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observed that success in math education is critically important to individuals, even 

beyond simply succeeding in school.  Success in mathematics correlates to 

improved college and career options, therefore affecting the overall quality of 

one’s life chances (NMAP 2008) .  In addition, Ramdass and Zimmerman (2008) 

highlight that “the growth of jobs in the mathematics, science, and engineering 

workforce has outpaced overall job growth by a 3:1 ratio” (p. 18). 

 The data presented in this section clearly demonstrates the need for 

focused math instruction across all grade levels.  Student’s ability to develop fact 

fluency is paramount in this instruction as it is a key to the success of future math 

endeavors (Woodward 2006, Arnold 2012).  While growing this skill in the 

classroom, students must be made specifically aware of their abilities in order to 

structure the practice sessions necessary to improve these skills.  Inaccuracies in 

the judgement of these abilities can be a major liability to children (Ramdass and 

Zimmerman 2008).  Tracking one’s performance, while developing fact fluency, 

is an intervention that will amplify the gains made in this regard.  When students’ 

skills increase, the benefit goes beyond being able to merely add, subtract, 

multiply, and divide fluently.  As this occurs students’ attitudes towards math and 

perceptions of themselves as able learners also grows.  Because attitudes toward 

mathematical ability are correlated with mathematics achievement (Muzzatti and 

Agnoli, 2007) it is necessary to positively affect these at an early age.   
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Need for automaticity 

Math instruction at any grade level often focuses heavily on the teaching 

of specific standards laid out for that grade level; however there is more than a 

focus on content standards alone that affects students’ abilities to achieve at high 

academic levels in mathematics.  The designated expectations of mathematics in 

an elementary setting have a great deal to do with the mathematical outcomes in 

these classrooms.  Before mastering complex standards and developing specific 

strategies for problem solving, students need to ensure a strong base of 

computational fluency.  In order to be prepared for higher level mathematics such 

as algebra or proficiency with fractions (including decimals, percent, and negative 

fractions) the National Mathematics Advisory Panel (NMAP 2008) suggests that a 

proficiency with whole numbers is a necessary precursor.  Researchers (Parkhurst, 

Skinner, Yaw, Poncy, Adcock, & Luna  2010; Poncy, Skinner & Axtell 2010) 

have also highlighted benefits of fluency, including lower levels of math-related 

anxiety and less of a demand on working memory while completing more 

complex mathematical tasks.  Both the NMAP and the National Center for 

Educational Statistics (NCES 2011) have found that American students tend to 

struggle with basic computational skills.  Fluency of facts and automaticity of 

whole numbers have been identified as areas needing more emphasis and 

attention in math instruction (NMAP 2008).  
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  Nist and Joseph (2008) use the term automaticity to describe a student’s 

ability to answer quickly and accurately with minimal cognitive effort.  Miller 

(2011) identifies automatization as a condition where the recall of facts no longer 

requires conscious awareness.   Woodward (2006) and Arnold (2012) highlight 

that developing automaticity in math facts is fundamental to success in many 

future areas of mathematics.  Students devoting too much time to basic 

computations in later grades may not have the capacity to apply cognitive 

processes towards the solving of more complex mathematical tasks.  Therefore, a 

primary method to developing the problem solving ability of students in 

mathematics is to ensure they have developed automaticity first.    

Woodward (2006) points out that, “Information-processing theory 

supports the view that automaticity in math facts is fundamental to success in 

many areas of higher mathematics” (p. 269).   Students who do not have the 

ability to retrieve math facts automatically, are likely to experience higher 

cognitive load as they perform more complex math tasks.  Many researchers over 

the years (Cummings & Elkins, 1999, Goldman & Pellegrino 1987, Hasselbring, 

Goin, & Bransford, 1988; and Woodward, 2006) have pointed out that students 

who use inefficient strategies to retrieve facts, such as counting, often 

demonstrate declarative and procedural errors.  While this creates a problem at the 

elementary level when students are beginning to develop problem solving 

abilities, it also affects subsequent mathematical endeavors.  For example, 
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factoring algebraic equations and finding common multiples for the purpose of 

adding fractions with unlike denominators are two skills that will be negatively 

affected from an underdeveloped automaticity in students. 

Cankoy and Ali Tut  (2005) found that teaching students standard 

procedures to solve different types of problems is not the way to teach problem 

solving.  While learning algorithms might work in some instances, doing so will 

not allow students to determine when, and how, to use those algorithms within 

multiple mathematical contexts.  They also found that, “untested concepts are less 

likely to be emphasized.” (p. 241).  In their study of 1,006 elementary students, 

the standardized tests administered contained only 5% “non-routine” (problem 

solving) questions.  Therefore, setting a mathematical focus on a student’s ability 

to perform well on any specific test often negatively affects a student’s ability to 

develop his or her problem solving.  While a focus on algorithms and assessments 

within a mathematical classroom may lead to less than desired outcomes, a 

primary focus on developing automaticity has been proven to benefit students in 

this context. 

 One popular technique used to improve fact fluency is explicit timing 

(ET).  This method is utilized to provide students timely feedback, while being 

easily implemented in the classroom.  A number of  researchers have provided 

empirical support for this method of assessing students’ automaticity (Van Houten 

and McKillop 1977, Codding et al 2007, Poncy et al 2010).   Students completing 



 13 

tasks, such as timed fact fluency assessment (ET), are able to begin tracking these 

levels best because feedback is provided closely following the assessment period.  

Duhon, House, Hastings, Poncy, & Solomon (2015) state specifically that, 

“...feedback regarding performance should be considered a preferred 

intensification when interventions like ET result in less than adequate gains” (p. 

75).   

 

Performance tracking 

As mathematical expectations become clear for the student and for the 

teacher, the opportunity for students to analyze their abilities becomes key to 

continued growth (Duhon et al 2015, Codding et al 2009).  When a student is 

focusing on developing computational fluency, the ability to add other 

intervention components, such as goal setting has been successfully used to 

amplify gains in automaticity levels (Duhon et al 2015).   In order for students to 

set goals for themselves, regarding the development of automaticity, they must be 

made specifically aware of their performance levels.  The feedback provided 

gives students an exact measure of their performance, allowing them to set 

accurate goals for future assessment periods.     

While studying this topic, Bingham, Holbrook, and Meyers (2010) made 

some interesting observations regarding students’ ability to use self-assessments 

as a way to boost motivation and achievement.  The authors noted that, 
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“…student self-assessment is one type of formative assessment that is frequently 

overlooked” (p. 59) and that “...self-assessment returns voice and ownership to 

the students”  (p. 59).   Within their study, the researchers also cited the work of 

Spinath et al. (2006), who found “…while cognitive ability relates strongly to 

academic achievement, motivation and self appraisal also contribute to children’s 

engagement in learning and academic success” (p. 60). 

Graves (2006) also studied a method to enable students to track 

mathematical expectations and outcomes over time.  The focus of this study was 

to allow students the motivation to reach their goals by setting clear expectations 

and graphing results weekly to see progress towards the given goals.  Specifically 

Graves found, “By setting their goals and having a visual reference of the 

progress towards their goal, the students were able to reach their goal more 

quickly.” ( p. 22).  

Bong, Cho, Ahn, and Kim (2012) also found that students’ ability to 

analyze the work they were completing was a key factor in their ability to achieve 

academically.  The term “task value” was used in this study to refer to analysis of 

the work being completed.  In this study the authors found that “Students with 

stronger self-efficacy also express stronger task value, and those who perceive 

stronger value in the subject tend to attain higher achievement in it” (p. 349). 

They added, “The correlations of academic self concept with task value were also 

very high” (p. 349). 
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As students interact with mathematics in the classroom, their ability to 

analyze both the content and their own abilities regarding the content, has major 

ramifications regarding the academic growth of these students.  Ramdass and 

Zimmerman (2008) studied the effects of students’ self-evaluation and self-

efficacy on the processes of learning mathematics.  Their study laid out a number 

of important educational implications.  First, “Inaccuracies in self evaluations 

appear to be a major liability for elementary and middle school children” (p. 36).  

Second, accurate self-reflection is important to mathematical achievement, 

especially when self-directed, and that students will largely not self evaluate 

without explicit instruction in how to do so. (p. 37). 

 

Ramdass and Zimmerman (2008) found that:  

Accuracy training can be incorporated in a curriculum such as 

asking students to judge how they will perform on a set of math 

problems in classroom work.  After they solve the problems, 

teachers can show students how well they judged their capability to 

solve the problems.  This training will enable students to assess 

their capabilities more realistically.  Students who can assess what 

they know and what they do not know will become better self-

regulated learners.  (p. 37) 
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 Metallidou and Vlachou (2010) also found evidence that self-regulated 

learning (SRL) plays an important role in students’ ability to initiate, monitor, and 

control their own academic growth.  They also identified task value beliefs as 

playing a major role in students’ academic successes.  That is, the students also 

need to be able to accurately analyze the work they are completing and see it as 

valuable.  They note, “Task value beliefs not only are related to the initiation of 

the learning process, but were found to indirectly influence performance as well, 

through cognitive engagement via the application of strategies” (Metallidou & 

Vlachou, 2010, pp. 776-777).   They also found that subjective task values 

predicted performance directly in math but indirectly in language arts and that 

elementary school years are critical for the formation of task value beliefs.  

Regarding belief systems, Callejo and Vila (2009) reported, “There is an 

observable, complex relationship between students’ belief systems and 

approaches to problem solving, if we consider a wide variety of beliefs: beliefs 

about the nature of mathematics and problem solving and motivational beliefs” (p. 

39).   

 Palm (2007) also conducted a study regarding students’ ability to 

accurately analyze assigned mathematical work and the implications resulting 

from their analysis.  In this study, the focus was to understand why some students 

provided unrealistic responses to word problems.  The author found that “the 

students’ frequent use of superficial solution strategies and their beliefs about 
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mathematical word problem solving were found to be the main reasons for 

providing solutions that are inconsistent with the situations described in the word 

problems” (p. 37). Palm added, “The students confronted with the more authentic 

word problems seem to have engaged more often in thorough task analyses than 

other students.   

 Each of the studies highlighted in this section clarify the importance of 

students  finding value in the mathematical tasks they are completing.  The ability 

to track one’s performance on these tasks allows students to better understand 

their true capabilities, free from inaccuracies (Ramdass and Zimmerman, 2008).  

This, in turn, allows students the opportunity to achieve academically by setting 

accurate goals and working towards the attainment of these goals (Graves 2006).   

 

Importance of efficacy 

 The importance has been demonstrated for students to develop 

automaticity (Woodward 2006, Parkhurst et al 2010; Poncy et al. 2010 )  and to 

play an active role in analyzing their own abilities (Duhon et al 2015, Codding et 

al 2009, Metallidou & Vlachou, 2010).  The third piece of this puzzle that plays 

an integral role in students’ academic achievement is the students’  perception of 

themselves as able learners.  The term many researchers use regarding this 

perception is self-efficacy.     
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Self-efficacy has been argued to have powerful effects on achievement 

behavior.   Those with higher self-efficacy are suggested to have higher goals, 

stronger commitments to these goals, and the ability to recover more quickly from 

setbacks than do those lower in self-efficacy (Bandura & Cervone, 1986).  A 

second Bandura (1989) study confirmed these beliefs and found the following: 

Much of the research on enhancement of sociocognitive 

functioning has centered on the knowledge and skills needed to 

regulate one's own behavior. There is a difference between 

possessing skills and being able to use them effectively and 

consistently under varied circumstances. Development of self-

regulatory capabilities requires instilling a resilient sense of 

efficacy as well as imparting knowledge and skills. If people are 

not fully convinced of their personal efficacy they rapidly abandon 

the skills they have been taught when they fail to get quick results 

or it requires bothersome effort. (pg 733) 

 

 Fast, Lewis, Bryant, Bocian, Cardullo, Rettig, and Hammond (2010) 

conducted a study in which students’ self-efficacy was studied in relation to the 

perceived classroom environment.  The research demonstrates that that if students 

see their classroom as an environment that promotes mastery learning of topics, 

then students would believe that effort leads to success and display positive 
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attitudes towards learning.  Conversely, students who see their classroom 

environment as one that is focused on performance goals, tend to use shallow 

strategies and avoid challenging tasks.  In the performance goal environment, the 

emphasis was placed upon natural ability and competition  (Fast et al., 2010).  

The authors also found, “Although both of these classroom goal structures 

theoretically influence the achievement goals that students adopt, only mastery 

goal structures are consistently related to self-efficacy” (p. 730).  While a 

mastery-oriented classroom environment may provide slight increases in student 

self-efficacy, combining this with a caring and challenging environment may 

produce a greater increase in students’ perceptions of their abilities.   

 Friedel, Cortina, Turner, and Midgley (2010) conducted a similar study.  

Their focus centered on the different roles teachers and parents played in the 

formation of students’ self-efficacies.  They found that a decline in self-efficacy 

beliefs was greatest in students who perceived a lower emphasis on mastery goals 

as they transition to a new classroom.  Students who perceive a high emphasis on 

mastery learning goals as they transition to the next grade level also showed a 

significant increase in their self-efficacies.  This research confirmed Fast et al.’s 

(2010) findings that the mathematical environment a teacher creates in the 

classroom plays a direct role on students’ self efficacies.   
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 Another concept that often arises when researching elementary children’s 

self-efficacy is gender stereotyping.   Steffens, Jelenec, and Noack  (2010) found 

the following: 

Implicit math-gender stereotypes could be observed in 9-year-old 

girls and turned out to be strong in female adolescents.  Girls’ 

implicit stereotypes uniquely predicted math self concepts, 

achievement, and enrollment preferences across age groups.   

Together with an early implicit affinity to language versus math, 

these findings suggest that implicit processes already exert their 

influences on girls at an early age and possibly diminish girls’ 

commitment to math related fields. (p. 960) 

 The authors of this study did not look to distinguish what the roots of these 

stereotypes were (e.g. parents, peers, teachers, etc.) but rather studied the 

outcomes of existing stereotypes.   

 Muzzatti and Agnoli (2007) also studied the effect that one’s gender has 

regarding math attitudes and academic ability .  These authors also found that 

gender differences affect math abilities and attitudes.  While both boys and girls 

reported math as becoming increasingly more difficult as years passed, girls 

evaluated themselves less confidently in math, despite having an equal level of 

performance.  “Because attitudes toward mathematical ability are correlated with 
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mathematics achievement it is very important to start early to counteract 

mathematics disengagement” (Muzzatti and Agnoli, 2007, p. 757) 

 Tiedmann (2000) also conducted research regarding a parents’ influence 

on gender stereotypes and the relationship to students’ perceptions of their own 

math abilities.   The author found that “gender-related, stereotypical beliefs 

concerning the distribution of mathematical talent led to a bias in parents’ 

perception of their children’s competence, with effects on the children’s self-

perception of their mathematical ability as early as the mid-elementary school 

years” (p 149).  These findings highlight one manner in which students’ 

perceptions are affected by their environments, highlighting the fact that children 

form self-perceptions not only on the basis of past performance, but also on the 

gender-differentiated messages conveyed by adults in their lives (Tiedmann, 

2000). 

 Another manner in which researchers have studied students’ perceptions 

of themselves as mathematicians is to ask students to provide reasoning for their 

test scores.  Finding what students believe led them to a high score versus a low 

score may provide insight into the students’ perceptions of themselves in a math 

classroom.  House (2006)  compared results from the Third International 

Mathematics and Science Study (TIMSS) with students’ beliefs regarding what 

led to these scores.  One significant finding from this study was that a number of 

mathematics belief variables were related to math achievement test scores for 
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students in the United States and Japan.  Students who scored higher attributed 

their successes to hard work and studying at home.  Students who  scored lower 

on this test stated that math was boring and attributed academic successes in math 

to a natural ability (House 2010). 

 While examining students’ self-efficacies regarding math, it is also 

important to note students’ perceptions of how they learn best.  Sexton (2010) 

examined the use of concept cartoons as a way to access students’ beliefs about 

their preferred approach to math learning and teaching.  Sexton used concept 

cartoons to make a pictorial representation somewhat similar to comics, “but 

rather than being designed for humor, they aim to present to students the 

opportunity to interpret and understand concepts” (Sexton, 2010, p 516).  Sexton  

found that Concept Cartoons acted as an assessment tool that allowed access into 

student beliefs about their preferred learning environments.  As Metallidou and 

Vlachou (2010) highlighted, a student’s ability to monitor and evaluate his or her 

own academic growth is a strong indicator of future academic achievement.   This 

confirmed Sexton’s findings that the use of visual imagery is a valuable tool for 

students to evaluate their own learning preferences. 

 Ability grouping has also become a popular topic among researchers 

focusing on the benefits, or detriments, of this practice.  When schools place 

students in “leveled” classrooms, these placements  have a direct effect on student 

self-perception and the environment in which they learn.  Zevenberger (2005) 
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focused her research on the implications of this grouping, proposing that, “the 

structuring practices of school mathematics, including ability grouping, reify 

differences:  they are seen to be natural rather than being a consequence of the 

practices themselves” (p. 607).  She found that regardless of age, gender, or grade 

level, ability grouping seemed to be the most critical variable in the self-reports 

from the students.   

From Zevenberger (2005): 

…the responses (from the students) confirmed the general 

understanding that students in the high streams reported positive 

experiences; were exposed to significant mathematical content; 

performed better in tests; and considered the discipline as relevant.  

The converse was true for students in lower streams.  These trends 

held, regardless of the school, the year, or gender.  (p. 79)   

These findings highlight the negative consequences that ability grouping 

can have regarding students’ self-perceptions.  

Summary 

The research contained in this literature review conveys a clear need for 

students to develop automaticity in the math classroom, the benefits of tracking 

performance over time, and the advantages of developing positive self efficacies 

in students. 
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 The need for students to fully develop automaticity has been reported at 

a national level by the National Mathematics Advisory Panel (NMAP 2008) and 

the National Center for Educational Statistics (NCES 2011). The NMAP 

suggestion that proficiency with whole numbers is a necessary precursor to 

future math endeavors highlights the need for all American students to develop 

this skill.  Woodward (2006) and Arnold (2012) point out that developing 

automaticity in math facts is fundamental to success in many future areas of 

mathematics.  Research  also suggests that fact fluency and automaticity of 

whole numbers have been identified as areas needing more emphasis and 

attention in math instruction (NMAP 2008).  The NCES (2011) reports that 

American students tend to struggle with basic computational skills.  These points 

highlight that students need a fully developed automaticity for success in the 

math classroom, and that, nationally, we must focus more attention on this skill. 

 The ability to monitor performance has also been recognized as a 

beneficial practice in  the classroom as students work to develop their skills.  

Duhon et al. (2015) and Codding et al (2009) point out the need for students to 

analyze their abilities as a key to continued mathematical growth.  Specifically, 

when working to develop computational fluency Duhon (2015) reports that the 

ability to add other intervention components, such as goal setting, has been 

successfully used to amplify gains in automaticity levels.   
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Bingham, Holbrook, and Meyers (2010) state that self-assessment is often 

overlooked, but this practice is necessary as it returns voice and ownership to the 

students.  The motivation and self appraisal developed from this practice 

contribute to children’s engagement in learning and success in the classroom.  

Graves (2006) reinforced this belief and reported the ability for students to self 

assess in the math classroom, and track this performance overtime, allowed them 

to reach their goals more quickly than students not performing this task.     

The development of automaticity in the math classroom, coupled with the 

opportunity to track one’s performance over time, has been identified as a  proven 

benefit to students.  Overtime this leads to, or amplifies, a positive self-efficacy in 

students.  Bandura (1986) highlights this need by pointing out that students who 

are able to see themselves as able learners set higher goals, work harder to reach 

those goals, and are able to better persevere in the face of obstacles.  Bandura 

(1989) also reports that the development of a positive self-efficacy is necessary 

because students who are not fully convinced of their personal efficacies  abandon 

the skills they have been taught when they fail to get quick results or when the 

work becomes boring. 

Fast et al (2010) studied the effects of the classroom environment on 

students’ development of a positive self-efficacy.  Their findings highlight a need 

for students to focus on mastery goals, rather than performance goals.  Students 

who perceive their classroom as focused on performance alone develop shallow 
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strategies to solve problems and avoid challenging tasks.  Conversely, students 

who see their math classroom focused on mastery goals learn that effort leads to 

success and have a positive attitude while learning.  This belief was confirmed by 

Friedel et al (2010) who found that a  decline in self-efficacy beliefs was greatest 

in students who perceived a lower emphasis on mastery goals, while students who 

perceive a high emphasis on mastery learning goals showed a significant increase 

in their self-efficacies.  A developed self-efficacy, therefore, has been proven to 

be affected by the classroom environment, and has been reported to positively 

affect students academic growth.  

The research contained in this literature review shows a clear need to 

focus on the following constructs while instructing elementary students in the 

field of mathematics: a developed automaticity with basic facts,  an ability for 

students to analyze the work they are completing, and the development of one’s 

mathematical self-efficacy.  

Research Design and Methodology 

Introduction 

 I conducted a study on the effects of students predicting performance on 

basic fact assessments, monitoring the progress of these assessments overtime, 

and self-selecting practice sessions based on their results.  During this study the 

students completed timed tests consisting of 50 problems in both addition and 

multiplication.  Prior to taking an assessment students were asked to predict their 
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scores to promote metacognition.  As students graphed their results, over time, 

they were given the opportunity to practice math using the online program, First 

In Math.  First In Math is an online instructional resource specifically designed to 

engage students.  Students were also asked to provide reasoning for each score 

they achieved on their fluency assessments. 

Setting 

This action research study was conducted in an elementary school in a 

suburban setting in eastern Pennsylvania.  This school serves 480 students in 

grades K - 5.  The ratio of students to teachers is 17:1, which is slightly higher 

than the state average of 15:1.  Minority enrollment is 31%, which closely mirrors 

Pennsylvania’s average minority enrollment of 32%.  The majority of these 

students are Hispanic (13%) or Asian (8%).  The percent of black students in this 

school (6%) falls below the state average of 13%.   

In my classroom the students sit in rows of 3 to 6, allowing students to 

work with shoulder partners relatively easily and to optimize collaborative efforts.  

All students have access to a Chromebook that they use daily.  The Chromebooks 

are kept on a counter behind my desk, giving students the opportunity to utilize 

them independently throughout the day.   

Participants 

 

My math class is composed of 26 students, 14 boys and 12 girls.  Because 

5 of my students have I.E.Ps I also have a co-teacher who joins me for 1.5  hours 
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of math each day. Within the mix of students there are two students receiving 

ESOL services.  One of these students is at the pre-production level speaks mostly 

Chinese.  The other is from Guatemala, speaks spanish at home, and is at the 

intermediate level.  The math class is heterogeneously grouped, and the age of the 

students ranges from nine to ten. 

Procedure 

 The action research that I conducted took place over a 10-week period.  

This research began in mid-September and concluded in December of 2017.  

Week one and week ten were reserved for the collection of Pre/Post math interest 

surveys.  During the middle weeks (Weeks 2 – 9), the students took part in 

mathematical practice activities and completed timed fluency tests.  The 

following sections will more clearly elaborate on the specific activities students 

engaged in.   

 On day one of the study the students conducted a survey regarding their 

attitudes towards math in general, and their attitudes towards their ability to 

complete addition and multiplication facts fluently.  The addition and 

multiplication rating scales were completed using Google forms to aid in the 

collection and organization of data. This was used to determine a baseline for 

students’ engagement with the subject and their beliefs that they are able to be 

successful mathematicians.     



 29 

During day two of the study the class was more directly introduced to First 

In Math, the math practice program  they will be using over the course of the 

study.  Many students had used this program in the past, but not all were aware of 

the Player Goals page section, which  tracks each student’s level of engagement 

each week as well as the specific facts that students have mastered, or need to 

master.  During this time I shared that students would  be given general directions 

regarding what to practice, but it was ultimately up to them to decide where to 

start and what to accomplish each day.    

Day three of week one I introduced the graphing of timed tests.  The 

students set up their graphs on grid paper and the folders to hold their timed tests 

and graphs.  These timed tests consisted of 50 problems needing to be completed 

in 2 and ½ minutes.  

Weeks two through nine of the study the students followed the same 

weekly schedule.  As students entered the classroom they picked up a 

Chromebook and signed into First In Math to complete different areas of the 

whole numbers fact gyms.  Prior to beginning their session students were 

instructed to use their My Goals pages to see what they had accomplished, 

regarding the fact gyms, and to decide where they would begin the day’s session.  

Students were given the option of which Gym to start in: addition, subtraction, 

multiplication, or division, but the ultimate expectation was that they work in all 

four over the course of the study.  Students completing all sections  of the whole 
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numbers gyms (addition, subtraction, multiplication, and division) were instructed 

to begin working in the fact fluency integers gyms.   

Weekly, I  administered a timed test.  During the first half of the the study, 

students completed addition fact assessments, and during the second half 

multiplication was the focus fluency.    Prior to completing the assessment, 

students placed  a “P” where they predict their score would fall on the graph.  

Next, the students completed a timed test.   After completing this test, the students 

exchanged papers, were led through the grading of each assessment, and graphed 

their actual score.  On the back of each timed test the students also had to answer 

the question, “Why?”  This question was used to allow students time to reflect on 

what contributed to the score they received and their accuracy (or lack thereof) in 

their predicted results versus their actual results.  Each time a fact fluency 

assessment was taken, students entered their predicted and actual scores, along 

with their answers to why each score was achieved, in a Google form. This 

greatly assisted in data collection and organization.   

During the final week of the research students completed the post-survey 

regarding math attitudes. They also completed a self ability rating scale for 

addition and multiplication to determine changes overtime. 
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Data Sources 

 

Student Surveys 

 Students surveys were utilized at the beginning and the end of the ten 

week period to detect any changes in students’ attitudes, regarding interest and 

ability in math, over the course of the study.  A  paper and pencil math interest 

survey was employed to determine students underlying beliefs about math and 

their lives.  This survey contained 21 statements that students were asked to 

provide their opinion of by checking boxes next to each statement.  The options to 

check were: strongly agree, agree, neutral, disagree, or strongly disagree.  This 

survey contained statements such as:  “I like math.”,  “I am good at math.”,  and  

“Boys are naturally better at math than girls.” 

 A multiplication rating scale and an addition rating scale were also 

administered at the beginning and the end of the study to determine baseline 

levels of, and changes to, students beliefs regarding their fact fluencies in addition 

and multiplication.  These surveys were administered through Google Classroom, 

using a Google form.  These surveys consisted of two parts.  The first part asked 

the students to rate their ability to add or multiply.  Students responded with a 

number between one (I don’t know any of my facts) and ten (I can easily 

remember my facts).  The second part of these surveys asked students to tell why 

they provided the answer they did in the first section.  
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 Students were also asked to tell why they received their score after every 

addition and multiplication timed test.  To accomplish this students responded to 

the question “Why” on the back of each timed tests (Appendix D).  This allowed 

me to gauge how many of my students were attributing their scores to the practice 

they were engaging in and how many were not.   

 

Student Artifacts 

 To promote the metacognitive process students were asked to track the 

results of their addition and subtraction timed tests.  To accomplish this students 

created a graph for each operation.  These graphs tracked the students scores over 

time.  Students also used these graphs to predict their score prior to taking each 

assessment.  Tracking both their predicted scores and their actual scores allowed 

the students to compare their perceived abilities with their actual performances 

over time. 

 Each week the students also completed one or two timed assessments.  

These consisted of 50 problems in either addition or multiplication and were 

aligned vertically.  Each assessment was a thin strip of paper with equations to be 

completed on the front and student input on the back. 

Regarding student input, the students were directed to always have three 

components.  The first piece of input was the date in order to connect each 

assessment with their student graphs over time.  This allowed for accurate 
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recordings of scores over time.  During this study my co-teacher and I would 

periodically compare each students graph with their timed tests to ensure accurate 

self reporting.  The next piece of input students added was a score section.  This 

consisted of them listing ___/50 = ___/100.  Because I wanted the students to 

graph their scores as a percentage, and each timed test consisted of 50 problems, 

students were asked to convert their score from an amount out of 50 to an amount 

out of 100. The third piece of student input was a “why” section.  Here the 

students provided a rationale for the score they received.  This action encouraged 

the students’ thinking about their actions leading up to the assessments, and the 

results in their performance.  It also allowed me to track how students were 

rationalizing their actual scores versus their predicted scores. 

 

 

Participant Observations 

 

Hendricks (2006) suggests that observational data is a valuable source for 

gathering data in a research study.  Therefore, the majority of my field log entries 

focused on the observations of my students.  To accomplish this I utilized a 

double entry journal to list the specific behaviors I observed, along with my 

responses to these behaviors.  During the study I noted students’ behaviors, 

discourse, and responses to stimuli in the classroom.  These observations included 

direct conversations with students as well as conversations overheard among 

students during group work sessions.  In the latter case follow up interviews were 
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conducted to ensure that my interpretations of their comments were accurate.    

Direct quotes from students, gathered through observations were also used to 

represent their perspectives and feelings without bias. Using these low-inference 

descriptors (Hendricks, 2006) prevented students from being misinterpreted 

through my recording of their behaviors and attitudes.     

 

Trustworthiness Statement 

 

I took a number of measures  to ensure the validity and trustworthiness of 

this study.  I also was sure to attend to ethical guidelines over the course of this 

study.  Accordingly, Moravian College’s Human Subject Internal Review Board 

(HSIRB) has approved this action research plan.  Consent was obtained from both 

my principal and the parents of each of my students through signed consent 

forms.  Both my principal, and the parents of my students, were made aware that 

participation in the study was optional and that students and/or parents could  

choose to withdraw at any time without penalty.  I also confirmed to both parties 

that all data collected during my study will be kept in a secure location throughout 

the study and destroyed at the completion of the research period.   Pseudonyms 

were used for any participants in the study in order to guarantee anonymity.  To 

help my readers better understand my research I have included a detailed 

description of the classroom setting, students’ demographics, instructional 

strategies and interventions (behaviorally and academically), and research 
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methods employed during the study (Hendricks, 2009).  To ensure the validity 

and credibility of my findings a number of data sources were utilized during my 

study including surveys, student artifacts, and observational data.  While 

analyzing my findings I cross checked data found in students’ artifacts with 

information in my field journal and observational data.   Utilizing multiple data 

points allowed me to represent my findings as truthfully and objectively as 

possible. Trustworthiness of my findings was achieved by utilizing multiple data 

points and triangulating the findings of each (Hendricks, 2009).   The majority of 

the data I collected was observational data in my field log and through anecdotal 

notes.  Observation plays a primary role in my classroom and is a necessary 

component of the action research process (Hendricks, 2009).   To offset 

researcher bias, low-inference descriptors were utilized, which allowed me to 

collect observational data in terms that are as concrete as possible.  This included 

using verbatim accounts from participant dialogue, surveys, and classroom 

observations rather than attempting to reconstruct a general sense of what 

observed.  This was done to prevent my own perspective from monopolizing  the 

reporting of my findings.  Inquiry data was collected in the form of student 

surveys conducted at the beginning of the research period and at the conclusion of 

this period to determine changes to students’ attitudes towards math.   While 

reviewing data obtained from conversations, journals, and student responses 

informant feedback was requested to ensure the accuracy and validity of my 
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representation of students’ attitudes and beliefs (Hendricks, 2009).  In order to 

provide an ethical viewpoint I have identified any researcher bias I may have 

concerning my study, the students, or mathematics in general.  While impossible 

to fully separate my beliefs from my actions during the study, I highlighted any 

beliefs or thoughts that could affect the collection/interpretation of data to ensure 

the credibility of my research.  While planning this study I  conferred with other 

teacher researchers and colleagues regarding my internal beliefs and their possible 

effects on my research.  I relied on these impartial peers for feedback regarding 

any overemphasized  points, vague information or researcher biases that may have 

affected my action research findings.  

Building Relationships 

Weeks 1 - 3 

 It has always been my belief that relationships are a major factor in a 

student’s academic successes.  The term relationship often connotes an 

interaction between two people, and, in this regard, a student’s relationship with 

peers, teachers, and parents plays a monumental role in creating a healthy 

environment that promotes support and success over time.  However, this is not 

the only type of relationship affecting students’ ability to thrive in school.  In my 

career as an educator, I have also found that students’ relationship with the 

content is an equally important factor to academic, and social, growth.  Whether 

considering relationships between people, or relationships between students and 
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their subjects of study, both start in a similar fashion — with an introduction.  To 

begin I would need to conduct introductions of myself, our initial graphing 

process, our online math practice tool, and even students to themselves and to one 

another. 

Fourth grade students at our school rotate classrooms for math, and during 

the math period I send 13 of my students to one of the other two fourth grade 

classrooms, and 13 students from the other homerooms join the students in my 

classroom.  Even though the groupings are not homogenous, students are asked to 

switch classes to aide with the school learning support schedule.  While this may 

be a good plan on paper, it has its negative aspects, too.  One of these can be the 

disconnect with students who only enter my environment for 1 hour and 20 

minutes a day.  It is easy to get wrapped up in the curricular expectations during 

such a short period, and, without making a point to do so, getting to know the 

students personally can take a back seat to the lessons for the day.  The students in 

my homeroom get to know me, and my expectations for them throughout the day.  

Through my actions and my words, they learn that I care for them, and my 

expectations for them exist because I know they have internal abilities that will 

continue to grow and flourish, so on September 13, 2017 I set out to make the 

understanding of relationships in my math class a focal point.    

  By this point in the year the students had been in math class with me for 

about 10 days, and they were beginning to know me as a teacher with high 
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expectations for students regarding their personal responsibilities and work ethics.  

However I also hoped to convey that my mathematical expectation for each of 

them is to move forward from their starting points.  I wanted them to see that the 

curriculum was not the boss, but rather our guide, allowing  each of us to attend to 

our own needs while working on curricular objectives.  Students didn’t seem as 

interested in this point as I may have liked them to be.  In their minds, I suspect, 

their job was simply to show up and work on what I give them before they moved 

on to their next class.   

The day I introduced my study started like many other days.  Students 

entered, began working on their math warm up, and waited for me to start math.   

 “Boys and girls, did you know that I am still going to school just like you 

are?  I’m interested in learning more about how kids learn, especially in math.  

Because I want each of you to be a part of my learning I need your parents to fill 

out this form and to return it as soon as possible.” 

  Students ears perked up.  One student spoke up, “Wait, you’re leaving 

us? You’re retiring?”. 

 Another blurted out, “Mr. C, my aunt is going to college now.  She never 

went before”.   

Reflecting on this moment allows me to see the importance of creating an 

environment in the classroom focused on much more than curricular expectations.  

These students were making connections with me personally in a way they hadn’t 
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in the past two weeks.  Why had I waited to attempt to make this connection, 

knowing that it was this very personal engagement that would be paramount to 

my instruction and would boost my ability to positively affect the students 

academically and emotionally?   

 During the initial stages of my study students were also introduced to the 

timed assessments that they would be using to determine their fact fluency 

performance.  This assessment consists of 50 problems that must be completed in 

2 and ½ minutes.  Over the course of the study students would  focus on tracking 

their fluencies in addition and multiplication with these assessments.  I selected 

this method as a result of the research that the use of explicit timing can provide 

timely, valuable feedback to students and is relatively easily to implement across 

multiple settings  (Van Houten and Thompson 1976, Codding et al 2007, Poncy et 

al 2010). Students were familiar with fluency assessments and recalled doing 

something similar with their second grade teacher. 

 A student called out, “Will we be timed on these?” 

 I was partly excited to hear that students have some schema developed 

about the need for timed assessment in math, but I was also a bit concerned.  

What if these students had negative experiences with timers and fluency 

assessments?   I had planned to be the teacher to ease them into this process for 

the first time.   
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Surprisingly to me, my students did not know why the timer was necessary 

when tracking fact fluency, so I explained,  “Well, I like to go to the gym and 

work out.  If I go to the gym today and I lift fifty pounds ten times, and then I go 

next week and I lift twenty pounds twenty times, did I get stronger?” 

The students responded with a communal, “NO!” 

When I asked why, they were able to articulate that I was using different 

weights, so I couldn’t accurately compare one to the other.  I then asked, “If you 

do 40 math problems in 2 minutes today, and tomorrow you complete 50 in 4 

minutes tomorrow, did you get better at math?” 

Again, the students responded with a resounding, “NO!”. 

We ended this discussion with a common understanding of why a constant 

unit of measure was needed, and when this discussion was completed, there was 

much less anxiety about the use of a timer.   

Next, I  introduced the graphs students would use to track their 

performance levels over time.  Again, students were familiar with this practice, 

having completed graphs to track the number of words read, or the number of 

math fact completed, in prior grade levels.  I felt it would be beneficial for 

students to have prior knowledge of why we use graphs to track data over time, 

but this turned out not to be the case.  In the past, students had used graphs that 

were teacher created, so their knowledge of graphing turned out to be much more 

limited than I had expected. While creating a graph to track their results, many 
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students had difficulty knowing how to construct a tool to track data, and why it is 

important.  For example, students were unsure what each line on the y axis should 

represent.  While they knew the range needed to be from 0 to 100 they were 

unsure what each line should represent.  By counting the lines we realized that 

increasing by 10% each line would give us a graph ranging from 0 to 100 in ten 

percent increments.  We also discussed what the graph would look like had we 

used increments of 20% (much too small to make sense of) and 5 % (we wouldn't 

be able to graph scores over 80%) As a result, I wondered how many 

opportunities they had experienced in the past  for authentic math tasks such as 

collecting data on something of their choice and then displaying and analyzing 

that data to answer questions they had about a topic.   

After modeling and guiding students through the beginning stages of this 

process I began to walk the room to get a sense of graph completion.  Students 

wanted  my feedback.  One was student calling out, “Mr. Collier, you didn’t look 

at mine yet,” showing me their early investment in graphing. 

After the graphs were constructed, I showed the students where on the x-

axis each date would be listed, and how we would use the y-axis to list our score 

for the day.  However, there was a twist.  I asked students to predict their score 

before they ever completed the assessment, and to tell why they achieved each 

score after the assessment.  They were to do this by placing a P on the line 

indicating what they predicted their performance would be prior to each 
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assessment and by telling “why” they scored they way they did on the back of 

each assessment afterwards.  Perhaps I should have foreseen that this new concept 

would initially confuse the students. 

 “Why do we need to do that?” 

  “Won’t it make our graphs ugly?” 

  “How will I mark my score?” 

  “Why do I need to tell why?” 

   Metacognition was a new concept and one that we would go on to study 

together in some detail. 

In my classroom we often speak about the importance of having a growth 

mindset.  One component of this theory is the need to focus on our struggles as a 

way to improve them.  While many students would prefer to avoid the things that 

result in  struggle, I attempt to encourage them with what has become our class 

motto: Chase the Struggle.     

At this early point, I also needed to introduce students to First In Math, 

which  is utilized at multiple grade levels in my school and district.  Because of 

this, the students were all familiar with the program itself and were very excited 

to start using it again.  Students reported liking the fact that this program plays 

more like a game than a math practice tool.  As students answer questions 

correctly they accrue points, moving  students through different skill levels and 

allowing them to rank themselves, or our team (our math class), with others in the 
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school, district, state, and even nation.  This leaderboard and point collection 

system often drive students’ desire to log on, answer questions correctly, and 

continue playing over the course of the year.  Higher level math is not worth more 

than easier math within this forum, so students still needing to practice lower level 

math are as enticed to play as those working beyond grade level.  In this regard, 

students needing additional supports can practice math without the negative social 

pressures associated with working below grade level.   

The first day we logged in my students jumped right to it.  They didn't 

need me to tell them what to do, or where to go.  They were the masters of their 

online mathematical domains.  I was elated to see this.  While they were “playing 

a game” I knew that they were digging in to the practice tool that will give them 

an opportunity to address any skill deficits they see over the course of the year.  

Better yet, this tool would be collecting data regarding the skills students were 

practicing - and their successes, or lack thereof, in these areas, so I would know 

just where to offer support.  Because the data was collected individually, and 

aggregated as a class, I knew that their interest in continuing to “play” First In 

Math would give us opportunities to track our performance over the course of the 

year.  The primary benefit to this was the opportunity for students to receive 

timely feedback, allowing them to make more informed practice decisions in 

future sessions.  A secondary benefit was that we now had a vehicle to promote 

mathematical discourse in our classroom.   
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Several students immediately clicked the rankings button daily to see 

where we were ranked in the school.    One student remarked, “Look, we are the 

top team in fourth grade.  But the Scout team is still beating our team, Norway.  

What grade are they in?” 

Another student chimed in, “I think the Scouts are a fifth grade team.  

They have that really good kid on their team who had the most points in the 

school last year.”  

A third student jumped into the conversation, “Yeah, but we have Maya.  

She can beat him.”  This student was referring to a student in our class who is 

known to be good at math and has already climbed the individual rankings in FIM 

by this point.  At this early point in the school year, she was rated second in 

individual rankings in both our school and our school district. 

While the students were clicking their  ranking button daily and 

whispering to friends about how they would beat each other and how we would 

beat the other teams in the school, I was bubbling inside, knowing that their 

relationship with this tool was growing stronger by the day.  Also, “playing this 

game” had helped the class to develop a sense of community, strengthening 

student relationships with each other.  No longer 26 individuals, we had become 

Team Norway the Great.  No one would dare  stand in our way as we marched 

toward the top of the rankings!  What the students didn’t  yet fully realize, though, 

is that as they took each step on this march, they were  also compiling data that 
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we would go on to use to analyze and grow our mathematical abilities over the 

course of the year ahead.   

 

Pre survey and ratings scale 

The French sociologist Auguste Comte once said, “Know yourself to 

improve yourself.”  For me, this statement rings true across nearly all 

environments.  A number of researchers (Bingham, Holbrook, and Meyers 2010, 

Graves 2006, Bong et al 2012) have found that students’ ability to analyze the 

work they are completing is a key factor in their ability to achieve academically.  

While arguing that self-assessment boosts motivation and achievement, they  also 

highlight the unfortunate fact the student self-assessment is too often overlooked.  

Here, though, students had begun  to lay the foundations that would allow them to 

self-assess their mathematical beliefs and abilities in order to positively affect 

both.  Math instruction is traditionally so focused on the content that the effect of 

students’ belief systems about math is often overlooked as a factor influencing 

mathematical outcomes.   Hence, I decided to use a math interest survey to begin 

the process of identifying students’ mathematical attitudes.  The results of this 

survey can be seen below: 
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Table 1 

Students Survey Pre-results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This survey was utilized for two main purposes.  First, this gave me an 

opportunity to set the stage for the remainder of the year regarding how important 

attitudes are, while trying to affect abilities.  I shared with the students that this 



 47 

attitude would  allow us to talk about math, focus on our struggles, and celebrate 

our successes.  Since this survey would  also be administered at the end of the 

study, it would give us an opportunity to see if/how students’ attitudes towards 

math changed over time.   

While analyzing this survey to learn more about my new math students, I 

had some interesting insights.  One thought-provoking piece of data was the 

response to this question “I like math”.  Five students clearly felt negatively about 

their abilities in math and felt that it is their worst subject, while only 1 student 

indicated not liking math.  This left 4 students claiming to like math but who 

didn’t think they were very good at it.  Most of the research I have read conflicts 

with this perspective.  Bandura’s (1997) social cognitive theory, for example,  

proposed that self-efficacy is most strongly affected by one’s previous 

performance, and research largely supports this (Chen & Zimmerman, 2007).   I 

couldn’t help but wonder how truthful students were  being with themselves, and 

with me, as they answered this question, feeling perhaps the pressure of “telling 

the teacher what he wants to hear.”  I viewed this, though, as an opportunity to 

show these students that they do have math abilities and should continue to see 

the value in improving these abilities.   

Fifteen of the nineteen students polled agreed that math is a worthwhile, 

necessary subject.  If the other four don’t think math is worthwhile, do they really 

care about the practice they will take to improve or will they just go through the 
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motions without expectations for themselves?  The upcoming weeks would allow 

the students to learn more about themselves in this regard as they took 

assessments, tracked their practice, and explored what it was that led to their fact 

fluency growth, or lack thereof.      

All students felt that their parents could help them on their math 

homework and that their parents liked math, so I did not feel that parental 

stereotypes were negatively affecting any of my students regarding their 

mathematical growth, or regarding their belief in their ability to grow 

mathematically.  However, the majority of students (10) claimed not to know if 

their parents used math on a regular basis in their jobs, implying, perhaps, a lack 

of mathematical discourse in those homes.  If students don't know if their parents 

need math in their lives, will they feel like they need it?  Will they take their 

practice sessions seriously and see the results as beneficial to their lives or are 

they just going through the motions as a student? 

Regarding the statement “I like math”, only one of my students, Jerod, 

responded as having a negative feeling about math, while all others responded 

with “neutral, agree or strongly agree”.  Jerod was  relatively new to our school 

and had struggled to achieve academically since his arrival.  He regularly asked  

to go to the bathroom at the  start of class or when independent practice sessions 

began he would put the hood on his sweatshirt up, looking like he wanted to avoid 

mathematical interaction at all costs.  
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While this math interest survey allowed me to learn more about my 

students’ attitudes and beliefs, my ultimate goal was to provide them an 

opportunity to go through the metacognitive process of thinking about their own 

mathematical beliefs and attitudes. Promoting metacognition was a key objective, 

and this survey served as an important first step.  

A second manner to promote this process came in the form of an addition 

rating scale (see table 2) administered through a Google classroom form.  Here 

students were able to answer honestly, without having to worry about those 

around them.  By eliminating this social influence, I hoped the students would be 

able to be  honest with their responses.   On this form, the students rated their 

ability to add on a 1 (I cannot add) to 10 (I know all of my addition facts) scale.  

Next they told why they felt this rating was accurate.  The class average here was  

8.1 regarding their ability to add fluently.  Students attributing their ratings to past 

outcomes, or actions, have been highlighted in grey.  

 Again, the goal here was to promote metacognition in allowing the 

students to think about their specific mathematical proficiencies.  As often as 

students practice math in a classroom, and get feedback in the form of test scores,  

they are not given ample opportunities to explore what is leading to the 

performance they see from themselves.  This is a necessary part of the process for 

true, sustained, growth to occur. 
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To add a further layer of metacognition to the rating scale students were 

asked to tell how they feel about math overall.  These responses were 

overwhelmingly positive, even when students rated their ability to add in the 5 - 7 

range.  This tells me that even when students are not scoring well they still have 

not detached from the desire to be in a math based environment.  My observations 

during this three week period confirm this.  The students are happy from day to 

day.  The first question I am generally asked is, “Are we going on Chromebooks 

to start?” as math class begins.  These students are anticipating the math practice 

we will start with and are disappointed when the answer is no.   Struggles learning 

new material are dealt with in the moment and students seem to move on as if 

these struggles are simply part of the process.  I do wonder, however, if this  

positive attitude will fade if the struggles persist.       

Table 2 

 Addition Rating Scale Pre Survey  

 

Pseudonym 
Rate your 

ability to add 
Tell why you feel the way you do 

How do you feel 

about math? 

Benny 9 Because I've practiced it 

I feel good because 

I like doing first in 

math. 

Scott 10 cause I kept above 90% \_("-")_/ don't know 

Jarod 5 bad mad 

Joe 10 because i am fast at my facts AMAZINGLY!!!!!! 

Kaya 10 I practiced since kindergarten good 

Cary 7 

i do not really know how to add big 

numbers that you have to regroup 

i feel somewhat 

confident 
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Jimmy 10 ? ? 

Jerod 7 happy glad 

Alden 9 because of times very good 

Rhea 5 I don´t understand same of it good 

Molly 10 I think I know my facts really well. 

I think math is pretty 

fun. 

Cristean 9 

I practice in VIF and my mom test 

me on facts. 

i feel good about 

math. 

Jose 10 

i can add because don't have to use 

my fingers it is fun 

Cal 5 I can good good 

Maya 10 

Because I get good grades on my 

tests 

Good because it is 

fun and I am good 

at it 

Ronda 9 

Adding is better because easyer to 

count. 

I feel happy about 

math 

Julia 8 

it is hard to add really really big 

number and i like adding little 

numbers fast 

it is great i like 

when i glue stuff in 

my notebook 

Shelly 7 

IT FEELS AWOSMELY 

PROUD!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! awosome 

Bruce 7 im 3 place in our class amazing 

Manny 5 I almost know all my facts good 

Vinny 10 

I picked ten because I know all my 

addition facts 

I fell awesome 

because math is 

awesome 

 

 

 

The relationships formed in the first three weeks of this study are key to 

student engagement and growth, personally and academically.  Now that the 

primary phase of my study was complete I was looking forward to observing what 
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happens to individuals, and a math classroom, as these initial relationships 

amplify our math practices and belief systems.  Over the next three week period 

the students worked to build on these relationships.  While many of the same 

activities took place during the first and second portions of my study, students’ 

responses and the ability to analyze themselves further developed.  

 

Building on Relationships 

Weeks 3 - 6 

Part one of my story focused on the ability of my students to begin 

developing (or to further develop in the case of First In Math) relationships with 

me, their math practice tools, their performance tracking tool, and themselves.  As 

with any partnership the introductory period is necessary for a stable connection 

that withstands the tests of time.  The beauty of investing time in becoming 

intimately familiar with something, or someone else, is the ability for one to grow, 

and benefit from the relationship for future years.  This is the scenario my 

students and I found ourselves in during the second third of this study.  We had all 

passed the “getting to know you” phase and were now ready to begin getting 

down to business.  Our conversations became more direct.  Our focus became 

more specific.  Our ability to predict future performances slowly improved.   
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Overestimating our abilities 

A common theme I have noticed in elementary students, during my time 

working with them, is that they often overestimate their abilities - especially in 

math.  I feel this is due to the social pressures of wanting to look smart combined 

with the lack of authentic opportunities to track specific performance overtime.  

So, when one asks a student something as simple as, “Do you know the answer to 

7 x 4?” the quick response is often, “yes”.  When probed for an answer, many 

students begin counting to figure out the product.  While there are fact fluent 

students in every group, the group of students who falsely believe they are - or 

who know they aren’t but act otherwise - is always present.  This proved to be 

true during the second phase of my study.  However, I was also able to see that a 

focused attention on tracking fact fluency performances and attitudes can bring 

students’ actual performances closer to their perceived performance levels.   

 

Week 3 

Taking the Test # 1 

We had spent the time during weeks one and two preparing for our fact 

fluency assessments and this was the week that we would finally begin using 

them to learn more about ourselves and our abilities.  The students were prepared 

and worked diligently to ensure the back of their graphs were set up in the manner 

that we discussed in the prior week.  The back of each test paper had a score 
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section ( ___/50 = ___/100), the date, and a section at the bottom of the paper to 

tell why the score was achieved.  My co-teacher and I quickly walked the 

classroom to ensure everything was in its proper place.  We were set up for 

success and the fluency assessment went forward without a hitch.  Students 

worked hard to finish as many of the fifty addition problems as possible in the 

two and a half minutes provided.  Their behaviors were very robotic and 

synchronized.  However, this would all change when we added the social pressure 

of grading each others’ papers.   

In order to efficiently and impartially grade each student’s work, the 

children exchanged papers with their shoulder partners to score each assessment.  

I would  then read each problem and answer while displaying it on the projector 

for students to double check.  The students were instructed to follow each 

problem with the tip of their pencils in order to make it easy to track each problem 

and quickly slash anything that was not correct.  They were instructed to focus 

only on their partner’s paper and to be very diligent about this process.  Sounds 

simple and straightforward, but they did not do this.   

The students exchanged papers and looked ready to go, then it happened.  

A student called out, “Manny skipped some.  What should I do?”  This shouldn’t 

have caused any problems (in my mind) because we had  reviewed some different 

strategies to taking a timed test - one of  which is the ability to skip unknown 

problems.  The pressure of this being said aloud, however, caused some ripples 
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through the classroom.  When Manny heard about his skipped questions he 

looked up with widened eyes.  He had a worried look on his face and continued to 

peek at his paper on his partner’s desk.  As I began reading through the problems 

most students were trying to look at their own paper on their partner’s desk rather 

than checking the paper they were to grade.    

Eventually we were able to finish the grading process, and return the 

papers to their owners.   All students graphed their results and entered them in our 

predictions and performance database.  The results can be seen below.  As 

discussed earlier in this section, it is not uncommon for students to overestimate 

their abilities. This can be seen in my class’s predictions versus their actual 

scores.  Another interesting finding is that the students’ reasons for their 

performances are mostly connected to the results on this specific test and not to 

any practice towards growing this ability.  The students seemed to be focusing 

their “why?” on the most recent score they achieved rather than the years of work 

they have put in learning how to add.  There is also a discrepancy between 

students who share their feeling (unshaded) and those who are able to articulate 

the reason for the performance (shaded).   

Table 3 

Results of timed test #1 

Pseudonym 
Predicted 

Score Actual Score Why? 

Benny 100 100 ? 



 56 

Kaya 80 65 I ran out of time 

Cary 80 76 i practiced [: 

Jimmy 95 92 =] 

Rhea 80 30 i think i did :( 

Molly 95 82 I feel ok 

Jose 80 88 

I scored that 

way because i 

new them. 

Cal 60 68 [: 

Maya 99 99 HAPPY 

Julia 90 86 

i was happy 

when i got that 

score:<) 

Christopher 100 40 Sad 

Shelly 70 50 failed 

Bruce 90 84 

i answered 

most correct 

Manny 90 82 good 

 Average - 86.5 Average - 76.6  

     

Social Factors 

To positively affect students’ relationships with each other we often have 

mathematical conversations in the classroom to allow students the opportunity to 

discuss things they like or dislike about the math we are learning, or to share 

misconceptions from which we can all learn and grow from.  An example of this 

occured during an introductory lesson on Algebra.  This lesson was not yet meant 

to teach the skills of breaking down algebraic equations, but rather was designed 



 57 

to break down the negative beliefs about this topic that students may have 

developed previously.   

While learning about algebra most students responded negatively to 

simply hearing the word.  I asked, “tell me what you know about Algebra”.  No 

students raised their hands, actively avoiding the discussion.  After a ten minute 

conversation focusing on numbers hiding behind letters, and using simple 

examples such as 2 + n = 3 and 1 + 0 = n all students became engaged in the 

conversation.  Students began calling out answers so they could be the first to 

answer.   Once the floodgates open, and the mystique of the word “algebra” was 

broken down, the group moved from a sense of “this is too hard” to “I can 

probably do this if I try.”   One student remarked, “I thought Algebra was hard 

because my sister in 8th grade does it, but it’s  actually kind of easy.”   

This lesson exemplified the power of a shared social experience.  At first 

these  students “knew” they didn't like algebra, and that it was difficult.  However, 

once they began to see each other be successful in the answering of algebraic 

equations the students developed a desire to join the conversation.   

Another occurrence during week three that demonstrated students’ 

evolving attitudes in math class, came when handing back the  unit assessment on 

topic 3.  These are larger assessments that students take at the end of each chapter.  

While returning the students’ assessments one of them remarked, “Uh oh.  We are 

getting tests back.” 
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A number of students chimed in to say, “You shouldn’t say “Uh oh!”,  you 

should say “Uh Yeah!” instead.  

Mr. Collier, we should all say “Uh Yeah!” when we get tests back.”  This 

conveys a sense of positive expectations developing in the classroom. 

 

Taking the test #2 

During the fourth week of the study, students completed their second fact 

fluency assessment.  They seemed a bit unsure what to do independently and took 

more time than I expected setting up the back of their test papers.  My co-teacher 

and I worked back and forth across the room to ensure all students had this 

process completed correctly.  While setting up the expectations for the assessment 

I reminded the children that they would be completing 50 problems in two and a 

half minutes.  Hearing this one student called out, “50 problems in 2 and ½ 

minutes?  That’s impossible -- unless you are a genius, or Maya.”  Maya is a very 

successful mathematician in the classroom and the students know it.  She 

practices math often and is ranked second in the school district in First In Math.   

Another student chimed in “Jimmy did it”.  Here some students were  

comparing themselves to others’ performances rather than focusing on their 

ability to control their performances.  Rather than think, “It’s possible for me to 

work hard and complete 50 problems” this student saw the achievement of others 

as proof positive that he could never achieve at that level himself.  Here I knew 
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that to get the most out of these sessions, students needed to believe they could 

improve through practice rather than believe simply that intelligence is a fixed 

quality in each of us. 

Another interesting insight during this week occurred during the grading 

of our timed assessments, where the students focused more on how many they got 

wrong rather than the number right.  As students were finishing grading each 

others’ assessments, I could hear them saying, “How many did I get wrong this 

time?”  

I viewed this in both a positive and a negative light.  It certainly can be 

detrimental for students to focus only on what they are doing wrong if they are 

unable to develop a mindset where they believe they can change their abilities 

through practice.  When developing  a growth mindset, however, this question can 

become a great indicator of future success.  The students cared about their results, 

wanted to know exactly what they got wrong, and, I hoped, were becoming  better 

able to structure their practice settings.     

During the grading portion of the assessment, several  students also 

remarked that their predictions were closer this time than the first predictions they 

had made.  I was elated to hear that after only the second assessment, students 

were comparing past performances with their current results.  A few had begun to 

own their proficiencies.  Whether they were high scores or low was secondary to 
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me at this point.  I was just excited that they were beginning to make accurate 

predictions and were confident enough to share this with one another.   

Overall, the students were  still overestimating their abilities and predicted 

an average score 83.4 with an  actual score average of 73.2.   Students were  still 

quick to say, “oh that's easy” as a social cover up when the truth is that some 

struggles persisted.   The students’ results can be seen below: 

Table 4 

 Results of timed test #2 

Pseudonym 

Predicted 

Score Actual Score Why? 

Benny 85 80 [: [: Because i didn't rush 

Renna 100 76 ? 

Scott 90 98 :D 

Joe 90 96 I know my facts 

Kaya 76 76 I improved 

Cary 95 76 i did not practice ]: }:] 

Jimmy 95 98 =] 

Alden 80 52 nice 

Jerod 80 82 I feel I done great 

Molly 90 82 I feel better then before 

Cristean 100 63 [: 

Cal 70 42 [: 

Maya 100 100 First In math 

Ronda 50 46 

I feel happy because I 

was colse. :):):):): 

Julia 90 82 i did awesome :<) 
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Andi 60 54 

because i am not that 

fast 

Bruce 95 56 i went way to fast 

Manny 82 64 very very bad 

Vinny 66 66 

I did this score because I 

was so close to be 

finished and some of it 

was hard so I skiped the 

ones that are hard 

Averages: 83.4 72.2  

         

 Upon viewing the results of this timed fluency assessment I continued to 

see a distinction between students who were attributing their scores to the actions 

they were taking (shaded) and their results (e.g. - “First In math”, “i did not 

practice ]: }:]”, “i went way to fast” “I did awesome”)  and students who were 

simply telling how they feel (e.g. - “nice”, “very very bad”, “[: [: happy”).  This 

difference is paramount in student’s ability to believe that they are in control of 

their performances, through the actions they take daily. 

 

 Practice please! 

 Our practice sessions generally take place during the first 15-20 minutes in 

math class.  The students enter the room, get a Chromebook and start their 

practice sessions for the day.   

Bruce : Hey Jimmy, did you see how many points I earned last night?  I        

think I’m beating you now 
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 Jimmy: Yeah, yeah.  What game did you play? 

Bruce: I finished multiplication VIFS (this is a module built to allow 

students to practice multiplication from one x one digit to two x two digits) 

Jimmy: I already finished that.  I’m going to play in the integers gyms. 

Shelly: Can you update the ranking for us Mr Collier? (I keep an us vs. 

them leader board in the classroom allowing the students to focus on 

catching the team in front of us in the rankings)  I think we are going to be 

closer because we are practicing more than them.  Did you tell your friend 

that we are beating her class yet? 

Ronda: Look Mr. Collier! (She shows me all of the stars she has earned in 

the multiplication gym)  I only have to finish 6 and 12 and I will have a 

gold star on the WHOLE gym! 

Bruce:  Mr.  Collier can you display the Player of the Day.  I’m pretty sure 

it’s me.   

 

This scenario exemplified the beginning of our practice sessions.  There 

generally was a flurry of excitement and activity.  Students were first engaged by 

the game aspect of the program, then moved forward thinking about what they 

will work on for the each session.  While not all students made reference to 

exactly what area they would practice in, they were all engaged in the program. 
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One day this week, however, they would be taking a quiz in place of this 

activity.  When I told the students they would not be getting computers to begin 

math class there were audible groans heard around the room.  Usually this 

disappointment would bother me and I would want to take action to offset it.  

However, in this scenario I was happy to hear their disappointment.  The students 

were looking forward to logging into First In Math.  This would prove to be a 

boon to our ability to practice math relative to each of our needs.  If I was 

constantly reminding them to log on it would add an extra load to me and to them.  

When they look forward to the practice sessions, and are disappointed when they 

don't get the opportunity, it amplifies their work habits while practicing and 

becomes something they are doing for fun. 

Due to scheduling changes and assemblies we were unable to take a fact 

fluency assessment during our fifth week.  Instead, we focused on analyzing the 

data that we had  been creating each day as we practiced in First In Math.  While I 

asked the students to use their goals pages to structure each practice session, I 

never dictated where they should focus each day’s practice.  I happily provided 

input if students needed suggestions, but after an initial overview on F.I.M in the 

beginning of the year, I expected that the students would focus their practice in 

areas where they saw a need for extra practice.  Therefore, when we examined the 

data we were looking at both where the students were spending their time, and 
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what they were succeeding, or struggling, with.  The compiled results of the 

students’ practice gyms can be seen below.  The y axis shows the facts the 

students were  mastering (eg - When a student completes the adding by 1 area this 

column increases).  The x axis is the percentage of the class mastering that fact.  

Therefore when looking at the graph below we can learn that ninety percent of the 

students had mastered adding by one, for example. 

 

Figure 1. Results of fact practice gyms, week 5 

 

 

 

All students had not, however, been practicing in the fact fluency gyms at 

the rate I expected.  Perhaps this was due to the fact that we also had district 

mandated areas of practice within the same math program this year.   Since a 

primary component of my study is based on students’ self selecting practice areas 

for their needs, I did not use the mandated practice data in this study.  
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Unfortunately,  however, the directive may have kept  some of my students from 

fully focusing on the fact fluency gyms (our independent practice area). 

Students began  to analyze the data with me as a class, although at a 

“beginner” level.  They made statements like, “More students have completed 

adding by 10 than adding by 8.”  

When asked why this is occurring they were able to talk about how much 

easier adding by 10 is than adding by 8.  This allowed us to have a discussion 

about when things were  “easy” and how they get that way.  When I asked the 

class if adding by ten had always been this easy for them, the answer was a 

resounding “no”.  If they can fully understand how the concept of difficulty is 

relative, changing with their practice an experience,  they can see their current 

struggles as things they haven’t learned yet.  I didn’t think that we were there as a 

class at this point,  however.   

While I saw some students struggling through tougher problems, the data 

revealed  that +6, 7, 8, 9, 11, and 12 were still the least completed facts.  A benefit 

of this analysis was that the students were anonymous. This  removed a large part 

of the negative social responses demonstrated when we graphed our first fact 

fluency assessment.  While students do not see their names here, each sees exactly 

what he or she has completed and scored on the individual  “my goals” page,  

allowing each to continue to focus individual  practice sessions as needed.  I was 

able to see each of these results by student and use this information to see who 
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may have been avoiding the tough problems, or who might be avoiding practice 

altogether.   

 

Taking the test #3  

During the sixth week of the study, students completed their third addition 

fact fluency assessment.  While all students had become more familiar with the 

assessment process, Jimmy, Manny, Joe, and Benny seem to be excited to take 

another timed test and were actively looking forward to seeing the results of the 

work they are putting in.  The results they see in math class have led to a positive 

self-efficacy in each of them, creating a scenario where the opportunity to take a 

test was more than just a chance to receive another grade in math.  It was an 

opportunity to display a skill they had developed over time, similar to an athlete 

who “needs” competition to validate the endless hours of skill building practice.   

These boys, who sit next to each other and often push each other 

academically, were ready to go in under a minute and couldn’t wait to get started.  

It’s almost as if  these students were at the starting line of a race that they have 

been training for, and they just couldn’t wait for the gun to sound so they could 

go.  One of these boys, Jimmy, was very successful in math and raised the level of 

expectation for all of the boys in the group.  Because they enjoyed each others’ 

company socially, they positively impacted one another’s  performance within the 

group as a whole.  
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During our daily math warm ups they were often talking about who has 

more points in First In Math and used the leaderboard as fuel to power their 

practice.  The relationship exhibited by these boys is a great example of the 

positive influences social connections can have in a math classroom.  When time 

is invested in allowing students to make personal connections with each other and 

develop their relationships these social influences can actually amplify students’ 

performance.  Vygotsky (1978)  supports this belief and claims that the secret of 

effective learning lies in the nature of the social interaction between two or more 

people with different levels of skills and knowledge. 

During this assessment a few of the students asked me to display the timer 

for them so they can see how much time they have left.  One of the factors that 

concerned me a bit about this study was the use of a timer, and the anxiety that 

this can sometimes cause in students.  I wonder, in situations where this occurs, if 

it is truly the timer causing anxiety or if it is the larger mathematical environment 

that the timer is introduced that causes this feeling.  Since we discussed the 

rationale for timing each assessment I have not observed any negative outcomes 

from this practice.   

As we concluded our third assessment, and the timer sounded at the end of 

two and a half minutes, the room erupted with groans and outbursts of 

disappointment.  They just wanted a few more seconds to complete a few more 

problems.  Phrases heard around the room were,  “Ooh I almost finished!”  “I was 
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so close” and “I only had two left”.  This tells me that the students were 

completing these tests with an expectation for themselves.  They were not simply 

going through the motions and doing what the teacher wants them to do, they 

were working for themselves.  This internal drive was a positive indicator for 

students’ ability to know their performance levels to structure future practice 

session choice.  In this regard, student’s ability to predict their performance levels 

had improved from the first two assessments to this assessment.  During the first 

two assessments students were greatly overestimating their performance levels 

with an average discrepancy of +10%  in predicted score over the actual score.  

On the third assessment  this dropped to + 0.8%.  Students’ predictions matched, 

almost perfectly, their actual performances.  Another trend that can be viewed in 

these results is the growing number of students responding to the question “why” 

(shaded) rather than just sharing their emotions (unshaded).  The table of results 

can be seen below: 

 

Table 5 

Results of timed test # 3 

Pseudonym 
Predicted 

Score 
Actual Score Why? 

Benny 95 100 [= [= [: l: 

Renna 90 86 

i answered the way i did 

because some didn´t know 

Scott 98 100 :D 
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Joe 95 100 im awsome 

Jarod 10 12 Ime bad at math 

Kaya 80 70 I paniced 

Cary 80 98 i practiced!!!!!!!!![: 

Jimmy 95 99 =) 

Jerod 90 88 to close to the predicted score 

Rhea 70 66 Happy :) 

Molly 90 100 I got this score from practice. 

Cristean 95 84 [: 

Jose 90 74 

i think i scored this way 

because i did,t stop when it 

was a hard one. 

Cal 55 60 [:[:[; 

Maya 100 100 Because of First In Math :) 

Ronda 40 74 I feel happy !!! 

Andi 50 48 

because that timer is making 

me do it slow by 2 half minutes 

Shelly 60 66 

I FEEL SO AWESOMELY 

PROUD!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Bruce 95 80 add faster and quicker 

Tommy 64 50 i did good 

Manny 79 86 I practiced more of my facts 

Averages: 77.8 77  

 

 

Competition 

The students were continuing to enjoy playing First In Math.  We were the 

second place team in the school and the students know this.  They checked the 
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rankings daily to see how far we are from the top spot.  They were proud of their 

accomplishments and wanted to continue climbing the rankings.   

Shelly: “Have you told your friend that our class is beating hers yet?” 

Me:  “I have, she said they will be beating us by the end of the week” 

Cristean: “No, no, no.  They don’t have a chance.  We are going to keep 

beating them.” 

Me:  “Coincidently I have another friend who teaches fourth grade at 

Water Valley elementary and her kids are playing First In Math too.  I 

think they are ahead of us in the rankings.   

Jose:  “What’s their team name?  I want to look them up in the rankings.  I 

found them.  They’re in sixth right now, and we are two spots behind 

them.” 

Jimmy:  “Look out, here we come!”   

Me:  “So we will be beating them by tomorrow?” 

Cary: “No, we can’t do it all today, but we will!” 

This attitude continued to add a sense of community to the room as we 

were all working together on a common goal (climb the rankings), while working 

independently on each of our skills.  The game aspect of this program added an 

extra layer of excitement and engagement to our math classroom.  While 

analyzing data as a classroom it was also evident that, although they are not being 
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forced to, students were working in areas specific to growing their fact fluency 

goals.  The results of the practice gym, up to this point, can be seen below: 

 

 

 

Figure 2. Results of fact practice gym, week 6 

 

While I could see that the students had been working in the practice gyms 

they could also see the results of their practice while analyzing this data as a class.   

One student remarked, “Oh, look ten went up!  I knew it would because I 

completed it”.  This shows me they are connecting their practice sessions with the 

class data.   

The following student responses, regarding the results of timed tests 

number 2 and 3 exemplify how individual students connected their results to their 

practice choices: 

Cary (timed test 2): “I did not practice” (prediction - 95, actual score 76) 

Cary (timed test 3): “I practiced!” (prediction - 80, actual score 98) 

Molly: “I think I got this score because I practiced”(prediction - 90,  
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actual score- 100)  

Manny: “I practiced more of my facts” (prediction - 79, actual score 86) 

Maya (Both assessments): “First In Math” (prediction 100, actual score                  

100)  

Another interesting occurrence we saw while analyzing our First In Math 

data is that students had started to attack the multiplication gyms as well, even 

though our assessments (and the curriculum) had focused only on addition skills 

at this point in the year.  As we shift our analysis from addition to multiplication I 

asked the students what they noticed about results so far.  They responded, “More 

of us have completed 1, 2, 5, and 10, than the other numbers.”  “The numbers we 

have finished the least are 6 and 8.” 

 When asked to rationalize this, the students explained, “More people 

work in those areas (1, 2, 5, and 10) because they are easier and 6, 7, and 8, are 

harder.”  The students were able to verbalize that it is easier to attack math facts 

that they feel are easy first, and to do so more confidently. This becomes a 

concrete example that one’s belief system towards a subject being learned affects 

the practice necessary to grow one’s skills in this area. 

During the second three week phase of this study students continued to 

strengthen their relationships with each other, with their math practice tool, and 

with themselves.  The competitive aspect of First In Math was a substantial factor 

in allowing my students to develop a sense of community in the classroom.  As 



 73 

they worked together to climb the rankings the students grew closer as a team.  

While they were not overtly celebrating math practice they were strengthening the 

bonds that provide positive social supports in the classroom.  Through this the 

students became more aware of the practice habits of the class as a whole, 

noticing that the majority of students were attacking the easier problems before 

the more difficult.  The ability to make this observation grew from a further 

developed relationship with First In Math.  The ability to “play a game” and 

“climb the rankings” had lead to the students desire to log on each day.  The 

familiarity developed through this process allowed the students to work more 

specifically in areas that will benefit their fact fluency; as can be seen when 

viewing the students’ individual progress in First in Math and observing the 

growth overtime.  

 Analyzing this data also provided the opportunity for productive 

conversations in the classroom, regarding what students are attacking first, and 

why.  I did not need to tell the classroom to attack the tougher problems; the 

students came to this conclusion on their own as we discussed First In Math 

usage.  This realization, in the children, gave them an opportunity reflect on their 

own attack skills.   

 Our math environment provided the social support to take action in these 

areas.  An increased knowledge of self and ability could also be observed when 

viewing the results of the students’ predictions and results graphs.  During the 
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first two assessments the students overestimated their abilities by approximately 

10 percent.  By the third assessment that number has decreased to .8%.  This tells 

me that the students had become much more aware of their actual abilities and 

were using their past performances to predict future results.  This also suggested 

that the students were able to use past performances to affect future performances 

through focused practice sessions.  The second phase of this study saw students 

further develop a knowledge of themselves as mathematicians,  a knowledge of 

the social support group around them, and knowledge of how to better use First In 

Math to focus one’s practice.  The third, and final, phase will focus on mastering, 

and optimizing, each of these relationships to promote continued mathematical 

and personal development. 

Optimizing Relationships 

The second phase of my study saw the students in my math classroom 

continue to take advantage of  their relationships with each other, with 

themselves, and with the content to develop increased engagement in First In 

Math and a better ability to predict individual and class performances.  During the 

final four-week period of this action research plan my students would use these 

abilities to continue attacking math practice, with some students now self 

directing their practice beyond grade level expectations.  As the curriculum 

shifted toward more of a focus on multiplication we transitioned from addition to 

multiplication timed fluency assessments.  This would allow me to see how the 
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students’ newly-honed ability might impact their performances on a new 

operation and if the earlier overestimate of  abilities shown with addition facts  

would occur with multiplication as well.   

Week 7 and 8 

During the seventh week of this action research study we continued the 

semi-weekly routine of taking timed fluency assessments, graphing our results, 

and discussing the practice we were  taking to improve our skills. We had also 

reached the “completely engaged” point of First In Math.  This was building over 

the course of the year, but a new catalyst provided us the spark to truly ignite our 

team’s focus within the program.  So then, what would be powerful enough to 

bring us closer together as a team?  What would give us the drive we needed? It 

turned out to be failure.  Yes, losing.  We had been the first place team in fourth 

grade and the second place team in the school.  We held those positions for the 

first month and a half of school, and my students were proud.  They clicked the 

rankings button often to confirm their status.  Then one day it happened - they 

clicked the rankings button and our status had been downgraded.  We were no 

longer the top team in our grade.  We were no longer the second place team in the 

school.  The fourth grade classroom across the hall had interrupted our reign at 

the top, and my students were not happy.  The day that the class realized this, 

there was a cacophony of disappointing sounds rumbling through the classroom.   

“How are they beating us?” 
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“We need to earn stickers to beat them!” 

“Can we do FIM all day today?” 

“They won’t beat us for long!” 

The sense of team that First In Math has provided us had only grown 

stronger over the course of the year.  It provided the students with a social support 

system allowing them to share the glory of success and the agony of defeat.  Since 

they clearly did not like this new feeling of defeat, losing a bit fueled their fire to 

practice even more math.  Each day this week when students arrived for math 

they asked, “Will we do centers today?”  They knew FIM was one of our centers 

and they were looking forward to the opportunity to log on.  Students were 

excited to hear me answer “yes,” wanting to beat that class across the hall.  One 

student this week was especially excited about the rainy weather and the option to 

have indoor recess.   

“We will have indoor recess and I’m going to play FIM.  They will never 

catch us!”     

To have students excited about indoor recess was a rarity indeed.  To have 

students excited for indoor recess so they can practice more math was an 

anomaly.  Yet I had more than one student demonstrate this exact behavior.  First 

In Math had proven to affect the students’ attitude towards practice, while 

providing them a solid structure for math practice. 
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Taking the test #4 

 The students’ ability to prepare for a timed test had greatly improved by 

this point.  When I told the class that we would be starting with one of these 

assessments, many students began taking out the necessary components (e.g. - 

math folders, graphs, pencils) right away.  Without prompting, they added the 

date to the graph and marked their predicted scores.  My co-teacher and I no 

longer needed to run around checking the set-up of graphs and tests.  Instead I 

was able to recognize the many positive behaviors I was witnessing in the 

classroom. 

 “I like how I see ___________ listing the date on her graph.  Look at the 

amazingness happening at  __________’s desk.  He has his prediction listed, his 

date listed, and is ready to roll.  Check out the back of _________’s test.  She 

already has blank over fifty equals blank over one hundred with a why section!  

She is ready to rock this thing!” 

 These comments were enough to pick up the individuals around the room 

who were not quite as engaged as the rest of their classmates.  It also was a gentle 

reminder of what components should be on students’ graphs and timed tests. As 

more and more students became proficient with this exercise, the ability for my 

co-teacher and I to help those in need increased.  We were all working a bit more 

efficiently at this point.  I stopped to think about how only a few short months ago 
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this was all so foreign to them, but now when they hit bumps in the road, they 

were  helping each other and were logging data before I even ask them to do so. 

 As we were preparing for our assessment I also took time to ask the 

students how they were making their predictions at this point in the year.  Eleven 

of the twenty-four students questioned responded that they looked at what they 

did last time, or that they used their other scores.  Upon polling these students, 

they reported that prior scores more accurately helped them predict future scores, 

which I found amazing for a number of reasons.  First, the students were never 

directed to do this.  They were simply provided with time and structure to think 

about how they would perform, a tool to track that performance, and multiple 

opportunities to assess themselves.  When provided with this scenario, students 

were self-monitoring and using metacognition to actively think about how fluent 

they had become regarding the ability to add numbers.     

The second amazing thing about this was that, while setting up their 

graphs, students were actively creating specific expectations for themselves.  One 

may think that this is a natural process for children, but my observations show 

that far too many students simply go through the motions while completing work 

in the classroom.  They may say, “I want to do good on this,” but what does that 

mean?  Do they want to demonstrate their knowledge of equivalent fractions?  Do 

they want to master the ability to add fractions with unlike denominators?  Or, do 

they simply know that they don’t want to get a bad grade?  Students are asked to 
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do so much in a school day, in so many different subjects, I believe they are 

overwhelmed and do not have the chance to think critically about what they are 

learning (or why they are learning it).  Simply providing my students with time 

and focus allowed them this opportunity.  The presence of self-expectations was 

evidenced as the timer sounded and they put their pencils down when I heard,  

“Oh, I was so close.” 

“I got 100% again!”  

“I scored exactly what I predicted” 

“I was so close!” 

“Can I just have a few more seconds?” 

These students knew exactly what they expected from themselves and wanted to 

make sure they lived up to their own expectations.  The results of the students’ 

predictions versus their actual performance also told the story of a math class able 

to use past performances to predict future performances.  These students were 

able to use this information to set specific, internal expectations for themselves. 

The student’s average predicted score was 85.9 with an  actual average score of 

91.3, the first time that they had achieved a score higher than they predicted.  

Their average performance had also grown by 14 percent.  Their confidence, 

engagement, and practice were resulting in increased achievement.  
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Table 6  

 Results of timed Test #4 

Pseudonym 

Predicted 

Score Actual Score Why? 

Benny 97 100 

Because I didn't rush and I 

focused 

Renna 90 100 because i didn´t fool around 

Scott 98 98 :D 

Joe 95 100 im amazing 

Kaya 66 92 I focused 

Cary 90 92 [:]: soso 

Jimmy 95 98 =) 

Alden 80 72 it was good 

Jerod 95 100 

because It was easy adding 

problems 

Rhea 70 98 Happy :) :) :) :) :) :) 

Molly 100 98 

I think I got this score 

because I made a silly 

mistake 

Cristean 94 88 [: 

Jose 90 82 it was not hat bad 

Cal 65 80 [:[:[:[:[ [:[:[:[: 

Maya 100 100 Because of First In Math :) 

Ronda 50 82 I feel happy 

Julia 90 100 i did awesome:^) 

Christopher 100 82 A little bit sad 

Bruce 70 70 add faster 

Manny 84 94 good 

Averges: 85.9 91.3  
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While we simply could not find the additional time this week to discuss 

the students’ data as a class, I reviewed the results of their practice sessions as 

shown below in Figure 3.  It was clearly evident that students continued to 

practice in the addition gyms, with all facts seeing a rise in completion 

percentages.  The tougher facts (+8, 9, 11, & 12) were still being completed less 

frequently than the others, and  was also a slight increase in students’ subtraction 

and multiplication gym results.  This growth followed the same pattern as 

addition, where easier problems (1, 2, 10) were the first the students chose to 

complete.  Subtraction and division did not yet receive the same attention.  The 

results of the students practice gyms can be seen below. 

 

Figure 3. Results of fact practice gym, week 7/8 

 

   During this phase of the study I noticed another positive outcome in my 

students’ behavior that I had not planned for, or thought about, prior to beginning 
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the study.  Our homework review sessions had become more effective with more 

students actively engaged, rather than passively sitting and going through the 

motions.  Because we had spent so much time having open mathematical 

discourse, and not just pushing through the curriculum, students felt comfortable 

raising their hands to ask why certain answers were correct.  This became  an 

interactive period with one student leading the review by projecting his or her 

homework for the class and other students checking their homework against this 

student’s.  There were two parts of this that I felt were notable.   

First, each day one student had enough confidence to stand in front of the 

room and display completed homework for all to see, without knowing if it was  

correct or incorrect.  These students were selected  from my classroom “cup of 

randomness” with sticks in it containing each student’s name.  Each year I such a 

cup for my classroom as a way to call on students to answer questions without 

needing them to raise their hands.  This procedure has held more students 

accountable because they never know when their stick will be pulled.  The 

students have become somewhat conditioned to the sound of the wooden sticks 

bouncing off the sides of the plastic cup.  When I pick it up and rattle it before 

selecting a student the children's heads pop up and their eyes focus on me.  This 

year the selected students have become the “stictim of the day”.   

At first glance it would seem like one unknowing student being randomly 

selected to display homework for all to see and evaluate would be daunting to any 



 83 

of the students in my classroom.  However, students were visibly upset when they 

weren’t selected.  Each day a name was  picked for homework review, I could 

hear others in the class groan that it wasn't them, or say, 

 “My stick never gets picked!” 

 “Are you sure my name is in there?”  

“Yes!” Today I get to do it!”. 

On several occasions I had to physically go through each stick to show the 

students that they are all indeed in the cup, and review the concept of probability 

(i.e. - each of them had a 1 in 26 chance of being selected every day) to assure 

students they all have an equal opportunity.  

Me: “Okay everyone, it's time to review the homework of the day.  Let's 

pick a stick to see whose homework we will use to review today.  Shelly, it looks 

like the cup chose you!” 

Manny: “Man I never get picked by that cup!  I swear my name isn't even 

in there.” 

Shelly: “Yes it is, my name just got picked today.” 

Bruce: “My name never gets picked either.  I don't think the cup likes 

me.” 

Me: “The cup doesn’t like or dislike any of you.  It gives you each an 

equal opportunity to be selected every day.  There are 26 of you so you each have 

a 1 in 26 chance of being selected.  Just to prove that you all have a stick can 
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everybody please stand at their desks.  I will go through all of the sticks.  Please 

sit down when you hear you name.” 

 I felt that students’ desire to be selected  developed in my students as a 

result of the mathematical discourse we had in the classroom.  We discussed math 

so often that the students’ initial apprehension to share misconceptions, or their 

work, had dissipated. 

Transition to Multiplication 

  During the final weeks of the study the class was beginning to transition 

from a focus on addition to multiplication.  Our curricular content had begun to 

shift from addition and subtraction concepts to multi-digit multiplication, and I 

felt the change in focus would better prepare students to be successful with this 

unit.  Through their data, students relayed that they were ready to develop their 

multiplication skills.  They had demonstrated an improved ability to match their 

predictions with their results over time in addition, and I was interested if this 

would transfer to multiplication as well.  To kick off this unit we had a classroom 

discussion to clarify the importance of single digit fact fluency in multiplication 

as it relates to multiple digit multiplication.  I began this discussion by activating 

prior knowledge on the subject: 

 Me: “What does 6 x 4 mean?”  

Students: “Skip count by 6, repeated addition by 6” 

Me: “How would we do 40 x 6? What do we need to know?”   



 85 

Students: “That we can do 6 x 4, then add a zero”   

Me: “Why?”  

Students: “Because it's 6 groups of ten.”  

Me: “What do we need to know for 43 x 6?”  

Students: “Basic facts, 6x4, 6x3” “That 43 is 40 and 3, so 40 x 6 and 3 x 

6”   

 The students and I paused after this short discussion to appreciate how far 

we had come in the few months we had spent together as burgeoning 

mathematicians.  In the beginning of the year I was teaching them place value and 

now they were using that skill o understand multiplication concepts.  The students 

could see a direct line of learning, from one concept to another, and were 

beginning to connect how skills built upon one another.  

 Me: “We couldn’t do this at the beginning of the year, but now it’s almost 

mental math for many of us!  Can we rely on our 3rd grade skills here?  

Can we skip count 43 times by 6? 6 times by 43?” 

 Students: “No!”   

This further reinforced the fact that we must develop fact fluency to be 

successful.  Next I showed them an example of a question from the beginning of 

Unit 4, 40 x 60,  and asked them what they would do.  They went back to unit 

three rules, multiply the first digits, then add the zeros from each of the factors to 

that product.  Some mistakes were made in carrying over zeros from both factors, 
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but overall, students were successful with their independent practice sessions in 

the math book.  Finally I showed the students 43 x 62 to show them what they 

would  be able to do by the end of this unit, and we discussed what we would 

need to know.  The students responded, “4x6, 4x2, 3x6, 3x2 facts” (again 

reinforcing the need for basic fact fluency as the main component of trying to 

accomplish this.) and  “40 + 3 and 60 + 2”  (using knowledge from past learning 

for future learnings). Developing automaticity was  not viewed as “what the 

teacher wants us to do” but rather, and quite importantly, was understood as a 

primary component of being and feeling successful in math.   

 

Timed test 5 

As we prepared to take our first multiplication timed test, the students 

created a new graph to chart their results.  This process was much more efficient 

than setting up the addition graphs.  At that time my co-teacher and I went back 

and forth across the room helping students, but this time students simply needed 

the graph paper and they were able to graph predictions independently.  The same 

scenario presented itself while the students prepared their test papers.  They 

needed minimal directions and were prepared to take the assessment more quickly 

than the first fact fluency assessments.   

When the timer went off and the students needed to put their pencils 

down, there was another outburst of expectations around the room. 
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“I left a few blank.” 

“I got them all!” 

“I got more than I expected!” 

“Oh, I was so close!” 

Students’ desire to socially discuss initial results bubbled out of them.  

The same was true as the students began to grade and graph their results.    

“You only got one wrong” 

“I only got 14 wrong” 

“Is this 84?” - one student asking another to confirm the correct placement 

of the score on the graph. 

  “Look, Mr Collier, I did better than the last time!” 

 The students’ results are in the table below: 

 

 Table 7 

Results of Timed Test # 5 

Pseudonym 
Predicted 

Score 
Actual Score Why? 

Benny 80 98 =] =] I did not rush. 

Renna 88 70 

because iḿ not very good a 

multiplication 

Joe 78 86 :( 

Kaya 50 60 I improved 

Jimmy 95 100 =) 

Molly 60 72 

I think I got this score 

because I ran out of time. 
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Cristean 90 84 :] 

Jose 70 58 i suck 

Cal 60 54 :| 

Maya 100 98 

A little :( (sad) but also :) 

(happy) 

Ronda 50 62 I feel happy about my score. 

Julia 80 68 sad :<( 

Christopher 90 76 :o 

Andi 20 40 

because it is hard to do 12 

times 

Shelly 70 72 happy 

Bruce 70 72 i take my time 

Tommy 70 44 i feel good about my skore 

Manny 85 88 (=(:(; 

Vinny 100 52 because I just got it 

Averages: 74 71.2  

      

 

 This was the final timed test we would take during the study.  I was very 

interested to see the results of the students’ predictions and scores, since this  was 

our first multiplication assessment.  Would the students make better predictions?  

Would they still overestimate their abilities?  Would the students transfer any 

lessons from predicting addition timed tests to this scenario?  All of those 

questions would now be answered.   

Regarding the first question, students did make more realistic predictions.  

While they slightly overestimated their performances, the difference between 

predicted score and actual score was only 2.8%.  On the first addition timed test 



 89 

the difference was 10% and on the second, 11%.  The students seem to have 

kicked the habit of thinking, “oh, this will be easy” and had become more adept at 

identifying  their own likely performance.   

 I was a bit disappointed in the students’ reasoning for why they achieved 

their scores. Most rationales focused on how students felt  achieving the score 

rather than explaining why they achieved their scores (12 out of 21).  Honestly, by 

this point I had stopped talking about this section as much as I had in the past, 

assuming the students were able to handle it on their own.  However, my lack of 

focus here could have deemphasized this as a worthwhile activity for students.   

While students graphed their results it was interesting to me that many of 

them were most concerned with how many they got wrong, rather than their score 

overall.  Hearing the students ask each other for assistance while they graphed 

their results, or scored their assessments, told me that they were comfortable 

sharing their scores with their seat partners.  They weren’t trying to hide their 

results, but were owning them.  Four students also asked me to confirm their 

scores, demonstrating  that the students wanted to be accurately represented.  Yes, 

they  wanted credit for the work they were doing. They cared.  This attitude 

facilitates focused practice better than one in which students don’t care about the 

accuracy of their results.   

An example of this was again witnessed during indoor recess, when 

students were  autonomous in their choice of activities.  While a few students 
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logged into FIM to earn points, one boy in particular wanted to show me how 

hard he had been working.  He wanted to know if anyone had earned more points 

than he had that day because he was striving to be the Player of the Day.  

Recognition from the class and his ability to see his own growth have been 

tremendous motivators for him.  His work for the day was in one of our focus 

practice areas, the gyms.  He had been working hard here and I had started to see 

an increase in his confidence as he progressed to new levels.   The next day in 

math class this student was the Player of the Day.  All of his hard work had paid 

off and he accomplished his mission.  The same day he continually called me to 

his desk, or brought his computer to me, to show me what level he is working on 

and to ask how many points he had earned that day. 

“Mr. Collier, can you see how many points I earned today?” 

“It looks like you earned 170 so far, Jose” 

“I think you might need to refresh your page.  I think I earned more than 

that” 

He was right.  I refreshed my page and provided him with the updated 

amount.  Making this even more special was the fact that this boy had a  

documented learning disability and had often struggled in school in the past.  

Now, however, he was developing autonomy in math and working confidently. 

Another student in my classroom  also demonstrated a change in attitude 

and ability during the course of this study.  Although she was not identified as a 
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learning support student, she does receive reading interventions and had struggled 

in math in prior years.  During my first few months with her, she often needed me 

to restate directions or came to me to clarify the expectations for a task.  These 

actions came from her lack of confidence in her abilities.  I would come to find 

out, in conferences with her parents, that math had been difficult for her and she 

“just didn’t get it.”  This year, however, her attitude and belief in her own abilities 

had been slowly changing.  An interaction with her during this week exemplified 

this change.   

“Mr. Collier, I think I’m doing better on my graphs.” 

“That’s great, Rhonda.  You do work hard in math class and should feel 

good about the results.” 

“ I know how to multiply and I feel good in math class, but bigger tests 

make me nervous sometimes and I don’t do as good.” 

Rhonda  had not come to me with this type of epiphany in the past.  The 

fact that she spent time - out of math class - thinking about her performance and 

what she could do to improve it,  was amazing progress.  She had transferred the 

metacognitive process from all of the “Why” questions on our timed tests to other 

parts of her math world as well.   

Both students highlighted here had demonstrated growth in their self-

efficacy  and their abilities in the math classroom.  Tracking their performances 

and being empowered had helped both feel more powerful, and in control of their 
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own achievements  as students.   

 Another event occurred during this phase of the study that exemplified 

how my students were continuing to bond as a team, while working on their 

individual skills.  This event happened while taking a test, but had nothing to do 

with the test itself.  The students were working dutifully on a 3 x 1 digit 

multiplication quiz.  The room was quiet as students began the assessment; 

however this would slowly change as students finished their tests and logged into 

First In Math.  As students finish tests or quizzes and are waiting for others to 

finish, they log onto FIM for some practice time.  The fact that the students enjoy 

practicing more math while they wait is remarkable in itself, but on this day the 

students were focused on something else, the rankings.   

When approximately half of  the students had completed their tests, I 

heard a murmur start to spread across the room as students tapped each other on 

the shoulder, sharing their computer screens.  The excitement seemed to grow for 

a few minutes when I realized they were looking at the rankings in FIM.  We 

were only a few points away from the top team in our school, and the students 

were all working in different areas of FIM and checking the rankings to see how 

much closer we were.  When we finally took the top spot, the math class erupted 

with a cheer.  All students were celebrating the success together.  As I was trying 

to contain the excitement in the room while the last few students completed their 

assessment, I also felt a need to allow these students to cheer with each other and 
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to celebrate their achievement.  So, we did both.  We paused the test briefly to 

talk about the excitement in the room. 

“We are the number one team in the school!” 

“Mr Collier, you said that if we did a little every day, it would add up to a 

lot and we are winning now!” 

“They’re never going to catch us” 

“Mr Collier, we are beating your friend’s team, too!” 

This last quote was interesting to me as I had pointed out one of my 

colleague’s teams in the rankings, but hadn’t really been talking about working to 

beat her team.  Rather, the students had been working on climbing to the top of 

the school rankings.  I found this interesting because the students have to use a 

different link to see the top teams in the school district than to see the top teams in 

our school,  proof to me that they had been looking beyond one challenge (being 

the top team in the school) and thinking about the next (climbing the rankings in 

the school district).  I can’t help but wonder if the students’ practice of thinking 

about past success to fuel their future performances on assessments had seeped 

into other areas of their lives - such as First In Math.  In both regards, they had 

generated positive attitudes, personally and communally,  through the tracking of 

their practice.   

As the last week of the study came to an end, we had a final review of the 

students’ communal goals page to discuss the practice habits of the students over 
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the course of the the study.  The graph can be seen below: 

 

    Figure 4.  Results of fact practice gym, weeks 9/10 

 

While reviewing communal goals, students were able to analyze the data 

just as I do.  They could quickly see that the majority of students had been 

focusing their practice on addition, with a growing number of students practicing 

subtraction and multiplication, respectively.  Division was still far behind as we 

had not begun this unit yet in the curriculum.  As we analyzed this as a class, the 

students had some feedback to share: 

Regarding + 

● “ Everyone completed adding by ones and twos.  1, 2, 5, and 10 

seem to be finished more than other ones”   

 

Regarding x 

● “Each one got a little higher” 

● “1 and 5 are a bit higher than the others because they are easier for 
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us.” “ Multiplying these is easier than adding them” 

 Regarding -  

● “It's just like the other graphs.  1, 2, and 10 are higher than the 

others.” 

● “More people are playing in the subtraction gym than before” 

 

Regarding division 

● “This one really didn’t change.”  “People think it is harder than the 

other ones (operations)” 

  

 As I reflected on the students’ ability to analyze this data I felt that they 

were able to identify how self-beliefs affected the manner in which they practiced 

math.  For example, most of the students had avoided trying division.  This is an 

operation they had last year and with which they should have some familiarity .  

However, since we hadn’t talked about it in class, and students verbalized that it's 

harder than the others, it hadn’t yet received very much attention.  Also, students 

were able to identify that they attacked the easier problems more readily across all 

operations, an example of the students metacognitive abilities as they were 

thinking about their own thought processes and how this thinking affected the 

actions they were taking.   

 As pleased as I was that students were demonstrating metacognition, I was 
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left wanting more from these data review sessions.  Reflecting on these moments 

makes me wonder what would happen if the students each developed more 

specific weekly goals before using First In Math.  They obviously had become 

very engaged with the program and loved logging on each day simply for the 

competitive aspect, but would a more specific focus assist them in attacking what 

they think is “hard” more readily?  This is an adaptation I will make in future 

years while completing these activities.  I feel the students would benefit more 

from first identifying the why on the graphs (as they had been during this study) 

then being given the opportunity to more clearly state how they will support each 

other through the difficult problems.  I also wonder what effect specific goal 

setting, as a class, would have had on these conversations and the results in the 

fact practice gyms.  If we had set goals of reaching 70% complete in the 

multiplying by four gym, for example, might this have led to more specific 

conversations about strategies to multiply by four or to a more specific focus here 

when students logged on? 

It has always been my opinion that good questions often lead to more 

questions, not necessarily answers, so in this regard I am not disappointed ending 

this study with these thoughts.  I am more excited for the opportunity to keep 

learning.  All of these questions will provide me with fuel for future conversations 

about math and the effect of self-beliefs in the classroom.   
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Post-Survey and Rating Scales 

During the final week of the study the students completed the math 

interests survey and the addition rating scale.  The math interest survey was 

utilized again to determine any changes over time in students belief systems about 

math.  The results can be seen below: 

Table 8 

Student survey post-results 

 

On the post survey, students overwhelmingly reported that they felt 

neutral towards, or liked, math and that they are good at math.  There is a bit of a 

change here from the pre-survey that was administered.  At the time I was taken 

aback by the four students who felt they were not good at math but still liked 
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math.  These students had changed their opinion on the post-survey.  Had these 

students previously “learned” that they weren't good at math, but in our math 

environment were able to prove themselves as able?  One obviously cannot go 

from “bad” at math to “good” at math, or vice versa, in ten weeks.  This is a life-

long skill that is developed and built on over time. These students were seeing 

past results as concrete proof of ability   

It fascinated  me that there were still three boys who felt strongly that boys 

are naturally better at math than girls.  The top player (and nationally ranked) 

First In Math student in our class was a girl.  We had a high performing group of 

girls in the classroom that participate often, and I had often discussed how 

intelligence develops through hard work and focus -- not because certain people 

are born with better brains. Here, too, ideas ingrained over time may take longer 

than ten weeks to dispel.   

Some other results, in unexpected areas, were fascinating to me because 

there was a significant change from pre-survey to post-survey.  These areas 

revolved around the students’ parents.  When I first gave the survey I wondered if 

these items had a place on it because I wanted to learn more about the 

components (i.e. - self-efficacy, attitude, math ability, and metacognition)  I was 

directly looking to affect in the classroom through the assessing, graphing, and 

rating scales.  I opted to leave them on, though,  because home life influences 

school life and I wanted to determine if this might be affecting the behaviors and 
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performances I saw each day in the classroom.  The decision to utilize these 

questions proved to be beneficial.  The mathematical discourse that we had in the 

classroom each day obviously led to discourse at home.  More students reported 

knowing that their parents use math at work, like math, and are encouraging 

regarding math on the post-survey than on the pre-survey.  Not only did these 

numbers increase, but they were also the areas with the greatest increase on the 

surveys.  We did nothing to attempt to directly affect this in the math classroom, 

but indirectly this knowledge of parental beliefs regarding math was absolutely 

affected.   

 The addition rating scale was utilized a second time to determine any 

changes to students’ self-assessments of their abilities to add fluently.  On this 

form, the students again rated their ability to add on a 1 (I cannot add) to 10 (I 

know all of my addition facts) scale.  Next, they told why they felt this rating was 

accurate, then listed how they feel in general about math.  The class average on 

the first rating scale was  8.1, regarding their ability to add fluently and increased 

to a 9.1 on the final rating scale. 

Only two students rated themselves below an eight, compared to 7 

students on the initial rating scale.   More students felt capable of fluently adding 

than 7 weeks ago.  This was a good indicator of future success as it will remove 

the internal conundrum of “what if I don't know how to do this”  that some 

students face.   This rating scale would also allow me to see what the students 
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were attributing their abilities to at the end of the study. In this regard 11 of my 

students used past results to justify their ratings.  I am including the phrase “I‘m 

good at adding” in this count as I feel that this answer is being elicited from 

students’ graph results.  

I allowed the students to use any (appropriate) form of response on these 

graphs to appeal to their ability to answer honestly.  As I looked at these results, 

though, I regretted allowing them to use emojis as a response.  While this could 

be another research study in itself, I feel that it allowed some students to avoid 

truly reflecting on their beliefs. Responding with a “:)” was easier and quicker 

than the words that this symbol replaces but also much less informative to both 

the students and to me.  The results from this rating scale can be seen below: 

Table 9 

Addition Rating Scale Post Survey  

Pseudonym 

Rate your 

ability to 

add 

Tell why you feel the way 

you do 

How do you feel 

about math? 

Benny 10 

because were past that and 

learned about it a lot :) . good :) 

Renna 8 

because addition is the one of 

the best ways to do something 

to a number BORED 

Scott 10 I always get 100 98 96 Confident 

Joe 10 :) :) 

Jarod 9 7 bad 

Kaya 10 Because I'm good at adding good 

Cary 8 im good at adding its ok 
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Jimmy 10 ??? :) 

Jerod 9 nice awsome 

Alden 6 Good Great 

Rhea 10 

good and i think that i am good 

at adding good 

Molly 9 

I feel this way because thare 

are problems I do not now I feel good about math. 

Jose 10 

I know my add facts because i 

work hard. good. 

Cal 10 good good 

Maya 10 

I 2nd grade the teacher let me 

help other students. It is fun and exciting. 

Ronda 10 Happy 

FFFFFFFUUUUUUUU

UUUUUNNNNNNNNN

NN 

Julia 10 

because i practice a lot of my 

addition sometime when i have 

free time. 

it is almost my best 

subject :3 XD 

Andi  i feel happy to add 

if math is easy then 

happy if math is hard 

then sad 

Shelly 10 happy good 

Bruce 7 i make dume mistakes ok 

Manny 10 i am good at it. it is super fun 

Vinny 9 ??? (:(:(:(:(:(:(:(: 

      

 

When reflecting on what I witnessed in my classroom over the past few 

months, I thought about how much of math is about what happens in a child’s 

mind before, during, and after completing a task.  As a school  system we often 

focus solely on the product (i.e. - test scores, projects, homework, classwork, etc) 
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and neglect the unseens (i.e. - attitudes, beliefs, past performances, etc).  In my 

opinion we do not do this because it is difficult to track over time - especially 

when in the context of a large school district that is focused on common practices 

across elementary math classrooms.  However, when my classroom was given the 

opportunity to make these unseens visible I saw engagement, collaboration, and 

motivation in my students.  They were able to talk more about math, learn more 

about themselves as mathematicians, and better able to support each other 

socially.  While increased math scores may only affect one's grade, a focus on the 

unseens can positively influence a student’s self- belief for his or her lifetime.       

 

Methods of Data Analysis 

Introduction 

The ability for a student to think metacognitively about his or her beliefs 

and abilities is paramount to continued academic growth, yet is often unaccounted 

for in curricular designs due to the pressure to continually move forward with the 

content.  Research suggests that metacognition is a significant predictor of 

learning performance in general, and mathematical performance in particular 

(Meijer, Veenman, Van Hout-Wolters, & Afflerbach, 2006).  Other studies show 

that awareness of students’ metacognition is useful to provide a better 

understanding of the factors that contribute to successful mathematics 

performance (Desoete, Roeyers, & Buysse, 2001).  In order for students to 
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develop this skill they must be offered ample time to study their own 

performances, be provided with engaging tools to positively affect this 

performance, and be offered time to take action.  These became my main goals 

during the course of this study.  Naturally,  the collection of data was a necessary 

step to see what happens to a classroom, over time, when enlivened with these 

processes. 

According to Bogdan and Biklen (1998), data analysis is a systematic 

process of searching and arranging field logs, student work, and surveys, to 

increase understanding. During my action research study, I collected, organized, 

and analyzed each of these data collection tools. 

Over the course of my study, I kept a double-entry journal to record my 

observations and reactions to what I noticed in my classroom. Additionally, 

students took a pre- and post-study survey regarding their math beliefs and their 

self assessed ability to add fluently.  Timed fact fluency tests were utilized to 

analyze students’ abilities to predict their performances over time and to track 

their reasoning for achieving each score overtime.  The online practice program, 

First In Math, also provided data used in this study.  This came in the form of 

communal fact fluency charts, for each operation, showing the completion of 

numbers 1 through 12.  Analysis of each piece of data broadened my 

understanding of the impact of providing students an opportunity for 

metacognition while working to increase their mathematical automaticity.  
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Identifying patterns in the observed behaviors and student work allowed me to 

create codes that noted similar patterns of behavior across multiple settings.  

Grouping these codes into bins ultimately allowed me to identify specific themes 

emerging from my study.    

 

Double Entry Field Log 

From the first day of this action research project my field log was a 

primary means of collecting anecdotal notes regarding the actions and behaviors 

of students in the classroom.  It, therefore, was by my side at all times with a pen 

ready to jot each day’s happening in the moment.  While I was able to list exactly 

what was observed in the classroom in this log I was also able to add my 

reflections shortly after the observation period.  This allowed me the opportunity 

to make sense of the students’ actions in relation to my study.   

 

Analysis of mathematical beliefs: pre/post surveys  

 When I first began my study I administered a survey to gauge students’ 

belief systems about mathematics.  While my research focused primarily on 

operational fluency I knew that the unseens (attitudes, efficacies, stereotypes, etc) 

in a math classroom, were often the root cause of students believing they can 

improve their skills through focused practice and taking the action to do so.  To 

uncover these beliefs a survey was necessary.  In order to determine a change to 



 105 

these beliefs, the same survey was administered at the beginning and the end of 

the research period.   

 This survey consisted of 21 question and provided feedback regarding 

students mathematical beliefs in three primary areas: The students’ self-beliefs in 

mathematical ability, the students’ knowledge of parental interest in math, and the 

students’ overall value of math. Through examining student responses, I was able 

to use this information to draw conclusions about student beliefs during the study. 

 

Timed Fluency Assessments 

 Over the course of my study students completed timed fluency 

assessments.  There were three primary reasons that these assessments were 

administered.  First, by tracking the students performance levels I was able to 

determine any change in students’ ability to add fluently over time.  This would 

allow me to gauge the effectiveness of the practice in which the students were 

engaging.  Next, by having the students predict what their performances would 

be, I was able to see how accurate each student was in judging his or her 

performance levels.  Over time I was able to observe if students were becoming 

better aware of their performance levels by viewing the discrepancy between 

students’ predictions and results.  The final purpose for these fluency assessments 

was that they offered an opportunity to promote, and track, metacognition over 

time.  Because metacognition is a mental activity it can often be hard to determine 
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if a student is actually thinking about his or her own thought process when given 

time to reflect.  Therefore, I needed a vehicle to bring these thoughts to light, and 

to track these thoughts over time.  Having the students tell why they achieved 

each score on the back of their fluency assessment, then adding this reasoning to a 

database in Google classroom allowed me to easily compile the necessary data 

from these assessments .   

 

First In Math Data 

 As students played First In Math I was able to use the assessment reports 

offered by the program to track student’s practice performance over time.  While 

this program has many different modules, providing practice at a multitude of 

levels, my focus was on the students’ fact fluency gyms.  These “gyms” allowed 

the students to practice building fact fluency in the four operations with the 

number 1 - 12.  This was presented in an open format so students were not forced 

to start with one, for example, and more forward.  They were each able to choose 

their path.  This allowed me to track the manner in which students were attacking 

their practice.   

The data from the gyms also allowed me to see exactly which facts were 

being mastered by individual students, and by the class as a whole.  From my 

reports I could disaggregate the data to view exactly which facts each student 

mastered in each operation.  This provided me the opportunity to see if students 
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were practicing in areas relevant to our fact fluency assessments and, furthermore, 

which facts each student was successful, or struggling, with.  This data was also 

compiled in a different report, allowing me to view the results of the class overall.  

In using this I could determine the percentage of my classroom completing 

specific facts in each operation.  The students also had access to this report on 

their First In Math pages which allowed them the opportunity to analyze this data 

with me at times.   

 

Educational Theorist Memos 

 While planning and implementing this study I wrote several analytic 

memos based on  the works of a number of educational philosophers.  As I read 

the works of  Dewey (1938), Freire (1970), Delpit (2002), and Vygotsky (1978) I 

identified quotes and philosophies that resonated with my beliefs and with my 

action research study.   I then connected key quotations from the readings, that 

were most salient, to my research study to help in the analysis and interpretation 

of my own data.  These theorists offered perspective on different philosophies of 

teaching and learning from different time periods which allowed me to analyze 

my practice from multiple points of view. 
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Codes, Bins and Themes 

 As I collected the students’ dialogue, actions, and interactions I began to 

code each of these occurrences, allowing me to see patterns that were beginning 

to develop across activities and time periods.   Ely, Vinz, Downing, and Anzul 

(1997), state that coding occurs when the researcher reads and rereads data, and 

then provides that section with a label.  These labels referred to primary 

components of my study, such as metacognition, goal setting, and data analysis.  

Each code was then placed in an alphabetized coding index showing the location 

of each code in my data. In doing this, I could easily access and locate all similar 

codes found in various parts of the field log. Upon reflecting on my codes, I made 

adjustments to them as necessary and added subtopics where relevant. Some 

codes had to be dropped, while others were added or reworded to be more specific 

(Hendricks, 2006). Exploring the codes helped to narrow my                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

focus in determining the patterns and themes emerging in my study.  These 

patterns were mainly identified in my field log and in student work.  As I reflected 

on the progress of my study I reread sections of my field log and revisited 

students’ work to identify codes in this data.  At the end of the data collection 

period I created a spreadsheet with each code listed in alphabetical order.  I then 

combed through each piece of data and identified the location of each code on this 

spreadsheet.  This allowed me to view similar patterns of behavior across multiple 

settings and activities.   
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 After coding the information in my field log I also identified similarities in 

these codes and placed similar codes in bins. I then utilized these bins to assist me 

in developing theme statements that were relevant to the information found in my 

study. By studying the bins and reviewing information within my field log I was 

able to develop one theme statement per bin, based on the codes within that bin. 

These theme statements were the preliminary findings supported by the data 

based on the collected data represented by the codes in each bin. 

 

Figure 5. Codes and Bins 

Research Findings 

The purpose of my research study was to determine what actions students 

would take to improve their math fluencies when made specifically aware of their 
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past performances and given an opportunity to reflect about each score.  I have 

always believed in the power of focused practice to improve any skill, but I was 

traditionally in control of the students’ practice areas.  For this study I freed 

myself from that position and allowed students to choose practice areas that 

worked best for their needs.    

Students’ awareness of ability and performance 

There is often a discrepancy between students’ predicted proficiencies and their 

actual proficiencies.  Making each student aware of this by predicting one’s score 

prior to taking an assessment, over time, will  allow the students to make more 

accurate predictions and to select practice areas to impact these performances.  

In my experience,  students do not automatically carry knowledge of their 

past performances forward with them as they encounter new content.  Helping 

students to track and  discuss their performance, however, can be quite beneficial. 

Dewey (1938) stated that “We have the problem of ascertaining how 

acquaintance with the past may be translated into potent instrumentality for 

dealing effectively with the future” (p. 37).  This is a simple, yet powerful, truth, 

which proved to be true for my students over the course of this study.  As students 

were able to see the past results of their timed fluency assessments they were able 

to make future decisions regarding the predictions of their performance and the 

selection of practice areas.  Knowledge of prior actions and outcomes had a 

definite, positive, outcome on future actions.    
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At first I was unsure if I was selecting a focal area that would be too easy 

for my students.  They had been practicing single digit addition, to develop 

fluency, since second grade and were now fourth graders.  Two years of 

practicing a skill like this seemed to be long enough for the students to develop 

automaticity and for them to be able to accurately predict their results - but this 

was not the case.  The table below shows students predicted results and their 

actual results with a discrepancy of 9.9 percent.   

Table 10 

Student predicted scores vs. actual scores - Timed test 1, addition 

Average Predicted Score Average Actual Score 

86.5 76.6 

 

 This table also shows that, on average, the fourth grade students in my 

classroom were only 77% proficient with their addition facts.   Of these students 

only 15% attributed their score to their practice in this area.   

An addition rating scale was also administered at the beginning of this 

study to gauge students’ self perceived ability levels in addition, and the 

reasoning behind these self evaluations.  This figure can be seen below and shows 

the class giving themselves an average rating of 8.1 on a scale of 1-10.  The 

reasoning section demonstrates that only five students (highlighted in grey) are 

utilizing past actions/results as validation of their scores. 
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Table 2 

Addition Ratings Pre-survey  

Pseudonym Ability to add Tell why you feel the way you do 

Benny 9 

Because I've practiced it and I'm now doing 

multiplication. 

Scott 10 cause I kept above 90% 

Jarod 5 bad 

Joe 10 because i am fast at my facts 

Kaya 10 I practiced since kindergarten 

Cary 7 

i don't really know how to add big numbers 

that you have to regroup 

Jimmy 10 ? 

Jerod 7 happy 

Alden 9 because of times 

Rhea 5 I don´t understand some of it 

Molly 10 I think I know my facts really well. 

Cristean 9 

I practice in VIF and my mom test me on 

facts. 

Jose 10 

i can add because don't have to use my 

fingers 

Cal 5 I can good 

Maya 10 Because I get good grades on my tests 

Ronda 9 Adding is better because easier to count. 

Julia 8 

it is hard to add really really big number and 

i like adding little numbers fast 

Shelly 7 

IT FEELS AWESOMELY 

PROUD!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!! 

Bruce 7 im 3 place in our class 
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Manny 5 I almost know all my facts 

Vinny 10 

I picked ten because I know all my addition 

facts 

 

 After five weeks of predicting addition results, and self selecting practice 

areas in First In Math, students demonstrated an overall increase both in their 

predictions and in their performances.  The tables below show the results of the 

final two timed fluency assessments in addition. Both show sustained ability to 

better predict performance by the students. 

Table 11 

Student predicted scores vs. actual scores - Timed test 4, addition 

Average Predicted Score Average Actual Score 

85.9 91.3 

 

Table 12 

Student predicted scores vs. actual scores - Timed test 5, addition 

Average Predicted Score Average Actual Score 

85.2 84.3 

 

Both the change in performance level, and the change in ability to predict 

performance are notable here.  Also notable is the fact that more students were 

attributing their overall growth to the practice they were doing to improve in this 

area (test 4 - 26%, test 5 - 39%).   

The addition rating scale was also administered at the end of the study to 
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gauge any changes in self reported ability level, and to determine any changes in 

reasoning from the students.  Students average rating rose from 8.1 to 9.3 during 

this period.  The number of students attributing their rating to past actions also 

rose slightly, from 5 to 7. 

Table 9 

Addition Ratings Post-survey 

Pseudonym Ability to add Tell why you feel the way you do 

Benny 10 because we’re past that and learned about it a lot :) . 

Renna 8 

because addition is the one of the best ways to do 

something to a number 

Scott 10 I always get 100 98 96 

Joe 10 :) 

Jarod 9 good 

Kaya 10 Because I'm good at adding 

Cary 8 im good at adding 

Jimmy 10 ??? 

Jerod 9 nice 

Alden 6 Good 

Rhea 10 good and i think that i am good at adding 

Molly 9 I feel this way because thare are problems I do not now 

Jose 10 I know my add facts because i work hard. 

Cal 10 good 

Maya 10 I 2nd grade the teacher let me help other students. 

Ronda 10 Happy 
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Julia 10 

because i practice a lot of my addition sometime when i 

have free time. 

Andi  i feel happy to add 

Shelly 10 happy 

Bruce 7 i make dume mistakes 

Manny 10 i am good at it. 

Vinny 9 ??? 

 

 As our curricular focus turned to multiplication I was interested to see how 

the students’ ability to better predict their performance might transfer to a new 

operation, so our final 3 timed tests focused on multiplication.  The results of 

these can be seen in the table below. 

Table 13 

Student predicted scores vs. actual scores - Multiplication timed tests 1-3 

Multiplication test # Average Predicted 

Score 

Average Actual 

Score 

1 73.2 70.2 

2 74 71.2 

3 72.3 71.1 

 

 The discrepancy here (3%) was much less than the initial predictions and 

results in addition, and importantly indicate that students were able to better 

predict their multiplication performances after graphing their addition predictions 

and results for five weeks.  This ability reflects Dewey’s (1938)  statement 

“...every experience affects for better or for worse the attitudes which help decide 
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the quality of further experiences, by setting up certain preferences and aversion, 

and making it easier or harder to act for this or that end”  (p. 37).  Even though the 

operational focus shifted, the students’ past experiences in predicting and tracking 

their performances positively affected their future experiences in this regard.   

 

Social Environment 

Non traditional discourse in the math classroom allows students to 

develop positive relationships with each other and with the content.  

 So much of a student’s mathematical life is customarily written on paper, 

completed in workbooks, and answered in tests.  Since math tends to be very 

black and white when students are learning math facts, it becomes easy for 

teachers, and school systems as a whole, to track only numerical data.  

Student talk, however,  is considered a major component of classroom 

discourse and a vehicle for increasing student learning (Franke, Webb, Chan, Ing, 

Freund, & Batty 2009).   Traditional discourse in the math classroom follows the 

I-R-E model.  The teacher initiates (I) a focused mathematical discussion, the 

students Respond (R),  and the teacher is able to evaluate (E) the students 

understanding of the math concept. I came to realize that my students utilized 

non-traditional mathematical discourse as a way to connect with others, to 

evaluate themselves, and as a manner to grow their skills. Through non-traditional 

discourse students often listen to, refer to, and even disagree with one another’s 
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comments.  The teacher probes students to further the discussion, rather than 

directing the discussion.  Here the students often initiate lines of inquiry and 

challenge (Nathan and Knuth, 2003).    This was evidenced on the first day of my 

study as a student blurted out the following phrase while I was handing out my 

action research consent  forms.   

Jose: “Wait, you’re going to college, Mr Collier?”  

Me: “Yes, Jose, I am” 

Jose: “That’s cool.  My aunt is going to college, too.”   

Another girl jumped in the conversation. 

Shelly: “You’re going to retire Mr Collier?  You’re leaving us already?” 

Me: “No, I am just taking time to learn more about how I teach.  I’ll do 

that while I’m teaching you.” 

This could have been a moment in which I reminded the students not to 

call out and to raise their hands to speak.  The focus could have become my 

ability to control all that happened, but by allowing one student to continue his 

thought process he was able to connect with me on a personal level and could 

relate the experiences of one of his family members to me.  The second student 

who chimed in obviously believed that, since I was attending college, I would be 

leaving my position as a fourth grade teacher.  Her ability to engage in authentic  

discourse in the classroom immediately corrected her misunderstanding and 
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allowed the rest of the students to learn a bit more about me.  This reminded me 

of Dewey (1938) when he stated: 

Enforced quiet and acquiescence prevent pupils from 

disclosing their real natures. They enforce artificial 

uniformity. They put seeming before being. They place 

a premium upon preserving the outward appearances 

of attention, decorum, and obedience. (p. 67) 

 Many times teachers  see classroom management through the lens of 

discipline.  “Good classrooms” are quiet places where students are seated at their 

desks, working -- or working quietly as partners.  Everyone looks like they are 

learning. The focus here is on the outward perception of what is happening, rather 

than focusing on the much more difficult situation of what is happening internally.  

My students’ ability to express themselves proved to benefit each student and the 

class as a whole.   

 During the initial stages of my study we spent a lot of time simply 

becoming familiar with the materials we would need for the study (graphs, timed 

tests, Google classroom), but even at this stage the benefits of my students’ social 

discourse was taking shape.  As I handed back the first unit assessment I could 

hear Bruce remark, “Uh oh, we are getting our tests back.” 

Upon hearing this three other students chimed in and said, “No, we should 

say uh yeah instead.”  This small interaction was a verbal prediction of 
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performance by students.  The student saying “uh oh” had not been very 

successful in math in the past, so, to him, tests are reminders of his inability.  The 

other students had been successful in math and therefore looked forward to getting 

the tests back.  This discrepancy in beliefs would not have been as easy to uncover 

if students had been afraid to disclose their true feelings.  

At the end of this class period one of the students came to me individually 

and stated, “Mr C.  We should have the class say UhYeah! When we get our tests 

back.”  He had spent a portion of the math class thinking about the need for 

students to respond positively to tests.  When later asked why he felt this would be 

beneficial he simply stated, “If they (the students in our math class) feel better 

about the tests they’ll probably do better on them.” 

 Another example of the benefits of non-traditional discourse in the math 

classroom occurred during an unplanned discussion of algebra.  Having taught 

this subject in the past I knew that students were often afraid of the word algebra 

but didn’t actually know much about it.  I decided that an ability to talk about this 

would strip away some of these apprehensions. 

 “How many of you have heard the word Algebra?”  18 of 25 hands 

went up.  Faces are unsure what will come next.  No one spoke.   I continued: 

“Don’t be afraid of the word.  It’s like Halloween when people wear disguises and 

you have to use clues to figure out who is underneath.  Sometimes 
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numbers/equations wear disguises in the form of letters.  Can you figure out what 

is under this letter?” 

I showed the class an easy problem, 5 + n = 6.  A few students were brave 

enough to raise their hands and answer. “N equals one?”  “Yes!, Easy right?”  

Now more students were leaning forward in their chairs.  What was threatening to 

them ten minutes prior to this moment now became something they could own.  

We progressed with the difficulty of problems as students wanted to take on  a 

challenge.  As more problems were  presented (n x 6 = 24, 18/3 = n, n+n = 8, 

n+n+n = 9) more students were participating.  Students were  no longer raising 

hands and waiting to be called on when I wrote an equation on the board.  The 

answers burst out of their mouths almost immediately.  In a twenty minute period 

I saw my students’ performances and attitudes go from “I can’t do that” to “I got 

that one right, now give us another one to try”.  The secret to the whole process 

was simply the opportunity for open dialogue in the classroom.  As class ended 

Molly came to me and said, “I thought Algebra was hard because my sister does it 

in eighth grade.  It's not so bad.”  

I did NOT instruct my children in how to complete algebraic equations 

during this period. I did, however, provide them with a catalyst in the form of an 

algebraic equation and allowed open discourse.  This proved to be an experience 

that will forever change the way these students react to the word algebra.  This 
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occurred because their attitude towards the subject changed -- not because their 

ability levels did.   

The opportunity for my students to “talk math” had a direct effect on their 

perceptions and actions in the classroom.  These benefits have also been 

highlighted in the larger literature base on this subject. 

While clarifying the expectations of math teachers, the National Council 

of Teachers of Mathematics (1991) highlighted the importance of this discourse in 

the classroom.  Specifically they stated: 

Students must talk, with one another as well as in response 

to the teacher...When students make public conjectures and reason 

with others about mathematics, ideas and knowledge are developed 

collaboratively, revealing mathematics as constructed by human 

beings within an intellectual community (p. 34). 

 Franke et al. (2009) have also asserted that student talk can lead to 

increased student mathematical knowledge and understanding in two 

interrelated ways.  First, by listening to other students the teacher (and 

other students) can monitor students’ mathematical thinking.  This allows 

the teacher to make better instructional decisions and makes it possible for 

students to gauge each other’s strategies and comprehension, providing 

opportunities for students to help each other build a more holistic 

mathematical understanding.  Second, the act of talking can itself help 
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students develop improved understanding by allowing them to become 

aware of misunderstandings and to better organize material in their own 

minds, therefore developing new perspectives and understanding.   

 

Progress monitoring   

Students’ ability to track change over time helps them build confidence 

and provides motivation for practice sessions. 

Progress monitoring can be a powerful tool for school districts while 

evaluating the effectiveness of their programs, and when attempting to identify 

how best to strengthen instruction.  Individual students are also able to benefit 

from this simple practice.   

Students want to know how they are doing. This was evidenced in my 

classroom as students graded each others’ timed tests.  As we graded and graphed 

each assessment I often had to remind the students to make sure to check the test 

in front of them, and to not worry about their own scores until papers were 

returned.  This fell on deaf ears many times.   

During the first timed assessment I observed the majority of the classroom 

peeking left or peeking right, depending on where their test was being graded.  

Initially I felt that this was due to one student making the remark, “Manny 

skipped some, what should we do?”  At the time Manny looked worried and was 

craning his neck to see his paper.  Other students began checking to see how 
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many they left blank.  However, the desire to know exactly how many they got 

wrong persisted throughout each assessment.  Over time the opportunity for 

students to predict their scores on each assessment actually amplified their desire 

to track their performance. 

During the second timed test the phrase, “How many did I get wrong?” 

could be heard around the room as students passed papers back to their owners.  

Rhonda remarked, “Look, I was close to my prediction!” 

Her partner Shelly responded sadly, “I was still 12 points off.”  This was 

the first sign that the students were thinking about what score they wanted to 

achieve.  They weren’t just taking a test.  They were beginning to measure their 

actual performance against their predicted performance. 

 This trend continued with the students’ third timed test.  During the first 

two tests more than half of the students needed assistance prior to testing in 

preparing their test papers correctly; however during the third assessment that 

number was pared down to 9 of 21 students.  Rather than avoiding the task, they 

actually seemed to look forward to it. As the assessment period ended and the 

timer sounded, groans could be heard around the room.  The students just wanted 

a few more seconds to work.   

 Cary: “I was so close!” 

 Renna: “I just need a few more seconds!” 

 Jerod: “I only have two more to finish, can I have more time?” 
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 Jimmy: “Ooooh, I almost finished! I was so close” 

 By the fourth timed test students were actively seeking me out to show me 

their progress and discuss their rationale. 

 Julia: “Mr Collier, look at mine. It went way up!” (referring to the line on 

her graph) 

 Cristean: “I noticed that I kept scoring in the 80s, so this time I’m going to 

predict 88.” 

 Hearing Cristean say this prompted me to take a quick, informal, poll of 

the class to find the number of students who were using their past performances to 

predict future outcomes.  46% of the students reported utilizing this strategy.  

After completing this assessment there were more examples of students setting 

expectations for themselves and being confident with their results.. 

“Ugh - so close!” 

“I got a 100%, I know it” 

“Mr. Collier, I think I got them all” 

“My prediction was right.  I got three 100% in a row!” 

 This pattern continued over then next few timed assessments. The activity 

of predicting, then graphing, scores helped students set internal expectations for 

themselves.  This was exhibited through student dialogue and reactions to each of 

the testing sessions.  This scenario reflects Dewey’s (1938) statement: 

The most important attitude that can be formed is that of 
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desire to go on learning. If impetus in this direction is 

weakened instead of being intensified, something more 

than mere lack of preparation takes place.  The pupil is 

actually robbed of native capacities which otherwise 

would enable him to cope with the circumstances that he 

meets in the course of his life. (p. 48)  

Bong, Cho, Ahn, and Kim (2012) also found that students’ ability to 

internally analyze the work they were completing was a key factor in their ability 

to achieve academically. Specifically they stated, “Students with stronger self-

efficacy also express stronger task value, and those who perceive stronger value 

in the subject tend to attain higher achievement in it” (p. 349).  Spinath et al. 

(2006), found “…while cognitive ability relates strongly to academic 

achievement, motivation and self appraisal also contribute to children’s 

engagement in learning and academic success” (p. 60).  Similar to Dewey, and the 

observed behaviors in my classroom, these authors found that students are most 

successful when they are internally driven.   

 My students had transitioned the testing process from external to internal.  

In doing this they were working for themselves - not for me, not for their parents, 

not for their reports cards.  Their native desire to improve a skill ultimately 

became the fuel that would allow them to continually set expectations for 

themselves and work to meet them.   
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 The results of the students practice gyms during this period can be seen 

below.  While they were never specifically directed to work in this area, 

substantial growth can be seen here, demonstrating self-directed practice in our 

focal area.   

 
Figure 1. Results of fact practice gyms, week 5 

  
Figure 4. Results of fact practice gyms, week 10 

 

Practice choice 

 It is important that students have appealing choices regarding how to practice, 

keeping them engaged and allowing the teacher to view the autonomous 

behaviors students take toward their practice. 
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 Having students practice a focused skill is a proven method to see an 

increased proficiency in that skill.  Graves (2006) reports that by having students 

set skill specific goals, and monitor the practice toward those goals, students are 

able to reach their goals more quickly.  Developing practice session that students 

look forward to, ask for, and celebrate amplifies this process.  Both Ramdass & 

Zimmerman (2008) and Metallidou & Vlachou (2010) have found that students 

are better able to self regulate their learning when they find value in the tasks they 

are presented with.  Furthermore, students with a high task value predicts higher 

performance in mathematics.  This was observed over the course of my action 

research period.   

The program First In Math was utilized as our practice tool because of the 

range of math practice it offered, along with a gaming format that engaged 

students.  This tool was an open palette of math, allowing students to self select 

practice areas.  The game format comes from the ability for students to earn 

points, referred to as “Stickers” in the program, as they answer math related 

questions.  Since more difficult concepts are not worth more stickers than easier 

concepts, students of all ability levels were engaged in the practice sessions. 

Approximately two weeks after the administration of the first timed 

assessment we analyzed the fact practice students had been completing in First In 

Math by viewing the communal results of the practice gyms.  The goal here was 

to have the students begin to connect the growth in practice, overtime, with the 
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growth on their timed assessments.  Another purpose of this was to allow the 

students to see the growth as a class, not as singled out students.  My hope was 

that this would allow students to develop a team mentality that would allow them 

to stay engaged in the practice overtime.   

 
Figure 2. Results of fact practice gyms, week 6 

 

From the onset students were able to functionally converse about the class 

goals.   

Me:“As we look at the graphs what do you notice about our fact practice?” 

Cal: “More kids are doing addition than subtraction, multiplication, and 

division.” 

Renna: “Adding by one is the highest, then adding by two is the next 

highest, then three.” 

Me: “Why do you think that is?” 

Cary: “We are doing the easier ones first.  More people completed ten than 

seven and eight.” 
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Bruce:  “Oooh, look - ten went up because I just finished it.” 

Maya: “Multiplication is the same.  More people have completed one, two, 

and five than the other ones.” 

Me: “Very interesting.  What about the nines?  Why do you think this area 

jumps up after not many of you have completed six, seven, or eight?” 

Jose: “Dont you know the finger trick Mr Collier?  That makes 

multiplying by nines easy.” 

 This initial analysis of the class goals page shows the students’ ability to 

connect their autonomous actions with the results of the gyms.  They could see 

the role that they each played in increasing the communal percentage of students 

finishing an area.  They could also discuss the behaviors affecting how students 

attacked their practice gyms (i.e. - the easy ones were finished before the more 

difficult ones).   

 After this initial study of the fact practice gyms it became clear that the 

students were logging into First In Math more often than just in math class, and 

for purposes beyond simply getting better at math.  The class became enthralled 

with their ability to be “Team Norway” and compete against others while 

practicing math.  The game format began to engage the students, amplifying the 

results of their practice.  This was evidenced through student dialogue and 

communal gym results 

Manny: “Miss Moco’s class is playing First In Math too.  I think they are 
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Team Hancock.  They said they’re going to beat us, but I told them no way.”   

 Bruce: “What team are they? We have indoor recess today!  I can’t wait - 

no one is going to be able to catch us in the rankings.” (referring to the First In 

Math area allowing the students rank themselves against other teams) 

 Cal: “Mr Collier, will we do centers today?” (First In Math is always one 

of our centers and this student knows that this will give the students a chance 

continue climbing the rankings) 

 This is an important event in the course of my study because it is the first 

time that the students saw themselves as a team working towards a goal and that 

they see a purpose of their practice tool beyond just getting better at math.  The 

students began to utilize this team concept as fuel to drive their math practice.  

The growth, in this regard, can be seen in the following weeks communal gyms 

results.  

 
Figure 3. Results of fact practice gyms, week 7/8 

 

 There was growth across all number 1 - 12, and even in the multiplication 
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gyms.  This is notable because the curricular, and classroom, focus had not yet 

moved on to multiplication but a number of the students had, autonomously.  The 

students were effectively choosing practice areas.   

 The game format of our practice tool continued to benefit students over 

the course of the study.  As the children demonstrated proficiency in an area they 

earned a gold star in that area.  The students shared these accomplishments with 

each other while working.  “Have you finished this game yet?”  “Yeah, I got a 

gold star there.  I’m working on round two now.”  These students were talking 

about completing fact practice in addition but were not saying, “Have you become 

proficient in adding by 3 yet?” Their fact practice was a part of the larger game 

they were playing.   

The growth in proficiencies, through First In Math practice, can continue 

to be seen in the students’ gym results.  The primary growth can be seen in the 

area being assessed with timed tests, with slow growth in subtraction and 

multiplication, and little to no growth in division. 

 
Figure 4. Results of fact practice gyms, week 9/10 
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 Another engaging component of our practice tool was the opportunity for 

students to be the player of the day (POD) each day.  They were  awarded this by 

earning the most stickers in the prior days’ practice sessions.  Some students used 

this as their fuel to keep practicing.  The following scenario unfolded, during 

indoor recess, demonstrating this behavior. 

 Jose: “Mr. Collier, can you see how many points I’ve earned today?” 

 Me: “Sure.  You have 127 so far.” 

 Jose: “Does anyone have more than me?” 

 Me:  “No, it looks like you are in the lead right now” 

Jose: “It’s going to stay that way!” (he then races back to his seat to 

continue playing FIM for the remainder of his recess time) 

 The next day Jose is the player of day and wears the POD badge proudly 

throughout the day.  He earned more stickers than anyone else in the class and he 

wants to show the world.  The recognition from this accomplishment became a 

powerful motivator for him, and other students to continue using First In Math.  

As the study progressed students would ask, “Who earned the POD badge today?” 

before they even sat down in math class.  It was evident that this was something 

they spent time thinking about, and working towards, during their independent 

practice sessions.   

 The actions shared above describe a classroom that had been invigorated 

with the competitive nature of our practice tool.  This proved to be a boon 
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regarding the continual use of the program over the course of this study, and has 

been supported by the larger literature.    

Researchers have long known  that competitive activities can promote 

performance for well-learned responses rather than new and difficult work (Hunt 

& Hillery, 1973; Sanders & Baron, 1975).  Durik and Eccles (2006)  hypothesized 

that “competitive activities would be incorporated more often into math than in 

reading lessons because the subject content in math is more likely to involve the 

application of well-learned rules” (p.34). These authors also point out that 

activities such as the practicing of math facts would benefit most from a 

competitive classroom stating,  

“...some math content in elementary school involves the 

application of rules and the practice of arithmetic operations (e.g., 

learning the multiplication tables). Elementary school students in 

math may be practicing skills that are becoming well-learned, and 

these pursuits might be especially conducive to competitive 

classroom activities. In contrast, reading might be less conducive 

to competitive classroom activities because, reading instruction 

might require students to use material in new ways (p. 34).” 

 The level of excitement and engagement with our practice tool only grew 

over time.  The ability for students to utilize the rankings, and gaming 

components (earning points, gold stars, and POD badges) allowed them to 
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continually move their math proficiencies forward.  This was evidenced in the 

students communal gym results (figure 4, pgs 97, 136)  by the end of the study.  

Although they were never specifically instructed to work in the addition gyms the 

largest amount of growth can be seen here. 

These students were interacting with much more than a math practice tool.  

The practice had become a larger part of their being as individuals and as a class.  

These findings illustrate Friere’s (1970) belief: 

For apart from inquiry, apart from the 

praxis, individuals cannot be truly human. 

Knowledge emerges only through invention 

and re-invention, through the restless, 

impatient, continuing, hopeful inquiry 

human beings pursue in the world, with the 

world, and with each other.  (p. 72)  

 Students  were able to make connections, emotionally and socially, with 

the world around them to grow within that world - all while practicing math. 

 

Attitudinal Affect   

Self-belief in mathematical ability and mathematical interest is improved 

through performance tracking and discourse in the classroom. 

   Attitude can play a primary role in students’ scholarly development.  
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While this can be difficult to track it has definite outcomes in the classroom.  As 

Delpit (2012)  states, “When students doubt their own competence they typically 

respond with two behaviors: They either hide (hood over faces, heads on desk) 

and try to become invisible, or they act out to prevent a scenario unfolding in 

which they will not be able to perform and will once again be proved ‘less than’” 

(p 14).   

My students spent a number of hours, over the course of this study, 

tracking their operational fluencies in addition and multiplication.  While tracking 

these abilities we often had mathematical discourse, engaging the students in 

thinking about why we are learning these concepts and how they will be 

beneficial.  Both of these points have been highlighted in the research narrative.  

Through these two actions (tracking performance and mathematical discourse) 

there were interesting findings regarding students’ attitudes towards math as 

highlighted in the students’ pre/post math interest surveys. The compiled data can 

be seen below: 
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Table 14 

Math Interests pre/post survey results - sorted 

 

 

  

To better make sense of this data I reorganized the math interest survey  

into statements dealing with students’ perceived math ability, their interests and 

paradigms about math, and parental influences.  I then totaled each section to see 

overall changes within a subcategory of the survey.   

The first noticeable piece of data here is that the number of students 
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strongly agreeing with their ability to perform math tasks tripled.   By the end of 

this study, students’ ability to track their performance - and to take action 

accordingly - had led to more students truly knowing themselves as burgeoning 

mathematicians and believing in their abilities.  Within this category the statement 

“Math is usually easy for me” grew from one vote to eight.  This was surprising to 

me as students’ initial predictions of their addition fluency was 86.5 percent.  This 

would indicate that a number of students thought this to be an easy task, yet only 

one student responded in this manner on the survey.   

A second notable piece of data here is that the number of students strongly 

agreeing with positive statements about the need for math, or their role in math, 

rose by 90%.  While more students believed in their math abilities from the 

beginning of the study to the end, they also saw more of a purpose for math in 

their lives.  This is a strong indicator that these students will continue to see the 

purpose in math during their careers as students.   

Within this area the statement “I feel comfortable asking questions in 

math” grew the most, from 4 votes to 13.  This is a positive outcome of the 

constant mathematical discourse happening in the classroom.  Asking questions 

and talking about the “whys” in math facilitated an environment where students 

felt more comfortable asking about a misunderstanding. This was evidenced 

during our daily homework review as well. Students would beg for the 

opportunity to share their work, free of worry if it was right or wrong.   
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The final, and in my opinion most notable, piece of data to share is the 

results of the parental influences section of the math survey.   I find these results 

most interesting because no action was taken to directly influence students’ 

knowledge of parents’ mathematics beliefs over the course of this study.  Action 

was taken to directly affect students’ knowledge of their own past performances, 

which, in turn, affected students’ understanding of their abilities.  Also students 

often answered the question “Why” in response to a math score, allowing them 

the opportunity to connect their attitudes and actions with their performances.  It 

therefore makes sense that students’ self-reported math ability and math interests 

grew over time.  However, the growth in parental influence was not expected. 

 Overall, the number of  students strongly agreeing with their parents’ 

interest in math more than doubled.  Within this category five times more students 

reported that they strongly agree that their parents use math at their jobs on the 

posttest, when compared to the pretest.  A secondary outcome of all of the 

discourse that was happening in the classroom is that students were taking these 

conversations home with them.  They were learning more about their parents as 

mathematicians.  This provided both a support for students when practicing math 

at home and a positive parental model that math is important inside - and outside - 

of schools.    

The importance of parental involvement in a child’s educations cannot be 

overstated.  The U.S. Department of Education (2004) states, parent involvement 
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occurs when parents and educators participate in “regular two-way and 

meaningful communication involving student academic learning and other school 

activities.”  Education research over the past three decades has established a direct 

correlation between increased parent involvement and increased student 

achievement (U.S. Department of Education, 2007).  Henderson and Mapp (2002) 

found that “students with involved parents, no matter what their income or 

background, were more likely to earn higher grades and test scores and enroll in 

higher-level programs; be promoted, pass their classes, and earn credits; attend 

school regularly; have better social skills, show improved behavior, and adapt 

well to school; and graduate and go on to postsecondary education” (p. 7). 

 The findings in this section highlight the importance of allowing students 

to predict their performance on mathematical tasks, and to track these 

performances over time.  Also proving beneficial is the ability to have 

mathematical conversations in the classroom.  These factors, combined, create a 

scenario where students are able to learn more about  the need for math in life and 

about the importance of developing math proficiencies over time. 

 

Next Steps 

 While this action research study officially came to an end in December 

2017 the practices employed within my study did not stop.  My “next steps” 

continued as we returned from winter break and began 2018.  I found the process 
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of having students predict, then graph, performances regarding fact fluencies to be 

so beneficial that it simply became a part of my math classroom.   

In the past my students graphed the results of fact fluency assessments in 

order to see a concrete example of change over time, regarding their fluencies.  

Adding a prediction to this process only amplified the experience.  My students 

were provided an opportunity to think, metacognitively, about their math abilities.  

This is a process that I don’t know if I will ever want to let go.  In fact, , I look 

forward to adding more components to this study to increase the effectiveness of 

my instruction and the students’ practice.  

One example of a modification I will make is the addition of a math 

journal for students to track their predictions and proficiencies over time.  I will 

still have students complete graphs, but I feel the ability for students to see their 

predictions and results in one location, in numerical form, will be more powerful 

than seeing them on the graph.   

The addition of a math journal will also allow the students more 

opportunity to respond to why they feel they are achieving each score.  During 

this study students responded on each assessment, then entered this information 

into a Google sheet.  Therefore, they were not able to see any change over-time in 

their reasoning.  Looking back at the information this practice offered helped me 

realize that students would also benefit from this.  
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 Input that was not beneficial in student responses, however, was the 

constant use of emojis.  I felt that I was appealing to multiple sensibilities in the 

classroom by offering students the opportunity to share their feelings/reasoning in 

a variety of ways but ultimately I feel this robbed students of the opportunity to 

truly reflect.  In my opinion the use of emojis was actually a step backwards for 

some students by reinforcing that reflection was an easy one-step process.   

Because of the changes observed in my students, and the need for a 

mathematics focus in my school district, I will be presenting this plan to my 

principal as an option for all grade 3-5 classrooms in the upcoming years.  We no 

longer pay enough attention to the need for students to be fact fluent, while 

everyday in my math classroom I see children who are negatively affected 

because they don't know the simple facts to larger problems.  Empowering 

students with the ability to know exactly what they know or don’t know, then 

providing engaging practice opportunities, can transform students proficiencies 

and self-efficacies. This is an opportunity that ALL students should be provided.   

While there are many pieces of my study that I plan to carry forward, my 

main goal in the future is what led me to this study in the first place - continue to 

help students build better relationships.  We all benefit from the positive 

relationships that we have developed with ourselves, with each other, and with the 

world around us -- as do the children we interact with daily.  Accomplishing this 

with students may not be an easy task, but it is one worth devoting a lifetime to.    
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