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ABSTRACT 

LAURA PAYNE MARKERT 
WRITING TO LEARN IN MIDDLE SCHOOL MATHEMATICS: THE EFFECTS ON 
ACADEMIC ACHIEVEMENT 
Under the direction of WILLIAM OTIS LACEFIELD, III, Ed.D. 
  
 

The purpose of this quantitative study was to investigate the effects of a writing to 

learn intervention on sixth-grade students.  Participants were students enrolled in a sixth-

grade class in a Southeastern United States private school.  Through random grouping, 

students were placed into two groups.  The control group (N = 18) received skill practice 

drills and the intervention group (N = 20) received a writing to learn intervention with a 

word problem.  The data collection period was six-weeks.  An Analysis of Covariance 

(ANCOVA) was used to understand the impact of a writing to learn intervention and the 

impact on student achievement as measured by a posttest.  The results indicated there was 

no statistically significant difference between students who received the intervention and 

those who did not receive the intervention (p = .133).  The results also indicated that the 

covariates of gender (p = .660), class designation (p = .444), and ethnicity (p = .428) were 

not statistically significant.  Discussed implications and limitations within this study 

illustrate the need for future research.  Suggestions for future research included using 

different writing interventions, measuring different outcomes, conducting research over a 

more comprehensive time span, conducting research over different school settings, 

obtaining participants in a different grade level within the grades 6-8 category, 
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researching the full scope of writing within the K-12 setting, or conducting a qualitative 

study rather than a quantitative study.  
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PROLOGUE 

We are the gardeners.  That’s a pretty official title but we didn’t start out this 
way.  Just like our garden, we started small and grew from there.  Some say that a 
garden just grows from seeds, but we think it grows from trying and failing and 
trying again.  The garden is hard work, but so is most of the good, important stuff 
in life. 

—Joanna Gaines, 2019, p. 1 
   

I am a gardener.  Most people define a gardener as a person who grows plants, but 

I use the term to represent more than someone who grows plants.  The process of 

gardening is the metaphorical setting for this research study because just like a gardener 

growing a plant, a person can also grow a topic, project, or piece of writing.  Key 

components always contained within my definition of gardening are the emphasis on 

process and learning.  I believe that gardens—just like ideas, writing, and research—do 

grow from hard work and dedication as well as failing.  That is what makes the end result 

so valuable— the hard work, process, and learning.  Gardening is very important in my 

family.  I did not understand that importance when I was a young child, so my journey to 

the understanding of the gardening process started very small but grew through hard 

work.  Turns out, growth gives us new understanding and insight.   

From an early age, I remember my mother asking me to walk in the yard with her 

no matter if it was in the cold of winter or in the heat of summer.  I would walk around 

the yard with Mom, and she would point out plant after plant and tell me the name and 

characteristics of that plant.  This was a chore I never really understood or enjoyed.  
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My paternal grandmother, also an avid gardener, watched me and supported me 

often during my childhood and into my adulthood.  I spent, and still spend, many days 

with her at her house.  In the early years, while my grandmother worked in her yard, I 

would skateboard down her driveway or dig up hidden treasures that my father had left 

me years ago, simple marbles to others, but treasure to me.  Even though I was 

uninterested in plants, I did begin to notice all the time and work my mother and 

grandmother spent on gardening.  My aunt and father would come over and work in her 

yard as well.  I would later learn that gardening, writing, and researching could be a 

solitary practice, but are richer when worked on collaboratively. 

It was not until adulthood, through the process of writing to learn, that I realized 

the true beauty of gardening.  One day, my aunt asked me to help create a book, later 

titled Granny’s Garden, with her and my grandmother about my grandmother’s garden.  I 

agreed to assist in the creation of the book.  Through interviews and conversations with 

my grandmother and aunt and through the writing process, I learned about the value of 

these plants.  I learned that some of the plants were so old that they had been plants that 

my great grandmother nurtured, someone I had never met, but we had this beautiful plant 

in common, this connection.  I realized that plants were a sign of friendship and affection.  

I learned that plants connect people, just as writing connects concepts.  Writing made the 

connection of plants and people clear.  I was given this new insight through a shared 

writing experience.  
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When someone creates a piece of writing, the end result is much more than a 

simple collection of words.  Just as a plant is so much more than just the end result of the 

flower.  The beauty of the writing lies within the process because that is where the 

learning occurs and that is why the creator, and others who understand the process, see 

the beauty in the final product.  When writing to learn is used as a vehicle for that 

writing, then that author creates her own connections, takes ownership over the 

information, and it becomes more meaningful to the author.  Through writing to learn, I 

created connections and a new understanding about gardening.  I understood gardening 

on a level that I had never previously understood.  The gardening process parallels the 

process of writing to learn.  The final product of a piece of writing parallels with the 

resulting flower after the process of gardening.  My mother and grandmother saw plants 

in a different way because they had ownership and a deeper understanding than I did.  

Just like gardening, writing to learn is hard to see the true beauty in until one has 

gone through the process of planning, drafting, redrafting, analyzing, editing, revising, 

finalizing, and rereading.  The process is really just thinking and rethinking about a 

concept.  

The book titled Granny’s Garden was a final product of the process of me 

learning about plants in a way that I had not learned before.  I now understand why my 

mother wanted me to walk with her in the yard.  She wanted to share with me the end 

result of the process that she had gone through to nurture those plants; she wanted me to 

enjoy the fruits of her labor with her.  This is also an important step in the process, 
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stopping and enjoying the fruits of your labor.  Individuals can enjoy the fruits of their 

labor in many ways.  They can reread a piece of writing, enjoy the beauty of a plant, or 

even eat a plant.  To this day, I enjoy the fruits of my labor by rereading Granny’s 

Garden.  Since creating Granny’s Garden, I have since begun my own garden where I 

invite my family over to collaborate with me and learn from them.  I now understand and 

see the beauty in the garden that my mother and others have created.  I enjoy the fruits of 

my own labor by just sitting in my plant room and enjoying the beauty.  

This dissertation is the product of another learning process, just as plants are a 

product of the gardening process.  Many people have poured into me to aid in the 

creation of this dissertation, just like each of my family members pour into each other in 

the creation and revisions of their gardens.  This dissertation taught me about the beauty 

of writing to learn at a level that I had not known before.  I used writing to learn as a 

vehicle for my learning.  I hope to one day sit in my plant room and revisit this final 

product to relish in the learning that took place.  That will be a beautiful day! 

Thank you for teaching me about the beauty of the process, Mom, Dad, Granny, 

and Aunt Denise.  I cannot wait to sit and enjoy the fruits of our labor with you: the labor 

of gardening, the labor of writing to learn, and the labor of this journey. 

To this day, our very favorite days are when we get to gather the fruits of our 
labor.  Mom loves to set the table with pretty flowers in every color you can 
imagine.  We help her dream up recipes for the food we’ve grown. Sometimes 
when we see all of that beauty laid out, we can’t believe our hands help bring it to 
life, and it makes all the hard work worth it.  It’s what keeps us coming back, day 
after day, season after season.  We still keep a little fern on the piano to remind us 
of our small beginnings.  Every time we water it, we are reminded not to give up 
when things don’t work out the first time.  Because the thing is, whether one 
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potted fern dies or half of the garden is wiped out by little critters, every failure or 
setback teaches us something.  Dad says that every hard thing we choose to do 
makes us braver for the next time.  There are so many lessons waiting to be 
learned and a whole world of gardening ready to bloom . . . we are the gardeners, 
and you can be too! 

—Joanna Gaines, 2019, pp. 32-36 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

 
“We are the gardeners. It was our responsibility not only to grow this garden  

but also to protect it.” 
—Joanna Gaines, 2019, p. 31 

 
For true, deeper learning to occur, educators need to challenge students to 

construct their own meaning of mathematics, so they may later relate this knowledge to a 

broader cultural, political, and social world in which they live (Hart, 2017; Vygotsky, 

1962/2012).  Writing helps students make sense of learning and create a deeper 

understanding of the mathematics material (Countryman, 1992; Hattie, Fisher, & Frey, 

2009).  The active process of writing allows students to relate mathematical concepts to 

such experiences as constructing their own understanding of mathematics; reflecting on 

what they know or do not know; thinking about mathematics on a broader political, 

social, and cultural level; and being critical of the knowledge in order to ensure justice 

(Gutiérrez, 2002; Langer & Applebee, 1987; Vygotsky, 1962/2012; Zinsser, 1988).   

Students should actively acquire new knowledge by building from prior 

knowledge to learning experiences (National Council of Teachers of Mathematics 

[NCTM], 2000).  In other words, students should be actively engaged in their learning.  

Writing provides this active experience (Pugalee, 2005).  Additionally, the NCTM (2000) 

endorsed writing within the content area of mathematics because one of the goals is 

communication, which requires students to use language to organize, communicate, 
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consolidate, and evaluate mathematical concepts.  Although this goal based upon national 

standards supports written and oral communication, writing in itself engages students in 

different ways than oral communication (Pugalee, 2005; Vygotsky, 1962/2012).  Through 

writing, students develop mathematical literacy (Pugalee, 2005), which enables students 

to learn mathematical content as well as process skills for mathematical understanding.  

Writing about mathematics provides students the opportunity to make mathematics their 

own (Pugalee, 2005).  It also allows students to reflect on their knowledge, ask questions, 

make connections, communicate with others, problem-solve, and process metacognitive 

thought (Bazerman & Russell, 1994; Calkins, 1982; Countryman, 1992; Egan, 1982; 

Langer & Applebee, 1987; Pugalee, 2005; Russell, 1990; Vygotsky, 1962/2012; Zinsser, 

1988).   

In recognition of the importance of writing across content areas, policy makers 

are changing the curriculum instruction through Common Core State Standards (CCSS) 

(Wilcox, Jeffery, & Gardner-Bixler, 2015).  The CCSS require teachers to implement 

writing to learn in the classroom in other subjects, rather than just language arts.  

Curriculum is not static because standards need to change to reflect current research and 

benefit students (Ornstein & Hunkins, 2017).   

Problem Statement 

Leaders, school administrators, teachers, and parents helped develop the Common 

Core State Standards to standardize the definition of proficiency in mathematics 

(Common Core State Standards Initiative [CCSSI], 2014).  As of 2015, 42 states in the 

United States have adopted the Common Core State Standards.  These standards require 
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students to justify their thinking, make sense of mathematics, and possess a deeper 

understanding of mathematical concepts.  Additionally, since the shift to the new CCSS, 

teachers and policymakers have emphasized writing across the curriculum, writing to 

learn (WTL), and informational and argumentative writing (Wilcox et al., 2015).  The 

CCSS enforce a new kind of writing that was not present in standards before CCSS 

implementation.  According to National Council of Teachers of Mathematics (2000), 

students in prekindergarten through 12th grade should reflect on and monitor problem-

solving concepts in mathematics, use mathematical language to express mathematical 

thought and ideas, and communicate their mathematical thoughts and strategies 

effectively.   

In education today, students are asked to separate the body and mind from 

abstract intellectual content and learn passively (Hart, 2017).  Through writing and 

reflecting, students can construct their own meaning of the content and the world around 

them to actively make sense of their world (Countryman, 1992; Hart, 2017; Langer & 

Applebee, 1987; Vygotsky, 1962/2012; Zinsser, 1988).  Additionally, writing to learn 

(WTL) is a practical strategy and promotes active learning for students; WTL benefits 

retention of learned material and conceptual knowledge as well as a deeper understanding 

of the content (Gingerich et al., 2014; Hattie et al., 2009).  Despite the recommendations 

of NCTM (2000), research findings (Baxter, Woodward, & Olson; Bicer, Capraro, & 

Capraro, 2013; Hattie et al., 2009; Pugalee, 2005), and the emphasis on writing across all 

content areas (Wilcox et al., 2015), numerous teachers fail to recognize the value of 

writing in mathematics.  Consequently, teachers fail to incorporate writing to learn as part 
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of their instructional practices (Countryman, 1992; Hail, George, & Hail, 2013; Klein, 

2000; Langer & Applebee, 1987; Quinn & Wilson, 1997; Zinsser, 1988). 

Purpose of the Study 

The purpose of this study was to investigate the effects of writing on students’ 

mathematical academic achievement in a middle school sixth-grade classroom.  The 

reason for this research is that since the new CCSS, which focus on writing and 

justifying, there is a need for further studies updating the research in this field.  Mirra 

(2009) stated that the new CCSS require students to think deeper about mathematics.  

With this new curriculum, findings pertaining to the effects of writing to learn on 

mathematics achievement could be different.  Additionally, this research focused on 

writing within the subject of mathematics due to the CCSS shifting mathematics 

standards.  The themes were specific to mathematics classrooms and could impact the 

practices of mathematics teachers.   

Bangert-Drowns, Hurley, and Wilkinson (2004) conducted a meta-analysis of the 

effects of writing to learn (WTL) on all age groups across all disciplines.  Similar to the 

study of Bangert-Drowns et al. (2004), this research focused on WTL and its effects on 

academic achievement in a sixth-grade mathematics unit.  Since the researchers 

concluded that grade level, metacognitive prompts, and time influenced the results of 

achievement using the writing to learn strategy, this research investigated these topics 

further.  In addition to these topics, Bangert-Drowns et al. (2004) also noted that teacher 

feedback potentially influences metacognitive thought in WTL.   
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Another result noted by Bangert-Drowns et al. (2004) was that extended writing 

assignments might be counterproductive.  In this study, the researcher used a short 

writing assignment as an intervention for a 6-week period of time and looked for the 

effect of this WTL assignment on students’ academic achievement. 

Furthermore, Bangert-Drowns et al. (2004) stated that students in grades 6-8 did 

not perform better academically when using writing to learn interventions.  The 

researchers reported that they discovered few middle school studies as well as 

inconsistencies in the results, pertaining to writing to learn.  Therefore, Bangert-Drowns 

et al. (2004) called for further research of middle grades writing to learn.  The goal of this 

study was to update the research in the field of writing in the middle school mathematics 

classroom.  

Significance of the Study 

Since curriculum is not static and subject to change based upon current research 

(Ornstein & Hunkins, 2017), it is important to revisit previous interventions when 

measures and standards change (Shadish, Cook, & Campbell, 2002).  Research in the 

field of writing to learn in mathematics needs to be updated due to new CCSS.  Studying 

writing to learn in the area of mathematics will add to the meta-analysis conducted by 

Bangert-Drowns et al. (2004) and could bring to the forefront new themes possibly 

impacted by new CCSS.  Additionally, focusing on mathematics could provide insight 

into practices and themes affecting mathematics instruction.  Since Bangert-Drowns et al. 

(2004) noted that the subgroup of middle school students did not benefit significantly 

from the writing to learn intervention, further study of students in this subgroup is 
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necessary.  Determining the effectiveness of writing to learn in mathematics classrooms 

could reinforce or change teachers’ procedures in the middle school mathematics 

classroom.   

Research Questions 

The research questions derived from the study of Bangert-Drowns et al. (2004), 

with revisions to reflect the goals of this current study.  The hypotheses and null 

hypotheses were based upon the research questions in this study.  

1. Will there be a statistically significant difference in mathematics achievement 

between students who receive a six-week writing intervention and those who 

do not? 

H1a:     There will be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

H10: There will not be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

2. Will there be a statistically significant difference in the mathematics 

achievement as a result of the intervention after controlling for the covariates 

of students who receive the intervention and those that do not based upon 

gender, class designation, or ethnicity? 
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H2a: There will be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 

H20: There will not be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 

Historical Framework 

Freire described writing within another content area when he stated, “The scientist 

who is not able to write beautifully minimizes his or her science and falls into an 

ideological lie, according to which the scientists have to escape from beauty” (Horton & 

Freire, 1990, p. 32).  Furthermore, Freire stated,  

The scientist is not obligated, just because he or she is a scientist, to write ugly.  

This is why I insist on saying to my students that writing beautifully does not 

mean scientific weakness.  It is, on the contrary, a kind of duty we have.  The 

writers, no matter if they are scientists or philosophers, have to make 

understanding easier.  (Horton & Freire, 1990, p. 32) 

In other words, just because you are strong in a content area such as mathematics or 

science, does not mean that you have to be a poor writer.  Writing as a pathway to 

thinking and its link to academic success has been discussed throughout history and 

continues today (Horton & Freire, 1990; Vygotsky, 1962/2012) 

Writing across the curriculum is an educational reform movement that 

emphasized the importance of writing in all subject areas (Russell, 1990).  Before writing 
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across the curriculum emerged, perennialism and essentialism reinforced the idea of 

compartmentalized subjects (Bazerman & Russell, 1994; Ornstein & Hunkins, 2017; 

Russell, 1990).  With the rise of progressivism in the late 19th century came the notion of 

interdisciplinary subject matter, leading to the emergence of writing across the 

curriculum as a critical element.  This new way of teaching content required students and 

teachers to think more in-depth about their subject matter, ask questions, and find 

relationships with their content area and the outside world (Russell, 1990).  Thought and 

language are intertwined, so writing across the curriculum must be incorporated to be 

effective and democratic (Russell, 1990; Vygtosky, 1962/2012).  Writing across the 

curriculum is a movement that gives all subject teachers a shared responsibility to teach 

writing and language within their subject matter (Bazerman & Russell, 1994; Russell, 

1990).  Writing across the curriculum did not start at a single point in time; it has been an 

ongoing discussion and debate for a long time. 

Around the late nineteenth century, the Committee of Ten set out to create a 

curriculum outline to prepare students for college and career readiness (Ornstein & 

Hunkins, 2017).  Samuel Thurber, one of the committee members, advocated for writing 

within every subject, but the committee rejected his request.  Instead the Committee of 

Ten placed writing along with the language arts curriculum, as subordinate (Russell, 

1990).  Politics, social policies, and funding have influenced the addition of writing 

across the curriculum, often decided on by those in power who determine what 

knowledge is most worth teaching (Russell, 1990; Spring, 2011).   
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Russell (1990) proposed that teachers of all subjects create a community where 

there is a shared responsibility to teach writing to students to create democratic 

citizenship.  Additionally, teaching students writing in other subjects allows students to 

practice writing throughout their schooling and see interconnectedness of concepts.  

Writing creates connections between disciplines, and this is where students can create 

new knowledge.  Russell (1990) mainly studied and wrote about college-aged students, 

but he implied that the writing needed to start sooner on the educational continuum rather 

than trying to remediate the writing deficiencies of students later. 

Theoretical Framework 

The theoretical framework that guided this study was constructivism.  The 

theoretical framework of constructivism has potential implications for the need for 

writing to learn in mathematics classrooms.  For example, because writing to learn allows 

the learner to interpret and construct their own learning, through a constructivist lens, the 

writing to learn may lead to better understanding of the content.  Another example is that 

because learners are involved in the physical action of writing during writing to learn, 

this may lead to deeper learning of the mathematics material.  Writing to learn in 

mathematics classrooms allows students to construct their own knowledge about 

mathematics material and interpret mathematics through their own lens.  Furthermore, 

writing to learn is a physical, active process and, according to constructivism, learning 

takes place through active means (Hart, 2017; Ornstein & Hunkins, 2017; Vygotsky, 

1962/2012).   
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Constructivism 

Some consider constructivism a branch of cognitivism, but there are some distinct 

differences (Ertmer & Newby, 2013; Ornstein & Hunkins, 2017).  For example, 

constructivists believe learners create their own reality and understanding of the world.  

The focus is on how the learner creates “meaning as opposed to acquiring it” (Ertmer & 

Newby, 2013, p. 55).  In other words, learners do not simply transfer a teacher’s 

knowledge into their own brains; instead, they make the knowledge through their own 

interpretation.  In constructivism, the learner is actively involved in the learning process 

(Ornstein & Hunkins, 2017).  Such active processes are also evident in embodied 

learning. 

Embodied Learning  

Embodied learning is similar to constructivism.  Through the process of embodied 

learning, students must construct their own knowledge (Hart, 2017).  Embodied learning 

involves students using their physical bodies and minds to embed themselves in the world 

with the knowledge.  Embodied learning requires students to enact, embody, extend, and 

embed knowledge.  In the final step of learning through embedding, the student creates 

knowledge embedded not only in the student, but also socially, politically, and culturally.  

Through writing, students may achieve this physical, active experience of constructing 

their own knowledge (Hart, 2017; Vygotsky, 1962/2012).  Figure 1 illustrates 

understanding through embodied learning.  
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Figure 1. Illustration of embodied learning. 
 
 
Writing to Learn 

Writing to learn (WTL) is a strategy for using writing and language to construct, 

explore, reflect, and grow new concepts and ideas (Bazerman et al., 2005).  Writing to 

learn stems from the writing across the curriculum concept.  Vygotsky (1962/2012) 

called this writing a learner’s inner voice.  The focus for this study is writing to learn and 

the impact it has on mathematics achievement on students enrolled in a sixth-grade class.  

Metacognition 

Ornstein and Hunkins (2017) connected constructivism to metacognition when 

they stated, 

Learning is optimized when students are aware of the process that they are 

structuring, inventing, and employing.  Such awareness of our cognitive process is 

metacognition.  Metacognition with regard to constructivist processes means that 

students are aware of the process whereby they are obtaining and using 

knowledge.  (p. 113) 

In other words, metacognition is the learner’s awareness of their construction of 

knowledge.  Metacognition is a learner thinking about his or her own thinking (Flavell, 

1987).  Researchers (2017) provided evidence to support the role of metacognitive 

thought in improving student academic success (Cornoldi, Carretti, Drusi, & Tencati, 
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2015; Muis, Psaradellis, LaJoie, Di Leo, & Chevrier, 2015; Swanson, 1990; Tzohar-

Rozen & Kramarski, 2017).   

Metacognitive strategies are not domain specific, mathematics provides students 

an opportunity to practice metacognitive thought (Flavell, 1987).  Some examples of 

metacognitive strategies that a teacher could teach a classroom would be rereading, goal 

setting, and analyzing the difficulty of a problem (Pugalee, 2001).  An example of 

metacognitive thought in mathematics could be a student checking math computation by 

reworking the problem a second time or checking their work with an inverse operation. 

Since metacognition is hard to measure, writing is one way that students may 

show metacognitive thought (Bangert-Drowns et al., 2004; Flavell, 1987; Hattie et al., 

2009; Weinert, 1987).  Flavell (1987) wrote, “Writing also affords practice and 

experience in metacognition.  It allows one to critically inspect one’s own thoughts.  It 

also encourages the individual to imagine thoughts of others” (p. 27).  In other words, 

writing is a way that students may formulate and practice their metacognition as well as 

gain insight about the metacognitive thoughts of others.   

Limitations 

The limitations of this study are: 

• Data derived from one private school. 

• The pretest and posttest measure of academic achievement, created by Carter 

et al. (2015), is only one way of measuring student mathematics achievement.  

• All students were exposed to different writing assignments throughout the 

year in mathematics, including reflections and short answer responses.  Only 
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the experimental group was exposed to the specific writing intervention used 

in this study during the six-week period.   

• Since the study is quasi-experimental, randomization was not thorough.  

However, groups were compared to determine if there was a significant 

difference based upon the pretest scores.   

• Replicability may be difficult because the intervention followed the content 

standards in a particular unit of study in a sixth-grade classroom.  To address 

this issue, the researcher included examples of writing tasks in the appendices 

and provide in-depth descriptions.   

• There is a possibility that students discussed the writing assignments outside 

of class, and this might have impacted compensatory rivalry and resentful 

demoralization (Borc, 1984).  However, all students eventually received the 

same assignments, and the students who received assignments and those who 

did not at that time were in different classes.   

• Novelty might have impacted the study, but previous opportunities to write in 

earlier units covering other standards should have minimized this effect.   

Delimitations 

The results of this study can only be generalizable to the proposed student 

participants in the middle school mathematics class at this particular private school.  The 

students at this school came from many different counties and locations, so the 

generalizability was also geographically limited.  The middle school mathematics 

standards the researcher covered during this unit of study posed an additional 
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delimitation.  Other content standards might yield different results.  Therefore, the 

generalizability is also based on the mathematics standards taught during the timeframe 

of this research.  

Assumptions 

The researcher assumed that all students’ work on the pretest and posttest 

reflected the students’ own knowledge.  To ensure that the pretest and posttest were the 

students’ own work, the researcher instructed students before the tests to work 

independently, and the researcher circulated the room to ensure that the students did not 

talk to each other about the work or share answers.  The researcher assumed that the 

students were not facing challenges that might impede their learning at school, and if 

students did encounter challenges, a counselor was present at the middle school level to 

assist them.  The private school provided a snack during the day to the students so that all 

students were able to eat during the day.   

Key Terms and Definitions 

The following terms and definitions are intended to assist the reader.  Varying 

definitions of the terms may be provided elsewhere, but these are the definitions used in 

this study.   

Argumentative writing is a style of writing where students use a content-specific 

concept to formulate an opinion based upon knowledge of the content and to persuade 

others through writing (Armstrong, Wallace, & Chang, 2008).   

Constructivism is a learning theory that purports learners construct their own 

knowledge based upon lived experiences (Ornstein & Hunkins, 2017).   
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Common Core State Standards (CCSS) are K-12 standards created to align 

curriculum on a national basis and to prepare students for college and career (CCSSI, 

2014).   

Explanatory writing is a form of writing where learners write what they already 

know.  This type of writing is what people do every day (Zinsser, 1988).  Langer and 

Applebee (1987) called this category of writing review writing.   

Exploratory writing is a form of writing where learners discover their learning 

through writing.  This kind of writing is the same as writing to learn (Zinsser, 1988).  

Langer and Applebee (1987) called this same writing style writing to reformulate a 

concept.   

Feedback is a form of communication that a teacher gives to a student regarding 

his or her work.  This message can be content-rich, surface feedback, written, spoken, or 

nonverbal (Matsumura, Patthey-Chavez, Valdés, & Garnier, 2002).   

Informational writing is a form of writing where the writer’s purpose is to inform 

a specific audience (Wilcox et al., 2015).   

Journaling is the process of collecting writings (Baxter et al., 2005; Hail et al., 

2013; Pugalee, 2004).   

Mathematical literacy is the combination of content and process skills that 

enhances mathematical understanding (Pugalee, 2005).   

Metacognition is the learner’s ability to think about his or her own cognition 

(Flavell, 1987).   
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Writing across the curriculum is an idea, discussed throughout history by 

numerous educators, policy-makers, and researchers, that writing should be prevalent 

throughout all content areas (Bazerman & Russell, 1994; Russell, 1990; Stock, 1986).   

Writing to learn (WTL) is a strategy where a learner constructs knowledge 

through writing (Bazerman et al., 2005; Russell, 1990).   

Summary 

To gain a deeper understanding of content, students should construct knowledge 

combining prior, personal experiences with new knowledge.  Writing to learn (WTL) in 

the classroom is a strategy that reflects students’ thought processes on paper, as well as 

an outlet to allow students and teachers to address cultural, social, and political 

differences (Hart, 2017; Vygotsky, 1962/2012).  Research conducted years ago indicated 

that writing to learn within other content areas improves student achievement (Bangert-

Drowns et al., 2004; Pugalee, 2005).  From their meta-analysis on writing to learn, 

Bangert-Drowns et al. (2004) concluded that the length of time spent on writing, long 

writing assignments, metacognitive prompts, and age groups impacted student 

achievement.  Due to the results of this study, another study on middle school students 

would benefit teachers to determine how current events, such as new CCSS, have 

impacted writing to learn in the middle school mathematics classroom.   

Chapter 2 offers a discussion of the theoretical and conceptual underpinnings 

associated with WTL in a mathematics classroom and a summary of key findings in 

research associated with WTL.  Also presented are identification and comparisons of 

themes previous researchers associated with the benefits of WTL.  Chapter 3 presents a 
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description and rationale of the proposed methodology.  Additionally, this chapter 

provides information about the data collection and data analysis process and measures to 

address bias and validity threats.  
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CHAPTER 2 

SYNTHESIZED REVIEW OF LITERATURE 

Some people tell themselves they are no good at something after one small failure. 
But no chance we are going to give up that easily. So we checked out some books 
from the library, and we found out that ferns can be tricky and prefer to live in a 
shady spot. 

—Joanna Gaines, 2019, p. 6 - 7 

U.S. society shapes decisions made by policymakers and major stakeholders 

regarding the school system in the United States (Spring, 2011).  Businesses, politicians, 

special interest groups, and other organizations decide what curriculum teachers utilize in 

the public-school system (Spring, 2011).  These stakeholders tell teachers what to teach, 

and frequently, school district leaders instruct teachers on how exactly to teach.  

Basically, administrations and local governments choose what knowledge is most 

valuable.  The students are the ones affected by these decisions on curriculum.  When 

considering curriculum, it is essential to look at the research, and in doing so, check for 

threats to validity that can impact the results (Shadish, Cook, & Campbell, 2002).  This 

chapter will focus on research and seminal works, as well as themes from empirical 

research to understand the background of writing to learn.  The chapter begins with the 

historical and theoretical framework, followed by discussions of writing across the 

curriculum, embodied learning, and metacognition.  Next are descriptions of types of 

writing, followed by writing in the context of mathematics—its benefits and 

disadvantages. 
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Historical and Theoretical Framework 

An educator’s philosophy determines the theories, curriculum, and choices that 

the educator makes (Ornstein & Hunkins, 2017, p. 28).  Without a philosophy, outside  

pressures could easily sway and influence a teacher.  Analyzing the theoretical lens to 

look at these facts and information helps to understand the study.  The constructivist lens 

helped start and guide this study.  The following sections discuss constructivism in the 

context of writing. 

Writing through a Constructivist Lens 

Ornstein and Hunkins (2017) contended, “Learning results from students actively 

engaged in rethinking details read or presented and rearranging such data so as to develop 

insights to which they can claim ownership” (p. 191).  To put it another way, students 

will not learn material unless a teacher provides them with the opportunity to reshape and 

rework that information to make it their own.  Writing is a task that requires the learner to 

be an active participant, and writing can challenge students to construct their own 

meaning of knowledge (Countryman, 1992; Langer & Applebee, 1987; Vygotsky, 

1962/2012; Zinsser, 1988).  Writing is present in all subject areas (Zinsser, 1988) and 

helps learners make sense of math, which in turn, helps learners understand the world 

around them (Countryman, 1992; Hattie, Fisher, & Frey, 2009).   

Thought and speech develop at different rates until a child is about two years old 

(Vygotsky, 1962/2012).  At this time, speech and thought meet and “thought becomes 

verbal, and speech rational” (Vygotsky, 1962/2012, p. 89).  A child’s development of 

speech starts with social, followed by egocentric, and then inner speech.  Inner speech 
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serves logical thinking and thought for oneself.  Inner speech is abbreviated, whereas 

written speech is more complete and full than oral speech.  Vygotsky (1962/2012) 

described the first draft of writing as inner voice.  Therefore, thought and writing is 

connected (Langer & Applebee, 1987; Zinsser, 1988).   

Langer and Applebee (1987), Vygotsky (1962/2012), and Zinsser (1988) 

addressed writing as a task that requires active participation.  Writing is an active process 

that requires learners to manipulate ideas and facts (Zinsser, 1988).  Additionally, writing 

is “a physical activity, unlike reading.  Writing requires us to operate some kind of 

mechanism—pencil, pen, typewriter, word processor—for getting our thoughts on paper” 

(Zinsser, 1988, p. 49).  Writing requires reflection and revisiting as opposed to verbal 

speech, which can be fleeting and less elaborate (Langer & Applebee, 1987; Vygotsky, 

1962/2012).   

Writing across the Curriculum 

Writing across the curriculum (WAC) became popular in the 1970s in the United 

States (Stock, 1986).  WAC is a movement where teachers encourage students to use the 

written language in different disciplines.  Examples of WAC in the classroom could 

include lab reports, reflections, and research reports.  This form of writing does not focus 

on merely grammar and mechanics, but also upon using the idea that students use 

language and exploration of language to express knowledge and understanding (Stock, 

1986).  Four features seen in classrooms successfully implementing WAC are teachers 

giving students opportunities to write frequently to each other and the teacher, thinking 
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and writing to understand a subject matter or area better, involvement in an interactive 

community, and students acting as their own teachers.   

Embodied Learning 

Aristotle believed that knowledge was dual and came to students in the form of 

sensations and abstractions (Gutek, 2011).  Sensation is the way that a student perceives 

knowledge using the senses, and abstraction is how the mind categorizes the information.  

Aristotle believed that students must experience a concept through the senses before they 

can truly gain knowledge.  Because Aristotle acknowledged the importance of the senses 

on learning, he was an early proponent of embodied learning (Gutek, 2011; Hart, 2017).  

Education today seems to separate the body from the mind (Hart, 2017).  We expect our 

students to omit their own feelings and experiences when learning abstract concepts.  Due 

to this shift in western society to create passive students, learners become unmotivated 

and inattentive (Hart, 2011).   

Embodied means “we are embedded in the world” (Hart, 2017, p. 300).  Hart 

(2017) asserted, “Rather than passively receiving the world, there is constant interaction 

between the mind, body, and environment” (p. 300).  In short, there must be an 

interaction with the learner’s physical body, learning and knowledge, and outside world.  

Hart (2017) encouraged teachers to consider 4E Cognition, which ensures student 

understanding.  In 4E Cognition, students must enact, embody, extend, and embed 

knowledge.  For students to enact their understanding, they use the knowledge to shape 

their own world.  Enacting is where students are constructing their own knowledge.  

After that, to embody the knowledge, students show they know the knowledge through 
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the physical body.  Writing is a physical activity and can demonstrate this embodiment 

(Hart, 2017; Vygotsky, 1962/2012).  Once a student can embody the knowledge, then 

that student can extend the knowledge, which means that they can extend the knowledge 

into the environment.  The final step in understanding comes when a student can embed 

the knowledge.  Once a student embeds the knowledge, they realize their positionality 

with this knowledge that is culturally and geographically situated.  This self-awareness is 

what some refer to as metacognition. 

Metacognition 

Metacognition has been linked to students’ academic success in mathematics and 

is evident in students’ writing (Flavell, 1987; Pugalee, 2001).  Flavell (1987), a pioneer in 

the field of metacognitive research (Weinert, 1987), defined metacognition as a learner’s 

knowledge of the cognitive process and anything psychological.  An example of 

metacognitive thought can be noticed in a student who listens to new information and 

compares it to information that he/she already knows (Weinert, 1987).  That same student 

can show metacognitive thought when he/she takes notes on new information to learn or 

memorize it.   

Metacognition has significant effects on student learning (Weinert, 1987).  It 

leads to improvements in academic achievement.  Metacognition is not specific to only 

one subject; it can transfer into other subject areas.  It is difficult to measure 

metacognition because there are instances that may impede the ability to measure 

metacognition (Jacobse, & Harskamp, 2012).  For example, a young child may be unable 

to describe the strategy that he/she is using.   



23 

 

Flavell (1987) identified three subcategories of metacognitive knowledge: “person 

variables; task variables; and strategy variables” (p. 22).  Person variables refer to what 

knowledge a person has about himself/herself, which includes judgments about oneself, 

the knowledge of psychology, or knowledge about the human brain.  Task variables 

consist of what students know about the task that have to perform and the best way to 

address the problem.  Finally, strategy variables are “metacognitive strategies for 

monitoring the cognitive process” (p. 23).  Young children, for example, children aged 

five or six, may not know how to interpret these experiences and respond to them.  

However, older students are better able to express their metacognitive experiences and 

feelings.  In their meta-analysis of research on elementary through college students, 

Bangert-Drowns, Hurley, and Wilkinson (2004) noted that students performed better in 

achievement using writing to learn (WTL) when it was accompanied by a metacognitive 

prompt.   

Flavell (1987) posited “executive processes; formal operations; consciousness; 

social cognition; self-efficacy; self-regulation; reflective self-awareness; and the concept 

of psychological self or psychological subject” (p. 25) might all be related to the concept 

of metacognition.  He identified mathematics as a subject that provides multiple 

opportunities to monitor metacognitive tasks.  Additionally, Flavell (1987) stated that 

writing provides “practice and experience in metacognition” (p. 27).  Brown (1987) 

explained, “It is as if once the child becomes aware of the relevant pieces of information 

to be conveyed, he or she needs to mark them externally in a tangible form” (p. 98).  
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Figure 2 displays the subcategories and related concepts of metacognition proposed by 

Flavell (1987). 

 
Figure 2. Illustration of the subcategories and related concepts of metacognition. 
 
 
Metacognition and the Effects on Problem Solving and Mathematics Ability 

Metacognition has a positive effect on students’ mathematics academic 

achievement and problem-solving (Bangert-Drowns et al., 2004; Flavell, 1987).  

Mastery-oriented teachers create a rich environment where metacognitive reflection 

grows, which also influences students’ motivation for learning (Bonnett, Yuill, & Carr, 

2017).  Researchers in the late 20th century made similar conclusions about the benefits 

of direct instruction of metacognitive instruction on problem-solving (Delclos & 

Harrington, 1991; Schraw, Horn, Thorndike-Christ, & Bruning, 1995; Swanson, 1990).  

High-achieving students demonstrated more metacognitive strategies (Schraw et al., 
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1995), and low achieving-students were able to perform better on problem-solving tasks 

after metacognitive instruction (Swanson, 1990).   

Research on the benefits of metacognitive instruction on problem solving 

continued into the 21st century with Pennequin, Sorel, Nanty, and Fontaine (2010), who 

determined that direct instruction of metacognitive strategies with a group of 48 third-

grade students improved their problem-solving abilities and metacognitive knowledge 

and skills significantly.  Pennequin and colleagues (2010) also compared low-, average-, 

and high-ability groups to see the effects of the metacognitive instruction on those groups 

of students.  They concluded that all ability groups benefitted significantly, but especially 

the low-achieving groups.   

Similarly, Cornoldi, Carretti, Drusi, and Tencati (2015) concluded metacognitive 

instruction led to improved problem solving.  Their study included 135 students between 

the ages of eight and ten.  Cornoldi et al. (2015) utilized the measures of problem-solving 

tasks, pre- and posttests, and questionnaires in their study.   

Even though the positive effects of metacognition are observable in students’ 

problem-solving performance, metacognition does not predict students’ creative 

mathematical ability (Erbas & Bas, 2015).  Özcan (2014) noted that internal motivation 

was a significant predictor of academic achievement and problem-solving ability in 

mathematics.  A second predictor that the researcher discovered was willingness to 

complete homework, which Özcan (2014) connected to positive and negative emotions. 

Additionally, some researchers determined that students’ emotions play a major 

role in academic achievement, as well as metacognition (Lai, Zhu, Chen, & Li, 2015; 
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Muis, Psaradellis, Lajoie, Di Leo, & Chevrier, 2015; Tzohar-Rozen & Kramarski, 2017).  

Lai and colleagues (2015) attempted to connect metacognition, mathematics anxiety, and 

word problem solving in their study of 224 students approximately 10 years old.  Lai et 

al. (2015) concluded that math anxiety significantly impacts metacognition, and 

metacognition significantly impacts math problem-solving performance.  Specifically, 

self-image influences mathematics achievement.  Students in the low-ability groups 

scored significantly lower in self-image than the high and average groups.  Lai et al. 

(2015) admitted that these concepts were very complicated and hard to tie directly to 

other achievements.   

Tzohar-Rozen and Kramarski (2017) determined that 170 fifth-grade students 

improved in mathematical problem solving when their teacher gave them a larger number 

of metacognitive and meta-affect interventions than a control group received.  Meta-

affect interventions included providing students with strategies to identify and cope with 

emotions during problem solving.  Furthermore, teachers trained the students on self-

questioning techniques.  Tzohar-Rozen and Kramarski (2017) found no significant 

differences between the metacognitive and meta-affect groups in problem solving on the 

task.   

Muis and colleagues (2015) also studied fifth graders and concluded that students 

who experienced confusion as an emotion did not increase metacognitive processing.  

Instead, they decreased in the use of processing skills.  Muis et al. (2015) proposed that 

elementary level teachers should teach students how to cope with emotions, such as 

confusion, because they impact metacognition.   
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One of the limitations of measuring metacognitive growth is that the 

metacognitive thought is occurring in a student’s head, and that is difficult to measure 

(Brown, 1987).  In fact, Brown (1987) called for further research into the field to 

determine best practices for measuring metacognition.   

One of the measures for metacognition is questionnaires.  García, Rodríguez, 

González-Castro, González-Pienda, and Torrance (2016) conducted a study of fifth and 

sixth graders to determine the correlation between students’ judgments of how they 

performed and how they scored.  García et al. (2016) concluded that overall students did 

not judge their performance well.  Additionally, the lower the student scored, the further 

off his or her self-perceived judgment.  The higher a student performed, the closer his or 

her judgment was to his or her score.  

Social Metacognition 

Social metacognition, a growing field of interest in the research field because of 

collaboration in the 21st century workforce, involves students working together to 

monitor and help regulate each other’s actions and interactions in order to meet a group 

goal (Chen, Chiu, & Wang, 2012; Hurme, Palonen, & Jarvela, 2006; Iiskala, Vauras, 

Lehtinen, & Salonen, 2011).  Chen and colleagues (2012) studied high school students 

enrolled in a mathematics classroom and learned that the students gained new and correct 

information through social metacognitive interactions conducted and analyzed on an 

online platform.  Iiskala et al. (2011) also researched social metacognition by analyzing 

conversations between high-achieving girls aged eight to ten.  The researchers videotaped 

the girls’ conversations and noted that, as the mathematics tasks became increasingly 
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harder, the girls used more metacognitive strategies together.  Hurme and colleagues 

(2006) noted in their research of social metacognition through an online platform on a 

mathematics task that some students used metacognitive strategies, whereas others did 

not.  Social metacognitive strategies noted were monitoring and evaluating, but there was 

no evidence of planning (Hurme et al., 2006).   

Assessing Metacognition 

One of the limits of the research on metacognition is the discrepancy about an 

accurate measure for analyzing the metacognitive thought (Brown, 1987).  In their 

research of 112 second-graders, Vasile-Frumos and Iurciuc (2017) reported low-

performing students self-reported that they performed very high, whereas high-scoring 

students self-reported more accurately.  The researchers reported that the higher-

achieving students had better metacognitive abilities of monitoring than the lower-

performing students.  Therefore, questionnaires would not be accurate as a measurement 

for student metacognitive usage.  Likewise, Özcan (2014) concluded that teachers predict 

students’ metacognitive abilities more accurately than the fourth through sixth-grade 

students themselves.  Özcan (2014) implied that student questionnaires are not as 

accurate as teacher questionnaires. 

On the other hand, in a study consisting of eighth graders and their teachers, 

Callan and Cleary (2018) discovered that the teachers’ reports and students’ self-reports 

were significantly related.  The students’ self-reporting on the questionnaire matched 

their behaviors in a mathematics classroom as well.  Callan and Cleary (2018) 

recommended using a multidimensional approach to measuring self-regulation.  They 
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suggested using “teacher ratings and microanalysis of metacognitive-monitoring to 

measure SRL [self-regulated learning] in mathematics” (Callan & Cleary, 2018, p. 110).   

Jacobse and Harskamp (2012) described a new instrument, called VisA, that can 

be used to assess student’s metacognition and regulation during a mathematical problem-

solving task.  The participants in this research were 42 students enrolled in fifth grade.  

Jacobse and Harskamp (2012) compared this new instrument to think-aloud and student 

questionnaires to assess the new instrument’s validity.  The researchers acknowledged 

that think-aloud was the most accurate, but also extremely time-consuming, so this new 

instrument would save time.  The results of the study were that VisA could predict 

students’ problem-solving ability on a test, but it only partially correlated with the think-

aloud.  Jacobse and Harskamp (2012) suggested further research into the field of 

metacognitive measurement instruments.  Numerous different instruments claim to 

measure metacognitive use, but the research is mixed on the best instrument (Callan & 

Cleary, 2018; Jacobse & Harskamp, 2012; Özcan, 2014; Vasile-Frumos & Iurciuc, 2017).  

Strategies for Teaching Metacognition in the Classroom  

Researchers have tested various strategies for teaching metacognitive strategies, 

measuring metacognitive strategy use, and practicing metacognitive strategies (Bicer, 

Capraro, & Capraro, 2013; King, 1991; Pugalee, 2001; Tok, 2013).  Know-want-learn 

(KWL) is a strategy that Tok (2013) researched in a mathematics classroom to determine 

if KWL influenced metacognition.  Tok discovered that the KWL strategy influenced 

students’ metacognition and achievement but did not impact mathematics anxiety.  Tok 

used a control and experimental design for this study.  King (1991) determined that using 
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guiding questions about metacognitive strategies aided in students’ problem solving.  

Bicer and colleagues (2013) measured students’ growth in problem solving for story 

problem solving and generating with an intervention of writing and determined in their 

study that the writing intervention group scored significantly better than the group that 

did not receive the intervention.  Therefore, Bicer et al. (2013) concluded that writing 

aids in the development of the problem-solving process.  Pugalee (2001) qualitatively 

studied students’ writing on a problem-solving concept noted a metacognitive framework 

present in the students’ writing.  In their qualitative study of fourth-grade math students, 

Martin, Polly, and Kissel (2017) discovered students were able to evaluate strategies and 

monitor their own learning through written reflections.   

Metacognition in Writing 

Hattie and colleagues (2009) claimed, “Writing increases opportunities for 

students to think about their thinking (metacognition), which contributes to the phase of 

deep learning” (p. 164).  Additionally, writing calls for students to focus and make sense 

of a concept.  Pugalee (2001) prompted ninth-grade students to utilize metacognitive 

strategies such as rereading, setting goals, assessment of the difficulty of the problem, 

and analysis of information in their mathematics learning journals.  In this qualitative 

study, students were conducting writing to learn through mathematical problem solving.  

Pugalee (2001) found there were a number of metacognitive strategies present in the 

writing while students were problem solving mathematically.  In a later study, Pugalee 

(2004) conducted a study to compare the achievement of students who write about 

mathematics compared to that of those who use a think-aloud strategy, and he discovered 
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that students who wrote about mathematical problem solving performed statistically 

better in problem-solving tasks.  Furthermore, Pugalee (2004) noted a presence of 

metacognitive strategies in the students’ writing.   

Similarly, Cardelle-Elawar (1992) concluded that sixth-grade students with low 

mathematics ability (according to the Iowa Test of Basic Skills) who received 

metacognitive instruction from their teacher improved in their problem-solving ability 

and significantly, positively changed their attitudes towards math.  Furthermore, Swanson 

(1990) concluded that students from grades four and five with low aptitude (as 

determined by the Cognitive Abilities Test) who had metacognitive knowledge were able 

to make up for low aptitude in problem-solving tests.   

In a study of fifth-grade students in Germany, Roelle, Krüger, Jansen, and 

Berthold (2012) provided students with examples of already solved problems and 

prompts in mathematics.  Roelle et al. discovered these provisions improved students’ use 

of cognitive and metacognitive strategies.  In a German high school, Hübner, Nückles, 

and Renkl (2010) concluded that using learning journals in the classroom and writing to 

learn enhanced students’ use of metacognitive strategies and self-regulation. 

Mynlieff, Manogaran, St.  Maurice, and Eddinger (2014) conducted a study of 

college biology students to determine if metacognitive writing tasks improve test scores 

and which kinds of writing tasks help the most for which kind of students, accounting for 

student ability using ACT scores.  Students in all three ability groups—high, medium, 

and low—increased their scores by performing test corrections.  The difference came in 

the kinds of writing that impacted the students.  The teachers required the students in the 
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written text correction groups to write at least two sentences: one about why they missed 

the problem and one to explain why the correct answer was correct, of which the first 

sentence had a metacognitive component.  Mynlieff et al. (2014) noted that the highest 

scores were from the students who performed written corrections rather than just 

discussion-based corrections or no corrections.  The low group significantly increased 

their scores on the posttest after the written and discussion-based corrections even more 

than the high-level groups.  Students in the middle-level groups increased their scores in 

both the discussion and written test correction groups, but the researchers noted the 

highest gains in writing test corrections.  Data revealed the high-level group only 

increased after written test corrections, not discussion based (Mynlieff et al., 2014). 

However, Armstrong, Wallace, and Chang (2008) concluded argumentative 

writing by itself is not enough to impact student learning and metacognitive skills.  In a 

study of college biology participants, the researchers found writing has the potential to 

include metacognitive strategies, but not all of the students utilized the opportunity to use 

metacognitive skills.  Armstrong et al. (2008) suggested that teachers should explicitly 

teach metacognitive strategies.  The researchers added that the students who used 

metacognitive skills were motivated to learn biology for reasons other than grades.   

In Handbook of Writing Research, MacArthur, Graham, and Fitzgerald (2016) 

reported substantial evidence to support metacognitive processes, and cognitive processes 

contribute to learning while a student is writing.  During the writing process, information 

is transformed using metacognitive operations.  Students who use these processes during 

writing perform better than writers who do not (MacArthur et al., 2016).   



33 

 

Types of Writing 

Since the shift to the new Common Core State Standards (CCSS) Initiative, 

teachers and policymakers have emphasized writing across the curriculum, writing to 

learn, and informational and argumentative writing (Wilcox, Jeffery, & Gardner-Bixler, 

2015).  The CCSS enforce a new kind of writing that was not present in state standards 

before their implementation.  In a mixed-methods study of elementary school teachers, 

Wilcox and colleagues (2015) discovered that highly effective schools and teachers 

within the schools used “peer collaboration, prewriting/planning/drafting, using rubrics, 

and writing to learn” (p. 913).  Wilcox et al. (2015) commented, 

 Some of the teachers in this study described the writing they required students to 

produce in alignment with the CCSS as more challenging.  Teachers explained 

that they look for improvement in the detail students provide to support claims in 

their writing as well as overall improvements in the quality as defined by the 

state’s rubric.  (p. 917)   

Ultimately, teachers recognize that policymakers who implemented the CCSS are 

challenging students in the area of writing, and the students’ writing is improving.   

Similarly, when referring to standards prior to CCSS, asserted U.S. school 

systems are adding standards and inflating subject areas (Calkins, 1982).  The time for 

writing has to come in the other subjects in the curriculum.  When writing in other 

subject areas, the “writing offers a context for learning these other skills” (Calkins, 1982, 

p. 51).  Not only does teaching writing within other subjects allow students to practice 
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and become better writers, but they also become better in the subject of which they are 

writing.   

Although teaching the writing process is important, not all writing is appropriate 

for the writing process (Klein, 2000; Stock, 1986; Wilcox et al., 2015).  Writing that may 

not call for the writing process could include writing to make sense of lessons, activate 

schema, problem solve, and find meaning (Stock, 1986).   

Egan (1982) maintained that writing is not an isolated subject.  The era of Sputnik 

created a sense of calculating numbers and isolation of sciences and mathematics.  When 

these subjects become isolated, connection to the impact of these numbers on everyday 

life gets lost.  Teachers need to incorporate writing throughout the day in all the subject 

areas, not just during language arts instruction.  Through writing, teachers can challenge 

students to reflect on these connections to everyday life (Zinsser, 1988).   

 Even though some educators and researchers believe writing is valuable in 

subject areas other than language arts, there has been some debate among educators and 

researchers about writing to learn in education (Klein, 2000).  The debate started because 

research data regarding the effectiveness of writing to learn are mixed.  Some researchers 

have asserted that the value of writing to learn depends on the student’s sophistication 

with the writing process.  Klein (2000) questioned if teachers should teach writing to 

learn in the elementary grades or if they should teach general writing strategies first.  To 

put it another way, would writing at an elementary level still help the students make sense 

of other subjects even though the writing produced by elementary students is not as 

sophisticated as high school or middle school students’ writing?   
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Zinsser (1988) described two types of writing: exploratory writing and 

explanatory writing, both of which are useful and valid.  Most people use explanatory 

writing daily.  Its intent is to inform, and the person does not discover anything further 

than what they already know.  In exploratory writing, students do not plan about their 

writing and thinking; instead, they discover their learning through writing.   

Furthermore, Zinsser (1988) and Langer and Applebee (1987) identified a shift in 

educational approaches to writing starting in the 1970s and 1980s with the writing to 

learn and writing across the curriculum era, which brought more of a focus on the process 

of writing rather than the product.  Langer and Applebee (1987) identified another 

category of writing required of students in classrooms, categorized differently according 

to audience and purpose.  An audience could be self or teacher.  The different purposes 

for writing are either to review the content or to reformulate.   

Zinsser (1988) also described two different purposes in writing that teachers give 

students.  One purpose Zinsser (1988) described was writing to learn, where teachers ask 

students to reformulate a concept.  The second purpose was writing as recollection, where 

teachers asked students to review content.  In Langer and Applebee’s (1987) study, the 

teacher did not grade the writing where the audience was the child; this writing allowed 

the student to work through a problem.  When the teacher assigned writing where he or 

she was the audience, then the teacher graded this work.  Langer and Applebee (1987) 

discovered that when teachers asked students to write to reformulate, students made 

connections and found relationships.  When teachers asked students to write to review, 

there was more emphasis on specific content.   
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Journaling 

Through journals, teachers and students are able to effectively hear students’ 

voices (Baxter, Woodward, & Olson, 2005; Hail, George, & Hail, 2013; Pugalee, 2004).  

Furthermore, teachers view journaling as a useful assessment tool because they can see 

the subject matter from the student’s point of view and the connections the students are 

making to the subject matter (Butler & Scharmann, 2015; Kostos & Shin, 2010; Stock, 

1986).  Using journals allows students to internalize their learning (Mallozzi & 

Heilbronner, 2013; McCarthey, 1994).  Kostos and Shin (2010) found that using math 

journals positively influenced students’ mathematical vocabulary and thinking.   

Dialogue Journaling 

Dialogue journaling, in which students and another audience member can 

communicate back and forth in a conversation style of writing, was popular in the 1980s 

(Hail et al., 2013).  Stock (1986) explained dialogue journal as letters where students   

. . . write about both personal and common experiences within the classroom, 

about topics and events outside the classroom that speak to those in the classroom, 

and about concerns that are occupying or preoccupying them.  These letters are 

dialogues across the living curriculum; they are words, phrases, and composed 

thoughts that let students know language is useful-that it can serve a real purpose 

in their lives.  The letters also let the teacher know what her students are thinking 

about and what is important to them.  (p. 100) 

To put it succinctly, dialogue journals allow teachers to gain insight into their students’ 

thought processes and values, as well as students’ personal and academic lives. 
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Wham and Lenski (1994) reported about the implementation of pen pal 

notebooks, or dialogue journals, with second graders.  They discovered that students’ 

writing improved and students were excited about the writing process due to the 

communication through a pen pal notebook with university students.   

Hail and colleagues (2013) identified one of the problems reported by teachers 

was that responding to student journals takes too much time.  Because of this problem 

expressed by teachers, the researchers conducted a study comparing student-to-student 

dialogue journals to teacher dialogue journals.  The researchers sought to discover if there 

was a difference in the content of a teacher-to-student dialogue journal and a student-to-

student dialogue journal.  The results were that there was no significant difference in the 

content of the two types of journals.  Implications of this study indicated that students 

may effectively write to peers as audience members and save teachers time in responding 

to the writing in the notebooks.  It is important to note that both subject groups were 

interested in either continuing peer journals or trying dialogue journaling with peers if 

they were in the teacher group (Hail et al., 2013).   

Journaling through Technology 

Nair, Tay, and Koh (2013) explored students’ motivation and teachers’ practices 

in Singapore using online dialogue journals as compared to traditional notebooks for 

online blog writing assignments.  The fact that the turn-in rate for the paper and pencil 

writing assignments were much higher than the turn-in rate of online blog assignments 

led Nair and colleagues (2013) to conclude that teachers and students did not take the 

online assignment as seriously.  The researchers discovered that the teacher was a key 



38 

 

factor in students’ assignment completion and level of comprehensiveness.  Nair et al. 

(2013) stated, “Teachers collectively acknowledged that closer and prompter monitoring 

of students’ blog submissions would certainly increase and improve the online 

submission rates” (p. 112).  In short, if the teacher did not value the assignment online as 

much as the written one, then the students did not value the assignment as much either 

(Nair et al., 2013).   

Sessions, Kang, and Womack (2016) studied fifth graders in the United States to 

determine a difference existed in the writing performance of students who used iPads for 

writing compared to students who used pencil and paper.  Additionally, the researchers 

questioned student motivation with the iPad compared to traditional pencil and paper.  

Sessions et al. (2016) found students were more motivated on the iPad and their writing 

contained stronger sequencing, plot, and details than those using pencil and paper.  The 

teachers in this study taught the same lessons, but the iPad group used apps to aid with 

sequencing and other writing domains.   

On the other hand, Staarman, Krol, and van der Meijden (2005) studied various 

types of peer interactions to determine their impact on learning.  The three models were 

face-to-face interaction, face-to-face around a computer, and computer-controlled 

interactions.  To assess these interactions, the researchers gave students math and 

language tasks.  In the computer-controlled environment, 53% of the discussion was 

cognitive, whereas over 70% was cognitive in the other two environments.  Staarman et 

al. (2005) studied peer interactions on math-based tasks.  Due to the lack of typing skills 

in the regular elementary curriculum, students who worked on a computer to collaborate 
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with peers used more regulative procedural utterances, mostly due to typing and spelling 

issues, than peers who were not on the computer.   

Likewise, Bara and Gentaz (2011) studied college students to determine the 

students’ attitudes toward writing essay examinations on computers or using regular 

pencil and paper tests.  The results of this test indicated that students who preferred to 

write their examinations on the computer were more confident in their typing proficiency.  

Bara and Gentaz (2011) indicated that students who have more practice with typing are 

more likely to have a positive attitude toward computer work.  In sum, students exposed 

to typing and sufficient practice opportunities are more successful with computer exams 

and collaboration.  

Berninger, Abbott, Augsburger, and Garcia (2009) concluded that children in 

second, fourth, and sixth grades with and without disabilities wrote longer and faster 

essays with pen and paper than with a keyboard.  Additionally, fourth and sixth graders 

wrote more complete sentences with pen and paper.  Furthermore, spelling ability was 

not significantly different between typed and handwritten samples. 

Grading Writing 

Some teachers may challenge the idea of writing to learn in the mathematics 

classroom because of lack of time in class and time spent grading students’ work 

(Countryman, 1992).  A solution proposed by Countryman (1992) was that teachers do 

not need to grade each writing assignment, and teachers can view this time for students to 

write as a practical assessment of where students are in the learning process.  Zinsser 

(1988) stated, “Resistance to new teaching methods usually takes one of two forms: 
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conservatism (‘We’ve always done it our way’) or inertia (‘Your way is too much 

work’)” (p. 167).  In other words, some teachers may be fearful to implement writing to 

learn in their mathematics classroom because they have always taught that way or their 

teachers taught them that way.   

Countryman (1992) asserted that writing should not be graded based on students’ 

answers or grammatical errors.  When grading, Countryman (1992) suggested that 

teachers give students points for participation on writing assignments.  When students 

attached a grade to their work, they viewed their work’s purpose was to recount the 

information that they already knew (Langer & Applebee, 1987).  On the other hand, 

when teachers did not grade the student’s writing and when students viewed their work as 

ongoing and a process, then the students felt free to take risks in their writing and explore 

other ideas.  Additionally, Graves (1982) stressed the importance of the teacher not being 

the only audience of writing.  A wide variety of audience members for the student can 

stimulate the writing process.  McCarthey (1994) agreed with this emphasis on the 

audience by stating, “Learning occurs as a result of the interactions with others” (p. 201).   

Writing to Learn 

Langer and Applebee (1987) conducted a mixed methods study with the purpose 

of discovering if there was evidence that writing supported learning in other subject areas 

besides language arts.  The researchers qualitatively interviewed teachers who began 

writing in the classroom in order to discover if the teachers implanted the writing 

successfully and if the teachers’ point of view changed in regards to integrating writing in 

the classroom.  Langer and Applebee (1987) concluded that teachers implemented the 
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writing if they saw value in it and could modify it as they saw necessary.  Langer and 

Applebee (1987) discovered that writing does assist in learning and that teachers should 

reflect on the types of writing they implement in their classroom and consider the purpose 

of the lesson.   

Zinsser (1988) compiled a collection of teacher’s experiences with implementing 

writing to learn.  Zinsser (1988) concluded that writing is evident in all subject areas and 

that all subject areas can implement writing to learn in their particular area of interest or 

specialty.  He explained, “Putting an idea into written words is like defrosting the 

windshield: The idea, so vague out there in the murk, slowly begins to gather itself into a 

sensible shape” (Zinsser, 1988, p. 16).  In other words, writing makes ideas and thoughts 

clearer.  Writing encompasses every subject, and anyone who has an idea, skill, or 

interest in a topic should be able to write about the topic.   

Zinsser (1988) also found that motivation and lack of confidence are two 

hindrances to student writing.  Vygotsky (1962/2012) explained that a child has little 

motivation to write at a young age because the child does not see a purpose for writing 

and it seems useless; unlike speech, where the child makes a request and gets a desired 

result or explanation.  Similarly, Zinsser (1988) noted that a reason that students may lack 

motivation and confidence to write confidence is that teachers often only teach writing in 

language arts classes.  For this reason, teachers began writing across the curriculum in 

classrooms, so that students would realize that writing is an essential skill for “every area 

of life” (Zinsser, 1988, p. 13).  This concept helps students to understand the crucial role 

that writing plays in everyday life and help motivate students to write.   
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Zinsser (1988) stated that writing slows down students to help them think.  

Additionally, rewriting helps students rethink a concept.  No subject is difficult if people 

take the time to think, write, and read clearly.  Many students do not know that writing 

exists in all subjects (Zinsser, 1988).  For example, students may think that mathematics 

merely consists of a right or wrong answer, but if writing is incorporated, then students 

realize that subjects are related.  Writing transcends all subject areas and helps make our 

thoughts clearer.  Zinsser (1988) maintained, “Writing could get into corners that other 

teaching tools couldn’t reach” (p. 44).  Writing ties each subject together.   

Writing to learn in mathematics.  Mathematics is a language, a way of placing 

thoughts together to make sense of a concept.  Writing allows students to take ownership 

of other subjects (Langer & Applebee, 1987; Zinsser, 1988).  In this instance, the students 

no longer see the teacher as the sole owner of information, for students can construct their 

own understanding of a concept, such as mathematics (Zinsser, 1988).  In this 

constructivist approach to writing and mathematics, writing can help a student explore a 

math question and take ownership of it.  Some mathematical writings relate to social 

questions.  Using writing to learn in mathematics exists in opposition to the banking 

model of education because it allows the student to be the constructor of knowledge 

(Horton & Freire, 1990; Spring, 2011; Stinson & Bullock, 2012).   

In Pugalee’s (2004) quantitative study of 20 ninth-grade students, he discovered 

that students who wrote about their mathematical thinking performed significantly better 

on 20 multiple-choice algebra problems than those who only used a thinking-aloud 

strategy.  Furthermore, Baxter and colleagues (2005) studied four special needs students 
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and determined that three out of the four students effectively used writing as a strategy to 

aid in their communication of mathematical concepts.  One of the students became a 

more active learner in mathematics through writing.  Kostos and Shin (2010) conducted 

action research with a second-grade class consisting of 16 students in Chicago.  The 

researchers collected data from pre- and postassessments where the researchers requested 

that students answer and explain math problems.  All but three students increased their 

scores from pre- to postassessments.  The teacher and researchers noted that students 

began to use more mathematics vocabulary in their writing and explained their answers 

more thoroughly in reflective journals throughout the study.  Through math journaling, 

teachers were able to assess who thoroughly understood the concept and who needed 

reteaching (Kostos & Shin, 2010).   

Writing to learn and ability.  MacArthur and colleagues (2015) noted that meta-

analyses showed that writing contributed to learning.  In one study, Gingerich et al. 

(2014) discovered that college students learned more and retained that information longer 

when teachers used writing to learn instruction than those who did not use writing to 

learn instruction.  On the other hand, Porter and Masingila (2000) quantitatively studied 

college calculus students to determine if writing in the mathematics classroom had a 

significant effect on students’ math conceptual ability.  The researchers concluded no 

significant difference existed in conceptual ability between students who received writing 

to learn in mathematics and those who did not receive writing to learn in mathematics.  

The teachers of the group given writing to learn instruction gave students writing time 

during class and after class at home.  The types of writing assignments given by the 
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researcher and teacher of the class asked the students to think on paper, explain concepts 

learned in their own words, and discuss the relationship of concepts taught in class 

(Porter & Masingila, 2000).   

Likewise, Van Dyke, Malloy, and Stallings (2015) conducted a quantitative study 

of college students and determined that using writing to learn in mathematics did not 

improve students’ final grade.  Students in this study viewed writing in mathematics as a 

waste of time.  Jaafar (2016) conducted a quantitative study in New York and discovered 

that students thought that writing in mathematics helped them understand the content, but 

it was difficult and time-consuming.  Many of the participants in Jaafar’s (2016) study 

were English Language Learners (ELL).   

Benefits of teachers using writing to learn instruction.  Researchers noticed that in 

low-achieving middle school students, writing offered an additional connection to the 

teacher.  Additionally, three out of the four students that were interviewed in this study 

were able to express their mathematical thinking (Baxter et al., 2005).  In a second-grade 

classroom, Kostos and Shin (2010) noted that writing in math journals were a form of 

communication between the teacher and student.  Writing was also a useful assessment 

that the teacher could use to check on the student’s mathematical progress.  Miller (1992) 

discovered that teachers in Louisiana high school algebra classes who implemented 

various forms of writing instruction were able to understand their students’ levels better 

and modified their instructional practices based upon what the teachers discovered within 

the students’ journal writings.   
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Problems with implementing writing to learn in the classroom.  Teachers are 

concerned about the time writing takes in the classroom and the time it takes to grade 

writing in mathematics (Quinn & Wilson, 1997).  On the other hand, Gingerich et al. 

(2014) noted that WTL only took a few minutes of a class period.  Additionally, the 

researchers discovered that second and seventh-grade teachers found writing within the 

mathematics classroom more valuable than did 11th-grade teachers. 

Prior to the implementation of the CCSS, Langer and Applebee (1987) identified 

additional problems for implementing writing to learn in the classroom.  To promote 

teacher buy in, teachers need to receive quality training to teach writing, textbooks should 

include a variety of writing topics, and essays should become a part of testing programs 

in all subject areas.  Furthermore, teachers should regard writing as a process rather than 

a product and not evaluate writing based on completion (Langer & Applebee, 1987). 

Summary 

Tenets of progressivism and reconstructionism shaped this literature review.  

Constructivism is threaded throughout the literature reviewed for this study.  One 

conclusion that can be drawn from this literature review is that writing can take many 

forms and can benefit students in many ways.  Writing across the curriculum is a model 

for constructivist-based curriculum that gives students the power to take ownership over 

their learning, practice metacognitive thought, problem solve, and think about a topic on 

a cultural and social level (Flavell, 1987; Freire, 1970/2000; Hattie et al., 2009; Stinson & 

Bullock, 2012; Vygotsky, 1962/2012; Zinsser, 1988).   
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Another conclusion is that there is a need for further research into the area of 

writing to learn involving students in a middle school mathematics classroom due to the 

new CCSS.  Furthermore, the results of the impact on writing to learn on middle school 

students have yielded mixed results (Bangert-Drowns et al., 2004; Bicer et al., 2013).  

Another reason that this study is necessary is because of the alarming research about 

teachers and administrators not seeing value in the writing process and its connection to 

thinking (Countryman, 1992; Hail et al., 2013; Klein, 2000; Langer & Applebee, 1987; 

Quinn & Wilson, 1997; Zinsser, 1988). 

Writing is thinking on paper (Vygotsky, 1962/2012).  Students had little 

motivation and confidence in writing before teachers began teaching writing in all subject 

areas to prove that writing clarifies thinking and is essential for daily life (Countryman, 

1992; Langer & Applebee, 1987; Zinsser, 1988).  There is still some resistance from 

teachers about incorporating writing into subject areas other than language arts 

(Countryman, 1992; Hail et al., 2013; Klein, 2000; Langer & Applebee, 1987; Quinn & 

Wilson, 1997; Zinsser, 1988).  Policymakers and researchers should analyze current 

curriculum and instructional practices to ensure that teachers use writing in all subject 

areas.   

The new CCSS emphasized not only writing but also writing across the 

curriculum and writing to learn (Wilcox et al., 2015).  With this new emphasis, writing 

takes many forms in the classroom (Calkins, 1982; Stock, 1986; Wilcox et al., 2015).  

Some argue that audience is important, as evident in research relating that dialogue 

journals and feedback are important strategies teachers may use to encourage writing and 
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its purpose (Baxter et al., 2005; Hail et al., 2013; Pugalee, 2004).  Math journaling is also 

a valuable assessment tool for teachers to use to determine students’ understanding of 

content (Kostos & Shin, 2010; Stock, 1986).  Researchers stipulated that math journaling 

is effective in student learning and performance; however, learning and performance are 

contingent on the effectiveness of teacher implementation (Nair et al., 2013).  Journaling 

and feedback are important areas of research, for these tools are valuable when writing 

across the curriculum because the writing allows students to internalize their learning 

(McCarthey, 1994).   

Since the new CCSS, teachers’ beliefs about writing in the classroom, the vast 

majority of results on one type of writing, and the mixed results on the effects in middle 

school students, the next step now is to research the effects of writing to learn in 

mathematics in a sixth-grade classroom.  The reason for the research is to help teachers, 

administrators, and policymakers create a curriculum and use strategies that meet the 

needs of today’s learners in mathematics instruction.  Chapter 3 presents the research 

design and method for this study.   
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CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

That’s when dad called a family meeting so we could come up with a real plan. 
We all gathered around the kitchen table and got to work dreaming, planning, 
and drawing things out. We knew we needed a sunny spot—a place where the 
plants could sunbathe for at least six hours a day. 

 —Joanna Gaines, 2019, p. 10 - 14 

Chapter 2 explored and synthesized the research to date in the field of writing to 

learn.  Empirical research revealed evidence of metacognition in students’ writing in 

mathematics classrooms (Pugalee, 2001), different types of writing in mathematics 

(Wilcox, Jeffery, & Gardner-Bixler, 2015), and issues related to teachers implementing 

writing into mathematics classrooms (Countryman, 1992; Hail, George, & Hail, 2013; 

Klein, 2000; Langer & Applebee, 1987; Quinn & Wilson, 1997; Zinsser, 1988).  Writing 

to learn has an impact on student achievement, but the evidence for middle school 

students varies (Bangert-Drowns, Hurley, & Wilkinson, 2004).  Therefore, there is a need 

for further research with writing to learn in mathematics, specifically pertaining to middle 

school students.  Investigation of the new Common Core State Standards (CCSS) in 

conjunction with the utilization of writing projects are necessary to deepen the 

understanding of the impact of writing to learn (WTL) in a middle school mathematics 

classroom today and the effects of academic achievement.  This research has the potential 

to further the development of the effectiveness of writing to learn on middle school 

students in the area of mathematics since the implementation of the CCSS.    
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The purpose of this quantitative study was to gain understanding of the effects of 

a writing intervention on mathematics achievement in a sixth-grade classroom.  To 

accomplish this, the researcher implemented quasi-experimental methods using a pretest 

and posttest design on a control and experimental group.  The goal of this research was to 

give policy makers, curriculum designers, and teachers data on using a writing-to-learn 

intervention with students enrolled in a sixth-grade class.   

This chapter describes the proposed plan for using an Analysis of Covariance 

(ANCOVA) to analyze and answer the research questions.  Included are the hypotheses, 

null hypotheses and criteria for rejecting the null hypotheses.  This chapter also provides 

descriptions of the proposed sample, study site, and participants.  Additionally, there are 

in-depth explanations of the research design, measures, and variables to allow for 

transferability to other studies.  Following this section are specific descriptions of the 

proposed intervention and the data analysis process.  Next is an outline of safeguards to 

protect the participants and school site and definitions of the researcher’s role in order to 

maintain transparency.  The chapter ends with a summary section of the research 

methodology and design.   

Research Questions Reiterated 

The research questions for this study were:  

1. Will there be a statistically significant difference in mathematics achievement 

between students who receive a six-week writing intervention and those who 

do not? 
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2. Will there be a statistically significant difference in the mathematics 

achievement as a result of the intervention after controlling for the covariates 

of students who receive the intervention and those that do not based upon 

gender, class designation, or ethnicity? 

Null Hypotheses and Criteria for Rejection of the Null Hypotheses 

The hypotheses for this study were: 

H1a:     There will be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

H2a:     There will be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 

To ensure reliability, the researcher created null hypotheses that relate to the 

hypotheses and research questions.  If the p value is equal to or less than .050, then the 

researcher would reject the null hypotheses.   

The null hypotheses that related to the research questions were:  

H10:     There will not be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

H20:      There will not be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 
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Student Sample  

The sample consisted of approximately 38 students enrolled in sixth grade during 

the 2018-2019 school year.  The site of this sample was a private Christian school 

consisting of about 2,000 students in grades infancy through 12th grade.  The student 

population of the entire school as reported by the school were 11% Asian, 25% Black, 

5% Hispanic or Latino, 5% Multiracial, 51% White, 3% unanswered or other.  The 

researcher administered the writing intervention to 18 students; another 20 students did 

not receive the intervention.  At this site, students were grouped into regular and honors 

classrooms based upon test scores and suggestions from their previous teachers.  Students 

were able to switch classes throughout the year as needed, based upon observations of 

their current teacher and academic performance based upon grades.  Thirteen of the 

students who received the intervention were from a regular sixth-grade mathematics 

class, and 7 were from an honors sixth-grade mathematics class.  Of the students who do 

not receive the intervention, 6 were from an honors sixth-grade mathematics class, and 12 

were from a regular sixth-grade mathematics class.   

Research Design 

To gain an understanding of the impact of writing on student mathematics 

achievement, the researcher proposed to use a quasi-experimental research design with a 

pretest/posttest design on a control and an experimental group.  According to Field 

(2013), the assumptions for this research design are that tests are independent of one 

another and that data points are distributed normally within the groups.  To ensure 

independence, the researcher reminded all students that test time is silent, assigned 
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separate seats apart from one another, and circulated the room to ensure that students 

work independently on the tests.  Additionally, the researcher checked for normality of 

data points.  

The dependent variable was a test used at the school site and developed by Carter 

et al. (2015) through McGraw Hill Education.  The program consisted of pretest and 

posttest in each unit of study for each grade in middle school.  The pretests and posttests 

had different versions of a similar test.  The numbers were changed in the pretest and 

posttest.  The curriculum aligned with the CCSS, and some researchers studied the 

effective program guides, design, and alignment of assessments with purpose.   

The independent variable was a writing assignment based upon the research of 

Bicer, Capraro, and Capraro (2013) and aligned with the targeted material in the 

mathematics unit.  For the intervention group, the students were asked to use the writing 

intervention each week and was implemented as a center during a mathematics workshop 

lesson.  Students were permitted to collaborate about the writing task, but each student 

was asked to complete their own writing assignment based on that mathematics unit.  The 

students in the control group also received the same mathematics workshop lesson, but 

instead of the writing task, the students received review problems or drill problems 

related to the mathematics concept for that unit.   

Measures and Covariates 

The researcher administered the pretest at the beginning of the study.  The pretest 

was one of the forms of the unit test, whereas the posttest was a different form of the 

same test.  These tests, created and provided by Carter et al. (2015) through McGraw Hill 
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Education, contained fill-in-the-blank questions.  The numbers for each test were 

different for pretest and posttests, but the mathematical concepts were the same.   

The covariates were gender, ethnicity, and student enrollment status in honors or 

regular sixth-grade mathematics classroom.  The researcher obtained the covariate data 

from the administrative office at the private school.  Gender was an important in order to 

determine if gender might play a role in the use of writing to learn on mathematics 

achievement.  Ethnicity was another covariate.  The proposed study site had a higher 

number of White students.  Finally, the covariate of class enrollment in honors or regular 

education was another factor.  The students were placed in these classes based upon 

ability as determined by the Iowa Basic Skills Test (ITBS) and Cognitive Abilities Test 

(CoGAT) scores, as well as previous teachers’ observations and assessments provided in 

class.  This is important to note when looking at the population and comparing these 

results with others or future studies.  All students received the same pretest and posttest.  

Additionally, all students covered the same unit and standards during the same 

timeframe.   

Writing Intervention 

The independent variable was a writing-to-learn task that was conducted each 

week of the six-week period.  The researcher chose the task based upon Bicer et al.’s 

(2013) study comparing problem-solving skills in students who receive a writing 

intervention and those who do not receive the writing intervention.  The intervention 

consisted of students generating their own mathematical problem based upon a word 

problem used in class and writing the problem-solving steps out in a particular order that 
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will help them initially solve the problem.  Each week, the students received a word 

problem to solve created by Carter et al. (2015) through McGraw Hill Education and 

based upon the mathematical content covered in the unit of study during this timeframe.  

The students were asked to solve the problem using Polya’s (1973) problem solving steps 

and to write out and/or check off each step.  The steps were given on a separate sheet of 

paper.  The steps given to the students to follow and write about when appropriate were:  

1. Read the problem twice out loud.  Each individual must read the problem to 

themselves out loud.  

2. Rewrite the question in your notebook. 

3. Restate the problem in your own words.  

4. Reword the question into a statement and leave a blank space for the answer. 

5. List all the parts involved in the problem. 

6. Choose a strategy. Be sure to draw a picture and label all the parts if 

appropriate.  

7. Solve the problem. 

8. Place the answer in the statement that you wrote in Step 4. 

9. Check each step.  Check your result.  Does the answer make sense, why? 

Could you have solved this problem a different way? 

The researcher asked that the students check their answer with her before they 

begin generating their own word problems.  If the students did not initially understand the 

word problem, the teacher provided guiding prompts and asked questions to help the 

students use a strategy or find their error in the problem.  Example questions were “Can 
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you think of another problem like this that you have solved?”, “What are we looking to 

solve for?”, and “What is the unknown answer in the problem?”.  The researcher also 

referred back to a skipped step if appropriate or the lesson where similar problems were 

solved.  The researcher would then ask the student if he or she could use the strategy like 

the one used in this problem in class.  The students used Polya’s (1973) problem-solving 

steps to write their thinking about the problem given in the center.   

Once the students solved the problem for that week and the researcher checked 

their work for accuracy, the researcher instructed the students to create their own word 

problem based upon the problem in Carter et al.’s (2015) Glencoe Math Series through 

McGraw Hill Education (2015) and assigned in the center.  The researcher gave the 

students the following instructions: 

Write a word problem similar to the one you solved.  The word problem could 

either (a) use the same numbers but in a different scenario and using a different 

operation or (b) use different numbers and a different real-world context but use 

the same operation. 

Once the students completed their sample word problems, the teacher collected 

their writing.  The students were informed that they would be graded on the completion 

of the assignment, rather than for accuracy of writing or mathematics.  The students were 

also informed that this work would help them prepare for future assessments, so the 

students should work diligently and carefully.  

The word problems obtained for this intervention were contained in students’ 

electronic textbook.  The second and third lesson about function rules and functions and 
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equations were combined with the first lesson and did not have a specific writing task 

associated with it, but the concept was connected to other units, and thus, other weeks 

interventions.  For the first week’s intervention, the problem was:  

Around 223 million Americans keep containers filled with coins in their home.  

Suppose each of the 223 million people started putting their coins back into 

circulation at a rate of $10 per year.  Create a function table that shows the 

amount of money that would be recirculated in 1, 2, and 3 years.  (Carter et al., 

2015, p. 584) 

The problem for the second week was associated with the topic of multiple 

representations of functions.  The word problem presented on the second week was:  

Boards 4 U Charges $10 per hour to rent a snowboard while Slopes charges $12 

per hour.  Will the cost to rent snowboards at each place ever be the same for the 

same number of hours after zero hours?  If so, for what number of hours?  (Carter 

et al., 2015, p. 608)  

The problem for the third week derived from a problem-solving investigation 

lesson.  The problem was called “Game On!”  The problem was: 

Miguel and Lauren are testing two versions of a new video game.  In Miguel’s 

version he receives 25 points at the start of the game, plus 1 point for each level 

he completes.  In Lauren’s version she receives 20 points at the start of the game, 

and 2 points for each level she completes.  At what rate will they both have the 

same number of points?  (Carter et al., 2015, p. 612) 
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The problem-solving prompt for the fourth week was about inequalities.  The 

problem came from an “Inquiry Lab” section in the e-text.  The problem was: “In a recent 

Kentucky Derby, the total weight a horse could carry was less than 126 pounds.  A 

jockey weighs a certain number of pounds and his equipment weighs 9 pounds.  How 

much could the jockey weigh?” (Carter et al., 2015, p. 633). 

During the fifth week students were asked the following question: 

 In three math tests, you have scored a 91, 95, and 88 points.  You are about to 

take your next test.  Suppose you want to have an average score of at least 90 

points after all four tests.  Explain a method you could use to find the score you 

must receive in order to average at least 90 points.  Then find the least score.  

(Carter et al., 2015, p. 640) 

The sixth week word problem was a performance task (Carter et al., 2015, p. 

647).  In this task, students were asked a word problem with varying parts.  The students 

received a chart and data.  They then had to solve for missing variables, graph ordered 

pairs, create and solve for an inequality related to the math problem, and use a chart and 

further data to meet a budget.  

Validity of Pretest and Posttest 

I obtained permission to use the mathematics assessments and problems, which 

aligns with the CCSS, from McGraw Hill Education.  This private school uses this series 

in the elementary and middle grades school.  The publishers at McGraw Hill Education 

have published evidence of content validity (K. Mason, personal communication, 

September 28, 2018).  The publishers developed this particular test to assess students’ 
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knowledge and comprehension of mathematics content within a particular unit and over 

specific standards.  The tests provide a variety of different types of test questions. 

Furthermore, there are two tests per chapter that are parallel to one another.  The 

researcher used one of the two parallel versions as a pretest while the other is a posttest.  

The researcher was unable to find published quantitative evidence for reliability and 

validity.  This study is preliminary data for reliability and validity of the instrument.  

Data Collection Procedures 

Upon receipt of Mercer University Internal Review Board (IRB) approval (see 

Appendix A), the researcher sent home parent and student informed consent forms (see 

Appendices D, E, and F).  Once participants consented, the researcher gathered 

information on the demographics of the classes.  Since placement of students into either 

regular or honors classes was dependent on their scores as noted on standardized tests and 

teacher observations, the intervention was given per class.  The researcher randomly 

selected which classes received the intervention.  One honors class received the 

intervention, and one honors class was the control group.  One regular class received the 

intervention, and one regular class was the control group.   

The study was conducted in the second semester of the 2018-2019 school year.  

Students completed a pretest prior to the intervention and a posttest at the end of the six-

week period.  A six-week time period was chosen for this intervention because for only 

one unit, or six-week period, the students share the same standard, thus  avoiding 

disruption of curriculum mapping for teaching honors and regular sixth-grade classes.  

The following section provides a detailed description of the intervention.  
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Intervention Procedures 

The six-week, in-class writing intervention was the independent variable of this 

quasi-experimental study.  Students completed the intervention during a math workshop.  

The researcher allowed students to discuss their thinking and topics with other students 

and required the students complete the written portion independently.  In their meta-

analysis, Bangert-Drowns et al. (2004) reported less of an effect of writing to learn on 

mathematics achievement when students spent more time on the writing assignment; 

therefore, students completed the assignment within one day, equaling about 45 minutes, 

each week.  As mentioned previously, the writing intervention consisted of students 

writing their own word problem examples in a different context than problems given in 

class; the word problems either used the same numbers provided in class with a different 

operation or new numbers with the same operations.  This intervention was the same as 

the intervention in Bicer et al.’s (2013) study with writing as an intervention for 

mathematics problem solving.  Furthermore, the intervention included Polya’s (1973) 

four steps of problem solving: understand the problem, make a plan, implement the plan, 

and check each step for the initially solving the first example problem provided.  The 

generated word problems consisted of prompts related to the mathematics content for a 

functions and inequalities unit.   

Data Analysis 

The ANCOVA was used to understand the impact of a writing-to-learn 

intervention on mathematics achievement as measured by a posttest.  In addition to 

analyzing the effect of the writing-to-learn, ANCOVA was used to analyze the impact of 
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gender, ethnicity, and students enrolled in honors and those enrolled in regular 

mathematics classes.  The researcher also used regression discontinuity to account for the 

different means of the honors and regular classes.  The researcher ensured the following 

assumptions, proposed by Fields (2013), were met before conducting the ANCOVA.   

First, the researcher determined if there was homogeneity if the p value of the 

pretest group was greater than .050.  Next, the researcher determined if there was a 

statistically significant difference between the groups on the pretest.  If there was no 

statistically significant difference, then this assumption was met.   

The next assumption to check for was that the standardized residuals between the 

groups were homogeneous.  The researcher assumed that there was homogeneity if 

Levene’s test was greater than .050.  The Kolmogorov-Smirnov test served to determine 

normality instead of relying on the number of participants because each group did not 

have more than 30 participants.  

 After that, the researcher ensured that the data were independent due to the 

collection procedures for administering the tests.  Finally, the posttest and pretest were 

continual.  This matched with the ANCOVA model.  Once all assumptions were met, the 

researcher conducted the ANCOVA using Statistical Package for Social Sciences (SPSS).   

Ethical Safeguards 

Once the researcher received IRB approval and permission from the parents and 

students to participate in the study, the researcher began to collect data.  Participation in 

this study was voluntary.  Students who chose not to participate still received the same 

instruction as those who chose to participate, but their data were not included in the 
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study.  Participants could also choose to refuse participation at any time.  To conduct this 

research in an ethical manner, the researcher ensured confidentiality and followed all IRB 

procedures constituted by the university and school.  This included assigning 

pseudonyms to the school site and participants.  All data were kept on a password-

protected device, and all raw data were not released to any other person except the 

researcher and the committee members of this study.  Since the participants of this study 

were minors, the researcher ensured that both the parents and students signed consent 

forms.  Furthermore, all IRB forms that students received were written in age-appropriate 

language.  The researcher followed all IRB procedures and guidelines.   

Threats to Validity 

Shadish, Cook, and Campbell (2002) proposed four types of threats to validity.  

These are internal, external, statistical conclusion, and construct validity.  The researcher 

attempted to address some of these threats in the following sections and delineated how 

or if they posed a threat in this study.  

Internal Validity 

History may pose a threat in this study because the researcher could not control 

outside influences pertaining to the students’ scores that occurred over time.  In addition, 

students completed the posttest on the same day but at different times, and this factor 

could have influenced the threat of history.  Maturation was also a threat because the 

researcher could not control the students’ natural maturation over the six-week study.  

However, the age of the proposed student participants ranged from 11-13 years old.  Due 

to grades and teacher and parent agreement, some students attended pre-first at the 
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proposed school site, which is an extra readiness class between kindergarten and first 

grade.  Additive and interactive effects of threats of internal validity were also threats 

because if there was more than one external threat, which there was in this study, then 

they may interact together to form a threat.   

External Validity 

Interaction of the causal relationship with units was a threat because the 

researcher collected data at only one school, with one population.  Therefore, this study 

can only be generalizable to this population during this time.  Interaction of the causal 

relationship over the treatment variations was also a threat because the researcher allowed 

students to use the computer to write in some instances, whereas other times the 

researcher required them to use paper and pencil to show models.  The technology might 

influence the results of the writing intervention.  Interaction of the causal relationship 

with outcomes was also a threat because this study is not generalizable to other subjects.  

Because the data generated from one school, context-dependent mediation was a threat.   

Statistical Conclusion Validity 

Unreliability of treatment implementation was a threat because the specific 

treatment implementation would be difficult to replicate because the treatment was 

implemented by the teacher and did not come from a manual with specific instructions.  

Finally, extraneous variance in the experimental setting was a threat because in a school 

setting these variances are impossible to fully implement.  Additionally, the researcher 

could not ensure that students took the posttest at the exact same time because some 

students had the class at different times than others.  However, the researcher reminded 



63 

 

students that the testing environment was to be silent before the test began, and she 

circulated the room while the students tested to ensure that everyone had what they 

needed and did not talk or make noises during testing.  Furthermore, the researcher was 

the administrator of the testing environment the whole time, so there was no risk of 

distracting the students by switching teachers.   

Construct Validity 

Mono-operation bias and mono-method bias was a potential threat because there 

was only one teacher, setting, and method of collecting data.  Compensatory rivalry, 

resentful demoralization, and novelty were not threats because all students were writing, 

creating, and compiling a collection of their writing in mathematics as an end-of-the-year 

project.  Furthermore, all students had an opportunity to write for the book in previous 

units covering other standards.  The control group would begin their writing assignment 

after the posttest, whereas the intervention group wrote throughout this unit in order to 

check the effects of writing as an intervention for learning the standards covered in the 

one mathematics unit.   

Role of the Researcher 

The researcher was a teacher with several years of teaching experience at the 

elementary level.  She taught at four different elementary schools, and this was her fifth 

school change.  She taught in both the private and public schools.  This upcoming 2018-

2019 was her first year as a middle school teacher.  She was interested in understanding 

why this level of students in past research has not shown positive results in writing to 

learn, as compared to elementary and high school students.   
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The researcher had a passion for integrating writing into other subject areas.  

When she wrote about a topic, she felt as though she was organizing her thoughts and 

learning on a deeper level.  The previous elementary school administration for which she 

worked did not specify an outlined time for writing, whereas other school leaders in prior 

school settings required her to give writing a full hour of instruction.  The researcher 

began to integrate writing even more into the other subject areas to ensure her students 

were writing sufficiently throughout the day.  As she allowed more time for writing in 

class, she realized the impact at the elementary level for writing within mathematics.  She 

was interested in discovering the effects of writing in her middle school classroom.   

Through the research process, the researcher discovered even more benefits of 

writing to learn.  Although she learned that only one type of writing alone does not 

necessarily ensure learning (Armstrong, Wallace, & Chang, 2008), purposeful writing 

tasks matched correctly with content could have an impact on student success (Langer & 

Applebee, 1987).  After reading a meta-analysis on writing to learn (Bangert-Drowns et 

al., 2004), she learned that writing did not have as much of an impact on middle grades 

students as elementary and high school students during this time.  This made her curious 

about why these results showed this at the middle school level.  Furthermore, she noted 

the dates of some of this research and realized that some of these results were before the 

implementation of CCSS, which prompt students to think more deeply about mathematics 

(Mirra, 2009).  Writing has been known to prompt students to think more deeply about a 

topic (Countryman, 1992; Hart, 2017; Langer & Applebee, 1987; Vygotsky, 1962/2012; 

Zinsser, 1988).  The research and her personal experience led her to her current 
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philosophical belief that writing to learn is an integral part of learning deeply about a 

topic.  The researcher realized the importance of not influencing the design of the study 

in order to gain accurate results.  With this understanding, she conducted both the 

intervention and control group classes with the same instruction and did not allow biases 

to influence the results.  This being her first-year teaching middle school allowed her to 

possibly see this even more through an unbiased lens because she was curious if the 

intervention impacted her middle school students’ mathematics performance.   

Summary 

To determine the effects of writing to learn on the academic achievement of 

students enrolled in a sixth-grade classroom, the researcher used a pretest/posttest design 

with control and intervention groups.  The study site was a private school in a 

southeastern state.  The students received general instruction using the CCSS standards.  

The intervention consisted of the same type of writing assignment, one per week for six 

weeks.  The students did not work on these assignments for more than one day a week.  

The independent variable was the writing-to-learn assignment and the dependent 

variables were the pretest and posttest.  The categorical variables were gender, 

mathematics class, and ethnicity.  Chapter 4 presents the results. 
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CHAPTER 4 

RESULTS 

“Just because you can’t see the good things with your eyes  
doesn’t mean they’re not there!”  

—Joanna Gaines, 2019, p. 17  

Chapter 1 introduced the study by outlining the problem, significance, research 

questions, a brief history of writing to learn, limitations and a list of key words.  Chapter 

2 outlined in detail the research throughout history to present day associated with and 

related to writing to learn.  Chapter 3 described the measures, methods, and designs of the 

research in this study that would encompass this study’s parameters. These chapters 

described the rationale behind a need for a study into the effects of writing to learn using 

middle school students as participants as well as a new set of standards implemented by 

the Common Core State Standards.  Chapter 4 describes and analyzes the data collected.  

Review of Research Questions and Hypotheses 

The hypotheses and null hypotheses derived from the research questions in this 

study.  They were: 

1. Will there be a statistically significant difference in mathematics achievement 

between students who receive a six-week writing intervention and those who 

do not? 
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H1a There will be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

H10 There will not be a statistically significant difference in mathematics 

achievement between students who receive the six-week writing 

intervention and those who do not. 

2. Will there be a statistically significant difference in the mathematics 

achievement as a result of the intervention after controlling for the covariates 

of students who receive the intervention and those that do not based upon 

gender, class designation, or ethnicity? 

H2a There will be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 

H20 There will not be a statistically significant difference in mathematics 

achievement of students who receive the intervention and those who 

do not based upon gender, class designation, and ethnicity. 

Assumptions 

 In order to ensure normality of data points, homogeneity of regression slopes and 

homogeneity of variances were tested.  Furthermore, data independence and data 

measured at the interval level was determined and explained. 
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Homogeneity of Regression Slopes  

Homogeneity of regression slopes was checked in Tables 1 through 3 before the 

test was run to answer the research questions. Furthermore, data independence and data 

measured at the interval level was determined and explained.  

 
Table 1 

Tests of Between-Subjects Effects Related to the Intervention and Control Groups 

Dependent Variable:   Posttest   

Source 

Type III 
Sum of 
Squares df MS F Sig. 

Corrected Model   4865.298a 3   1621.77   3.377 .029 

Intercept 36920.717 1 36920.72 76.879 .000 

Intervention   786.465 1       786.465   1.638 .209 

Pretest  2912.252 1     2912.252   6.064 .019 

Intervention * Pretest   1140.567 1     1140.567   2.375 .133 

Error  16328.281 34       480.244   

Total 153000.000 38    

Corrected Total 21193.579 37    
Note. aR2 = .230 (Adjusted R2 = .162) 
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Table 2 

Estimated Marginal Means Related to Intervention and Control Groups 

Intervention 
Dependent Variable:   Posttest   

Intervention Mean Std. Error 
95% Confidence Interval 
LL UL 

Intervention 57.897a 4.918 47.903 67.892 
Control 58.889a 5.195 48.331 69.456 

Note. a Covariates appearing in the model are evaluated at the following values: Pretest = 9.05; LL = lower 
limit; UL = upper limit. 
 
 

The p value from Table 1 is greater than .050, so the null hypothesis of 

homogeneity of regression slopes was accepted.  The p value associated with the 

intervention is 2.375. 

 
Table 3  

Independent Samples Test: Levene’s Test 

 

Levene’s Test for 
Equality of Variances 

t-test  
for Equality of Means 

F Sig. t df Sig.* 
Mean 

Difference 

 95% CI 

Std. Error 
Difference 

 
LL 

 
UL 

 
 
Pretest 

Equal 
variances 
assumed 
 

.579 .452 .569 36.000 .573 1.472 2.585 
 

-3.771 6.715 

Equal 
variances  
not assumed 

  
.573 35.990 .570 1.472 2.568 -3.736 6.680 

Note.* = two-tailed;  CI = confidence interval; LL = lower limit; UL = upper limit 
 
 

Levene’s test is a statistic used to test for equality of variances in two or more 

groups.  The groups in this study were the pretest for the control group and the pretest for 
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the intervention group.  The researcher ran Levene’s test because it was an important test 

to assist in the indication that the variances in the groups were equal.  In other words, 

Levene’s test assisted the researcher in the confirmation of homogeneity of variance.  

Levene’s test was non-significant on the pretest.  

Homogeneity of Variances 

Homogeneity of variances were checked (see Table 4 and Figures 3 through 6) 

before the test was run to answer the research questions.  

 
Table 4 

Levene’s Test of Equality of Error Variancesa 

Dependent Variable: Posttest   

F df1 df2 Sig. 

.444 1 36 .509 

Note. a Tests the null hypothesis that the error variance of the dependent variable is equal across groups. 
Design: Intercept + Pretest + Intervention 
 
 

Since the p value of .509 is greater than .050, the researcher assumed 

homogeneity of variances. 
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Figure 3. Histogram of standard residuals. 
 
 

 
Figure 4. Box and whisker plot of standardized residuals. 
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Figure 5. Scatterplot of standardized residuals.  
 
 

 
Figure 6. Scatterplot of posttest deviation from normal. 



73 

 

Figures 3 through 6, indicated normality.  However, since each group is less than 30, it 

was necessary to run the K-S test.  Results of the K-S test also indicated normality (see 

Table 5).  

 
Table 5 

Tests of Normality 

 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 
Standardized Residual 

for Posttest 
.065 38 .200* .973 38 .476 

Note. *This is a lower bound of the true significance.   a Lilliefors Significance Correction 
 
 
Data is Measured at the Interval Level 

Due to external circumstances during seventh period, the researcher granted some 

students in seventh period time to take the posttest on the following day.  He 

circumstances were due to a celebration of the seniors in the school, who were permitted 

to walk the halls in a congratulatory fashion on the scheduled day of the posttest.  All of 

the other students spend 10 minutes in the hallway, clapping and cheering for the 

graduating seniors.  By the time students returned to their seats and began working, 15 

minutes had passed.  Because this instance occurred during seventh period, only those 

seven participants received an additional 15 minutes to complete their posttest on the 

following school day.  Of those seven participants in seventh period, three participants 

received the intervention and four were in the control group.  The researcher discusses 

the implications of this discrepancy further in Chapter 5.   
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In addition, one participant from another period was absent on the day of the 

posttest, and the researcher allowed that student to take the test when she returned.  

Another participant, Bennett (pseudonym), had accommodations documented that 

allowed him to receive extended time.  To implement his documented accommodations, 

the researcher allotted Bennett extra time on the posttest the following school day.  

Data Are Independent 

Students tested independently from one another during the pretest and posttest.  

The teacher ensured that students did not share answers on the pretest or posttest by using 

privacy shields to ensure students did not share answers and monitoring as she circulated 

the room.  The observations between groups were independent because each student took 

the pretest and posttest once.  Furthermore, students were tested on the same day but at 

different times of the day.  The students took the pretest and posttest only once.   

Report on the Assumptions 

All the assumptions for ANCOVA were met.  The correlation between the pretest 

and group were not statistically significant, F(1, 34) = 2.38, p = 0.133, so the tests 

indicated homogeneity of regression slopes.  There was not a statistically significant 

difference between the intervention and the control and intervention groups, t(36) =  

-0.57, p = .573.  Levene’s test indicated equal variances, F(1,36) = 0.44, p = .509.  The 

histogram (see Figure 3) and Lilliefors significance correction (see Table 6) showed 

normality, D(38) = 0.07, p ≥ .200.  Due to the procedure in which the researcher collected 

the data, independence of cases and the dependent variable were collected at the interval 

level to the best of the researcher’s ability.  Certain external influences may have altered 
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the interval for some students, but the researcher was unable to avoid this due to the 

school setting.  All assumptions were met, so the test was run.   

Results of the ANCOVA 

Since the assumptions were met, the ANCOVA test was run and analyzed in this 

section.  The results from Table 1 indicated that there was not a statistically significant 

difference, p = .133, between participants who received the six-week intervention, N = 

20, and those who did not, N = 18.  Due to these results from Table 1, the first null 

hypothesis was accepted.  Even though the results were not statistically significant, Table 

2 indicated that the control group scored about 1% higher than did the intervention group.   

ANCOVA results, displayed in Table 6, indicated that there was not a statistically 

significant difference, p = .660, between gender of male (N = 22) and female (N = 16) 

and of those who received a six-week intervention and those who did not.  Therefore, the 

second null hypothesis was accepted.   
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Table 6 

Tests of Between-Subjects Effects Related to Gender 

Dependent Variable:   Posttest   
Source 

 
Type III  

Sum of Squares 
df 
 

MS 
 

F 
 

Sig. 
 

Corrected Model     1498.537a   3     499.512   .86 .470 
Intercept  13939.017   1 13939.17 24.06 .00 
Gender          3.033   1           3.033   .01 .943 
Intervention          3.850   1           3.850   .01 .936 
Gender * Intervention      114.427   1       114.427   .20 .660 
Error   19695.042 34       579.266   
Total 153000.000 38    
Corrected Total    21193.579 37    
Note. aR2 Squared  = .31 (Adjusted R2= .25) 
 

Table 7 presents the estimated marginal means for gender when controlling for 

the writing intervention.  Females scored about 16 percent higher than did males.  

 
Table 7  

Estimated Marginal Means Related to Gender 

Gender 
Dependent Variable:   Posttest   

Gender Mean Std. Error 
95% Confidence Interval 
LL UL 

Male 52.954a 4.429 43.953 61.955 
Female 69.102a 5.335 58.260 79.943 
Note. a Covariates appearing in the model are evaluated at the following values: Pretest = 9.05; LL = lower 
limit; UL = upper limit 
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ANCOVA results, displayed in Table 8 indicated that there was not a statistically 

significant difference, p = .444, between class designation of honors (N = 13) and regular 

(N = 25) of those who received the six-week intervention and those who did not.  

Therefore, the third null hypothesis was accepted.  The honors group scored about 22% 

higher than did the control group (see Table 9). 

 
Table 8 

Tests of Between-Subjects Effects Related to Class Designation 

Dependent Variable:   Posttest   

Source 
Type III Sum of 

Squares 
df 
 

MS 
 

F 
 

Sig. 
 

Corrected Model    6307.799a  3   2102.600  4.802 .007 
Intercept 15400.658  1 15400.658 35.176 .000 
Class    1629.476  1   1629.476  3.722 .062 
Intervention        32.945  1       32.945    .075 .786 
Class * Intervention      262.912  1     262.912    .601 .444 
Error  14885.780 34     437.817   
Total 153000.000 38    
Corrected Total   21193.579 37    
Note. aR2 = .298 (Adjusted R2 = .236) 
 
 
Table 9 

Estimated Marginal Means Related to Class Designation 

Class 
Dependent Variable:   Posttest   

Class Mean Std. Error 
95% Confidence Interval 

LL UL 
regular 55.591a 4.470 46.507 64.676 
honors 77.298a 6.225 64.647 89.949 
Note. aCovariates appearing in the model are evaluated at the following values: Pretest = 9.05; LL = lower 
limit; UL = upper limit 
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ANOVA results, displayed in Table 10, indicated that there was not a statistically 

significant difference, p = .428, between students’ ethnicity as reported by their family. 

Therefore, the third null hypothesis was accepted.  There were five categories of ethnicity 

identified by parents of the participants in this study.  They were Asian (N = 2), Black (N 

= 10), Latino (N = 2), Multiracial (N = 4), and White (N= 20).  The two participants 

identified by their parents as Hispanic or Latino also had identified learning disabilities. 

Even though the results were not statistically significant, the estimated marginal means 

for Black students were the highest, followed by White students, then Multiracial 

students.  Students identified as Latino/Hispanic and Asian were not calculated due to the 

number of data points for that category (see Table 11). 

 
Table 10 

Tests of Between-Subjects Effects Related to Ethnicity 

Dependent Variable:   Posttest   

Source 
Type III 

Sum of Squares 
df 
 

MS 
 

F 
 

Sig. 
 

Corrected Model   5109.840a  7    729.977  1.362 .257 
Intercept 11178.598  1 11178.598 20.851 .000 
Ethnicity     604.870  3    201.623    .376 .771 
Pretest    1868.740  1 1868.740  3.486 .072 
Ethnicity * Pretest    936.239  2    468.120    .873 .428 
Error 16083.739 30    536.125   
Total 153000.000 38    
Corrected Total 21193.579 37    
Note. aR2 = .24 (Adjusted R2 = .064) 
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Table 11 

Estimated Marginal Means Related to Ethnicity 

Ethnicity 
Dependent Variable:   Posttest   

Ethnicity Mean Std. Error 
95% Confidence Interval 

LL UL 
White 58.988a  5.381 47.998 69.978 
Black 70.510a 11.294 47.445 93.576 
Multiracial 57.079a 11.639 33.309 80.849 
Latino/ Hispanic a,b . . . 
Asian a,b . . . 
Note. aCovariates appearing in the model are evaluated at the following values: Pretest = 9.05; LL = lower 
limit; UL = upper limit 
bThis modified population marginal mean is not estimable. 
 
 

Internal and External Validity Issues 

In this section, the researcher presents internal and external validity issues 

encountered in the study.  The first threat discussed involves observational threats.  A 

discussion of other threats to validity follows.   

Observational Threats  

During the data collection process, the researcher took detailed notes on 

observations of students throughout the study.  Through observations, the researcher 

noticed that themes of stress, motivation, resentful demoralization, and other threats 

possibly influenced the results of the study.  In Chapter 5, the researcher discusses the 

possible effects of these threats, as well as actions taken to counter the threats.  

Furthermore, Appendix C includes a chart of quotes from the participants that 

demonstrate the threats and themes of stress, resentful demoralization, and motivation.  
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Other Threats to Validity 

When planning for the data collection, the researcher outlined the control and 

intervention groups as being differentiated by class and the researcher randomly choosing 

the class to be in the control or intervention groups, eliminating the threat of resentful 

demoralization.  At the start of second semester, when the data collection was to start, the 

participating school changed the class arrangement from being selected randomly to 

further ability grouping.  In other words, math classes were arranged by ability more so 

than just honors and regular classes at the start of the second semester.  Students who 

received low or failing grades at the end of first semester were placed into a class 

together.  Therefore, the researcher could no longer differentiate control and intervention 

group by class because the selection of control and intervention groups would not be 

random.  

Due to the change, the researcher placed individual students in control and 

intervention groups based upon random selection.  In other words, students who were in 

the control or intervention groups would have been in the same class.  The researcher 

selected groups by using RANDOM.ORG.  The researcher numbered the students in each 

class alphabetically by last name then placed the numbers in RANDOM.ORG.  After 

that, the researcher requested two equal groupings through RANDOM.ORG for each 

class.  The two equal groups would represent the control and intervention groups.  The 

first group of randomly selected numbers was the control, and the second generated 

numbers were the intervention groups.  The researcher used the list randomizer option for 

every class.  Since the way of grouping students changed, resentful demoralization 
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became a threat and was documented specifically in Appendix C.  In Chapter 5, the 

researcher outlines in detail the measures taken to lessen the threat.  

Another threat was that the block day, which was the day of the intervention, was 

the same time of day for the same class.  For example, second period had the intervention 

at the very end of the day each time.  This is a potential threat because students may have 

performed differently in the morning compared to the afternoon classes.  In addition, the 

fact that some of the students in the intervention group did not complete the writing steps 

in order or in their entirety to solve the problem posed another threat.  In other words, 

some students chose not to do the writing intervention.  Failure to complete the writing 

intervention is another threat because it may have impacted the results by indicating the 

writing intervention was not significant.   

Furthermore, the social aspect of the classroom was another threat.  School 

leaders moved one student from a classroom of eight students first semester to a 

classroom of 20 students in second semester.  That participant told the teacher that he did 

not want to work with the other students in the intervention group.  The participant 

confided in the teacher that he preferred the other class.  This is a threat to validity 

because the student may have performed differently because he was not in his familiar 

social group.  This may have interfered with his learning in a group.  The student did not 

work in a group setting during the intervention phase since he had done the work 

previously in the other class.   

Other factors, related to students’ emotional or learning needs, posed threats to 

validity because of their impact on tests.  In order to explore some of these factors the 
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researcher gathered quotes from students (see Appendix C) and themes that emerged.  

One theme was stress, test anxiety, and different perceptions of teaching.  For example, 

another participant in the study was moved from an honors class to a regular class due to 

grades, which presented negative emotions associated with mathematics that the 

researcher documented throughout the study.  Furthermore, some students struggled with 

the intervention more than others in the intervention groups.  Some of the students 

needed extra teacher support.   

Summary 

The purpose of this quantitative study was to investigate the effects of a writing to 

learn intervention on sixth-grade middle school students mathematical achievement on 

math concepts of functions and inequalities. An ANCOVA test was used to determine If 

there was a statistically significant difference between participants who receive the 

intervention and those who do not. Furthermore, data were analyzed to determine if there 

was a statistically significant difference between those who received the intervention and 

those who do not based upon gender, class designation, and ethnicity. The data indicated 

that there was not a statistically significant difference between those who receive the 

writing intervention and those who do not. Furthermore, gender, class designation, and 

ethnicity did not make a statistically significant difference when controlling for the 

writing intervention.  
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CHAPTER 5 

CONCLUSIONS, DISCUSSION, AND IMPLICATIONS 

“Dad got us a fresh fern, and with it came fresh hope.” 
—Joanna Gaines, 2019, p. 8  

Chapter 1 provided an introduction the study.  Chapter 2 presented previous 

research and historical tenets leading up to this study.  Chapter 3 offered detailed outlines 

of the methods and designs implemented to address the research questions.  Chapter 4 

described the results of the study.  This chapter presents in-depth conclusions, 

implications, limitations to the study, and possible future research.  The results of this 

study may serve as a starting point for further research or discussion of middle school 

students, specifically enrolled in grades six through eight, and the effects of writing to 

learn on this group of students.  This chapter outlines strengths and weaknesses to the 

study for possible future replications, specifically in the area of a writing to learn 

intervention in mathematics.  Furthermore, a discussion of the possibility of a false 

negative result are discussed and the possible reasons why this may occur.  Additionally, 

this research may spark discussions of developmental, motivational, or other research 

into the field of middle school students, specifically sixth grade, and reasons why this 

particular subgroup of students resulted in nonstatistical significance in this study and in 

the meta-analysis conducted by Bangert-Drowns, Hurley, and Wilkinson (2004) on an 

instructional strategy of writing to learn on the effects of academic achievement.  This 

chapter provides an assortment of different research ideas that may stem from this study.  
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Summary of the Study 

The purpose of this study was to investigate the effects of a writing to learn 

intervention on academic achievement in a sixth-grade classroom.  Previous research, 

presented in Chapter 2, indicated mixed results for the effects of writing to learn on 

academic achievement in middle school students (Bangert-Drowns et al., 2004; Baxter, 

Woodward, & Olson; Bicer, Capraro, & Capraro, 2013; Kostos & Shin, 2010; Langer & 

Applebee, 1987; Pugalee, 2004; Zinsser, 1988).  In a meta-analysis by Bangert-Drowns et 

al. (2004), the researchers indicated that writing to learn interventions were statistically 

significant on students at the elementary, high school, and college level, but not at the 

middle grades level.  Since the Bangert-Drowns et al.’s (2004) study, mathematics 

standards for middle school students have changed due to the Common Core State 

Standards (CCSS) presented publicly in 2009, which required more of a shift to problem 

solving, deeper understanding of mathematics content, and writing in mathematics 

(Mirra, 2009; Wilcox, Jeffery, & Gardner-Bixler, 2015).  Furthermore, Bicer and 

colleagues (2013) conducted a six-week study of a writing intervention on middle school 

students in the area of mathematics and concluded that the writing intervention used on 

the middle school students had a statistically significant impact on problem solving.  For 

this study, the researcher utilized a writing intervention similar to that used by Bicer et al. 

(2013) to determine if there was a statistically significant impact of this writing 

intervention on sixth-grade students’ academic achievement on a functions and 

inequalities unit.  
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Discussion 

Chapter 4 included descriptions and graphics of the results of this study and 

detailed results for the ANCOVA run by the researcher.  The results depicted data 

collected within a six-week timeframe in which the research was conducted with sixth-

grade students on one unit of study: functions and inequalities.  The results of the study 

indicated there was not a statistically significant difference between students who 

received a six-week writing intervention and those who did not on a mathematics 

achievement test.  There are inconsistencies among research that suggest that writing to 

learn and student achievement at the middle grades level 6th through 8th are not directly 

related in a simple cause-and effect relationship (Bangert-Drowns et al., 2004).  Instead, 

the relationship between writing to learn in the mathematics classroom and academic 

achievement is complicated with many outside influences.  

Research Questions Revisited 

The research questions for this study were based upon historical tenets and 

previous research results in the field.  The first question was formulated based upon 

research about writing to learn within varying fields.  The second research question was 

formulated through the same research criteria based upon covariates found within the 

research.  

Research Question One 

The first research question was “Will there be a statistically significant difference 

in mathematics achievement between students who receive a six-week writing 

intervention and those who do not?”  Bicer et al. (2013) used mathematical problem 
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solving as a dependent variable, whereas this researcher used academic achievement in 

order to add to the body of research specifically outlined as academic achievement by 

Bangert-Drowns et al. (2004).  The participating school used McGraw Hill textbooks, so 

the researcher utilized word problems from the McGraw-Hill textbook with the writing to 

learn intervention.  Additionally, problem solving steps as proposed by Polya (1973) 

were used in the writing to learn intervention, just as in Bicer et al.’s (2013) research.  In 

their study, Bicer and colleagues (2013) concluded that students enrolled in a middle 

school classroom performed better in problem solving when given a writing to learn 

intervention.  Bangert-Drowns et al. (2004) and Flavell (1987) connected metacognition 

to problem solving and academic achievement.  Furthermore, Bangert-Drowns et al. 

(2004) and Flavell (1987) described writing as a vehicle for metacognition.  The research 

presented initiated the creation of the first research question.  The ANCOVA indicated 

that the writing to learn intervention did not have a statistically significant impact on 

student achievement (p = .113).  

Research Question Two 

The second research question was “Will there be a statistically significant 

difference in the mathematics achievement as a result of the intervention after controlling 

for the covariates of students who receive the intervention and those that do not based 

upon gender, class designation, or ethnicity?”  The historical tenets that led to this 

research question were social justice in nature.  

Gender.  Social metacognition is an area of research that is quickly growing 

(Chen, Chiu, & Wang, 2012; Hurme, Palonen, & Jarvela, 2006; Iiskala, Vauras, 
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Lehtinen, & Salonen, 2011), and the research literature on social metacognition led the 

researcher to the covariate of gender.  In their study, Iiskala et al. (2011) analyzed female 

conversations and noted that, as the mathematics content became harder, the females used 

more metacognitive comments in their conversations.  For this study, gender was an 

important covariable because the intervention may have impacted genders differently.  

However, the findings from this study indicated that gender was not a statistically 

significant covariate (p = .660) for the effects of academic achievement when controlling 

for the writing intervention.  

Class designation.  In this study, class designation distinguished high-achieving 

students and all other students due to the participating school’s criteria for ability 

grouping.  Chapter 3 outlined the distinction as described by the school.  Students who 

identified as high achieving were placed in honors level classes based upon test scores, 

grades, and teacher recommendation, whereas all other students were placed in regular 

classes.  However, during second semester, school leaders decided to change class 

designation schedules based upon achievement scores, so the researcher used randomized 

sampling instead of grouping by class period and sorted the students based upon honors 

and regular class designation manually.   

In the research, there have been results based upon class designation that 

indicated that this study needed to have class designation as a covariate.  For example, 

Schraw, Horn, Thorndike-Christ, and Bruning (1995) noted that high-achieving students 

demonstrated more metacognitive strategies than did lower-performing students.  

Swanson (1990) determined that metacognitive instruction improved low-achieving 
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student’s problem-solving ability.  Furthermore, Pennequin, Sorel, Nanty, and Fontaine 

(2010) studied the benefits of metacognitive instruction on low-, average-, and high-

ability groups and determined that all ability groups benefitted from this instruction, but 

they also noted that the low-ability group demonstrated the greatest gains.  Cardelle-

Elawar (1992) also concluded that sixth-grade students with low mathematics ability, 

determined by standardized tests, improved significantly in the area of mathematics 

problem solving when given metacognitive instruction.  Lai, Zhu, Chen, and Li (2015) 

studied self-image and determined that self-image impacts mathematics problem solving 

and metacognition, and the researchers noted that students in the low ability group had 

lower self-image than the high and average ability groups.  Baxter, Woodward, and Olson 

(2005) found in their study that writing in mathematics was an effective mathematics 

communication tool for low-achieving students. 

Ethnicity.  Similar to gender, social metacognition and the growing research in the 

field led the researcher to choose ethnicity as a covariate (Chen et al., 2012; Hurme et al., 

2006; Iiskala et al., 2011).  In this study, ethnicity was not a statistically significant 

covariate (p = .428) for academic achievement when controlling for the writing to learn 

intervention.  

Limitations of Research Design 

Conducting research within the field of education yields numerous benefits.  

Creswell (2012) described three main benefits of educational research as (a) adding to a 

larger body of knowledge, (b) improving teacher practice, and (c) informing and adding 

to policy debates.  However, Creswell (2012) also noted that results in educational 
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research may be contradictory.  However, results can combine with the findings of other 

studies to make sense over time.  Furthermore, limitations provide a bridge for 

researchers to consider in future studies (Creswell, 2012).   

The following sections present a discussion of threats and factors evident in this 

study that may influence the results and lead to a type II error.  Furthermore, some of the 

influential factors derive from the design of the study, which was based upon the research 

questions and the type of data collected.  Therefore, the research design had some 

limitations that require analysis as well because it also has potential to influence the 

results of the study.   

Type II Error 

Creswell (2012) described type II errors occurring when a researcher “fails to 

reject the null hypothesis when an effect actually occurs in the population” (p. 193).  A 

type II error may have been at hand in this study and should be considered for future 

studies.  Student learning is complex and multifaceted.  There may have been reasons as 

to why the results of the study were not statistically significant, such as time, sample size, 

and frequency of intervention.   

Time.  One such reason to explain why the results of the study were not 

statistically significant may have been time.  Students were given the intervention over a 

six-week period.  This time may have been too short to see the long-term results of the 

writing to learn intervention.  Future studies might benefit from a longer period of time.  

To gauge a timeframe for future research, it might be beneficial for a researcher to revisit 

the literature.  For example, Bangert-Drowns et al. (2004) stated in their comprehensive 
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meta-analysis that longer writing assignments may be counterproductive.  However, they 

did state that smaller writing assignments over a longer period of time may be worth 

further investigation.  This study used the same timeframe as Bicer et al.’s (2013) study, 

which yielded statistically significant results when measuring problem solving.  To 

determine the significance (if any) on academic achievement may require a longer 

timeframe.  If time influenced a type II error, then studying the effects with short writing 

assignments over a longer period of time may warrant further investigation.  This study 

was carefully planned so as not to interfere with the calendar schedule with the honors 

and regular groups.  Future studies might find a site where the mathematics units align in 

more than one unit of study.  

Sample size.  The sample size of this study may not have been large enough to see 

the effects of the writing to learn intervention.  Creswell (2012) added that small sample 

sizes may “cause problems in drawing statistical conclusions” (p. 7).  Larger sample sizes 

in the future might more clearly show statistically significant results for a writing to learn 

intervention on mathematics achievement.   

Frequency of intervention.  The intervention was conducted once a week, due to 

the site’s block schedule.  This may not have been as frequently as necessary to see 

statistically significant results.  Future studies may find conduct a study with a writing 

intervention that is conducted more frequently.  In Bicer et al.’s (2013) study, students 

received the writing intervention twice a week for 75 minutes.  Due to the schedule of the 

participating school in this study, the intervention was conducted once a week for 45 

minutes.  If frequency influenced the type II error in this study, then a suggestion for 
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future research may be to refer to prior studies in which the frequency of the intervention 

was twice a week for 75 minutes.  Additionally, long term results of writing to learn 

interventions may influence the results.  For example, students who receive the writing to 

learn intervention in elementary years through middle school years may result in 

statistically significant results as well as other themes that may emerge.  

Internal Validity 

A possible threat was that during the posttest, seven participants in the same class 

period were interrupted by a school event.  Each year the entire senior class walks the 

hallways of each of the buildings to celebrate their graduation.  All the teachers and 

students stand outside in the halls, clapping and congratulating the seniors’ 

accomplishment.  This celebration occurred during the posttest for one of the periods.  

When the announcement was made for all students to stand in the halls, the teacher asked 

each student to cover their posttest with the testing shield used for each testing period.  

Before the teacher went outside in the hall, she walked the room to ensure that all 

posttests were covered.  When the teacher exited the classroom, she stood at the door so 

that the posttest would not be compromised.  The teacher timed the interruption and the 

students were allotted the exact time that they had missed from the graduation walk for 

the next class period.  Of the seven participants who were in the interrupted class period, 

four participants were in the control group and three participants were in the intervention 

group.  There was no way to circumvent this threat due to the setting, but the researcher 

took proper measures to ensure there were no excessive irregularities.  This may have 

impacted the results.  Students may have gone home and studied that night to better 
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prepare to finish the posttest, especially since they had already seen the posttest.  This 

may have impacted the results of the study.  

Furthermore, one student was absent the day of the posttest.  The researcher 

allowed that student to take the posttest the next school day when she returned.  Another 

student received extra time on his test due to his accommodations for learning 

difficulties.  That student was also allowed to finish the posttest the next school day.  Due 

to these irregularities, students may have gone home and studied the material on the 

posttest or discussed the posttest with others.  This threat was unavoidable.  

External Validity 

Some students received more parental support than others.  Some students 

received tutoring outside of the regular classroom setting.  This may have impacted the 

results because students may have performed better than others based upon outside 

support.  

Incidental Learning 

Incidental learning is a form of informal learning that unintentionally occurs 

through interaction.  I postulate that incidental learning may have influenced the results 

of the study (Rohrmeier & Rebuschat, 2012).  The very nature of middle school students 

is highly peer influenced, so due to this emphasis on peers, students may have learned 

what the other groups were doing by listening and observing, thus benefitting equally to 

the intervention (Saffran, Newport, Aslin, Tunick, & Barrueco, 1997; Shadish, Cook, & 

Campbell, 2002; Vygotsky, 1962/2012).  This incidental learning might lend evidence as 
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to why all students performed at about the same level in the control and intervention 

groups.   

Summary of Limitations 

Regardless of limitations, the researcher carefully planned, implemented, and 

concluded the study despite factors that were outside of the researcher’s control.  The 

results of this study led to implications for professional learning, classroom practice, and 

future research into the field of writing to learn in mathematics and may yield different 

results in future studies.   

Implications 

The purpose of this study was to determine if there was a statistically significant 

difference between students who received a six-week intervention and those who did not.  

Although there was no statistically significant relationship between writing to learn in a 

mathematics classroom and academic achievement, it seems that particular factors may 

be influencing writing to learn on academic achievement of students in this sample.  

Learning is multifaceted, and the writing did support students’ learning.  All students’ 

scores improved from the pretest to the posttest.  This study brings to light some very 

important implications that bear analysis.  

An implication is that students may benefit from writing to learn instruction at an 

early age.  Even though at early ages students are exposed to writing, they may not have 

been involved in a true writing to learn experience.  An example of this is when Hailey 

(pseudonym), a participant in the study, discussed with another student a previous 

assignment that integrated writing in math in a similar manner, with a word problem and 
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steps to solve them.  She completed them in elementary school, and she referred to them 

as exemplars.  In reference to the word problems that she had done in elementary school, 

Hailey said, “I hated them.  I always did bad on them and got bad grades”.  This 

statement carries with it an emphasis on grading as a primary factor and motivation for 

liking or disliking a writing strategy.  For writing for reformulation to occur, an accuracy 

grade cannot be attached to the writing, just a participation grade, or the writing changes 

in the mind of the student to be writing for review rather than reformulation (Langer & 

Applebee, 1987).  This evidence highlights the need for teachers in grades earlier than 

middle school to experience professional development in writing to learn instruction.  

Bangert-Drowns et al. (2004) made a similar implication when they contended this group 

of students may be unfamiliar with using writing as a vehicle for connecting subjects to 

the real world and problem solving. 

Another implication is that math teachers and students could benefit from using a 

variety of writing in mathematics, depending on the kind of mathematics material that is 

covered.  For example, Bangert-Drowns et al. (2013) indicated that when metacognitive 

prompts were present, writing to learn interventions were more effective.  Professional 

development on different kinds of writing to learn may benefit the instructional practice 

of teachers.  

An additional implication is that students may benefit from a variety of shorter 

writing interventions over a longer period of time.  Due to the repeated implementation of 

a writing to learn intervention, the effects of multiple writing interventions might impact 

problem solving as well as academic achievement in a positive way over a longer period 
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of time.  Integration of writing to learn should be taught in school systems to teachers so 

that effects may be seen on a larger scale over a longer period of time.   

Future Research 

Numerous studies support the idea of the positive impact that writing to learn can 

have on academic achievement.  Various writing activities include creative writing, 

writing using metacognitive prompts, and many different types of problem-solving 

models.  Furthermore, different standards as well as different types of word problems 

could be used in future research.  This study specifically measured academic 

achievement; future research could measure different outcomes, such as engagement, 

problem solving, motivation, and more to uncover the effects of the writing intervention 

on those outcomes.  

Bangert-Drowns et al. (2013) suggested shorter writing assignments would have a 

greater impact.  Another recommendation is to allow for a more comprehensive 

assessment over a longer period of time but with short writing assignments each time.  

This study was 6-weeks, so another recommendation for future studies could be for the 

research design to include a longer timeframe to measure the effects of the writing to 

learn intervention on academic achievement.   

Another possibility for future research would be to implement this writing 

intervention in another school setting, such as in a public school.  Students in public 

schools have different yearly standardized testing, some of which involve a writing 

component within subject areas such as mathematics.  Studying the effects at a different 

school setting might yield different results. 
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Furthermore, since this study specifically examined a sixth-grade classroom, 

another future study may look at a different grade level within the grades 6-8 category.  

Sixth-grade students in this study were transitioning from an elementary school setting to 

a middle school setting that held many differences, such as responsibility of one’s own 

self between classes and managing more teachers and classes daily.  A future study that 

focuses on eighth-grade students may show a different viewpoint, one from participants 

who have already experienced this transition for some time.  

Historical exposure to writing to learn within the school setting was an 

implication both in the present study and in Bangert-Drowns et al.’ s (2004) study.  A 

future study could focus on researching the uses of writing in a K- 12 mathematics 

setting.  The study results would shed some light on the transition of using writing in 

mathematics along the full scope of grades K-12.  The design of this study was 

quantitative in nature, so future research might focus on qualitative and the effects on 

individual students.  

Final Thoughts 

Writing is an active process that serves as a vehicle for students constructing their 

own understanding (Hart, 2017; Ornstein & Hunkins, 2017; Vygotsky, 1962/2012).  

Furthermore, through using writing in mathematics, students can be challenged to think 

deeper and become active constructors of their own mathematical knowledge.  New 

CCSS support the efforts to include deeper thinking into the mathematics curriculum as 

well as efforts to include writing across the curriculum (Baxter et al., 2015).  Writing to 

learn was one aspect of writing researched and demonstrated in this study.  Writing to 
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learn specifically allows students to reflect, grow, and explore new concepts (Bazerman 

et al., 2005).  This study added to the body of literature regarding writing to learn in a 

mathematics classroom, focusing specifically on students in sixth-grade.  

Results of this study quantitatively indicated that there was not a statistically 

significant difference between students who received a six-week writing intervention and 

those who did not.  Furthermore, the covariates of class designation, gender, and ethnicity 

did not yield statistically significant results either.  However, writing to learn in 

mathematics is not related in a simple way to academic achievement—it is most likely 

affected by many other factors.  This study has the potential to create critical 

conversations and future research about the effects of writing to learn in mathematics 

classrooms.  This study could spark future research into different writing to learn 

interventions or even a combination of writings within the mathematics classroom and 

their effect on student achievement, motivation, engagement, problem solving, or 

metacognitive ability.  
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Table C 

Threats to Validity: Observations of Students 

Student 
Pseudonym 

Threat(s) 
 

Intervention 
Week 

Class  
Designation 

Group 
 

Quote 
 

William Resentful 
Demoralization 
 
Resentful 
Demoralization 
 

3 
 
 

4 

Regular Intervention “That group does not have to do it.” 
“I’m not going to have to do this on 
any test” 
“I want to do what they’re doing” 
(pointed to yellow group) 
 

Brian Resentful 
Demoralization 
 

3 Regular Intervention “The steps are stupid!” Brian 
refused to do the steps to solve the 
problem.  

Ace Resentful 
Demoralization 

4 Honors Intervention “They always get the easier one. I 
don’t mind though.” 

Clifton Stress 1 
 
 

 
4 

Honors Intervention “This isn’t going to reflect on our 
grades is it? Is this going to get an 
email sent home to my parents?” 
 
The student cried and asked when 
we would use this concept in real 
life. When speaking to the student 
in private, the student expressed 
concerns with his grade on test that 
had been handed back earlier in the 
class. 
 

Bennett Resentful 
Demoralization 

4 Regular Intervention Bennett said to another student, 
“Yours is always easier.” 

      
Christopher Stress 4 Regular Intervention Christopher worked by himself 

every week after the first week.  
He missed the problems frequently 
and needed redirection. “I’m not 
going to have to do this on any 
test” 
“Is this a grade?” For the fifth 
week, the student did not complete 
the intervention. He said, “I don’t 
understand it.” 
 

Charles Motivation 
Stress 

5 
Posttest 

Regular Intervention “This isn’t a grade, is it?” Charles 
did not complete the intervention 
this week.  
 

     Charles started crying and said, 
“I’m worried about my grade.” 
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Table C (Continued) 

Student 
Pseudonym 

Threat(s) 
 

Intervention 
Week 

Class  
Designation 

Group 
 

Quote 
 

Hayley Stress/ 
History 

1 Honors Intervention In conversation about intervention, 
another student mentioned how this 
intervention was like exemplars. 
Exemplars were word problems 
that students were given in 
elementary school that also had 
steps to follow. Hailey said, “I 
hated exemplars. I always did bad 
on them and got bad grades.” 

Darwin Stress Quiz during 
unit test 

Regular Intervention The student crumpled up a quiz that 
was given back during the data 
collection period. The student had 
been upset about grades and 
constantly asked throughout data 
collection about grades. The 
teacher said to the student, “It’s 
about the learning not the grade.” 
Darwin replied, “That’s not true. 
Colleges look at grades.” 

Luca Motivation/ 
History 

1 Honors Intervention “Why can’t we just answer the 
question?” 
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APPENDIX D 

PARENT INFORMED CONSENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



123 

 

 

 

 



124 

 

 

 

 



125 

 

 

 

 



 

126 

APPENDIX E 

STUDENT ASSENT (UNDER 12 YEARS OLD) 
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APPENDIX F 

STUDENT ASSENT (12 TO 14 YEARS OLD) 
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APPENDIX G 

PRETEST 
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APPENDIX H 

POSTTEST 
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