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Abstract
This action research project is a self-examination of my first-year teaching
experience. This project begins by explicitly stating my teaching philosophy. That
philosophy helps establish my goals as a teacher. Next, I examine many peer reviewed
articles about teaching to help me better understand the state of knowledge and practice
in the specific areas of teaching I wish to focus on improving in my first year of teaching.
I then go on to state the specific questions I will be studying in this research project.
Those questions were 1) How do I use essential questions to prompt inquiry? 2)
How do I engage students through classroom discourse? And 3) How effectively do I
teach problem-solving? I used data collected from my own reflections, lesson plans and
observations by my cooperating teacher and university supervisor to analyze my teaching
in relation to the three principal research questions. After examining the data collected, I
look for patterns and explain what my data reveals about each question.
I conclude that essential questions require careful planning to be effectively
incorporated, that engaging students in discourse requires understanding of their
background knowledge and that teaching problem-solving requires much more than
modeling to be valuable. While these conclusions may be rather specific to myself, I do
attempt to elucidate more general implications of my research that may apply to other
teachers’ situations more generally.
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Chapter 1
INTRODUCTION

Teaching Philosophy
My understanding of what the point of an education is motivates my philosophy
of teaching. These beliefs have developed as I have reflected on my own growth and
education. As an avid runner, I learned the importance of mindset and its ability to
increase our potential. While completing my master’s degree I’ve experienced the
advantage of a supportive learning community as I’ve worked with and learned from a
great team of university professors and peers. From a past career as a flight instructor I
have recognized my role as a teacher to be someone who provides an environment where
my students can learn from mistakes. But one of my favorite memories of teaching is
when I led my elementary students to a new appreciation for strategic thinking and
problem solving by creating an after-school Pokémon club. I saw the vast potential for
my students to be motivated to explore and learn through their hobbies. My teaching
goals are to instill in my students, curiosity and an enthusiasm for lifelong learning.
The Importance of Modeling Success
Years ago, I saw a movie called Running the Sahara. The film followed a group
of three athletes who ran more than 4,000 miles across the desert between Morocco and
Egypt (Eldridge et al., 2007). It was a truly unbelievable feat. That such a thing was
possible would never have occurred to me alone. Social cognitive theorists have long
noted the benefits of an appropriate model (Ormrod, 2016). This documentary made these
individuals especially good models because it not only showed me what they did but also

2
took time to examine how they thought about it. It made me realize the amazing untapped
potential inside all of us, and it made me wonder what I could really do. I was curious
enough to try and find out, so I started running.
My first run was 3/4 mile, and I couldn't walk upstairs for two days afterward, but
knowing that others had done much more encouraged me to keep at it. Each week I
achieved a new record for myself. Each success was a source of growing pride in my
developing ability and commitment to training. Three years later I ran my first ultra, a 50mile race that took ten and a half hours. It was quite an accomplishment, but it made me
understand that education is not just a quest for employable skills, it is a lifelong journey
of discovering our full potential across the whole range of human experience,
intellectually, socially, and emotionally. These different aspects of our character develop
at different rates depending on where we put our attention and focus our energy, but they
are all going on to some degree all the time. Reaching our potential is not something we
do for ourselves; we reach our potential by sharing our talents and positively impacting
the lives around us.
The Value of Collaboration
One of the strengths of the Master of Arts in Teaching program at Western
Oregon University is its cohort model. I progressed through my program with the same
group of peers from day one. Through these individuals I have learned of resources I had
not heard of before, encountered new insights and ways of looking at problems that
helped me understand, and developed a greater appreciation for the value of different
personalities. It’s not just that I have learned how to deal with people who are different
from myself, but I have discovered strengths I can better develop and weakness that I
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need to improve. It is easy at times to think of ourselves as individuals with our own
goals and plans, but I now see that working toward a common goal is the best way to
develop my potential. The benefit of this teamwork has not been that my colleagues can
provide facts that I lack, but that they offer solutions that had not occurred to me and
opened pathways where I can apply the knowledge I have in new or more powerful ways.
Understanding community in this way will be important for my future instruction.
Some kids will feel validated for their knowledge or procedural skill, but kids with
athletic experience, or artistic talents bring a fresh perspective on how to solve a problem,
or how a diagram can relate variables. Sharing knowledge in this way "distributes the
cognitive load" allowing us all to achieve more together (Ormrod, 2016, p. 224).
Mathematics in my classroom will not be about memorizing formulas but about
quantifying relationships and predicting results. These applications will truly benefit from
a diverse classroom.
Taylor Wilson was 14 years old when he built a machine that achieved nuclear
fusion. He is already a role model to many ambitious students in math and the sciences.
Even a genius of this caliber admitted that, "Curiosity beats talent every time" (Bilyew,
2017, 15:49). What Mr. Wilson meant was that solving a problem quickly is not what
leads to the greatest learning or understanding, but wondering why some problems can't
yet be solved does. For that reason, he calls "being ... in the room with someone who has
knowledge about something that I don’t is the best feeling in the world” (Bilyew, 2017,
11:52). Like my experience with my MAT cohort, my students will also come to value
the abundance of perspectives and ways to understand a challenge because diverse
insights lead to deeper connections with knowledge.
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Learning from Our Mistakes
Before I began volunteering in classrooms, I was a flight instructor. My students
were always surprised and a bit scared when we climbed into the cockpit for a flight on
our first lesson. With half an hour of instruction under their belts, I flew them to the
practice area and, at 3,000 feet, turned the controls over to them. None of them flew
smoothly that first flight. They started by relating flying to what they already knew driving. By pointing out how the skills were similar or different I helped my students
construct appropriate interpretations and a context for their learning (Ormrod, 2016). In
that sense their errors where not mistakes at all but simply information on how the two
skills related (Ormrod, 2016). Through practice they learned the appropriate amount of
rudder pressure to use in a turn, and how it felt when the airplane banked, or what the
wind sounded like at different airspeeds. This feedback was an important source of
information (Ormrod, 2016). My role as an instructor was to focus their limited attention
on what was most vital and positively reinforce appropriate actions (Ormrod, 2016) and
to make sure they had a safe margin of error while they were accumulating the
experience to operate safely. By properly adjusting the amount of challenge I presented to
the student I would build up their skills and develop their self-efficacy (Ormrod, 2016).
Eventually the students would learn to provide their own feedback and recognize that
flight was within their power.
Too many math students see mistakes as a failure to get the right answer. My
flight students, on the other hand, rarely felt bad about the many mistakes they made over
the course of learning to fly because those errors were not the end of learning, they were
incremental steps on the way to something. Math errors are the same way, information to
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help guide performance next time. Like I did for my flight students, I want to develop a
mindset in my math students that mistakes are a sign that we are stretching our
knowledge into new areas.
Mentoring My Students
When I first started teaching at an elementary school, I noticed most of the
students were collecting Pokémon cards. They would show each other their cards and
occasionally compare some numbers on them but they had no idea how to actually play
the game. Knowing that this hobby had the potential to be so much more valuable for
them, I started an after-school Pokémon club. I taught them the rules, suggested some
strategies and organized tournaments for them to practice. Soon the kids were looking
beyond the colorful pictures on the cards to study the numerical details of each card and
determining its potential. Some cards attacked quickly, but did little damage, while others
took longer to energize but were far more powerful. This personal experience become
what Doug Buehl (2017) calls text-to-self knowledge. These sorts of games and activities
can expand students' understanding of events and phenomena by providing a system of
organizing the essential cause and effect, producing a new schema for understanding
(Buehl, 2017). What had been a superficial pastime had grown into discussions about the
qualities of certain cards, how to organize decks, or if it was ever worthwhile to retreat in
a battle.
Our students are learning all the time, so the hobbies they love should be
encouraged as something to excel at. That isn't to say that everyone needs to be
strenuously concentrating all the time, but only that they should remain curious about the
things they do for fun. These outlets for expression make especially valuable
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opportunities to develop the habits of a growth mindset. By engaging students with
mathematical applications that pertain to their hobbies they are motivated to learn the
principles and persist in problem solving. Applying knowledge gained in one situation to
another situation is called transfer (Ormrod, 2016). Teaching in a way that is meaningful
for our students promotes transfer (Ormrod, 2016). By teaching for transfer in this way
students see the relevance of their classroom work to their real lives. They may seek out
other applications on their own and eventually become self-regulating learners.
Goals for Future Growth
My philosophy of teaching has developed and matured as I have experienced new
opportunities. My teaching career will be no different. While my past growth has been
somewhat haphazard, part of my training for the master’s degree has shown me how to
approach my goals more systematically. There are three areas that I most want to
improve as I teach. I first want to include a more diverse cultural representation in math
instruction. I truly believe that mathematics is a human achievement, and I want all my
students to be able to share that heritage. Every student approaches the subject with
different strengths. I want them to see that they all have something to contribute when
they are in my class. Next, by broadening my repertoire of scaffolding skills, I will be
able to create problems that benefit from a wide range of problem-solving approaches
and insights. Finally, to make that a reality I will need to develop persistence in problem
solving, one of the standards for mathematical practice. By systematically studying my
progress toward these goals I will continue to approach the high standards I have for
myself, and I will model the kind of problem solver I want my students to be.
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Conclusion
These are not just my views of how students learn or how I will teach them.
These are intentional practices that I endeavor to uphold because they bring great
fulfillment to my life. I will not simply be telling my students what they should do or
what they can become, I will model these growth habits by always being ready to learn
and improve. As Taylor Wilson said, "It’s very hard to be inspired by something when
you can't really see yourself doing it” (Bilyew, 2017, 41:12). That is why I will model
curiosity and a commitment to applying what I teach in the classroom to real life
activities and interests outside the classroom. By engaging my students this way, they
will realize that the skills they are learning in the classroom are useful and they will be
motivated to try their best and persevere when they fail.
This action research project embodies this philosophy by directing my focus from
the very start of my professional experience to the aspects of teaching most central to my
desire to become a teacher. The goal of this research is to explore how I use essential
questions to promote student inquiry. Using essential questions effectively will allow me
to model learning as the search for answers to interesting questions rather than the
accumulation of facts. Through this project I will also better understand how I foster
discourse in my classroom. By better understanding how my discussion strategies align
with best practices, I will be better able to engage diverse students, foster collaboration,
and promote inquiry and transfer. Additionally, I will explore how I model problemsolving strategies for my students. I want more than to simply show my students the
procedures to follow in certain situations, I want them to have tools for figuring out novel
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situations. This means providing a safe environment to take risks and mentoring my
students on how to recover from mistakes to persevere and continue learning.
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Chapter 2
LITERATURE REVIEW

Purposes and Objectives for the Literature Review
My purpose in this review of the research was to discover how teachers and
researchers have looked at improving student engagement in mathematics. I searched for
research on culturally relevant mathematics because 23% of the students in my district
are Latino (ODE, 2020), and they will be more engaged if they see their culture’s
contributions to the advancement of mathematics. I also searched for studies on effective
scaffolding because the proper amount of productive struggle is crucial to maintaining
engaged learners. Additionally, because I would be studying my own practice and
focusing on developing persistent problem solvers, I looked for studies that indicated the
kinds of instruction that are effective for developing a growth mind-set and to see if there
was any research on addressing math-anxiety.
Procedures for the Literature Review
I selected literature for this review based on several specific criteria. Research on
Education Resource Information Center (ERIC) was included if it contained the
following descriptors: Student engagement with either increase, improve or enhance. This
search yielded 5,500 relevant articles. In order to narrow my findings and make them
more specific to this research project, I then focused my review efforts on articles that
discussed secondary education or mathematics. From there, I looked for articles that
supported sub-themes that emerged from the major articles in my literature review.
These sub-themes are: 1) culturally relevant content, 2) scaffolding for inclusion, and 3)
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persistence in problem solving. For these sub-sections, I initially searched the ERIC
database for articles that met the keyword criteria listed above, along with conducting a
search for books in the database of the Hamersly Library at Western Oregon University.
After finding these books and articles, I hand-searched their reference lists as sources to
find additional related articles and books.
In order to integrate the literature review, I developed a coding protocol and
separated the research into three major themes. I read each article to determine how it fit
within these broad thematic categories, and then, through a process of reading and
rereading for salient features of each study, I determined the subheadings in the literature
review. Articles referencing culturally relevant content more specifically break down into
investigations of 1) high expectations, 2) inquiry, and 3) connection to a broader identity.
When researching scaffolding, the subheadings that emerged were 1) importance of
visual representations, 2) use of discourse, and 3) learning from mistakes. Research on
developing persistence in problem solving focused on 1) teaching explicit strategies, 2)
developing growth mind-set, and 3) addressing anxiety. My intent is to start with a broad
treatment of each theme and then to systematically reduce broad understandings to
specific knowledge of how these subthemes are present in the current research about
improving student engagement.
Culturally Relevant Content
Students do not study and are not interested in learning subjects that they do not
feel relate to themselves either in their culture or self-image. They are required to be in
school, and if the material they encounter does not present them with a relatable goal,
they will be disengaged, and rightfully so. Current mathematics curriculum is heavily
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influenced by the developments of European thinkers. The contribution of European
scientists is not to be diminished but as my school district becomes more diverse, I
wonder if these individuals can be successful as models for curiosity and persistence. I
believe that including the contributions of non-European scientists would help my
students feel they also may have contributions to make. I am committed to helping all my
students relate to the material I teach. I want each of them to be inspired by the brilliant
and creative individuals that have worked to develop the field of mathematics. I do not
want to only insert short biographical vignettes of obscure mathematicians. I want my
students to be able to connect on a deeper level.
Research Studies on Culturally Relevant Content
This research study combined strands of complementary research literature, which
is best summarized in three subthemes. First, holding my students to high standards of
academic achievement broadcasts my sincere belief in their capabilities and combats a
deficit view of minority culture that some students hold. Secondly, by leading my
students in inquiry, they can discover knowledge for themselves, experiencing academic
success and the excitement of learning. Finally, I looked at research on building a
learning community because this determines how students cooperate in learning efforts.
Each of these subthemes and their implications for my practice will be explored in turn.
A Review of Research on High Expectations for Student Success
High expectations are a belief in each student’s potential. It is not an abstract
concept but is developed by taking the time to “find those things the children really are
good at and acknowledge them in the classroom,” (Ladson-Billings, 2009, p. 107). This
teaches students to “conceive of excellence broadly” (Ladson-Billings, 2009, p. 107),
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which is a valuable perspective in a classroom of students with diverse abilities. By
acknowledging a student’s individual talents, a teacher’s high expectations model respect
for others interests and desires. Rather than telling students what they should do, this
attitude helps students develop their own aspirations of what they could do (Skilling,
2014).
High expectations acknowledge potential for growth rather than current ability.
High expectations, then, do not imply difficult or complex mathematical procedures and
concepts beyond students’ reach. Rather, goals and expectations should establish learning
progressions that build up students’ mathematical understanding, increase students’
confidence in their own ability to do mathematics, and, in doing so, support students’
growing identities as mathematical learners (Boston et al., 2017). Truly demonstrating
high expectations then will require a broader range of motivating strategies that can “fit”
a variety of learning goals and styles, rather than fitting students into a routine that works
best for the teacher.
While “students generally internalize teachers’ high expectations, resulting in
increased self-confidence, higher motivation, and resiliency,” (Soltero, 2011, p. 112) it
can take time to overcome their preconceived ideas about ability. Students may have a
vested interest in a deficit self-view. Students sometimes use low expectations as a
rationale to avoid work and let negative self-talk override their ability to recognize the
times they do succeed (Souers, 2016). Acknowledging success reinforces desirable
behaviors like effort and perseverance and increases the likelihood they will continue.
Each time success can be acknowledged for a student is an opportunity to make the
associations with desirable behaviors and pride or recognition. By highlighting our
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student’s strength and potential, we help them see themselves in the same light (Souers,
2016).
These expectations for our students cannot be beliefs that we put on when we
enter the school or classroom, they must be sincere and deeply held or we cannot hope to
display them consistently. Students are highly observant critical thinkers and the
messages they receive are often implied rather than directly stated even though they may
be false and unintended (Ormrod, 2016). This is because actions speak louder than words,
especially if the words are never explicitly stated. Students who only receive easy math
problems, for example, may begin to think they are incapable of more demanding tasks.
Teachers who hold high expectations for all their students recognize the need for them to
experience success without deceiving them about their own academic achievement
(Ladson-Billings, 2009).
High expectations realistically acknowledge where a student is academically but
embraces the student’s ability to grow and succeed through their own efforts. This
optimism, if consistently demonstrated in each interaction, will become internalized by
the students themselves, changing their own perceptions of their potential and ability.
“Optimistic teacher attributions and expectations regarding students’ achievement boosts
students’ actual achievement” which motivates students to engage in learning (Ormrod,
2016, p. 494).
Holding high expectations for student success is not a discrete element of a
teacher’s practice, these attitudes intwine themselves in every aspect of classroom culture
and teaching philosophy. If a teacher truly believes that his students can succeed, he will
accommodate autonomy and trust which are motivating in themselves (Skilling, 2014).
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For this reason, high degrees of teacher control tend to disengage students but “teachers
who believed in the importance of engaging students in mathematics regularly used
practices that promoted engagement by meeting students’ motivational needs for
competency and self-efficacy” (Skilling, 2014, p. 7). A classroom with high autonomy
can be leveraged by allowing students to explore and pursue their own interests,
increasing engagement, and initiating a virtuous cycle.
A Review of Research on Fostering Student Inquiry
As children progress through the education system, many experience mathematics
as “rote procedures to solve problems unreflectively and to produce answers that make no
sense” (Gutstein et al., 1997, p. 710). When this happens, learners no longer see
mathematics as a sense-making activity (Gutstein et al., 1997). Student centered inquiry,
and the autonomy to pursue it, can reestablish this vital connection. Ambitious teaching
aspires to develop within each child an “identity as a doer of mathematics” (Boston et al.,
2017, p. 3). For this to happen, “students must be the ones asking the majority of
questions…they must shake off the passive role of receiving information” (Buehl, 2017,
p. 171). Fostering student inquiry presents students with questions they find intrinsically
interesting and are motivated to explore.
One path to this goal is through essential questions. Essential questions
encapsulate the lesson’s learning target within a student friendly, open-ended question.
Students are encouraged to engage with the question in search of understanding, not
simply an approved answer. “An essential question should reach beyond the classroom
and intersect with some elements of our out-of-school lives” (Buehl, 2017, p. 172). An
essential question cannot be a leading question. “A steady diet of leading questions
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conditions a student to view reading and learning in general, as the daily process of
locating acceptable answers rather than thinking deeply” (Buehl, 2017, p. 173). Instead,
an effective essential question prompts discussion and debate.
A pedagogy that emphasizes the importance of student led inquiry reflects a
respect for students’ background knowledge (Ladson-Billings, 2009). Students are treated
as capable learners, with useful knowledge, insights, and contributions to make. In fact,
inquiry can help reveal student strengths, allowing a teacher to make further connections
to prior learning in later lessons (Ferguson, 2012). This is valuable, because this method
of teaching allows students to build meaning in new areas of knowledge where they may
not yet have experience (Moschkovich, 2015). As students discover the applications of
mathematics, learning acquires meaning for them rather than relying on teacher provided
meaning (Skilling, 204). This leads to deeper student engagement on all levels,
behaviorally, emotionally, and cognitively (Moschkovich, 2015).
Student led inquiry is fostered by posing thoughtful questions but learning tasks
themselves can be presented in different ways. Students can be assigned practice
problems where the solution path is clear, or in ways that have them not only practice a
solution strategy but practice the skills of categorizing and choosing solutions
strategically. It is not the task itself but whether it is presented in a way that provides
opportunities for problem-solving and for students to develop their own understanding
(Boston et al., 2017, p. 35). These sorts of rich classroom activities “create a context for
developing sophisticated mathematical thinking” (Pape et al., 2003, p. 189).
Mathematics is a product of human activity after all, what better way is there to
connect with mathematical concepts than to create. “How students construct meaning
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depends much on the teacher’s pedagogy and on the classroom environment co-created
by the teacher and students” (Gutstein, 2013, p. 48). What counts as knowledge in one
setting may not transfer, but habits of inquiry will and that is how connections can be
made and learning transferred (Gutstein, 2013).
A Review of Research on Building a Learning Community
A learning community is a classroom of students focused on, not only achieving
individual success, but on achieving maximum learning and understanding for all
members. Students in a learning community are not only willing to ask for and receive
help, but capable of giving aid as tutors and models. A classroom community
presupposes the development of shared language and modes of behavior but also on the
overarching goal of learning (Moschkovich, 2015). Within this community there is still
room for students to have different goals when participating, whether to learn from others
or to demonstrate competence (Bonnett et al., 2017), but differing goals are respected and
advanced.
This type of supportive learning community does not exist simply because a
teacher assigns small groups, it must be built purposefully so that students accept its
purpose and internalize its goals. Without explicit instruction, students will simply ‘work
together’ in whatever way that term has meaning for them. This traditional mode of small
group work is limited to sharing formulas or checking answers for the correctness, rather
than extending, expanding and generalizing mathematical problems (Alvi & Nausheen,
2019).
Cooperation is not the same thing as collaboration, cooperation is more akin to
compliance, collaboration requires a sense of responsibility and sharing (Ladson-Billings,
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2009). Students must feel safe for these attitudes to develop. Students who do not feel
their classroom is a low-risk learning environment or feel their contributions will be
judged will not be willing to risk participating (Ladson-Billings, 2009). Collaboration is
not just talking together, collaboration is a long enshrined mathematical practice of
exploring, modeling, looking for structure, making connections, abstracting, generalizing
and proving (Moschkovich, 2015).
Establishing common goals for group collaboration is the key to developing an
effective learning community (Ormrod, 2016). The teacher’s role in establishing the
context for collaboration and the teacher’s effort to develop social and mathematical
norms that support participation is of particular significance (Pape et al., 2003).
Collaboration requires respect, it is about understanding not judging (Gutstein, 2003).
Establishing new identities as learners with something of value to contribute and
changing the norms of participation as an opportunity to learn from others requires
planning (Enyedy & Mukhopadhyay, 2007). Students alone have limited experience to
connect meaningfully with ‘real-world’ problems, sharing experience can broaden their
world (Gutstein, 2003). Learning communities are about fostering an identity as a learner,
by expanding views of who we are, what we are capable of, what we do, what we like,
and who our friends are (Buehl, 2017).
Scaffolding for Inclusion
Scaffolding is when teachers bring an academic task within the zone of proximal
development by diagnosing the learner’s current level of understanding through support
that fades over time (Moschkovich, 2015). Every lesson provides multiple opportunities
to scaffold student learning, these are the real opportunities for teaching to occur, but
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taking advantage of them requires vigilance in identifying them, experience in
interpreting them, and skill in bridging them (Ferguson, 2012). Despite the importance of
scaffolding, studies show that it is underutilized in the classroom as it takes time, skill
and practice to master (Pfister, 2015).
Research Studies on Scaffolding for Inclusion
While researching this topic I discovered three ideas that can help me improve my
practice and engage my students. By guiding productive discourse my students will
engage the content more deeply. Using visual representations can reduce cognitive loads
and barriers to entry for abstract mathematical concepts. Finally, by providing sufficient
wait time for students to think and express their understanding before they are expected
to contribute in class, my students will come to think strategically before attempting
problem solving. Each of these subthemes and their implications for my practice will be
explored in turn.
A Review of Research on Promoting Classroom Discourse
The standards expect students to be able to “make conjectures, agree or disagree
with the conjectures made by their peers or the teacher, and engage in public discussion
and evaluation of claims and arguments made by others” (Moschkovich, 2015, p. 1069).
According to Vygotskian theory, “social interactions that lead to learning involves joint
activity” (Moschkovich, 2015, p. 1069). That is why discourse is so central to
participation in mathematics. Explaining reasoning coherently develops a student’s
identity as a critical mathematical thinker (Gutstein et al., 1997). Learners consolidate
their understanding more effectively when they explicitly state their thinking out loud,
therefore using language to support their understanding (Bonnett et al., 2017). Discourse
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directly supports many mathematical practices including “problem solving, sense
making, reasoning, modeling, abstracting, generalizing, and looking for patterns,
structure or regularity” (Moschkovich, 2015, p. 1068).
In addition to the need to meet standards, classroom discourse has other benefits
as well. To engage students, we need to know what engages them. Getting our students to
talk is a key way of learning what sorts of real world connections will interest them
(Skilling, 2014). Additionally, since there is only one teacher, peer-to-peer discussion can
keep learning moving by providing additional sources for feedback and ideas. But
Classroom discourse is more than just talking in class. Classroom discourse must be
legitimate participation and the teacher plays an important role in establishing context so
that students can be apprenticed in reflective discussion (Pape et al., 2003).
While effectively apprenticing students in classroom discussion will take practice,
a few simple steps are enough to begin. When asking students to contribute, ask openended questions that require thought and explanation (Pfister et al., 2015). Keep the
discussion student-centered by asking for clarification, while accepting and building on
what is offered, then revoice student statements (Moschkovich, 2015). When inviting
student participation, help to focus the student on a particular purpose for their
contribution or provide the student with options to help them begin their response
(Staples, 2007). After a classroom discussion be sure to point out how discussion helped
with understanding and solution finding in a summary helps, but only if the students
came up with the answer. Discussion does little good if the teacher simply provides the
answer (Staples, 2007).
Classroom culture will impact the quality of classroom discussion as well. For
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many students, a teacher questioning their results indicates they have made an error,
changing this conception of question as judgment to one of invitation for deeper
explanation will develop as part of classroom culture (Staples, 2007). Having students
practice supporting their answers will help students transition between the different levels
of evidence required in mathematics and informal discussion (Enyedy & Mukhopadhyay,
2007). In this academic context, presenting counter evidence is productive rather than
challenging (Enyedy & Mukhopadhyay, 2007), and develops a recognition of the role of
skepticism in the sciences to avoid the danger of using evidence to confirm pre-existing
ideas.
The way errors are framed impacts discussions too. If being correct is the goal,
students who do not see themselves as competent will not contribute (Staples, 2007). By
encouraging contributions that are incomplete, a teacher can refashion attitudes towards
right and wrong. Providing a low-risk learning environment that values participation
reinforces a classroom culture that respects students and their contributions. Rather than
dismissing or rushing past errors to save-face, student errors can be recognized as normal
by investigating why they are incomplete and building on the logic of an incorrect answer
(Staples, 2007). These are the attitudes that underpin productive classroom collaboration
and is how students respond to and build on each other’s work rather than simply share.
A Review of Research on Use of Visual Representations
Visual representations relate verbal explanations to symbolic information to
generate mental models that aid comprehension. The ability of visual aids to partly
bypass language barriers makes them especially valuable for students who struggle in
English (Kong, & Orosco, 2016), but visual aids are important to all students. They help
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guide and organize thinking especially on abstract topics making patterns recognizable
(Enyedy & Mukhopadhyay, 2007). Because visual representations allow students to
engage with abstract concepts and make lessons more engaging (Pape et al., 2003) they
significantly aid recall.
A graph of a line, for example, doesn’t just show students what the line looks like,
it shows students how the equation is related to the line. By making the concept more
concrete, this picture suggests how the equation can be manipulated, fostering
exploration (Moschkovich, 2015). This representation makes an equation more than just a
process that generates outputs and more than a picture on a coordinate plane. Through
visual aids both of these concepts coexist in two senses as equations and graphs
(Moschkovich, 2015).
Visual representations take two broad forms “concrete embodiments of
mathematical concepts and processes” such as pictures of pizzas to talk about fractions
and manipulatives when teaching addition (Ferguson, 2012, p. 1). Then there are those
that are “inherent in the discipline of mathematics” like number lines or graphs on the
Cartesian plane (Ferguson, 2012, p. 1). These two general categories allow students
multiple points of entry to the concept being explored. Diagrams, tables of student
created data, and physical models all allowed students to better approach a topic and to
express their understanding of it. Even calculators can be seen as a sort of manipulative
as they allow quick and frequent manipulation of equations (Pape et al., 2003). As a tool,
visual representations are only as limited as the teacher’s imagination. Diagrams are
visual, but so is acting out or using convenient classroom objects (Moschkovich, 2015).
Students come with many false expectations of what math ability means (Alvi &
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Nausheen, 2019). Students tended not to draw diagrams, too often assuming that effort
indicates a lack of ability (Alvi & Nausheen, 2019). Students also have little prior, formal
instruction in representing math problems visually or with using visuals to assist
problem-solving strategy (Alvi & Nausheen, 2019). As a result, students spend too little
time trying to uncover how the various items in a problem are related, not realizing how
visuals help make abstract relations noticeable. Visuals not only scaffold the production
of ideas, they help students communicate those ideas (Staples, 2007).
A Review of Research on Providing Sufficient Time for Thought
It is generally believed that speed equates to skill, but generally the conception
that math problems should be quick is due to the lack of challenge provided by most
practice problems, or the leading nature of classroom questions which aim to elicit a
specific response. Understanding a problem, drawing a diagram, selecting a strategy then
checking the answer do and should be expected to take time. Problems that take time are
automatically considered challenging (Kong & Orosco, 2016).
Teachers must recognize that students need to become familiar with an idea or
issue and articulate their thinking before they can contribute to classroom discussion.
This is more so the more interesting the question is. It is hardly worth asking a question
that can be parroted back instantly (Staples, 2007). The time for thinking needs to be
more extensive than hearing an idea once or twice or seeing a diagram. Requesting
information from students presupposes an understanding that can be articulated, allowing
them the time to articulate their thinking produces more productive, student-centered
discussions. This is done by balancing a press for an answer with patience that
demonstrates a respect for what is being shared along with an expectation that the student
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will take the risk of sharing and should be reinforced with encouragement and praise
(Staples, 2007). Thinking is especially difficult for a student who is the focus of the
class's attention. These are awkward moments for us all. This awkwardness can be
alleviated by legitimizing the pause (Staples, 2007) with commentary that emphasizes the
importance of carefully thought-out contributions. Doing so asserts that wait times are
valuable opportunities to be used for students who are not used to spending time thinking
about math problems and expect that skill and speed are the same.
Different types of learners have different expectations for how much time
problem solving should require. Performance-oriented learners focus more on public
performance which increases perceived time demands. This means these kinds of learners
spend less time on discussion and have less willingness to share ideas that are not fully
formed. Performance-oriented learners value speed over effort; they are quick to decide
they are stuck and ask for teacher help rather than trying to work problems out (Bonnett
et al., 2017). Developing classroom culture that expects problem solving to take time,
encourages students to concentrate on the process of the task rather than the end result
and leads to increased effort (Bonnett et al., 2017).
Teachers must not rush to implement scaffolding before students have engaged
with a problem. Teachers too need to take the time to understand what help a student
needs and how best to provide that. Treating errors as routine or as possible typos
overlooks the learning opportunity these errors provide. Taking the time to uncover
student thinking and progress from there leads to better scaffolding but also models the
value of thinking before rushing to action (Staples, 2007).
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Developing Persistence in Problem Solving
Learning means stretching our abilities beyond our current level of skill.
Students naturally face challenges which teachers help them overcome, but students
must expend effort to internalize these lessons. I am eager to help my students
learn, but I also want to develop self-regulated learners who can persevere in their
strategic thinking to work through problems for themselves. For much of my life,
challenges did not signal opportunities to grow and learn, but obstacles that could
expose my shortcomings. By helping my students develop growth mindsets and
embrace challenges they will be more successful in school and in life. Even with the
proper mindset, mathematics can be difficult and confusing. The anxiety that math
can induce in some destroys any chance of enjoyment. I do not want to leave this
attribution unchallenged.
Research Studies on Developing Persistence in Problem Solving
While researching his topic I discovered three ideas that can help me improve my
practice and engage my students. By providing my students with explicit instruction on
what to do when they don’t know what to do, I will allow my students to persevere when
they become stuck. Teaching my students what a growth mindset is and how they can
acquire one will help them meet setbacks as challenges that they can grow to overcome.
Finally, by acknowledging math anxiety I can help my students recognize its impact and
overcome its limitations. Each of these subthemes and their implications for my practice
will be explored in turn.
A Review of Research on Teaching Strategies for When Students are Stuck
Learning is difficult, uncomfortable, and takes time. Students who are not able to
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commit to a challenging endeavor long enough to attain mastery will not be able to learn
and grow. When students stop making progress the teacher should provide “food for
thought” to allow student-centered investigation to restart (Staples, 2007, p. 174).
Effective teachers reengage students with questions or visual representations that direct
attention to key features of a problem and activate prior learning (Pfister et al., 2015).
Requesting new representations in the form of tables or diagrams assist students in
getting unstuck and models how they can initiate action themselves (Staples, 2007). A
teacher who invests time in student-centered inquiry expresses high expectations for
student achievement and a belief that the student can be successful, while teacherprovided answers close off student contributions (Staples, 2007).
Giving students explicit instruction on problem solving strategies helps them be
more self-regulated. Students taught to use problem-solving heuristic outscore students
who are taught by expository instruction (Alvi & Nausheen, 2019). Even so problem
solving is not a linear process, students should be aware that finding solutions involve
checking and repeating steps numerous times (Alvi & Nausheen, 2019). Without explicit
instruction students tend to rely on surface-level strategies such as applying formulas and
tend to start calculating without first identifying goals (Alvi & Nausheen, 2019).
When teaching strategies, do not overlook the fact that guess and check or process
of elimination, are valid, albeit inefficient strategies. A teacher can prompt discourse that
has students share ideas on how to guess in an organized way or brainstorm forms or
patterns that might guide hunches (Moschkovich, 2015). In short, students should be
encouraged to employ prior learning and begin with what they know (Pape et al., 2003).
Later, a teacher can help them develop language that allows them to reflect on their
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strategic choices (Pape et al., 2003).
It is important to recast these stuck points as learning opportunities and moments
to reassess the strategy being employed. For this reason, an important part of correcting
student errors is to try and diagnose the nature of the misunderstanding by asking the
student to verbalize their thinking. If an error can be explicitly named, students can better
recognize it and discuss it (Pfister et al., 2015). Modeling the checking step as revising or
editing makes it a more natural part of the problem-solving process rather than just a
check of the final result (Staples, 2007). This makes self-reflection a normal part of the
problem-solving process.
Hopefully it goes without saying that students will persevere longer in tasks that
they see as relevant to themselves. This means tasks should be selected thoughtfully and
the lesson goals should be explained, yet most teachers rarely provide any rationale for
what they teach (Yeager et al., 2014). This level of awareness requires a certain ability to
abstract, for example do students think of homework as reciting formulas, or practicing
problem solving? (Yeager et al., 2014). One way to foster a sense of problem-solving as
exploration is to present mathematical concepts outside a typical mathematics lesson and
move the focus from evaluation to creation or exploration (Bonnett et al., 2017). To move
the expectation away from learning as finding the right answer to encouraging metacognitive thinking in the form of reflection and evaluation (Bonnett et al., 2017).
Students may also benefit from metacognitive strategies for learning more
generally. For example, students may not have study skills or strategies to prepare for
tests. Reviewing in class can help, but they may think it is sufficient. Teachers concerned
with developing strategic thinking would want students to reflect on how to initiate study
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on their own (Skilling, 2014). Self-regulated learners would also know when they need
help, and how or where to get it (Daugherty et al., 2013).
While studies show that efforts to improve persistence are more beneficial to the
success of low achievers than for students that performed at grade level, it is important to
keep in mind that motivation or perseverance are independent of cognitive ability,
therefore it is important to develop each separately (Yeager et al., 2014).
A Review of Research on Developing a Growth Mindset
Students differ in their approach to learning. Some see it as a chance to improve,
others as a test of skill or demonstration of competence (Bonnett et al., 2017). This is the
difference between growth and fixed mindsets, or mastery and performance orientation.
Growth mindset learners are interested in feedback as advice, while fixed mindset
students perceive judgment which leads them to excuse failure rather than learn from it
(Bonnett et al., 2017). These different perspectives lead to different observations.
Mastery-oriented children will notice their degree of effort and may switch strategies as a
result, while performance-oriented students pay more attention to other’s efforts and may
be unaware of their own strategic choices (Bonnett et al., 2017).
Since students who believe success is achieved through effort are less daunted by
failure, self-regulation should be a major objective of education (Pape et al., 2003). There
are three phases or separate skills employed by effective self-regulated learners. These
are planning their tasks and setting goals, monitoring and controlling behavior, and
reflection and judgement of progress, these cycles are continuous (Pape e al., 2003). An
important step to developing these self-regulating habits is for the student to “attribute
success to strategic behavior and failure to lack of effort” (Pape et al., 2003, p. 182).
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These orientations are not only individual traits, either can be fostered in a
classroom or whole school. They can be influenced by the richness of classroom tasks or
the make-up of groups (Bonnett et al., 2017). Growth toward self-regulation happens as a
result of realistic challenges. Tasks that can be completed without the need for selfregulation do not develop self-regulation. Although some students will lack the volitional
control to implement behaviors that they intellectually recognize the need for (Pape et al.,
2003). Social and emotional support scaffolds students as they develop these skills
(Staples, 2007). It is important for teachers and maybe other students to see these as skills
that can be developed rather than fixed traits (Staples, 2007).
If mindset interventions are targeted, they can be effective even if very brief
(Paunesku et al., 2015). Studies show that it is important to back these interventions with
scientific research on brain growth and development to make them effective, especially if
given time to reflect and express the research in their own words (Paunesku et al., 2015).
Even so, mindsets do not exist in a vacuum. If educational opportunities are ineffective or
absent, mindset alone cannot make up the deficiency (Paunesku et al., 2015). Mindset
interventions can be effective with little effort for some students’, but they must reflect a
student’s experience to have an impact. If a student has not experienced success, or does
not expect to, the risks involved with a growth mindset will hold little appeal (Paunesku
et al., 2015).
A Review of Research on Reducing Math Anxiety
“Math anxiety is a negative emotional reaction to calculations” (Chen, 2019, p.
1696). Math anxiety interferes with concentration as intrusive I-can’t-do-it thoughts
compromising working memory (Bonnett et al., 2017). Rather than using memory to
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actively engage the question, the student spends resources on unproductive self-talk
(LaGue et al., 2019). By reducing attention and sapping motivation, math anxiety creates
a negatively reinforcing cycle as achievement suffers.
Math anxiety likely has a number of causes. External factors could be unengaging
tasks presented by teachers, or adverse peer attitudes toward academic achievement.
Internal factors could be related to low self-esteem, or poor self-image and poor
emotional regulation skills (LaGue et al., 2019). There is clearly a gender bias at work
too since girls are less likely than boys to attribute math success to high ability, but more
likely to attribute poor results in math to low ability even though general ability does not
differ between genders (Bonnett et al., 2017).
These factors can be mitigated to some degree just by drawing attention to these
harmful attitudes. Having students take a moment to consciously identify the cause of
their anxiety helps alleviate its effect (LaGue et al., 2019). These mindfulness activities
also improve emotional regulation which positively correlates with school success
(LaGue et al., 2019). Emotion is an important factor to consider, so “creating a relaxing
and comfortable math learning environment is necessary to help high-anxiety students”
(Chen, 2019, p. 1713).
Any pedagogical moves that increase student engagement can reduce anxiety
(Chen, 2019). Allowing students to set their own pace and relax time pressures gives
students more time for experimentation developing deeper understanding of abstract
concepts and removes two important contributors to anxiety (Chen, 2019). Classrooms
that promote hands-on exploration and practical applications that promote inquiry will
benefit anxious students (Chen, 2019). As stated previously visual representations reduce
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cognitive loads thus lessening the impact of math anxiety (Ormrod, 2016). When
designing visual aids specifically for this purpose some special considerations should be
kept in mind: clutter, small print, too much print, or lack of contrast. These esthetic
characteristics reduce the effectiveness of visuals (Chen, 2019).
Increasing student engagement is a key factor in reducing anxiety that teachers
control. Students that participate in collaborative, student-centered learning communities
tend to have positive identities with respect to mathematics (Staples, 2007). Having errors
presented as part of the solving process helps remove the stigma of incorrect answers
(Staples, 2007) and reduces the pressures of contributing to collaborative exploration. A
climate in which errors are viewed as a useful step towards problem-solving and where
learners see themselves as part of a community boost self-esteem and ameliorate anxiety
(Bonnett et al., 2017).
Summary
Students are motivated to learn when they encounter content that is relevant to
their lives and sparks their curiosity, that has always been my motivation for learning.
The literature shows that students can best be engaged when a teacher takes time to
discover student interests and truly believes each student can succeed when properly
motivated. Of course, students need support to expand their understanding into unfamiliar
areas. This scaffolding helps students make cognitive connections with new concepts but
also encourages participation in classroom activities. We can accomplish these ambitious
goals by providing our students learning strategies that make it possible to explore new
material but also to reflect on their own attributions on success.
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This literature review has informed my research project in several ways. Essential
questions were identified as one of the tools for making content engaging and meaningful
to students. Well-designed essential questions draw students into the lesson by showing
how it connects with their lives outside of the classroom. In this project I will be studying
how well my essential questions promote inquiry. This literature review also identified
classroom discourse as a crucial element of effective scaffolding. When students discuss
lesson content they have more opportunities to explain their reasoning, greater practice
with academic language, more peer models, and more ways to enter into the lesson and
learning opportunities. One of the goals of my research will be to study how my
discourse strategies demonstrate best practices for engaging students. This literature
review updated my understanding of how to develop persistent problem solvers. By
teaching explicit strategies for when my students are stuck, by fostering growth mindsets,
and by framing mistakes as opportunities to learn, I hope to develop perseverance in my
students. These ideas will inform my research on how well I model problem-solving
strategies for my students.
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Chapter 3
RESEARCH METHODS

Overview
The methods of inquiry for this study focused on the principles and practices of
action research, using self-study aligned with professional teacher standards, lesson
plans, personal reflections, and observations by my cooperating teacher as a means of
data collection. I will begin with a review of action research principles to establish the
foundation for this study’s method of inquiry. Second, I will review the choices and
purposes of data collection that helped to highlight my instruction and means for
searching for improvement. Third, I will detail the context for my study, methods of data
collection, protocols for maintaining credibility and trustworthiness of the data, and
acknowledge my limitations as a researcher. Finally, I will present the procedures used
for studying my practice, while providing data and analysis that speaks to adaptations and
adjustments made to my instruction as I implemented this study.
Research Questions
My focus for this research was improving student engagement in mathematics
instruction. Specifically, I examined how to promote student inquiry, create effective
classroom dialog, and model problem solving strategies. This focus aligned closely with
several InTASC standards for teacher professional development. Standard 3 focuses on
the learning environment and specifically references a teacher’s ability to promote
student-directed and collaborative learning through discussion. Standard 5 directs
teachers’ attention to the application of content. When students connect classroom
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lessons to real world situations students become engaged in meaningful problem solving.
InTASC standard 8 examines best practices for instructional strategies such as using
multiple representations and employing higher order questioning tactics.
Additionally, I considered how studying my own practice in line with InTASC
standards could improve my own instruction and therefore, student learning. My purpose
in this study was to increase the effectiveness of my teaching by engaging students. The
research questions for this study were:
I.

How am I using essential questions to promote student inquiry?

Essential questions are open ended questions that engage students by prompting them to
connect classroom content to their real world experience. Data gathered from a focus on
this question was used to test how often I employ open ended questions to prompt deeper
learning. By creating engaging essential questions for my students, I will avoid classroom
discourse that centers around leading questions which direct students to correct answers
or procedural steps, both of which require only surface level engagement.
II.

How are my classroom discourse strategies demonstrating best

practices for engaging students? This question will let me examine my use of a wider
range of engagement strategies. Leading classroom discussions is a skill that teachers
must develop not just through practice but by studying their classroom discourse habits.
This study will also allow me to develop a broader repertoire of discourse skills. Even if
classroom discourse is currently satisfactory, without developing my practice, my own
enthusiasm would wane, and student engagement would drop along with my own energy.
Data gathered from this question was used to validate my current strategies and identify
potential growth.
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III.

How am I modeling problem-solving strategies for my students?

By studying this question, I will learn if I am providing my students sufficient instruction
in strategic thinking. If I am not teaching my students problem-solving skills, they are
simply learning to apply memorized formulas to specific situations. Teaching strategic
thinking will allow my students to transfer learning and make the mathematical skills
they learn in my class actual tools they can apply to a broad range of real-life situations.
Data gathered from a focus on this question was used to describe the variety of strategies
I identified for my students.
InTASC Standards
The Interstate Teacher Assessment and Support Consortium (InTASC) standards
are national standards for ongoing teacher development (CCSSO, 2013). While our state
has content standards that specify what student achievement looks like, InTASC
standards are goals for what teacher achievement looks like. Just as the common core
standards direct teacher efforts in the classroom to those content areas that are deemed
most valuable for our students' ongoing success, InTASC standards do the same for
professional educators. InTASC standards do not specify what improvements I must
make but they provide expert advice on which areas of improvement have been shown to
produce the most benefit when improved.
The first standard that aligns closely with my research question is standard 3:
learning environments. The learning environment is the classroom. It is the assets the
classroom contains as far as technology and curriculum, but it is also the teacher,
students, and the culture they produce together. Classroom discourse, a habit of inquiry
and mindsets where all students have valuable contributions to make and all can succeed
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are important elements of the learning environment. This standard asks teachers to work
to create environments that support collaborative learning and encourage positive social
interaction to create active engagement in learning (CCSSO, 2013).
My inquiry topics also align closely with standard 5: application of content. This
standard emphasizes the teacher’s role in presenting concepts in a variety of perspectives
to engage learners in critical thinking, and authentic problem solving (CCSSO, 2013).
Promoting student inquiry will lead students to tie content into their lived experience.
When course material is tied into students' experiences it leaves the isolation of the
classroom and transfers into a skill that the student values and wants to develop. My goal
is not so much to simply engage my students, but to help them develop their own
interests and show them how mathematics can help them enjoy those interests more
thoroughly.
InTASC standard 8: instructional strategies is central to my study. InTASC
standard 8 encourages teachers to use a variety of instructional strategies to engage
students in meaningful learning (CCSSO, 2013). A variety of instructional strategies
allows students multiple points of entry to lesson content. It allows them each to connect
their prior learning and background knowledge and opens the classroom to different
approaches to understanding problems and concepts. This level of engagement
encourages deeper understanding because it prompts meaningful applications and
promotes transfer.
Methods and Procedures
My purpose in this study is to describe my own teaching as well as how I use data
to improve my practice in-line with the InTASC professional standards. To accomplish
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these goals, it was important to choose a method that could account for both how closely
I approach the goals the standards articulate and how I study my own practice through
data collection. Accordingly, this study was designed as an action research study. Action
research is research that a teacher initiates in order to improve their own practice. While
our licensing boards require a certain number of professional development hours and our
districts will have periodic in-service training, we also need to grow towards our own
personal goals as teachers. Licensing requirements and district policies are out of an
individual teacher's control. They aim to effect change on large scales. Action research is
personal. Its targets are personal growth to impact student learning in our own
classrooms. I selected these research questions because they excite and motivate me to
learn more and do better. When my students see my excitement for teaching, they will
become excited along with me (Gould, 2008). When I share my success with colleagues,
we will pick up tips from each other. While mandated training has its place, action
research is more than just classroom tools, it helps teachers maintain their love of
learning and teaching (Gould, 2008).
Data Collection
The basic steps in action research are 1) identify a topic or issue to study, 2)
collect data related to the chosen topic or issue, 3) analyze and interpret the collected
data, and 4) carry out action planning, which represents the application of the action
research results. Data collection in an action research project typically is related to the
topic or issues and provides answers pertinent to the research questions. As Padak and
Padak observe, “Any information that can help you answer your questions is data”
(1994). Therefore, I used a variety of data collection tools related to my topic to ensure
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the validity of my results. Furthermore, I adhered to the following four characteristics in
determining the data I would collect for my study, 1) anonymity of students, 2)
comparison in data collection was built in so that the results could be judged against
themselves both before and after the intervention period, 3) aspects of performance to be
examined were identified prior to data collection so that the information was relevant and
connected to the research questions, and 4) a variety of data was collected so that
different aspects of the topic could be brought to light (Padak and Padak, 1994). Finally,
because I was studying my own practice while I was in the middle of said practice, I
acknowledge the “spiraling nature” of data collection in action research (Padak and
Padak, 1994). By focusing on data in connection to my research questions, my attention
turned to other pieces of data that emerged in relation to my questions. These emergent
data pieces were included as part of the study as they had relevance to my research
questions.
Because my research questions focus on improving student engagement, I chose
to collect data that would provide information about how my practice and the
interventions I identified aligned with the research topic. The types of data I chose to
collect are described next.
Research Journal
My research journal will be a valuable data source for this study because it is so
versatile. Journal reflections can record my own assessments of how a lesson engaged
students. Student engagement is measured in the flow of classroom discourse, the mood
of students, and their level of enthusiasm. These aspects of a lesson are difficult to
capture in standard classroom artifacts. This type of valuable data has no natural place to
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be compiled, yet it is possibly the best direct measure of how well my teaching increases
student engagement. A research journal has the flexibility to record specific
conversations or interactions during or after a lesson that can help me track my
professional development over the course of this study.
Observations of My Instruction
While teaching my lessons I will be focused on engaging my students, but I will
not be able to see everything at once. The observations of a more experienced teacher
will provide insights I would not be able to record myself, either due to my lack of
experience, or my narrowed perception while focused on teaching. My cooperating
teacher also has greater experience with my students and their habits. He will be able to
provide illuminating observations on how the students perceived my lessons. My
cooperating teacher will also be better able to judge just how engaging my lessons are for
my students. His ten years of classroom experience will allow him to identify various
degrees of student’s engagement while I would be less able to discriminate between the
different levels of student involvement.
Lesson Plans
My lesson plans are the template upon which I base my current teaching practice.
Opportunities for student inquiry and collaborative activities must be planned for and
built into my lessons from the beginning to be effective. For this reason, lesson plans
include important data as to how well my teaching practice aligned with InTASC
standards and my teaching goals. My action research will be put to use through improved
lesson planning. Lesson plans then are an important source for how my teaching has
improved and how well I achieved my goals.
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Context of the Study
The school in which I conducted my research is a 9-12 high school on the Oregon
coast with approximately 630 students. The school is located within an urban setting,
although the community itself is considered remote due to its distance from interstates
and major cities. The student body is diverse with 30% of students identified as
Hispanic/Latino and 58% white (ODE, 2020). At my school, 48% of students qualify for
free or reduced lunch (Public School Review, 2021). District wide, 10% of students are
English language learners (LCSD, 2018). The school is slightly above the district and
state averages with an 82% on-time graduation rate (ODE, 2020). The school also offers
an international baccalaureate program which allows students the opportunity to earn
college credit.
The school employs 29 full time teachers and 20 educational assistants. Being
predominantly white, the teachers do not reflect the racial diversity of the students,
although 97% of teachers have more than 3-years experience and retention is high (ODE,
2020). From my experience, the staff is proud of their school and their coworkers. Many
staff members take on additional duties by hosting clubs, coaching sports and
involvement in community functions. The involvement level of the staff is infectious.
Despite these additional responsibilities the staff is upbeat and eager to offer help and
advice. The staff meet weekly by department and in professional learning community as
well as professional development opportunities.
The school switched mid-year from semesters to a quarter system. The bell
schedule was adjusted at the same time from six periods of 55 minutes to four periods of
80 minutes. The math curriculum is also new this year. The school is now using Holt
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McDougal Harcourt (HMH) Integrated Math. To accomplish the curriculum change, the
two-semester course was compressed into two quarters so that all freshmen and
sophomores could have the opportunity to complete the course this year. Next year, with
the switch made for all students, the school will resume a year-long integrated math
curriculum. The compressed schedule was accomplished by eliminating some content
and accelerating others. The compressed course worked much better than I thought it
would, but time for review or make-up work was very limited. There will be gaps to fill
next year but that would likely be the case due to limits of comprehensive on-line
instruction in any case.
Instruction was delivered completely on-line in the first and second quarters. The
students logged in to Zoom virtual meetings for direct instruction and breakout rooms for
group work and individual support. Class meetings took place four days a week with
Wednesday reserved for asynchronous assignments and individual work. Homework and
practice problems were also delivered virtually through the textbook publisher. Most
class periods, students had time to begin homework during class which allowed time for
questions. At these times the instructor could observe student work through
GoGuardians, which allowed monitoring of the open tab of a student’s district-provided
laptop. This allowed the instructor some opportunity to observe students' work to make
sure they were on task and to see if assistance was required. The instructor can open a
private chat with the student to provide assistance or invite them into a breakout room for
1-on-1 instruction and support.
Our textbook publisher, Holt McDougal Harcourt (HMH), provided a suite of
high-quality on-line tools which I used extensively for practice problems. Assignments
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were produced by the publisher but issued through the district’s learning management
system. The students for the most part found the tools easy to use although the software
would not infrequently mark correct answers wrong because they did not match a preprogramed input pattern. That difficulty aside, the students did make frequent use of the
software’s ability to provide instant feedback for incorrect answers by showing step-bystep solutions then providing an additional practice problem of a similar type for the
student to work through on their own. For math instruction it was difficult to scaffold
students without seeing their actual work and being able to follow their thinking process
as it was mostly completed on-line. To remedy this, I would assign exit tickets, or short
quizzes the students would answer on paper at home then email a photo of their solution.
This was done approximately once a week.
For third-quarter, the school was allowed to utilize limited in-person instruction or
LIPI. Participation in LIPI was voluntary by instructors and students. I was excited to
have students back in class and approximately 10-20% of my students did come to inperson instruction. Things continued to return to normal as we transitioned to hybrid
instruction in fourth-quarter.
Accommodations for students on IEP’s and 504’s have remained a consideration
throughout on-line instruction. Accommodations like extra time were easy enough to
implement. Other typical accommodations such as preferential seating did not apply.
Some accommodations became the norm. Several students asked for copies of the notes
to be provided ahead of time, so notes were made available to all students through our
virtual classroom. A copy of the notes I plan to teach to the class via my document
camera were scanned and uploaded to Google Classroom and made available to all my
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students and their parents. The notes included complete solutions to all practice problems
I worked with the class. Another common accommodation was to check-in with students
to ensure they clearly understood what they were being asked to do. This was
accomplished by bringing the students into a breakout room in Zoom and checking that
they were able to find the assignment and begin work on it.
Participants
Because this study was designed using an action research approach, the main
participant in the study was myself as the teacher. As my learning progressed throughout
my student teaching program, I became interested in a number of ideas that would help
me to improve my instruction. Ultimately, I decided to focus on the main research areas
outlined in my research question. To lend credibility to the results I will share from my
self-study of my practice, it is important to describe my role in the classroom where I
taught. In this section I focus on describing my own classroom and my role as the
teacher.
My classroom was a large room with 32 individual student desks. My own desk
was in the southwest corner behind a 5’x5’ plexiglass screen. The entire south and north
walls were filled with a white board. A projector was set in the ceiling to project onto the
north wall. The south wall was a series of huge windows looking onto the parking lot.
The room was clean, well-lit, and welcoming. Students had only been in the room in
limited capacity for third-term. Students attended on a voluntary basis so there were as
few as one student up to a maximum of 10. Because attendance was intermittent, lessons
continued to be delivered on-line through Zoom. Students attending in-person still logged
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on to the Zoom call. Through Zoom, my note delivery was restricted to the area covered
by the document camera, approximately 8”x11”.
I had been in the district for two years and been involved with the school in some
capacity that whole time. I initially volunteered on field trips and as a classroom helper
when my daughter was in school. Later I became a substitute. I accepted a full-time
special education teaching assistant position in a first-grade classroom when it became
available so I could have more time with students and could build relationships by seeing
the same students on a regular basis. As a teacher candidate, I began student-teaching
three class periods in an integrated math one classroom beginning in January of 2021. I
taught under the supervision of a cooperating teacher with ten years of classroom
experience but was encouraged to develop my own lesson plans and class assignments.
While my supervising teacher allowed me a large degree of autonomy to explore my own
teaching style, I entered the classroom shortly before the end of the second quarter. As a
result, the classroom norms and procedures were not my own. Assessments were
assigned from publisher supplied content and assignments were graded automatically. I
taught the same lesson to each of the three sections allowing me some practice and
opportunity for incremental improvement. The students in these classes ranged from
grades 9-10 across the three classrooms.
On February 8th, the beginning of third quarter, I took over all classes under the
supervision of my cooperating teacher. I was grateful for the assistance as some students
needed technical help logging into their accounts or adjusting schedules at the beginning
of the new term. My cooperating teacher also helped me grow into the additional
responsibilities of recording attendance, getting late arriving students integrated into the
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lesson or notified of instructions for on-going assignments. During independent work, a
second teacher was welcomed as it was difficult for students to work in small groups and
share ideas with each other, so most scaffolding was one-on-one. It was also very helpful
to have a second opinion to verify my decisions on grading. Two weeks into the term my
cooperating teacher left on paternity leave and the classroom was all mine. At this time I
also took over two additional class periods. One class, Achievement Via Individual
Determination (AVID), a college preparatory course emphasizing study skills, met twice
a week. The other course, International Baccalaureate Math Applications and
Interpretations, met four days a week and emphasized applications of junior level algebra,
trigonometry and statistics.
With classroom procedures well established and some students available for inperson instruction it began to feel like what I imagined teaching would be like. I was now
responsible for preparing lesson plans and assessments for 3 periods of integrated math
one, one period on international baccalaureate applications and interpretations, and one
period of advancement via individual determination or AVID. I also graded all
assessments and provided feedback to scaffold my students developing mathematical
understanding.
How I Studied My Teaching
To answer my research questions, I read extensively in my field and on best
practices for teaching in general throughout my master’s program at Western Oregon
University. This learning helped me envision how I wanted my teaching to look and what
results I hoped to achieve in my classroom. From the moment I entered the classroom as
a student teacher I was recording my observations on what worked and what results my
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choices produced. For the next four months I recorded my thoughts and observations in a
journal. I collected and reflected on feedback from my cooperating instructor and
supervising instructor. More importantly I put their suggestions into practice and
recorded how my teaching practice evolved and matured under their guidance. The
development of my teaching is reflected in lesson plans as well. The way I used essential
questions, groups, and other lesson elements became more effective and productive.
These changes were tracked through my lesson plans and on subsequent observations and
journal reflections.
While student data itself was not permitted for this study, by collecting my
thoughts as well as the observations of more experienced teachers I was able to achieve a
good picture of how I grew as a teacher throughout this period. By comparing where I
started with what I had envisioned for myself I developed a clear idea of how my
teaching practice progressed toward my teaching philosophy of modeling problem
solving for my students, fostering an environment that values collaboration, providing a
space that is safe to make mistakes, and mentoring my students in a positive attitude
toward challenge and growth.
Credibility
Validity and reliability are important aspects of social research and can be
accounted for in a variety of ways (Torrance, 2012). Both validity, the quality of being
logically sound, and reliability, the degree to which accuracy can be considered
dependable, are components of credibility, the quality of being trusted or believed in.
Eisner (1991) believes that credibility of qualitative research is grown through a
“confluence of evidence” that includes multiple types of data (p. 110). Validity of
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research is one component of providing credibility and can be done through triangulation
of data (Lather, 1991). Carter, Bryant-Lukosius, DiCesno, Blythe, and Neville (2014)
explain that one method of triangulation is method triangulation which includes using
multiple methods of data collection. This is similar to Eisner’s method of structural
corroboration (1991). Eisner (1991) also believes that getting input and opinions from
others in the same field serves as a means of consensual validation. This helps to further
demonstrate credibility.
In my research, I used multiple methods of data collection. These different
methods served as method triangulation based on the explanation from Carter et al.
(2014). The methods of data collection were through analyzing lesson plans, observations
by my supervising instructor and cooperating teacher, and reflections in my research
journal. This allowed me to analyze the data through differing means to ensure that I was
correctly interpreting the data, as well resulting in “a broader understanding of the
phenomenon” (Carter et al., 2014, p. 546). In addition, to further strengthen my
credibility, I also used member checks to provide a form of consensual validation. These
member checks were conducted with the assistance of my cooperating teacher,
supervising instructor, as well as my second reader.

47
Chapter 4
PRESENTATION OF FINDINGS

Overview
In this chapter I will present the data I collected, explain how it was analyzed,
then describe how it was organized to provide insight into my research questions. My
research questions were: How am I using essential questions to promote student inquiry?
How are my classroom discourse strategies demonstrating best practices for engaging
students? And how am I modeling problem-solving strategies for my students? The data I
collected over the 14 weeks of my student teaching experience covered many of the most
essential aspects of instruction and gave me ample insight into how each of these aspects
of my teaching practice has developed as well as numerous ideas on how I can continue
to improve.
The data I collected over the course of this study came from three sources: lesson
plans, observations by my cooperating teacher and Western Oregon University
supervisor, and my own written reflections of my teaching and student interactions. After
collecting my data, I sorted it chronologically and read through everything thoroughly.
As I read, I looked for and coded themes that tied elements within the different data sets
together. With those codes in mind, I read through all my data again looking for patterns
and relations between codes that could provide a coherent narrative of my teaching in
relation to the three research questions addressed in this project.
As I began to connect these themes, I discovered how my teaching had developed
over the course of this study. I realized that my understanding of my initial questions had
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changed. Some aspects of the questions were less significant, or impactful than I had
thought while factors that I had not previously considered attracted my attention. As a
result of my analysis I discovered that the research questions that had guided my initial
plans, were only a general organizing principle to the findings that I made through my
research. With that in mind, I have decided that the best way to organize my findings is to
broaden my three research questions into larger topics under which I will compile related
findings. Along with each of the related findings I will present the data that drew my
attention to that finding and supports it. My topics are: using essential questions to
prompt student inquiry, engaging students through discourse, and modeling problemsolving strategies.
Using Essential Questions to Prompt Student Inquiry
Essential questions are open-ended questions designed to spark interest in
students, give them a tangible goal that they can work towards, and to motivate effort in
learning the material. An effective essential question “uncovers a discipline” by
prompting student inquiry and leads to “deep and transferable understandings” (Buehl,
2017, p. 171). In its most basic form, the form I had originally in mind when I began this
study, an essential question is a question asked at the beginning of each class. Essential
questions in this literal format were a part of each of my lessons throughout my student
teaching. What I discovered through this study is that the question does nothing by itself.
To be effective it must be explicitly employed to achieve any of the above-mentioned
purposes. That is, to spark interest the question must be related to the students’ lives or
hobbies, to become a goal it must be concrete, and to motivate it must be understandable.
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It took knowledge of my students and my own teaching style to discover how to
effectively utilize these aspects of essential questions.
Essential questions were included in each lesson plan. The essential question
should put the lesson targets in student friendly language to help students connect the
new material to past learning, organize the new material, and recognize what the goal of
the lesson is. Originally my lesson plans were the same plans used by my cooperating
teacher. My cooperating teacher had included essential questions in each lesson. Initially
I taught from these lesson plans with little or no modifications. I would present the
essential question, but there would be no discussion about it. This is partly due to the fact
that many times, vital vocabulary appeared after the essential question. The students often
did not have the academic language to discuss the essential question even if they had had
the inclination to unmute in Zoom and share their understanding of a concept. In the
following example (figure 1) from my March 1st lesson plan, the essential question that
opens the lesson is “How do you represent relations and functions?”, but relation is a new
term in that lesson and is only defined after the essential question. The students may have
heard the term in previous lessons but they could not be expected to know its meaning in
a mathematical context. An essential question that uses unfamiliar vocabulary could
hardly be expected to spark discussion. This was typical of many lessons, that the
essential question used new academic language that students did not know or were not
fully comfortable with.
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Figure 1
March 1st Lesson Plan

Note: In this lesson plan vocabulary is introduced after the essential question.
I found that many of the essential questions made heavy use of academic
language. As I grew more familiar with my students and what they already knew, I began
to modify the questions to make them more student friendly. A good example of this is
my lesson from March 4th (figure 2). The lesson is about graphing functions. The lesson’s
essential question is “How does a function relate to its graph?” In this example the
students have been exposed to, and used the term ‘function’, although they understood it
as a synonym for equation. The inclusion of the phrase “relates to” in this context was not
at all student friendly language. I changed the essential question to “How do you graph an
equation?” This new question stated the goals of the lesson in words my students would
better understand and even use. It presented a clear goal and stated that goal as a concrete
skill students could understand and recognize. This new terminology lost some of the
technical vocabulary that was part of the lesson but those terms were used and taught
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during the lesson itself. The essential question in this new form still encapsulated the
learning targets and students could provide some answers when prompted.
Figure 2
March 4th Lesson Plan

Note: In this lesson plan, the essential question is in student friendly language.
Regardless of the wording, I never got much use out of the essential questions.
Few students were comfortable talking in a whole class setting. This is a common theme
throughout my journal, “When students contribute, it’s a big deal. Keep mentioning it in
a good way to reinforce participation for whole class” (December 11th journal reflection),
and “Good participation today, five students answered questions” (January 28 journal
reflection). The students were not ready to talk or engage in formal discussion on
mathematical topics and using technical vocabulary required much prompting and
modeling. “Class discussion is better with some prep to give proper language and some
foundation…Discussion between students cannot happen without a moderator due to lag,
and cameras off make it hard to sequence….Limited discussion can happen in small
groups but is highly dependent on specific mix of students” (March 2nd journal
reflection).
When some students returned to the classroom for LIPI, I was able to better
troubleshoot the difficulties they were having with essential questions. I found my
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students did not have the background to answer these open-ended questions. As I worked
with students, these gaps became apparent and my questioning strategies became more
direct and leading. An example from a lesson on writing equations to represent situations
will illustrate this point.
“The question is to write an equation for the situation, two less than twice a
number is 10. The student is stuck so I ask, “What is the unknown, what is the
variable?”
“A number?”
“Yes, so what shall we call it?”
“k.”
“Okay, what is happening to k?”
“Twice?”
“How can you write that?”
“2 times k?”
“Yes, how would you write that?” Student writes 2xk. “Good how about the rest
of the sentence?” Student writes 2<2xk=10. “What does this symbol mean?”
“less than.”
“If you had 20 and spent 2 how much would you have left?”
“18.”
“Would you say you had two less?”
“I guess.”
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“Can you write an equation to show that?” writes 20-2. “So that is two less, the
other way say two is “less than” Student writes 2-2xk=10. “Look what you wrote
before. Is this 2 less?” Student writes 2xk-2=10 (February 19 journal reflection).
I began to shift my essential questions from simple questions to warm-ups that
would provide context and background. The essential question became more than just a
way to present learning targets, they became a way for me to introduce the ideas of the
lesson in an engaging, student friendly way. For my March 18th lesson (figure 3), the idea
of the x and y intercepts were introduced by a video of a 25,000 foot skydive, without a
parachute. This dramatic leap was modeled as a linear function which the students were
able to graph. The students quickly agreed that the most interesting points of this function
were the start and the end (where the jumper landed safely in a large net). The value of
the x- and y-intercepts were quickly established in an engaging and memorable way.
Figure 3
March 18 Lesson Plan
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Note: In my March 18 lesson plan the essential question has become a warm-up sample
problem.
In my lesson for March 29th (figure 4), the essential question was “How do we
explain x-intercepts and y-intercepts? The question contains academic language, but it is
not new to the students. Also, the students are simply presented with the question that
will be answered after the warm-up. The warm-up was a 10 minute segment of class
discussion that referred to a warm-up from prior lessons. In my lesson for March 29, I
refer back to a video the class watched a week and a half prior which provided
background and correlates the lessons and their content together in students’ minds.
Figure 4
March 29 Lesson Plan
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Note: The March 29 lesson warm-up refers to a prior lesson explicitly.
As I began to find my own style in the classroom and became more comfortable
with my students, I began to relax and find warm-ups that would not only provide
background and tie lessons together but inspire comment and discussion. The warm-ups
contained videos of skydiving, dogs skateboarding, and world champion mayonnaise
eating. They became a way to spark discussion and interact with students in a more
natural way and became an important part of classroom culture. These effects were
recognized in observations of my instruction, “Mr. Klem engaged in quick dialog with
students, and was able to meaningfully interact with all 16 students in class” (Jennings
3/17 classroom observation). The essential question and the learning targets they brought
attention to became a useful guide to the lesson, “The learning target was written in the
notes and made reference to” (Jennings 3/17 classroom observation). The warm-ups and
videos became stories that could be referred to and remind students of the lesson or
concept they were tied to, “Mr. Klem used a warm-up to make every minute of class time
[count] and achieve student focus” (Jennings 3/17 classroom observation).
Instead of opening my lesson with essential questions that students could not
answer, and may not have understood, my teaching began by sparking interest and
inquiry in a way that engaged my students. Unlike my early essential questions with
technical terminology or undefined academic language, my warm-ups “reached beyond
the classroom and intersect with some element of [my student’s] out of school lives”
(Buehl, 2017 p. 172). My warm-ups sparked conversation and comment, became a source
of interest and a tool to tie lesson goals into students’ interests and real-life situations.
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Engaging Students Through Discourse
While the essential questions began to set a tone for discussion between myself
and my students, what I wanted was for my students to engage with each other. This has
not been possible for most of my teaching so far due to Covid-19 restrictions. High
school students in my district were required to attend classes exclusively on-line during
the first and second quarters. In the third quarter students were allowed to attend in
person to a limited degree. In the fourth quarter students were required to attend classes
in-person, but social distancing and mask mandates made discussion awkward. As a
result, most of the period studied for this project had few or no students in the classroom.
While my data revealed very little about engaging students in discussion with each other,
it did have some insights into how I can better engage them one-on-one.
Initial attempts to engage students were dismal. At the start of this study, class
was held exclusively through Zoom video conferencing. Students typically had cameras
off and for whatever reason would often not respond when called on for an answer. After
the direct instruction and whole class discussion segment of each lesson, students would
be assigned individual work on HMH, our computer based homework software. Although
students may have been doing work on other devices, their activity on the school
provided laptops could be monitored through GoGuardian software. This program
allowed me to see the active window and all open tabs on the student’s school provided
laptop. The following data (table 1) shows some convenient indicators of student
engagement for my classes during this mode of instruction. The data for Tuesday is
especially instructive because on that day the school held a contest to encourage students
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to have cameras on. Students with cameras on were entered in a drawing and the class
with the highest percentage of cameras on would win prizes as well.
Table 1
Quantitative Measures of Engagement
Day

Class Period

Students
Enrolled

Students
Logged in

Cameras
On

GoGuardian
Verified
On-Task
Monday
1
16
16
4
9
2
17
17
0
12
3
22
18
1
9
Tuesday
1
16
10
5
9
2
17
16
7
11
3
22
16
2
8
Thursday
1
16
8
5
6
2
17
13
0
8
3
22
16
1
8
Friday
1
16
12
2
6
2
17
13
5
7
3
22
16
0
8
Note: Excerpt from my journal for Dec 14 through Dec 18 with measures of student
attendance, number attending with cameras on, and number who could be seen to be ontask through the GoGuardian tracking software. The data covers one week in which a
contest was held to encourage students to turn their cameras on.
As I got more comfortable with the reality and routine of on-line instruction and
the students became more familiar with my personality, expectations, and routines I could
at least expect minimal cooperation. It was important to be understanding of the
difficulties students faced during the pandemic. Some students did not have a quiet place
to work or had technical issues with their microphones. I was flexible and encouraged
participation through chat as well. These accommodations are noted in observations, “Mr.
Klem informally assesses his students by asking students to provide answers through the
Zoom chat” (Ellingsen 2/16 classroom observation). I maintained a clear expectation of
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participation, “[Mr. Klem] promoted the engagement of most students by calling out their
names and encouraging them to contribute” (Jennings 3/17 classroom observation). I also
recognized that there were many reasons students did not respond promptly, “Michael are
you available?” is an effective way to bring out a response. When he did not respond,
[Mr. Klem] was gentle with him and moved on to another student” (Jennings 2/16
classroom observation). These simple techniques maintained a minimal amount of
engagement, but no real discussion.
It was through one-on-one instruction in breakout rooms and later through LIPI
that I finally began to utilize questioning. When working with students to graph
situations, a student was just stuck. We had done several examples during class
instruction and the student was working on a Desmos activity in which the students watch
a 15 second video of some action then are asked to draw a graph of the situation. In this
case water was filling a bucket slowly then more rapidly.
I asked the student to think first what two things are changing?
“The water in the bucket and time.”
“Yes, so those are our two axes. Now, how much water was in the bucket to
start?”
“None.”
“So how would you indicate a water level of zero?” Student points to zero on the
graph. “Yes, can you estimate how full the bucket is at the end of the video?”
“It's full.”
“Yes, I think so too. What is the time at the end of the video?”
“10 seconds.”
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“So how would you indicate the bucket is full at 10 seconds?” Student points to
the correct spot on the graph. “Right on, if you connect those two points with a
line like this, what does the line indicate?”
“The water going in?”
“Did it go in at the same rate?”
“No, it went slow then fast.”
“What would it look like if the water went in fast, like if it filled in 1 second?”
Draws steep line. “Yes, so a steep line means the water goes in fast, but in this
video the water starts out slow. How can you show it starts slow then gets faster?
Think about that and I’ll check back in a couple minutes.” (February 19 journal
reflection)
I had many poor habits that needed to be unlearned as students began to populate
the classroom. I spent too much time with each student. This was a habit from Zoom, as I
could often not get students to work one-on-one at all, I maximized the time I worked
with willing participants. Despite the time I spent with a student, I failed to investigate
the point of confusion. I should have had the students tell me what they knew about the
problem first rather than just let them tell me they were stuck. Instead, I simply took the
lead and many of my questions were leading. Effective questioning should provide an
opportunity for the student to explain, rather than push the student toward a correct
answer (Boston et al, 2017, p. 75). In truth, I have struggled with more basic features of
classroom discourse such as insufficient wait time and rapid rate of speech.
In a Zoom conference there were many reasons a student would not respond,
perhaps they were not present, did not hear my question, forgot to unmute or had a
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broken microphone. After several experiences with allowing significant wait time only to
find out it was one of these difficulties, I began to assume these problems and reduced
wait times out of habit. This was noted in several observations, “Give a little more wait
time” (Ellingsen 1/7 classroom observation). “Provide wait time of 5-7 seconds when
asking students a question so that it gives students ample time to think of the question and
enough time to give an answer” (Ellingsen 1/20 classroom observation). Even though I
recognized this problem on my own, it was difficult to address. “When you ask questions,
you need to provide that wait time (count to 5-15 on your hand) (December 11 journal
reflection).
Similarly, since whole-class discussion was somewhat haphazard and one-on-one
tutoring in breakout rooms seemed most effective, I began to rush through lessons. “I
rush through material. This is a habit from Zoom. Students would not participate so I got
through material and rushed to individual work where I could get students to work. Slow
down and engage them now that we are in person” (April 21st journal reflection). The
notes were provided on-line and it was difficult to assess comprehension, I rushed to
open breakout rooms so I could find out how well students were comprehending the
material. Again, this impatience was a recurring problem for me, “Slow down” (Ellingsen
1/11 classroom observation), “rate of speech a bit too fast for at-risk student” (Jennings
3/17 classroom observation), “Have more examples, slow down” (February 26 journal
reflection).
Looking back, this rush is evident in my lesson plans. A typical early example is
my lesson plan for slope-intercept form of a line (figure 5), delivered on March 30. The
lesson plan opens with a long list of technical vocabulary, without examples. The
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example demonstrates the proper use of the formula but allows little space for
elaboration. A lesson plan this dense cannot be responsive to student needs. As a result, I
was never quite ready for student questions that differed from my plans. My plans
allowed little room to fill in knowledge gaps or recognize unexpected connections.
Figure 5
March 30 Lesson Plan

Note: Lesson plan with no space to elaborate or respond to student questions.
As I became familiar with my students and what they knew and were still learning
I began to anticipate misunderstandings, or at least recognize that there would be a need
for elaboration and unexpected questions. Later lesson plans (figure 6) minimized
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language demands when possible and provided examples when necessary. I also allowed
room to elaborate if informal assessments indicated that students needed more
explanation or if an unanticipated student question arose.
Figure 6
May 14 Lesson Plan

Note: Lesson plan with examples and room to differentiate instruction.
As my lesson plans became more flexible and adaptable to my students’ needs,
my questioning strategies improved also. I began to get more out of each sample problem
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by asking more questions. My questions changed as well, they demanded more of my
students. These improvements were noted in several journal entries, “I felt I did a good
job today. My questions are more open: Why do you want to do that? What are you
trying to get? and, “What will your answer look like?” (May 4 journal reflection). When
my questions gave students more to answer, I found that I had to do less of the talking
and I slowed down. “Gave students time to actually write the notes today, elaborated as
they did” (April 30 journal reflection).
Modeling Problem-Solving Strategies
Problem-solving is a higher order thinking skill, meaning it requires some
knowledge of lower level skills. This is true not just for students being asked to perform
the higher order thinking tasks, but for teachers hoping to instruct students in how to do
it. As a student teacher in the novel situation of comprehensive distance learning, I spent
a great deal of my efforts mastering the basics of delivering instruction. For this reason, I
made little progress toward this goal during the period under study, but I learned much
about how I will proceed in my next teaching assignment.
To compensate for the reduced opportunities to scaffold student learning in online
instruction, the lesson plans I used at first were heavily focused on procedural skills. My
lesson plan for Mar 30 is typical (figure 7). Clearly laying out the steps is good practice,
but the problem is that it was difficult to assess if students had incorporated the lesson on
a deeper level or if they simply followed the steps without understanding. Practice
problems were created by the developers at HMH and graded automatically. Because
assignments were automatically graded, students needed clear instructions on how to
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complete the problems and in what form to present their answers. These constraints left
little room for diverse solutions strategies or unique modes of understanding.
Figure 7
March 30 Lesson Plan

Note: most lesson plans had a clearly enumerated solution strategy.
Teaching problem-solving requires open-ended questions that require higher order
thinking skills. Tasks that are routinized or procedural promote memorization over
problem solving (Boston et al., 2017). Problem-solving also requires investigation and
exploration. Leading student inquiry activities is difficult for new teachers, perhaps more
so in an on-line environment. On February 11th, for a lesson on ratios and scale, I
attempted to lead a student inquiry activity. The students would explore scale by
examining Minecraft houses and counting blocks, recognizing that the blocks were all
supposed to be the same size even if the picture was larger or smaller would allow them
to compare the houses despite the difference in size. I had several pictures from a game
of Minecraft which excited many students, and I initially was encouraged by the level of
engagement. Unfortunately, I had made no plan for maintaining student attention while I
delivered directions or explained my expectations to the class. My journal tells the story,
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“I tried to lead an investigation of scale using Minecraft today. The students were very
excited, but that is not the same as engaged. Discussion was lively but often off topic.
Directions should be delivered first. After I lost their attention, I did not know how to get
things back on track. Also, some kids do not have Minecraft and I had no back-up
materials for them” (February 11th journal reflection).
Because I was sharing the virtual classroom with my cooperating teacher, I was
able to model collaborative problem solving occasionally. One journal observation
recognizes this potential, “an advantage [of co-teaching] is being able to model
collaboration and discourse. Take advantage while it is available” (December 11th journal
reflection). Collaboration was not as easy for students, who had some technical obstacles
to overcome in addition to shyness or the risk of being wrong. On March 2nd I noted
“Internet is laggy today, discourse among students cannot happen…Limited discussion
can happen in small groups... Larger groups can’t organize who is talking and smaller
groups get dominated or fall silent” (Mar 2nd journal reflection).
Because group discussions were difficult to manage due to internet lag,
microphone problems, or an inability to turn on a camera and gauge understanding or a
desire to speak, I would spend more time with students that were more interested in or
receptive to help. As noted before, this was a recurring problem for me, “You may have
spent too much time with Cody in the breakout room. Did other students need your
help?” (Jennings 2/16 classroom observation). While I was working with one student,
other students waiting for help may have got bored or discouraged and would simply log
off.
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When students did return to the classroom in person, I became distracted by the
opportunity to provide much needed scaffolding. As a result, rather than taking the time
to model discourse or instruct them on collaborative problem solving, I rushed from
student to student. My anxiousness to keep students moving forward often meant my
assistance was not as helpful as a more patient or reflective approach would have been.
This anxiety is noted in more than one reflection, “When students are stuck, they just sit
there staring, they don’t ask for help, and they don’t talk to each other. It was frustrating
because I was running around trying to help as many as possible, and usually the next
question was something I just did. If I’d checked with the adjacent student I could have
started some partner groups” (April 26 journal reflection).
Even with the implementation of LIPI in the third quarter, small groups were not
a viable option. Figure 8 is an excerpt from the regulations regarding social distancing
which we were required to implement to allow even limited in-person instruction.
Figure 8
Classroom Safety Procedures

Note: Social distancing requirements made it difficult to incorporate small groups in
person.
Some people were more concerned with contagion, some people were less attuned
to those concerns. It is also worth mentioning that staff were vaccinated, but few students
had been when they returned to school. These concerns were very real and posed a
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significant barrier to interaction even individually, let alone small groups. These
regulations were relaxed finally in the fourth quarter, but after more than a year of being
at home or with only family, many students had lost some social skills, and it was just
awkward to interact with people.
I noted in my journal that modeling problem-solving is insufficient, it must be
explicitly taught. “Ask more questions. Get more out of your sample problems. Make it
more than just the steps. Make it about questions... Why do you want to do that? What
are you trying to get? What will your answer look like?” (May 4th journal reflection). It
was difficult to instill these steps when the homework and assignments provided by the
publisher seemed more concerned with procedural steps. With students back in the
classroom I was able to give homework that better assessed student ability. Students were
able to turn in assignments that showed the steps they used to find their solution, students
in-fact seemed to prefer this method of completing assignments.
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Figure 9
Independent Practice Problem from lesson 11.1, April 27

Note: With the return of in-person instruction for all students, I was able to create
assignments that asked more open-ended questions and allowed more opportunity for
problem-solving.
The innovation of in-person instruction came late in the term. It also entailed the
relearning of habits already developed over the course of several months. As a result,
there was much for myself and my student still to learn about best practices for teaching
and learning problem-solving skills and as my period of data collection for this research
project came to a close my lesson plans remain strongly procedural (figure 10).
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Figure 10
May 7 Lesson Plan

Note: Lesson plans still contain clear step-by-step procedures
This term presented some unique challenges to teaching problem solving
strategies to my students. Modeling problem solving alone was ineffective. Students need
explicit instruction and opportunities to practice. These opportunities were reduced due to
restrictions that were required for student safety. Open-ended questions are another
important aspect of learning and practicing problem solving. The majority of the practice
my students had this term were procedural questions that could be graded by a computer.
I was able to implement more open-ended questions in my assessments with the return to
in-person instruction, but it came late in the term, so I had little opportunity to study my
practice in this regard before my allowed time for data collection ended. As of now, my
lesson plans still contain clear steps for how to solve problems, but I have been able to
include reasons for those steps, and begin assessing my students' ability to explain the
reasons for the solution strategies they choose.
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Conclusion
Through the data collected and analyzed during this project I have been able to
analyze and improve my teaching. Studying my lesson plans and how they have
developed over the course of this project has helped me change ineffective essential
questions into engaging warm-ups. By deferring the unfamiliar academic language until
later in the lesson and starting instead with interesting real-life situations, my students
became more engaged. Data collected through observations of my teaching have helped
me improve my discourse strategies. By making my lessons more flexible and making
more room for questions I have made my instruction more adaptable to my students
needs and was better able to differentiate my instruction. The reflections I recorded in my
journal were crucial in helping me analyze how I modeled problem solving strategies.
While safety concerns and technology demands placed some constraints on my
instructional choices, I have discovered some techniques that will be valuable tools in my
next classroom.
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Chapter 5
IMPLICATIONS

Overview
In this chapter I will go beyond the data analysis of the previous chapter to
present the implications of my findings. I will explain the meaning of my conclusions and
what those conclusions mean for my future goals as an educator. I must also identify
some of the potential limitations of these findings that may restrict their applicability or
usefulness for other teachers and situations. Finally, I will share my final thoughts on this
research project and the metacognitive implications of being a researcher as I
simultaneously worked to become an effective teacher.
Insights on How to Use Essential Questions
As a result of my research, I was able to draw some valuable conclusions about
how to better incorporate the benefits of essential questions to prompt student inquiry. I
found that the benefits of essential questions, which include clear goals presented in
student friendly language and the potential to prompt student inquiry with open-ended
questions, do not derive from the simple inclusion of essential questions at the opening of
a lesson. Rather, these benefits are achieved only through careful planning that takes into
account the knowledge of students’ background skills and interests.
The implications of this conclusion are that essential questions should not be
confused with an introduction meant to provide students with some background
knowledge. Essential questions are a tool not an end. The value of the open-ended
questions that make up an essential question derive from the ability to prompt discussion.
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That cannot happen if students are not comfortable sharing their ideas, taking the risk of
being wrong, or if they lack the skills or knowledge to engage in a discussion of the topic.
That is to say that essential questions rely on intentional planning and preparation. If
those elements are not in place then they must be developed before an essential question
can produce valuable benefits for a class.
Nor should essential questions be used in place of a pre-assessment. Preassessments explore the background knowledge students already possess so that lessons
can be created that will be accessible and engaging to the whole class. For an essential
question to spark discussion and exploration, the topic must already be accessible to your
students. Because unfamiliarity with academic language and concepts interferes with the
ability of students to engage in discussion it can also limit the value any discussion may
have for students who lack essential background.
Essential questions have great value in promoting student led inquiry and
establishing clear goals for students to aspire to. In addition to these benefits, essential
questions properly incorporated into a lesson can develop a classroom culture that values
inquiry and the sharing of and building upon students’ ideas. Students that habitually
participate in such discussion will create habits of engagement, sharing and collaboration.
In short, essential questions build the type of classroom culture that all teachers aspire to
create for their students. These benefits depend on an EQ’s ability to be easily
understandable and engaging to students. Essential questions can only be beneficial to the
extent that these two conditions are met.
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Insights on How to Engage Students
Engaging students is a matter of building relationships. For most students,
classroom discussion contains the risk of being wrong. Students must be encouraged to
take that risk each time they answer out loud. A teacher must first be understanding of
these risks and willing to allow students to decline to participate. With patience and
understanding a teacher can build up the trust in the teacher and their peers that underpins
classroom participation.
Participation such as choral response or answering direct questions may be
helpful as models of participation or self-questioning, but usually have little value toward
learning objectives. Student engagement should revolve around open-ended questions
that allow students the space to figure problems out on their own terms. This level of
engagement and effort can only be found in rich tasks that demand cognitive effort.
Simple procedural tasks may not be cognitively challenging enough to require significant
effort and will not encourage explanation or discussion. An additional benefit of
challenging tasks that spark discussion among students is that it also decreases the
amount of teacher talk time. As students discuss their own thoughts and ideas to explore
rich sample problems they shift the learning from direct instruction to student centered
collaboration.
Discourse strategies provide an opportunity to differentiate instruction. Rather
than leading students with questions on procedural steps, let students think and explain
what they already know so you can deepen their understanding. This level of
participation will be more easily achieved through open-ended questions rather than
leading questions that demand very little cognitive engagement and short responses. An
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instructor aiming to increase engagement should take time to explore a student’s
misunderstanding or incorrect response. This may be awkward to do in the whole class,
so plan on opportunities for questioning during small groups.
Engagement is not something a teacher brings to a class. Teachers bring
compassion for the variety of backgrounds and home situations of their students, genuine
interest in their students’ success, and a belief in their students’ abilities. Engagement is a
student’s response to these qualities in their teacher. At the same time, students must have
something to talk about in order for classroom discussion to thrive. Rich tasks that center
on open-ended questions provide the material for students to explore, explain, and share
their ideas. A teacher’s compassion and concern for their students’ success and students’
recognition that the questions being considered are worthy of their effort are the elements
of engaging discourse.
Insights on How to Model Problem Solving
In my conclusions I realized that modeling problem solving was insufficient. To
become proficient at problem solving students will need explicit instruction in how to
approach problems where the solution strategy is not clear and then opportunity to
practice those strategies. Problem solving tasks must be appropriately sequenced to
introduce students to a variety of techniques they can employ and to provide practice in
using them that is challenging without creating frustration.
Modeling problem solving involves demonstrating techniques such as guess and
check and self-questioning. This instruction is valuable and necessary but is insufficient
in itself. Students must learn how to investigate and explore, how to check their answers,
and what to try next if they get stuck. These are basic skills but cannot be assumed. Each
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student will have a different background skill level with problem solving. Just like with
other skills, teachers must assess where students are at.
Teachers must realize that they are likely expert problem solvers through practice,
experience, and personal inclination. This acumen will be different for many of our
students. As students learn problem solving skills they will implement many strategies
that are less efficient, prone to bursts of inspiration, lack clear reasoning, and are often
simply incorrect. Each of these errors must be explained as the acquisition of greater
knowledge and experience rather than a failure. These dead ends will likely be seen as
failures to novice problem solvers. A string of perceived failure will lead to frustration
and for this reason novice problem solvers often lack persistence. Teaching the value of
failure is an important part of teaching problem solving and building persistence.
Our students must learn to solve problems. While some of our students may learn
this as an ancillary part of their education, it is valuable enough to be explicitly taught in
each and every lesson. Modeling will help students incorporate these habits but they must
be given tools they can effectively employ in a systematic way to help them develop this
skill. Part of that instruction must include why failure is a learning opportunity. By
recognizing what they are doing, students can build their persistence, overcome
frustration and begin to develop into effective problem solvers.
Potential Limitations
The limitations of a student teacher’s first research project during a pandemic are
easy to enumerate. I am an inexperienced researcher so my data collection methods may
have missed valuable information. I am a new teacher so I may have failed to make
important connections. The pandemic caused me to teach in unorthodox ways and limited
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my contact with students. This research project was also conducted with the data I acquired
from my work with approximately 85 students. This is a small sample especially
considering the diversity of my students and the fact that I did change my techniques over
the time period under study due to my own learning and the changes needed to ensure
student safety during the pandemic.
While each of these limitations is valid, it should not be overlooked that the
pandemic was a unique experience for all of us including our students. Any insights
achieved during this unprecedented opportunity deserves scrutiny. While my teaching
experience is limited, so is my student’s experience of high school mathematics. It is not
so much my experience that I attempted to study but the effect of my instruction. This
research project is less about any poor choices I may have made and more about what
impact those choices had on my students' learning.
Goals for Future Growth
As stated at the beginning of this project my goals were to become a better
teacher. That is an overwhelming goal and I have decided to approach it with small
specific steps. My first steps are to improve my use of essential questions, improve
engagement, and to foster problem solving skills.
My research here has shown me that I can make better use of essential questions
by planning their incorporation more carefully. Essential questions can be effective at
providing clear expectations and prompting inquiry only when students have sufficient
skill and background knowledge. I have also learned how to increase discourse and
engagement with my students by improving my questioning strategies. Open-ended
questions and rich tasks can transform the whole lesson by making it more student
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centered. I have also learned that modeling problem-solving strategies is insufficient. I
must explicitly teach problem solving skills and provide opportunities for students to
practice if I wish my students to improve their abilities and develop persistence in this
area.
As a closing remark I would like to mention a paper that introduced me to action
research, Teacher as Researcher: A Paradigm for Professional Development, by Matthew
Gould (2008). This short article introduces the idea of action research and its numerous
benefits. I was initially excited by the opportunities it would provide but later became
cynical as the amount of work this project would require became clear. Now that this
project is complete, I feel I have a better appreciation of what the process has done for me
and am confident that it was well worth the effort. Gould states that action research
empowers teachers because it is self-directed and under their control. This was an
important part of my experience over this past year. I was not able to control how
instruction was delivered, either through Zoom, or in-person, and much of what I had
been taught about student engagement was disrupted by face masks, or an inability to see
or meet my students. The realization that I was a researcher in addition to a teacher
helped me appreciate these difficulties on a different level and stay focused on the fact
that everything I did was a potential data point helping me improve my practice. Gould
calls this a “culture of scholarship” and I think it helped me embody the attitudes of
problem solving that are the foundations of the classroom culture I want to build.
Conclusion
This research project has provided valuable opportunities for growth. I have
discovered important aspects of planning how to incorporate powerful essential
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questions. I have practiced questioning strategies that will actively engage my students in
their learning. I have also explored how to teach problem solving to help my students
develop positive attitudes as they grow. In chapter two of this project, I poured over
research that others have conducted. I analyzed and interpreted their results and I learned
much. While doing my own research I have acquired an even deeper appreciation of their
results. I have also begun to develop my own skills and habits of research. This was an
ambitious project, but in hindsight it seems less intimidating, especially now that I can
appreciate the results.
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APPENDIX A
Lesson Plans
March 1st Lesson Plan
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March 4th Lesson Plan
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March 18 Lesson Plan
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March 29 Lesson Plan

87
March 30 Lesson Plan
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March 30 Lesson Plan
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May 7th Lesson Plan
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May 14 Lesson Plan
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APPENDIX B
Journal Reflections
Friday Dec 11, 2020
Set breakout rooms up in Zoom before meetings. It is very disruptive to flow to
create them on the fly. Lots of coaching, encouraging, and complementing to get
kids engaged and turn cameras on, but it doesn’t work.
Get students to read and introduce that habit of participation with lots of
encouragement. When you ask questions, you need to provide that wait time
(count to 5-15 on your hand). Get comfortable with the slow pace. Slow down,
maybe say everything twice.
Coteaching is more than a safety net, an advantage is being able to model
collaboration and discourse. Take advantage while it is available. “Thank you for
the question” all the time.
The first 10 minutes approximately is used for chat, but it is pertinent to the class,
or at least make it so. When students contribute, it is a big deal. Keep mentioning
it in a good way to reinforce participation for whole class. GoGuardians does
give a pretty good idea of what students are actually doing if you assign
independent work in class.
Monday December 14, 2020
1st period: 4 of 16 students logged on have cameras on, and there is a contest this
week. As an attempt to measure on-task behavior I will also track who has notes
or assignments open in GoGuardians – 9. Admittedly they could be on another
device though.
2nd period: Zoom cam 0/17, GoGuardians notes 12
3rd period: 1/18 cam, GoGuardians notes 9
Tuesday December 15, 2020
1st period: Zoom camera 5/10, GoGuardians 9. Kahoot is highly engaging.
2nd period: Zoom cam 7/16, 9 on GoGuardians but 11 played Kahoot.
3rd period: 2/16 cam GoGuardians 8
Thursday December 17, 2020
1st period: Zoom camera 5/8, GoGuardians 6. Students can be invited to work
with me when they seem to be struggling on GoGuardians, but they are very
reluctant to accept help.
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2nd period: Zoom cam 0/13, GoGuardians 8. They may need to be offered help
more than once.
3rd period: 1/16 cam GoGuardians 8, and lots of interaction in the breakout room,
although I guess that is relative.
Friday December 18, 2020
Last day before Christmas break.
1st period: Zoom camera 2/12, GoGuardians 6.
2nd period: Zoom cam 5/13, GoGuardians 7.
3rd period: 0/16 cam GoGuardians 8.
January 28, 2021
Good participation in period 3. Five students answered questions. Even Carlos
and Kennan are participating and on task on GoGuardians.
14.4 was about sketching exponentials. It was less procedural and I was able to
ask students what they were thinking. Better participation and discussion.
Thursday February 11, 2021
Talking about ratios and rates. I tried to lead an investigation of scale using
Minecraft today. The students were very excited, but that is not the same as
engaged. Discussion was lively but often off topic. Directions should be delivered
first. After I lost their attention, I did not know how to get things back on track.
Also, some kids do not have Minecraft and I had no back-up materials for them.
When students do not understand how to do something or what to do they simply
do not respond, rather than ask for clarification. It was hard to get things moving
again.
Friday, February 19, 2021
Took the time to transcribe some scaffolding sessions with students today.
1) When working with students to graph situations. A student was just stuck. We
had done several examples during instruction and the student was working on a
Desmos activity where they watch a 15 second video then draw a graph of the
situation. In this case water was filling a bucket slowly then more rapidly. I asked
the student to think first what two things are changing? “The water in the bucket
and time.” “Yes, so those ae our two axes, Now, how much water was in the
bucket to start?” “None.” “So how would you indicate a water level of zero?”
Student points to zero on the graph. “Yes, can you estimate how full the bucket is
at the end of the video?” “Its full.”
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“Yes, I think so too. What is the time at the end of the video?” “10 seconds.” “So
how would you indicate the bucket is full at 10 seconds?” Student points to the
correct spot on the graph. “Right on, if you connect those two points with a line
like this, what does the line indicate?” “The water going in?” “Did it go in at the
same rate?” “No, it went slow then fast.” “What would it look like if the water
went in fast, like if it filled in 1 second?” Draws steep line. “Yes, so a steep line
means the water goes in fast, but in this video the water starts out slow. How can
you show it starts slow then gets faster? Think about that and I’ll check back in a
couple minutes.”
This took a long time, and I was leading the student, but I didn’t know how to
change gears, so I pressed on to completion.
2) Another student was trying to write the formula for the area of a rectangle. He
did not know how to get started. I asked him to draw a couple rectangles. “Good,
now those are both rectangles, but they are different. What changed?” “The
length and the height, oh you just multiply them.” Getting the student to draw it
was all it really took.
3) Writing equations to represent situations. The question is to write an equation
for the situation, two less than twice a number is 10. The student is stuck so I ask,
“What is the unknown, what is the variable?” “A number?” “Yes, so what shall
we call it?” “k” “Okay, what is happening to k?” “Twice?” “How can you write
that?” “2 times k?” “Yes, how would you write that?” student writes 2xk. “Good
how about the rest of the sentence?” Student writes 2<2xk=10. “What does this
symbol mean?” “less than” “If you had 20 bucks and spent 2 how much would
you have left?” “18” “Would you say you had two less?” “I guess” “Can you
write and equation to show that?” writes 20-2. “So that is two less, the other says
two IS less than…” Student writes 2-2xk=10. “Look what you wrote before. Is
this 2 less?” Student writes 2xk-2=10.
I could have done this on the board for the few students in class at least. But
again, I rushed in to help a student without gathering any information and got into
it without making a plan.
4) Writing inequalities from a picture. The picture is a number line shaded to
show x<-2 or x>6. The students cannot get started. I ask them about the shading.
“What does this shading mean?” “The answer.” “Is it one number or a lot of
numbers?” “A lot” “Let’s use a variable then, what do you want to call it?” “Y”
“Okay the question asks you to use and inequality to describe y Let’s look at just
this half first. Do you know anything about y?” “It’s greater than -2” “Look at
this shaded area, can you tell me a number in there?” “-3” “Is -3 greater than 2?” “Its less” “So y must be?” “Less than -2” “How do you write that?” writes
y<-2. “So, you used guess and check. You picked a number in the shaded region
and tested it. Do the same thing to the other side now.”
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Friday February 26, 2021
Don’t start meetings so early if you will just be staring awkwardly at students.
You are impatient and go through material too quickly. Stop rushing students.
Have more examples, slow down.
Tuesday March 2, 2021
Class participation is better today with some prep to give proper language and
some foundation. Direct questioning is best in on-line because I cannot sense
engagement.
Internet is laggy today, discourse among students cannot happen.
Discussion between students cannot happen without a moderator due to lag, and
cameras off make it hard to sequence. Investigation projects do not work well in
these conditions.
Limited discussion can happen in small groups but is highly dependent on specific
mix of students. Four students is probably best if they are working but smaller
groups have less to say. Larger groups can’t organize who is talking and smaller
groups get dominated or fall silent. The task has to require discussion too. Can’t
really share math ideas if they can’t all see share their screens at the same time.
Wednesday April 21, 2021
I talk too much. I rush through material. This is a habit from Zoom. Students
would not participate so I got through material and rushed to individual work
where I could get students to work. Slow down and engage them, now that we are
in person.
Monday April 26, 2021
Practice test today. Many students seem to have no clue how to do problems or
how to find out what they don’t know. When students are stuck, they just sit there
staring, they don’t ask for help, and they don’t talk to each other. It was
frustrating because I was running around trying to help as many as possible, and
usually the next question was something I just did. If I’d checked with the
adjacent student I could have started some partner groups.
●
Slow down and inquire
●
What is the next student working on – can they collaborate
●
When you work with a student make that student your focus – don’t help
other students too
●
Find what is correct before you say anything
Friday April 30, 2021
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Gave students time to write, but elaborated as they did. I need to randomize how I
call students though. I focus too much attention on active students. How can I
draw out quiet students?
Tuesday May 4, 2021
According to Ellingsen, I gave the class about 1 minute to do the warm-up before
I start working it. I should walk the class and motivate for 5 minutes before
answering. Ask more questions. Get more out of your sample problems. Make it
more than just the steps. Make it about the questions. I felt I did a good job today.
My questions are more open: Why do you want to do that? What are you trying to
get? and What will your answer look like?
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APPENDIX C
Classroom Observations
Ellingsen 1/11 Classroom Observations
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Ellingsen 1/20 Classroom Observation
Are goals and objectives, standards, or targets appropriate and measurable?
The goals, objectives, and standards that Mr. Klem has included in his lesson plan are appropriate and
measurable.

Do lesson plans align to objectives, standards, or targets?
Mr. Klem’s lesson connects to the CCSS F.BF.2 Write arithmetic and geometric sequences both
recursively and with an explicit formula, use them to model situations, and translate between the two
forms.

Are a variety of appropriate formal and informal assessments used?
Throughout the lesson, Mr. Klem informally assesses his students by asking students to provide
answers through the Zoom chat to get a quick check to see if students are understanding the
mathematical concept. Mr. Klem also started class with a bell-ringer to assess if students understood
the previous day’s lesson. Towards the end of the lesson, Mr. Klem again assesses his students by
having them give a self-assessment on the understanding of the material.

INSTRUCTIONAL DELIVERY "LOOK FORS"

Are learning targets, directions, and procedures communicated appropriately to
students?
Mr. Klem is very straightforward in his procedures which is nice for students in this distance learning
format. Students are able to see the “Essential Question” at the top of the notes and are constantly
referred back to. Mr. Klem does a nice job at explicitly telling his students what the directions are
going to be and repeats any directions as needed.

Are lessons sequenced and scaffolded appropriately?
The lesson that was taught was in fact sequenced and scaffolded appropriately. Mr. Klem initially had
more examples prepared for students but was able to informally assess his students' understanding of
writing a geometric sequence explicitly and recursively and was able to move on to the next concept of
writing an explicit geometric sequence when the terms are not given consecutively.

Are checks for understanding and differentiation used to meet the needs of all
learners?
In this distance learning environment, checking for understanding is imperative. Mr. Klem has done a
great job at allowing students to provide feedback if they are understanding the material. Mr. Klem is
also able to provide multiple ways to provide the lesson. Students are able to take down the notes
during the live session. If students miss a concept or need the ability to go back, they can watch the
video over the lesson at their own pace.
Students with IEP’s are given individualized attention when the class is broken into breakout rooms.
IEP student’s are also given shortened assignments so that all students can be on the same playing
field.
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Does the Candidate integrate technology and/or digital tools to engage learners?
Mr. Klem uses Desmos, Zoom and the use of the online textbook to help students understand the
material being taught.
When students still need assistance, Mr. Klem provides additional EdPuzzles or Youtube videos that
help engage learners of all levels.

Does the Candidate manage a safe and respectful learning environment?
It is challenging to start your student teaching experience in a fully online format, but Mr. Klem has
done a great job. He was able to immediately come in and create a safe/positive classroom in a digital
format without actually meeting any of his students. Students know what the expectations are in Mr.
Klem’s class

ASSESSMENT "LOOK FORS"

Are assessments data driven?
The bell ringer and self assessment given during this lesson should be data driven. Mr. Klem will get
feedback from the results of his exit slip, which will allow Mr. Klem to decide if he is able to move on to
the next section or if he will go back and spend more time geometric sequences.

Do assessments align to standards?
yes

Do informal and formal assessments give meaningful feedback to learners?
Students are able to get immediate feedback from Mr. Klem once they give their responses to the
informal assessments.

Are there a variety of assessments that are developmentally appropriate and use
both formative and summative data?
N/A for this particular lesson.

TEACHING "LOOK FORS"

Do instructional choices stem from research and theory?
Yes. Mr. Klem’s decision on how he treats his classroom all come from the research that is included in
his lesson plan.

Additional feedback for the Teacher Candidate.
I wonder….
what would happen if you had students write a summary/reflection about today’s lesson. Would
students be able to explain the difference between a recursive/explicit formula for a geometric
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sequence.

You do a nice job at trying to ask for every student to participate in the lesson. I wonder what could be
done to the students that are hesitant about answering “in front” of their peers during a Zoom
meeting?

FOR BILINGUAL CLASSROOM TEACHER CANDIDATES ONLY:

Bilingual Pedagogy: Do lesson plans and instructional practices include bilingual
strategies to support emergent bilinguals in content area comprehension and
language development (ie: cross-linguistic and/or translanguaging strategies, such
as, cognates, idioms, bilingual labels, word study, syntax transfer etc).
PART II - GOALS

What are the next steps for the Teacher Candidate? Establish one or two specific
and observable goals for the next scheduled observation.
1.
Provide wait time of 5-7 seconds when asking students a question so that it gives students
ample time to think of the question and enough time to give an answer.
2.
Ask 3-5 Level 2 or 1-2 Level 3 DOK questions to help determine students understanding of
the material being taught.

PART III: STRENGTHS

Share one or two outstanding strengths of the Teacher Candidate.
The biggest strength I noticed with Mr. Klem is the ability to build relationships with his students even
in this Distance Learning environment. One of the biggest impacts of teaching is the ability to build
strong relationships with students and Mr. Klem has done a great job getting to know his students even
though he has not actually seen them in person.

PART IV: CONCERNS

Are there any concerns that should be addressed at this time?*
No

Ellingsen 2/16 Classroom Observation
LESSON PLANNING "LOOK FORS"

Are goals and objectives, standards, or targets appropriate and measurable?
The goals, objectives, and standards that Ed has included in his lesson plan are appropriate and
measurable.

Do lesson plans align to objectives, standards, or targets?
Mr. Klem’s lesson connects to the CCSS A.REI.3 Solve linear equations and inequalities in one
variable, including equations with coefficients represented by letters.

Are a variety of appropriate formal and informal assessments used?
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Throughout the lesson, Mr. Klem informally assesses his students by asking students to provide
answers through the Zoom chat to get a quick check to see if students are understanding the
mathematical concept. Mr. Klem started class with a quick review over the basics of inequalities. He
did this because based on an informal assessment of the classes prior knowledge, he determined it was
important to review key vocabulary and common student misconceptions with inequality symbols.
Students will complete a homework assignment that is graded automatically, which will provide Mr.
Klem with data that will continue to drive his future instruction

INSTRUCTIONAL DELIVERY "LOOK FORS"

Are learning targets, directions, and procedures communicated appropriately to
students?
Mr. Klem is very straightforward in his procedures which is nice for students in this distance learning
format. Students are able to see the “Essential Question” at the top of the notes and are constantly
referred back to. Mr. Klem does a nice job at explicitly telling his students what the directions are
going to be and repeats any directions as needed.

Are lessons sequenced and scaffolded appropriately?
The lesson that was taught was in fact sequenced and scaffolded appropriately. Mr. Klem started the
lesson with a review of key mathematical vocabulary, graphing numbers on a number line and then
reviewed the Distributive Property. Once it was determined students understood the prior knowledge,
Mr. Klem provided examples on how to solve multi-step inequalities. Students were then given
inequalities that required the inequality sign to be flipped when multiplying/dividing by negative
numbers. All these notes were provided in a way that students would be able to follow along and
understand.

Are checks for understanding and differentiation used to meet the needs of all
learners?
In this distance learning environment, checking for understanding is imperative. Mr. Klem has done a
great job at allowing students to provide feedback if they are understanding the material. Mr. Klem is
also able to provide multiple ways to provide the lesson. Students are able to take down the notes
during the live session. If students miss a concept or need the ability to go back, they can watch the
video over the lesson at their own pace. Students with IEP’s are given individualized attention when
the class is broken into breakout rooms. IEP student’s are also given shortened assignments so that all
students can be on the same playing field. Students that are able to attend school under LIPI are given
even more individualized attention when there is time to work on practice problems. Mr. Klem is able
personally see all student work within the classroom and provide feedback to students on miniwhiteboards while staying socially distanced.

Does the Candidate integrate technology and/or digital tools to engage learners?
Mr. Klem uses Desmos, Zoom and the use of the online textbook to help students understand the
material being taught. When students still need assistance, Mr. Klem provides additional EdPuzzles or
Youtube videos that help engage learners of all levels. Students that miss the live Zoom session are also
provided a video of the live session so that they are able to take notes at their own pace.

Does the Candidate manage a safe and respectful learning environment?
Now that we have a small number of students attending in person, Mr. Klem has done a great job at
managing a safe and respectful learning environment. Students feel comfortable in asking for help
when they need it. Mr. Klem’s safety. Mr. Klem has also demonstrated the safety procedures we have
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in place to his students and they are doing a great job at following them. It has been great to see
students ask Mr. Klem questions/help and not me as the cooperating teacher.

ASSESSMENT "LOOK FORS"

Are assessments data driven?
There weren’t any summative assessments given during this lesson but plenty of informal assessments
with students.

Do assessments align to standards?
The homework set, which is graded for accuracy is a great formative assessment tool that does align to
the standards being taught in today’s lesson.

Do informal and formal assessments give meaningful feedback to learners?
Students are able to get immediate feedback from Mr. Klem once they give their responses to the
informal assessments. As stated earlier, students get immediate feedback on their score from the HMH
website. If students need clarification on problems they got wrong Mr. Klem is able to have 1-on-1
discussions with them to clear up any misconceptions.

Are there a variety of assessments that are developmentally appropriate and use
both formative and summative data?
N/A for this particular lesson.

TEACHING "LOOK FORS"

Do instructional choices stem from research and theory?
Yes. Mr. Klem’s decision on how he treats his classroom all come from the research that is included in
his lesson plan.

Additional feedback for the Teacher Candidate.
FOR BILINGUAL CLASSROOM TEACHER CANDIDATES ONLY:

Bilingual Pedagogy: Do lesson plans and instructional practices include bilingual
strategies to support emergent bilinguals in content area comprehension and
language development (ie: cross-linguistic and/or translanguaging strategies, such
as, cognates, idioms, bilingual labels, word study, syntax transfer etc).
PART II - GOALS

What are the next steps for the Teacher Candidate? Establish one or two specific
and observable goals for the next scheduled observation.
The biggest goal I think Mr. Klem to work on before the next observation is to establish his own
routines and procedures in the classroom now that we have some students attending in person. This
will allow Mr. Klem to get the full classroom experience with teaching.
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PART III: STRENGTHS

Share one or two outstanding strengths of the Teacher Candidate.
As stated in the previous observation, one of Mr. Klem’s biggest strength is his ability to build
relationships with his students. This is even more evident now that we have students in the classroom.
Another strength that I have started to notice while observing Mr. Klem is his ability to respond to the
unexpected. As educators know, every day is a new day and things can change constantly. Mr. Klem’s
ability to be flexible during the course of a class period is impressive.

Jennings 2/16 Classroom Observation
LESSON PLANNING "LOOK FORS"

Are goals and objectives, standards, or targets appropriate and measurable?
Yes.

Do lesson plans align to objectives, standards, or targets?
Yes.

Are a variety of appropriate formal and informal assessments used?
Mr. Klem frequently asked the students to respond in the Zoom chat to determine their status. He allowed
excellent wait time for them to respond.

INSTRUCTIONAL DELIVERY "LOOK FORS"

Are learning targets, directions, and procedures communicated appropriately to
students?
Yes

Are lessons sequenced and scaffolded appropriately?
Yes

Are checks for understanding and differentiation used to meet the needs of all
learners?
"Cody, can you unmute and tell me how to distribute the 4"
"Ah, fantastic, nice!"

Does the Candidate integrate technology and/or digital tools to engage learners?
Mr. Klem is very adept at technology. He efficiently managed the Zoom class and used DESMOS to share
computations with the class. He also used a document camera for direct instruction.
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Does the Candidate manage a safe and respectful learning environment?
Mr. Klem was very enthusiastic throughout. He successfully encouraged the students to participate.

ASSESSMENT "LOOK FORS"

Are assessments data driven?
Yes

Do assessments align to standards?
Yes

Do informal and formal assessments give meaningful feedback to learners?
Yes. His use of a document camera effectively allowed Mr. Klem to respond to the input from participants.

Are there a variety of assessments that are developmentally appropriate and use
both formative and summative data?
Yes.

TEACHING "LOOK FORS"

Do instructional choices stem from research and theory?
His sequence of questions were effective.

Additional feedback for the Teacher Candidate.
You were positive and enthusiastic during the entire lesson.
"Michael are you available?" is an effective way to bring out a response. When he did not respond, you were
gentle with him and moved to another student.
"Do you have any ideas?" should be altered to "Give me you ideas"
"Does anybody remember? to "Who remembers?
Direct instruction should be limited to 10 minute intervals with Integrated 1 students. Give them a task and
then return for more direct instruction. This can be difficult with distance learning, but will be more
productive then lecturing to a room full of checked-out students.
The Mayonnaise example was disgusting and perfect for high school students.
The math face mask was terrific and contributed positively to class culture!
You were a bit negative about dividing by a negative number. You could tell them that this is difficult but
necessary, and show them why with an example such as -10(4) < 30.
You may have spent too much time with Cody in the breakout room. Did other students need your help?

FOR BILINGUAL CLASSROOM TEACHER CANDIDATES ONLY:
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Bilingual Pedagogy: Do lesson plans and instructional practices include bilingual
strategies to support emergent bilinguals in content area comprehension and
language development (ie: cross-linguistic and/or translanguaging strategies, such
as, cognates, idioms, bilingual labels, word study, syntax transfer etc).
N/A

PART II - GOALS

What are the next steps for the Teacher Candidate? Establish one or two specific
and observable goals for the next scheduled observation.
I will increase the number of students that I visit in breakout rooms to at least one-third of the class.

PART III: STRENGTHS

Share one or two outstanding strengths of the Teacher Candidate.
Mr. Klem has established positive relationships with his students in a very short period of time. He greeted
the students warmly as they entered the Zoom class. He asked them what they are doing this weekend and
shared what he wants to do. The students actively responded, which is unusual and commendable.
Mr. Klem was very enthusiastic and elicited responses from several of the students. This is a difficult task
given the Zoom format and the nature of Integrated Math 1 students.

Jennings 3/17 Classroom Observation
LESSON PLANNING "LOOK FORS"

Are goals and objectives, standards, or targets appropriate and measurable?
Yes

Do lesson plans align to objectives, standards, or targets?
Yes

Are a variety of appropriate formal and informal assessments used?
Mr. Klem engages in quick dialogue with students, and was able to interact with every student in class; very
impressive.

INSTRUCTIONAL DELIVERY "LOOK FORS"

Are learning targets, directions, and procedures communicated appropriately to
students?
The learning target was written in the notes and made reference to.

Are lessons sequenced and scaffolded appropriately?
Yes. Mr. Klem planned the unit with appropriate advancement and pacing.
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Are checks for understanding and differentiation used to meet the needs of all
learners?
“If you have those vocabulary words written down and are ready to move on, give me a thumbs up.”

Does the Candidate integrate technology and/or digital tools to engage learners?
Yes. Mr. Klem used Zoom, DESMOS, a document camera, and HMH as a learning management system.

Does the Candidate manage a safe and respectful learning environment?
Mr. Klem is very proficient with the use of Zoom. For both in-person students and Zoom students, he called
on several to contribute to the discussion. Mr. Klem gave students time to work in breakout rooms.

ASSESSMENT "LOOK FORS"

Are assessments data driven?
Yes

Do assessments align to standards?
Yes

Do informal and formal assessments give meaningful feedback to learners?
Mr. Klem engaged in quick dialogue with students, and was able to meaningly interact with all 16 students in
class; very impressive.

Are there a variety of assessments that are developmentally appropriate and use
both formative and summative data?
Mr. Klem used a continuous stream of questions to assess individual student progress. This had the added
advantage of gathering student attention, especially for the remote participants. He spoke with several
students about retaking assessments from previous lessons, offering reminders and clarifications.

TEACHING "LOOK FORS"

Do instructional choices stem from research and theory?
Mr. Klem used a warm-up to make every minute of class time and achieve student focus.
He asked several students to read definitions related to linear functions and thanked them when finished.

Additional feedback for the Teacher Candidate.
Great demonstration of discreet vs. continuous functions.
You are so much more confident and comfortable in front of the class than one month ago. This is great, but
causes one small problem, it makes your rate of speech a bit too fast for at-risk students.
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When using the document camera with handwriting, try to write as legibly as possible. Some students may
have less than perfect vision.
The use of x + y^2 = 7 was not a good example for a discussion of non-linear functions.
When plotting linear functions, use at least three data points, providing a check for mistakes.

FOR BILINGUAL CLASSROOM TEACHER CANDIDATES ONLY:

Bilingual Pedagogy: Do lesson plans and instructional practices include bilingual
strategies to support emergent bilinguals in content area comprehension and
language development (ie: cross-linguistic and/or translanguaging strategies, such
as, cognates, idioms, bilingual labels, word study, syntax transfer etc).
N/A

PART II - GOALS

What are the next steps for the Teacher Candidate? Establish one or two specific
and observable goals for the next scheduled observation.
I will make my document camera handwriting more legible. I will measure this by surveying student
opinions.
I will limit direct instruction to no more than 5 minutes for all of my classes.

PART III: STRENGTHS

Share one or two outstanding strengths of the Teacher Candidate.
Mr. Klem has very strong math content knowledge and speaks with confidence and authority. His enthusiasm
and energy level were very high even though he is exhausted from a busy term. This is one of the defining
qualities of a great teacher.
He promoted the engagement of most students by calling out their names and encouraging them to contribute.
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APPENDIX D
Covid-19 Classroom Safety Procedures

HYBRID CLASSROOM PROCEDURES

Above all, use your common sense and help take care of your community.
Entry

● Enter wearing your mask and stay socially distanced from the person in
front/behind you.
● Use hand sanitizer as you go through the door as you proceed to your assigned seat.
● While you get your class materials out, please keep your belongings close to your
desk.
● If there is a counter, heater, or empty desk around you, do not place belongings on
them.
● Once everyone is seated, if you need to sharpen a pencil or get a drink of water, you
may do so as long as you stay six feet away from your classmates and teachers.

Common
Supplies

● When instructed by the teacher to use classroom materials, either:
○ Option A: A volunteer will use hand sanitizer and then pass out the materials to
each student. When this method is used, and when you are done with them, you will
be provided cleaning supplies to wipe down the materials, and then another
volunteer will pick up the classroom materials from your desk.
○ Option B: You will be allowed, one at a time, to proceed to the central location
where the classroom materials are located. Please handle only the materials you
need. Return to your desk. When you’re done with them, you will be provided
cleaning supplies to wipe down the materials, and then you will proceed one at a
time to return them to the central location. Use hand sanitizer on the way back to
your desk. In between picking them up and returning them, the teacher will have
sanitized the central location.

Bathroom

● When you need to go to the bathroom, you will need to receive a pass from me. You
may not leave class without this pass.
● Use hand sanitizer as you exit the room and proceed to the nearest bathroom.
● If it is occupied, wait six feet away from the door.
● When you reenter the room, use hand sanitizer before returning to your assigned
seat.

Water

● When you wish to take a drink of water, partially remove your mask while you drink
and then immediately put your mask back on in the assigned fashion.
● If you need to go to the hallway to get water, ask my permission. One student will be
allowed to leave at a time. If another student from another class is at the fountain,
please provide six feet of distance while you wait.
● Fill your water bottle without touching the fountain.
● Use hand sanitizer as you return to the room.
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General
Movement

● Throughout the course of the class, there may be cause for you to move about the
room. When this is approved by the teacher:
○ Maintain as much distance as possible from classmate's desks.
○ Don’t touch other classmates, empty desks, counter spaces, heaters, etc.
○ Use common sense.
○ When you approach the teacher’s desk, stand at the indicated spot.

Exit

● When the teacher indicates that it is time to sanitize the desks to prepare to leave:
○ Put all your supplies away and pack your backpack. Have everything off your desk
○ An assigned student will spray your desk with sanitizer.
○ Another assigned student will hand you a paper towel
○ Wipe down your desk and chair completely.
○ Stand by your desk and wait to be excused. Don’t touch your desk while you wait.
● Use hand sanitizer as you exit the room.
● Maintain six feet of distance between the student in front and behind you.

