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Abstract
This study explores the impacts of small-group discourse on an eighth-grade algebra course.
Participants of the study are 31 eighth grade students in an urban charter school. Data was
collected using pre- and post-assessments, observational tracking, classroom discourse rubric,
and student journaling. Data was collected over eight weeks. Results showed growth in
assessment scores using pre- and post-assessments. There was an increase in class participation,
observed through anecdotal notes. Also, using a discourse rubric, student groups increased their
scores on questioning and evaluating mathematical concepts. Discourse will continue to be used
to improve mathematical understanding and student efficacy. Weekly discourse will continue to
be held to observe if the results of this study, conducted remotely, will be comparable to a
similar study that is conducted through in-person learning.
Keywords: mathematics, discourse, Algebra, small-group learning, higher-order thinking,
student efficacy
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Mathematical achievement is monitored closely through teacher assessment, both formal
and informal, and standardized testing. In 2017, the National Assessment of Education Progress
reported that 40% of fourth-grade students assessed in mathematics were at or above proficient.
For students in eighth-grade, only 33% were at or above proficient. In Minnesota, 46% of the
eighth-grade students tested were considered at or above proficient. These numbers have neither
increased or decreased in a way that is statistically significant since 2015 (U.S. Department of
Education, 2017).
Going beyond statewide data, standardized mathematics scores in the school where I
teach have been decreasing over the past several years. Fewer students each year are meeting
expectations on the Minnesota Comprehensive Assessment. The percentage of students
proficient in mathematics dropped from 66.2% in 2016 to 35.2% in 2019. In recent years, I have
observed a higher number of students entering seventh- and eighth-grade with a weak foundation
for numerical literacy. More time each year is being spent on relearning materials from previous
years such as operations with positive and negative numbers, understanding of fractions, and
applying formulas to algebraic thinking. Factors that could play a part in this decline are the
change in curriculum that occurred in the 2016-2017 school year, moving locations and
expanding our student population in the 2017-2018 school year, and not having an English
Language program until the 2019-2020 school year. All of these expansions occurred with the
move to a new building, from a suburban location to an urban one. With this move, we
increased our enrollment size by 33% and saw a shift in our demographics, which included a
higher number of English Language Learners.
During distance learning due to COVID 19, discussion in the mathematics classroom has
decreased in order to focus on state standards. While students were learning from home, the
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amount of time students were provided direct instruction from teachers lessened. A typical day
of in-person learning is daily mathematics class, 45 minutes in length. The distance learning
format has mathematics twice per week, an hour in length. This decreased direct instruction time
from 225 minutes per week down to 120 minutes. Choi et al. (2018) conducted a study by
hosting synchronous, small-group sessions for an online learning platform and found that it had a
positive impact on student performance. This study provided a structure for mathematical
discourse while still spending synchronous mathematics lessons focusing on state standards. Our
school created a schedule for eighth-grade students to have four synchronous days with live
lessons hosted over Zoom. The fifth day of the week is an asynchronous day for students to
complete additional schoolwork. During the asynchronous day, small group discussions
occurred over Zoom for eight weeks. The purpose of this action research was to examine the
effects of small-group discourse on academic achievement, higher-order thinking, and student
efficacy in mathematics. The research question posed was what impacts does math discourse
have on student learning, higher-order thinking, and student efficacy in a middle school algebra
course?
Theoretical Framework
Conversation Theory is described as cybernetics, which is “the study of controlled
dynamic systems” (Conversation Theory, 2014, para. 2). Ford (2004) explains further that
students should be able to explain how concepts are connected and also be able to deconstruct
and apply knowledge of concepts. Through conversations, participants come to an agreement on
the meaning of topics. These agreements come from each individual explaining their
understandings to one another (Pangaro, 1996). Pask (1976) describes conversations as
“transactions” (p. 21), where there is an exchange of information to come to a consensus.
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Conversation theory suggests that through dialogue, students can fill learning gaps with
their peers. By conversing, students can validate their understanding of concepts and then build
upon that through discourse with other students. Dialogue should be considered a process for
learning, and by hosting small-group discussions, students can further their understanding of
Algebra concepts. Using conversation theory, students can have a base understanding through
traditional lessons and increase their understanding to a higher level through discourse.
Literature Review
Through the literature review, it was found that student identity in mathematics can
impact academic achievement (Barton et al., 2013; Klopfenstein, 2005; Kress, 2005; Li, 2007).
Another factor that affects academic success in a mathematics classroom is perceptions on
scholastic ability (Furner et al., 2002). A way to build identity and decrease anxiety is through
positive relationships in the classroom (Klopfenstein, 2005; Kress, 2005; Li, 2007). Through
mathematical discourse, these relationships can be built while also increasing student
understanding of concepts (Bertolone-Smith et al., 2019; Gewertz, 2020; Martinez et al., 2018),
decreasing mathematical anxiety (Furner, 2002; Huang et al., 2005), and shaping student identity
(Klopfenstein, 2005; Kress, 2005; Li, 2007).
Student Identity and Mathematics Achievement
Student identity can affect motivation in a classroom. Barton et al. (2013) researched this
focusing specifically on females from a non-dominant demographic. They found that identity is
shaped based on students' opportunities in relationship building with both students and teachers
within an academic context.
...the actions girls take, the relationships they form at any given moment, and the ways in
which these are recognized by others leave particular traces in time, as the girls progress
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through middle school, and in space, as their identity work moves across the various
figured worlds of school, afterschool, and home, among other figured worlds (Barton et
al., 2013, p. 65).
Barton et al. (2013) indicate that a student’s identity is formed cumulatively and can be changed
based on individual experiences in an academic setting. Furthermore, it is found that identity
will impact a student’s motivation to succeed in that specific content area. Darragh (2014) found
that the perceptions of what it means to be good at mathematics shifted between the middle and
secondary levels. Many eight-grade students identified that mathematics talent was the ability to
explain the concepts and help others. When the same students moved to year nine, the answers
changed to a majority feeling that being good at mathematics was performative based. They
perceived mathematics talent through test scores and the speed of raising a hand in class.
Furthermore, some students who had identified themselves as good at mathematics in year eight
no longer felt they fit the criteria in year nine (Darragh 2014).
Creating professional development for teachers on mathematics literacy and culturally
centered pedagogy is another tool used to improve identity (Kress, 2005). She suggests that the
students be made co-instructors on this course, enabling them to explain what they need to learn,
what they hope to accomplish with mathematics, and how to create a learning culture.
Going beyond a student’s mathematics identity is the perception of mathematics abilities.
Furner et al. (2002) believe that causes of mathematics anxiety could be language barriers and
the material’s difficulty level. The article describes ways to both prevent and reduce
mathematics anxiety. To prevent the anxiety, the authors encourage guardian involvement,
allowing for student input in assignments and assessments, differentiating material based on
levels and learning styles, creating opportunities for social learning, and creating opportunities
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for students to make mistakes and learn from them. To reduce anxiety, Furner et al. (2002)
encourage reflective practices in the mathematics classroom. Teachers should help students
understand their mathematics anxiety, recognize signs of anxiety, and introduce relaxation
techniques for students to combat their stress. Journal writing and gradual, repeated successes
have been shown to help students reduce their mathematics anxiety (Furner et al., 2002).
Engagement in the classroom can impact students’ academic identities positively. Langer
(2009) recommends creating math learning opportunities that allow students to connect their outof-school experiences to their classroom ones. These opportunities are created through group
work, where students are not only learners, but also points of authority for completing academic
projects with peers.
Mathematical Discourse
Much research leans towards a need to allow students to make mistakes, revel in
successes, and discuss problem-solving in a mathematics classroom (Bertolone-Smith et al.,
2019; Gewertz, 2020; Martinez et al., 2018; National Council of Teachers of Mathematics
[NCTM], 2014). NCTM (2014) describes discourse as “...the purposeful exchange of ideas
through classroom discussion, as well as through other forms of verbal, visual, and written
communication.” (p. 29) Furthermore, the teacher’s role in discourse should shift from being the
leader to guiding from the periphery only if necessary. Purposeful discussions will ask students
to justify their reasoning, reflect on their learning, and contribute to their peers’ understanding of
mathematics.
Building connections to peers and teachers is vital to student motivation and academic
growth. Those connections can be created with relationship building or by introducing students
to role models that they can relate to: culturally, racially, or through common events. Studies
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have shown that those connections can increase students’ motivations and opinions of a
mathematics classroom (Klopfenstein, 2005; Kress, 2005; Li, 2007). Martinez et al. (2018) write
about mathematical agency in a classroom. This process allows students to rely on their thinking
and cooperate with their peers. Through guided questioning and encouraging students to use
critical thinking paired with individual understandings of mathematics concepts, the authors saw
that students were less reliant on teachers, textbooks, and tools.
Group work and speaking in an academic setting can both help with mathematics
achievement and improve attitudes towards mathematics. Ortega (2016) interviewed students
during an eight-grade mathematics course and found that many responded positively to a
classroom centered around group work and conversations. Even students who believed the
course was more challenging than previous years believed that they were successful and it was
beneficial for their mathematics education in the future. Students who were nervous to converse
about mathematics to their peers still felt that working together with classmates made the
experience easier (Ortega, 2016).
Bertolone-Smith, and Gillette-Koyen (2019) state that discourse should be used to “argue
and critique mathematical reasoning” (p. 245). Discourse is an opportunity to celebrate mistakes
and learn from them. It is also suggested that students write about their understanding in
journals after participating in discourse to solidify their knowledge.
It was found in a prior study that students were not using higher-order thinking in their
secondary mathematics classroom discussions (Huang et al., 2005). The researchers found that
students did not apply it to their learning even when teachers demonstrated higher-order
questioning and discussion. When teachers asked questions that involved a higher level of
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knowledge, students could answer using higher-level reasoning. However, it was found that they
would continue to use lower-level thinking in their discourse.
In addition, mathematical discourse can help deepen understanding of mathematics
concepts (Gewertz, 2020). Through discourse, students can analyze one another’s mathematics
solutions, highlight successes, and evaluate mistakes. However, how to engage in discourse
must be explicitly taught to students in order to create a safe and equitable learning environment
for all (Gewertz, 2020).
Teachers can guide discourse by asking specific types of questions. Sussman et al.
(2019) recommends questions that “generate discussion, make the mathematics visible, probe
thinking, and encourage justification and reflection.” (p. 309) For example, a question to extend
thinking could be “Can you say more?” and a question to generate discussion could be “Who
wants to add onto Chen’s idea?” (p. 309) Questions can not only create opportunities for
discussion; they can direct students to different critical thinking skills. Questions asked by
teachers should go beyond answers. They should ask students to justify their solutions and build
connections across concepts. Follow-up questions can encourage reflection and allow other
students to connect to each other’s thinking. Sussman et al. (2019) also warn that questions can
limit student thinking if they direct students to the expected answer.
A study of hosting synchronous, small-group sessions for an online learning platform was
conducted by Choi et al. (2018). It was found that hosting opportunities for discourse did not
impact students' confidence or self-efficacy in mathematics. However, it did improve students’
academic performance in mathematics. Students who participated in the synchronous
discussions had higher final scores than students in the same course who did not participate in
the sessions.
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Conclusion
Commonalities found in the research indicate that student identity plays a key role in the
student’s motivations in a particular class. Creating a positive mathematics identity is vital to
decreasing mathematics anxiety and increasing proficiency. Identity can be shaped by a student's
understanding of their learning and introducing them to role models with whom they can
connect. Discourse enables students to view themselves and each other as mathematicians.
Through engaging classroom activities, centered around group collaboration, students
will respond more positively to mathematics learning, even if the work is considered challenging
(Langer, 2009; Ortega, 2016). These experiences help students move beyond being a learner in
the classroom and into a position of authority in mathematics conversations.
Current research indicates that teachers need to create opportunities for students to make
mistakes and engage in mathematical discourse in class (Bertolone-Smith et al., 2019; Gewertz,
2020; Martinez et al., 2018; NCTM, 2014). Connect students to positive role models both in and
out of a classroom and strive to become a positive influencer as a teacher (Klopfenstein, 2005;
Kress, 2005; Li, 2007). Create a classroom environment that holds high expectations but
balances rigorous content with student reflection to decrease student anxiety and increase selfefficacy (Furner, 2002; Huang et al., 2005).
Methodology
The study used an experimental design. Data was collected and analyzed for eight
weeks. Data analysis was used to determine if small-group discussion sessions would improve
student learning and growth in Linear Algebra. Subjects of the study were eighth-grade students
attending an urban charter school. All students in the study were enrolled in Linear Algebra. Of
the eighth-grade class in the 2020-21 school year, 31 students took Linear Algebra, 26 students
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were enrolled in Honors Geometry, and 7 were assigned to a functional mathematics course. Out
of the 31 students, 19 identified as female, 11 identified as male, and 1 did not identify with a
single-gender. Linear Algebra is a required course in the state for high school graduation. The
researcher has been an educator for 11 years and has taught seventh and eighth grade
mathematics for seven years. During the seven years teaching mathematics, courses taught
include Pre-Algebra, Algebra, Honors Algebra, and Honors Geometry.
Weekly expectations for Algebra students for the 2020-2021 school year included
● attending two synchronous Zoom lessons, each lasting one hour,
● a student journal completed during the last five minutes of each Zoom class, and
● an assignment after every lesson for students to complete outside of the Zoom
lesson.
For the purpose of this study, students also attended an additional Zoom session every
Wednesday for thirty minutes, totaling eight sessions during the study. This session consisted of
two-five students and involved discussing the content learned in Algebra that week. Any
students unable to attend the session for the week completed an additional assignment covering
the topic discussed in the small group.
The study took place over eight weeks. During distance learning due to the COVID-19
pandemic, the weekly schedule for eighth grade students was four days of synchronous learning,
which involved live lessons over Zoom. Students attended three classes each day out of six
classes total. On Mondays and Thursdays, students attended their first three classes. They
attended their remaining three classes on Tuesdays and Fridays. All live lessons were recorded
for students to view if they were unable to attend the class. On synchronous learning days, all
teachers were available to students over Zoom for one hour of open office hours. These office
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hours served as a replacement for a study hall, providing students with a designated time to
complete assignments and work with teachers.
One day each week was asynchronous learning, where students completed assignments
for each course without teacher supervision. Work on asynchronous days varied each week
depending on the material being reviewed. Examples of asynchronous work are short answer
worksheets, matching activities, multiple choice quizzes, and video reviews. The purpose of the
asynchronous day was to provide teachers with additional grading and planning time, allow
students to meet with teachers individually, and give students time to complete work from
previous days.
During the eight weeks of the research project, a 30-minute discourse session would
replace the asynchronous assignment in Linear Algebra. These sessions would consist of small
groups of students, varying in size from two-four students. Students would discuss concepts
learned during the previous week. Some discussion prompts would be teacher-led, but students
were given the option to create prompts and lead the discussions. Guided questions were
intended to extend thinking on topics learned in class. For example, during a week spent learning
about scatter plots, questions asked by the teacher were “How can you determine if a correlation
is strong or weak?” and “What information could this graph represent?” Questions asked by the
students include “How do you decide what goes on the x-axis and what goes on the y?” and
“What if you have more than one dot in the same place?” During the week discussing the
midpoint formula, some of the questions asked were “How does the midpoint formula resemble
equations you’ve used in the past?” and “How is finding the midpoint different from finding an
endpoint? How are they similar?” Questions asked by students were “Is there a way to find the
endpoint by drawing on a graph?” and “Why do you need to find a midpoint?”
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Data was collected using a combination of qualitative and quantitative means.
Quantitative data was analyzed for student improvement using pre-and post-assessments
(Appendices A & B). Pre-and post-assessments were given to monitor student progress on
specific content. The study consisted of two units, each with a pre- and post-assessment. The
first unit in the study was Distance, Midpoint, and Pythagorean Theorem. This assessment was
administered through a Google Forms quiz. The second unit in the study was Data Displays.
This assessment was administered using Nearpod. Each unit lasted four weeks. Pre- and postassessments were the same exam, consisting of 15 questions, a mix of multiple choice and short
answer.
Qualitative data was analyzed for student efficacy and higher-order thinking.
Observational data was collected using a weekly anecdotal tracker (Appendix C). Information
was recorded during each live lesson, which occurred twice per week. That material was
compiled into a weekly report. This was used to monitor student participation, attendance, and
work completion by tracking the frequency each event occurred for students individually. As
students asked questions, answered questions, participated in small-group and partner
discussions, or spoke with the teacher outside of the scheduled class time, they received credit on
the tracker. Assignments were tracked by amount completed, and whether the assignment was
turned in on time or late.
Another tool to collect qualitative data was a rubric used to assess student efficacy and
engagement in the discourse groups. This rubric (Appendix D) rated each discourse group
weekly on a scale of 0-3. Level 0 of the scale involved a high amount of teacher involvement
and students using little critical thinking. Level 3 is the highest score with a low amount of
teacher involvement and frequent critical thinking skills used. The categories ranked were
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teacher role, questioning, explaining mathematical thinking, mathematical representation, and
building student responsibility within the community. Every group was given an individual
ranking each week, with a total of eight rankings per group by the end of the study.
The students also completed weekly journal entries, which evaluated student
understanding and reflective practices (Appendix E). Journals were completed by students
individually at the end of every live Zoom lesson, which occurred twice per week. This analysis
of the journals took place using a depths of knowledge chart (Appendix F), which reviewed
entries between 1-4, based on if the level of thinking was to recall (1), conceptualize (2),
strategize (3), or extend knowledge (4).
The goal of this study was to see if replacing independent work with group discourse
would improve student mastery of Algebra concepts, which will be evaluated using assessments.
Self-efficacy will also be reviewed using the qualitative data to see if mathematics discussions
will impact student work, higher-order thinking, and participation.
Analysis of Data
The purpose of this research was to determine if hosting small-group discourse sessions
would have a significant impact on student understanding, use of higher-order thinking, and selfefficacy in mathematics. Pre- and post-assessments (Appendices A & B) were analyzed for
percentage growth and mastery. Student journals (Appendix E) and a discussion rubric
(Appendix D) were used to determine if higher-order thinking was being used. I took weekly
anecdotal notes (Appendix C) to look for student participation and work completion.
Over the eight weeks, the number of small group sessions attended ranged from 0-6
sessions. Factors impacting attendance were technology disruptions, anxiety over Zoom calls,
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observance of religious holidays, and health concerns. Table 1 shows the number of students
who participated in the study and how many sessions they attended.
Table 1
Student Attendance in Small Group Sessions
Number of Discourse
Sessions Attended
Total Female

Male

Does not identify

6

6

4

2

0

5

3

1

2

0

4

2

1

1

0

3

3

2

1

0

2

2

2

0

0

1

3

3

0

0

0

12

6

5

1

Academic Achievement
During this study, two units were completed in Algebra: Distance, Midpoint, and
Pythagorean Theorem and Data Displays. For each unit, a pre-assessment and post-assessment
were administered. The pre- and post-tests were identical and consisted of multiple choice and
short answer questions (Appendices A & B). On days where an assessment was given, students
did not have a live Zoom lesson. The Zoom call was instead used as an open office hours
opportunity for any questions or concerns regarding the assessment.
Four discussion groups were held during the Distance, Midpoint, and Pythagorean
Theorem unit. Due to constraints of remote learning, the most a student was able to attend was
three discussion sessions. Table 2 shows the results of this pre- and post- exam.
Based on these assessment results, the more discourse sessions a student attends, the
higher the average. However, average growth from pre- to post-assessment does not appear to
be impacted, with the highest growth percentage being after two sessions.
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Table 2
Results of Distance, Midpoint, and Pythagorean Theorem
Discourse Sessions
Attended

Post-Assessment
Average Score

Average Growth

0

34.07%

11.11%

1

57.78%

48.89%

2

67.78%

52.22%

3
69.05%
44.29%
*Column 3 shows the average percentage growth from the pre-assessment to the postassessment.
Table 3 shows the results of the Data Display unit. The pre- and post- assessments for
this unit show that both average assessment scores and average growth increase with a higher
number of discourse sessions attended.
Table 3
Results of Data Displays
Discourse Sessions
Attended

Post-Assessment
Average Score

Average Growth

0

45.33%

27.83%

1

60.00%

60.00%

2

90.67%

62.33%

3
90.83%
72.08%
*Column 3 shows the average percentage growth from the pre-assessment to the postassessment.
Based on the results of both post-assessments, academic scores and growth both appear to
increase with the use of discourse sessions. For each post-assessment, average scores increased
when a higher number of discourse sessions were attended. Academic growth also increased with
more frequent discourse sessions, with the exception of three discourse sessions during the first
unit of study.
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Student Efficacy
Throughout the study, the researcher reviewed live lesson recordings and student work
completed for the following information: asks questions, answers questions, and completed
homework. Self-efficacy is described by Bandura (1997) as a process to manage actions and
accomplish tasks. In mathematics, students need to have the motivation and knowledge to
complete work and participate in the classroom.
One measure of student-efficacy was through anecdotal notes. The purpose of this data
was to see if student participation increased with the addition of small-group discourse. All
notes were kept in a tracking journal (Appendix C). Notes were taken for all sessions over the
eight weeks of the study. Students attended a range of zero to six sessions during this time
frame.
Figure 1 shows the number of assignments completed by each student compared to the
number of discourse sessions attended. For students who attended no discourse sessions, the
highest number of assignments completed was 19 and the lowest was zero. For students who
attended six sessions, the range of assignments completed was 19-21. It is important to note that
students who did not attend a session were given an additional assignment each week.

Figure 1. Assignments completed based on session attendance.
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As seen in Figure 2, students who attended no discussion groups completed an average of
10.77 assignments during the eight weeks of the study. Students who attended between four and
six discussion groups completed an average of 18.55 assignments during the two units. While
higher discourse attendance shows a higher completion rate, it is unclear if the sessions had a
direct impact on homework completion. These numbers could also be impacted by student
responsibility and ability to complete assignments in their home environment.

Figure 2: Average assignments completed based on session attendance
Another facet reviewed through anecdotal notes was student participation in live lessons
by asking and answering questions. Each student was tracked individually on participation. Not
all students attended live lessons and were excluded from this data. Various reasons for missing
a synchronous lesson include technology difficulties, health concerns, or students that opted into
an alternative learning plan.
Figure 3 shows the class totals for participation over eight weeks. Figures 4-6 breaks
those totals down based on the number of discourse groups the student attended. As weeks
progressed in the study, there was a decrease in the number of questions asked and increased
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questions answered. Weeks four and eight contained a test that replaced the standard live lesson
for the day. The highest weeks for questions answered were five, six, and seven, with 33, 30,
and 30 questions answered, respectively. These weeks were the second unit in the study. The
high number of questions answered could be due to discourse sessions. However, they may also
be due to the change in units, from Pythagorean Theorem, Midpoint, and Distance to Data
Displays. Asking questions remained relatively the same throughout the study, with the highest
being week one, 14 questions, and the lowest being week eight, seven questions.

Figure 3. Class Totals for Participation
* denotes a week where a test was given, and only one live lesson occurred
By splitting the data into student session amounts, it appears that there is no discernable
pattern between the number of sessions and the number of questions asked. Conversely, when
answering questions, students who attended six discourse sessions answered over half of the total
questions responses in weeks one, three, five, and six. In weeks two and seven, students who
attended six sessions answered 50% and 43.33% of the questions, respectively. However, these
higher percentages existed from the start of the study, even before students had attended all of
the discourse sessions. Figures 4-6 show how questions asked and answered are broken down by
discourse sessions attended each week. Weeks four and eight were excluded from the figures due
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one less synchronous lesson.

Figure 4. Week 1 and 2 Totals for Participation based on Session Attendance

Figure 5. Week 3 and 5 Totals for Participation based on Session Attendance

Figure 6. Week 6 and 7 Totals for Participation based on Session Attendance
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Comparing questions asked and answered shows that students who attended four to six
discourse sessions asked 41.67% of the questions and answered 60.96% of the questions over the
eight-week study. Students who did not attend any discourse sessions asked 20.24% of the
questions and answered 16.44% of the questions. Table 4 shows the percentage of questions
asked and answered for students who attended zero discourse sessions, one to three sessions, and
four to six sessions.
Table 4
Percentages of Questions Asked and Answered by Sessions Attended
Sessions
Attended

Questions Asked

Percent of
Questions Asked

Questions
Answered

Percent of
Questions
Answered

0

17

20.24%

24

16.44%

1-3

32

38.10%

33

22.60%

4-6

35

41.67%

89

60.96%

Total

84

146

Anecdotal notes show that higher attendance to discourse sessions correlates to a higher
participation in whole class discussions. This implies that students participating in small-group
discourse have a higher level of engagement. The discourse rubric in the following section
breaks down how student efficacy was impacted in various areas of mathematical thinking.
A second measure of student-efficacy was through a discourse rubric (Appendix D). This
rubric was used to monitor the teacher’s role in discourse in comparison to the students’ role.
While students were participating in the small-group discourse sessions, I reviewed the group’s
effectiveness using a classroom discourse rubric. The rubric is used to rate teacher role,
questioning, explaining mathematical thinking, mathematical representation, and building
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student responsibility within the community. On each asynchronous day, six sessions were held.
Each session was given its ranking using the rubric.
While student attendance from week to week varied, all students remained in the same
core small group. The number of students in the group fluctuated, but groups were not
introduced to new members of their group after the initial session. Groups were formed using
student availability during the asynchronous learning day. Groupings were heterogeneous, with
mixed gender, race, and ability levels. The groups were analyzed to see if they improved their
rubric scores by having more sessions of discourse. Each category was given a score from 0-3.
Figures 7-12 show the rankings each group received throughout the study.
Looking at the rankings, all groups appeared to have a steady increase in their scores over
the span of eight weeks. Groups increased their scores by at least one point in all five categories
with the exception of group B in Mathematical Representation. Group B chose to communicate
solely through the Zoom chat function, and had fewer capabilities to demonstrate graphic
representations of the Algebra discussions. Other than group E, all groups increased their score
in Explaining Mathematical Thinking by two points. Group E increased their score in that
category by one point. Group E had the most flux in attendance and the smallest grouping, with
only two students enrolled in the session. Students in Group E were unable to attend four of the
eight discourse sessions.
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Figure 7.
Group A Levels of Classroom Discourse Rankings

Figure 8.
Group B Levels of Classroom Discourse Rankings

Figure 9.
Group C Levels of Classroom Discourse Rankings

Figure 10.
Group D Levels of Classroom Discourse Rankings

Figure 11.
Group E Levels of Classroom Discourse Rankings

Figure 12.
Group F Levels of Classroom Discourse Rankings

Looking at the average score each week for each group, all groups showed an increase
using the classroom discourse rubric (Appendix D). For example, Group B had an average score
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of 0.2 in week one, and their average increased to 1.4 in week eight. Group E had inconsistent
scoring based on lack of attendance, with no students present in the session in weeks one, four,
six, and eight. Even with fewer sessions, group E saw an average gain from 0 in week one to 1
in week eight. Table 5 shows the average scores for each group by week.
Table 5
Levels of Classroom Discourse Average Rankings
Group A

Group B

Group C

Group D

Group E

Group F

Week 1

0

0.2

0.6

0.2

NA

1

Week 2

0.6

0.4

1.2

1.4

0

1.8

Week 3

0.6

1

1.4

1.6

0.6

1.8

Week 4

1

1

2

0.8

NA

1.8

Week 5

1

1.2

1.8

1.8

0.8

2.8

Week 6

1.4

1.4

2

1.6

NA

2

Week 7

1.6

1

2.4

2.2

1

2.8

Week 8

2

1.4

2.8

1.2

NA

3

With a higher number of discourse sessions attended, there is an increase in assignments
completed and questions asked during synchronous lessons. Furthermore, group scores using the
rubric for discourse shows that the role of the teacher lessened in the groups and students were
taking on a more active role.
Higher-Order Thinking
At the end of every synchronous lesson, students were asked to complete a reflective
journal (Appendix E). Students reflected on the content that was learned in the lesson using
either provided prompts or a topic of their choosing. This journal was created through a Google
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Document in order to allow both the student and myself access. During the study, there were not
as many responses from students as expected. The sample size of journal entries was smaller
than the sets from all other data points. Out of 31 students, 25 completed at least one journal
entry. The number of students who completed all journal entries was 8. Completion of journal
entries occurred during live lessons and if a student was unable to attend class, the journal was
not always completed.
Journals were reviewed for higher-order thinking using a depths of knowledge chart
(Appendix F). The chart categorized thinking into recall, conceptualize, strategize, and extend
knowledge. The data received was reviewed by looking at the percent of responses in each
category listed above. Most student responses stayed in the recall and conceptualize categories.
As we moved further into the study, there were few responses under recalling and more
responses under conceptualizing. Strategizing responses remained under 10% for the entirety of
the study and there were zero responses that could be classified as extending knowledge. Table
6 shows the breakdown of response types each week. Weeks four and eight were excluded from
the data due to an assessment being given that week.
Table 6
Percentages of Journal Response Type by Week
Week

1 and 2

3 and 5

6 and 7

Number of Responses

Percentage of Each Category

54

Recall - 75.93%
Conceptualize - 16.67%
Strategize - 7.41%
Extend Knowledge - 0%

48

Recall - 72.92%
Conceptualize - 25%
Strategize - 2.08%
Extend Knowledge - 0%

56

Recall - 55.36%
Conceptualize - 39.29%
Strategize - 5.36%
Extend Knowledge - 0%
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The data analysis of the study shows that small-group discourse assists in increasing
mathematical understanding and student efficacy. This can be seen using the pre- and postassessment scores (Appendices A & B), weekly anecdotal notes (Appendix C), and the discourse
rubrics (Appendix D). Students who attended a higher number of discourse sessions achieved
higher average scores on their final assessments each unit. As the study progressed, individual
discourse groups increased their scores on the rubric. There is not enough information to
determine if small-group discourse impacts higher-order thinking in an eighth grade Algebra
class. Journal entries (Appendix E) did not see a significant change in scores using the levels of
knowledge chart (Appendix F).
Action Plan
This study was created and implemented to determine the impact of small group
discourse in an eighth-grade Linear Algebra course. The effect was analyzed using course
assessments, participation in class and assignments, and efficacy during the discourse sessions.
Based on the findings of this study, conclusions were drawn. Small group discussion
groups assisted in improving the test scores of eighth-grade algebra students. Students who
attended more discourse sessions had higher average scores and percentage growth than their
peers. Also, students who participated in the discourse groups completed a higher number of
assignments and asked questions more frequently. These results lead to the conclusion that
participating in small group discussions results in higher participation in-class activities. The
rubric scores given during the discourse sessions improved as more sessions were held. The
higher number of discussion groups had lent to improving student self-efficacy.
These results on academic achievement are similar to what was found in other studies.
Choi et al. (2018) and Gewertz (2020) all saw improvement in assessment scores after hosting
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discourse groups. However, Choi et al. (2018) and Huang et al. (2005) did not see improvements
in self-efficacy or higher-order thinking in their studies. Sussman et al. (2019) found that the
type of questions asked during discourse sessions can either enhance student thinking or limit it,
depending on the critical thinking skills required by the question.
Based on the conclusions of the study, further actions need to be taken to determine the
effectiveness of discourse in a Linear Algebra classroom. First, conduct small-group discourse
sessions while students are in-person. Prior to starting these discourse groups, explicitly teach
students how to engage in discourse before starting the sessions. Begin the discussion groups
earlier in the school year to ensure more time to implement and create routine.
As the study progressed, challenges emerged. The first was the struggle that occurred
with distance learning during the COVID-19 pandemic. Due to students learning via Zoom and
digital tools, 100% participation in the study was not possible. Several students opted out of
discussion groups, citing technical difficulties or anxiety as the reason. However, those students
chose to remain as participants in the study by completing asynchronous assignments.
Technology and home issues also caused some students to be unable to attend every discussion
group session. Further research needs to be completed to determine if the participation of all
students in all sessions would have a more significant impact on student learning.
Another difficulty that impacted the research was using an online platform, Zoom. While
there was full engagement for students in the discussion groups, that participation took various
forms. Some students used video cameras; others were limited to microphones; others still chose
to communicate via chat only. This variety in communication tools and lack of face-to-face
interactions would be a different environment. Therefore, different results would be seen in a
traditional, in-person learning environment. Choi et al. (2018) hosted synchronous sessions for
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discussion groups and saw improvement in students' academic performance when teaching
online but saw no improvement in student confidence or efficacy. The discussion groups would
need to be held in person to understand the impact of discourse in a mathematics classroom truly.
Gewertz (2020) found that engaging in discourse needed to be explicitly taught, and the
environment needed to be equitable. The circumstances of the study did not allow for a fair
environment due to inequities in technology and differences in student home life. The range of
participation also led to a lack of direct instruction on participating in the discourse.
The final struggle during the study was a result of the timing. This study was completed
during the last quarter of the school year. A decline was seen in student attendance,
participation, and work completion as summer approached. This decline is common in the fourth
quarter of a school year but was exacerbated by students learning from home. This decrease
could be seen most severely by the completion rate and quality of the student journals.
Bertolone-Smith & Gillette-Koyen (2019) found success when pairing student journaling with
discourse. However, students need to complete the journals to gain their benefits. A future
study would need to be conducted to determine if the results would change if the discourse
sessions occurred earlier in the year.
The overall results of the study were that there are benefits to students participating in
small-group discourse sessions. Further research needs to be completed to determine the
effectiveness of discourse groups on student efficacy and higher-order thinking. Still, there was
a visible improvement in student learning using pre- and post-assessments. As supported by this
research and the research completed by other researchers (Choi et al., 2018; Gewertz, 2020),
discourse groups will positively impact assessment scores and academic understanding of

IMPACTS OF DISCOURSE ON ALGEBRA ACHIEVEMENT
mathematical concepts. I would recommend the use of small-group discourse to improve
mathematical understanding and student efficacy in a Linear Algebra classroom.
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Appendix A
Pre- and Post-Test on Midpoints, Distances, and the Pythagorean Theorem
Name: _____________________________________

1. The endpoints of AB are A (-10,8) and B(-3,1). What are the coordinates of the midpoint of
AB?
A (-6.5, 4.5)
B ( -1.5, 4.5)
C (-3, 9)
D (7, 4.5)

2. Using the same segment, AB, as in number 1, what is the length of segment AB to the
nearest tenth?
A 9.9

B 15.8

C 18.4

D 9.2

3. Find the length of the missing side in the following right triangle to the nearest tenth..
A 9.9
B 33.0
C 24.4
D 3.0
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4. Which of the following sets of numbers will form a right triangle?
A 12, 13, 14

B 15, 16, 18

C 5, 6, 9

D 5,12,13

5. The midpoint of CD is (7, 2). If one endpoint, point C, has the coordinates (6, -2), what is the
coordinate of point D the other endpoint of
CD?
A (0.5 , -3)
B (-4 , -4)
C ( 1 , -6)
D (8 , 6)

6. Find the measure of the missing side of a right triangle to the nearest tenth.
A 5.0
B 16.6
C 10.7
D 23.0
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7. Find the length of the diagonal of the rectangle.
A 8.9

B 9.0

C 20.0

D 14.4

8. Find the distance between point A (10, 7) and point C
21) to the nearest hundredth.

(18,

9. Which model below uses the Pythagorean Theorem to show that the triangle is a right
triangle?
B
A
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D
C

10. What is the distance on the number line from -98 to 74?
A

173

B 24

C -173

D -24

11. The Johnsons are thinking of building a bridge across their pond from point X to point Z, as
show in the figure below. Use the Pythagorean Theorem.

Which is the closest to the distance from point X to point Z?
A. 100 yards
B. 50 yards

C. 25 yards
D. 10 yards

12. Use the Pythagorean Theorem to find the shortest distance between (-2, 1) and (4, 3).

A.
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B.
C.
D.

13. Use the Pythagorean Theorem to find the shortest distance between (-2, 4) and (3, -2).
A.
B.
C.
D.

14. Sabrina enjoys sailing. She wants to build this
model sailboat:

What is the height of the model’s sail in centimeters (cm)? Use the Pythagorean Theorem.

A. 16 cm

37

IMPACTS OF DISCOURSE ON ALGEBRA ACHIEVEMENT

B. 17 cm
C. 20 cm
D. 21 cm

15. How is the Pythagorean Theorem used to find the distance of a line segment?
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Appendix B
Pre- and Post- Data Displays Test
Name ______________________________________
1. Question 1 was excluded due to copyright with textbook publishers.
2. Using the line of best fit, predict the average consumption of bottled water in the year 2000.
a. 20 gallons
b. 200 gallons
c. 10 gallons
d. 40 gallons

3. How many gallons were consumed
in the year 1990?
a. 14 gallons
b. 24 gallons
c. 10 gallons
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4. In which year were 14 gallons of water consumed?
a. 1992
b. 1994
c. 1990
5. Question 5 was excluded due to copyright with
textbook publishers.

Choose an appropriate data display for the situation. Explain your reasoning.
6. percent of students in each club
7. the numbers and types of different species of animals at a zoo
8. the profits of a company over a year
9. the cost of a shoe based on type
10. number of sales for a store each month
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Anecdotal Notes
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Levels of Classroom Discourse Rubric
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Appendix E
Math Reflection Journal
After each class, write a reflection on what occurred in math today. Some questions you might
choose to answer in your reflection are:
● What vocabulary you learned.
● What was easy about the topic.
● What challenged you.
● What you need to review.
You do not have to answer all of those questions each time but I encourage you to fully reflect
on your learning each day.
Today’s Date
Topic from class
Today’s objectives
Reflection
Homework Score

Today’s Date
Topic from class
Today’s objectives
Reflection
Homework Score

Today’s Date
Topic from class
Today’s objectives
Reflection
Homework Score
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Depths of Knowledge Levels
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