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Abstract

A large body of literature supports the notion that a K-12 teacher’s confidence in teaching
and content impacts student achievement. This study explores a group of preservice
teachers and their confidence in teaching geometric concepts. The eight participants were
preservice secondary mathematics teachers enrolled in a high-school-focused geometry
course centered on pedagogical content knowledge. Using mixed methods, the study
examined how their confidence to teach geometric topics changed over the course, with
participants rating that confidence on a 4-point Likert scale. Confidence to teach most
topics increased significantly. Six themes emerged from the second round of interviews:
(1) deep understanding of content improves confidence to teach; (2) opportunities to
teach improve confidence; (3) course activities were interesting; (4) resources improve
confidence; (5) lack of deep content understanding causes uncertainty; and (6) students
want to learn pedagogical skills.
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1 Introduction

This study investigates the potential for a secondary mathematics education course to deepen
preservice teachers’ (PSTs’) learning of the geometry topics they will be required to teach. The
course is designed to prepare PSTs to teach secondary geometry content, and this study examines
participants’ perceived confidence in teaching geometry before and after taking the course. Preservice
teacher preparation directly influences the learning of future generations. Research has shown that
teacher efficacy is linked to student achievement (Alrefaei, 2015; Swars et al., 2006; Tschannen-Moran
& Barr, 2004), and that the quality of teachers and their professional learning opportunities is a crucial
influence on student learning (Bruce et al., 2010; Education Evolving, 2014). These findings point to the
importance of understanding “the effects of PST training on teacher efficacy and what aspects appear to
be rigid or malleable in a particular subject domain, such as mathematics” (Matney et al., 2016, p. 165).

The secondary education course in this study uses guided inquiry learning activities to engage
the PSTs in geometric content, not only to help them gain a deeper understanding of secondary
mathematics content, but to experience a way of learning that they can replicate for their future
students. Inquiry-based learning activities typically begin with a question or problem for students to
consider without being told strategies or answers. Students are given time to investigate, explore, and
discuss the problem at hand while teachers act as facilitators, using guiding and probing questions to
help students critically think about what makes sense mathematically. Inquiry-based methods promote
the development of both conceptual notions and ways of thinking about mathematics (habits of mind)
so that students become independent learners and thinkers of mathematics. Experts agree that learning
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is enhanced when students are actively involved in the learning process (Benek-Rivera & Mathews,
2004; Smart & Csapo, 2007) and these kinds of rich problem-solving pedagogies remain underused
by mathematics teachers in spite of decades of research (Otten et al., 2024). The National Council
of Teachers of Mathematics (NCTM) advocates for effective, research-based educational practices
including emphasizing conceptual understanding, procedural fluency, strategic competence, adaptive
reasoning, and productive disposition (NCTM, 2014). For these reasons, one beneficial goal for
mathematics education programs would be to offer courses that improve PSTs’ productive dispositions
and self-efficacy (AMTE, 2017; NRC, 2001).

This research examines the potential effects of pedagogical content knowledge courses on PSTs’
self-efficacy for teaching geometry. Because the course context is central to the study, it is described
alongside the relevant literature and again in the methodology section.

2 Literature Review

2.1 Theoretical Framework of the Course

The course in this study was designed to help PSTs learn the mathematical knowledge and teaching
strategies needed to teach secondary geometry. To prepare the PSTs, the course engaged them in
deep learning about much of the mathematics they thought they already knew. The fundamental
ideas behind the course stem from Ball et al. (2001), who claim that teachers have an insufficient
understanding of mathematics to teach effectively. According to Ball et al. (2001), “This insufficient
understanding has meant inadequate opportunities for teachers to develop the requisite mathematical
knowledge and the ability to use it in practice” (p. 433). They explain how insufficient mathematical
understanding impacts how teachers use curriculum and materials, choose representations and
tools, effectively interpret and respond to students’ understanding, and construct suitable homework
assignments (Ball et al., 2001). They advocate for teachers to have deep understandings of mathematical
concepts, connections, and representations. Similarly, Hill et al. (2008) constructed a case study
seeking to better understand the correlation between teacher knowledge and mathematical quality of
instruction, concluding that improvement in teacher knowledge is paramount to improving instruction
and student learning.

Rich mathematical tasks also help PSTs develop their geometric content knowledge, although content
knowledge is not all that is required for effective teaching (Ball et al., 2001; Dewi & Asnawati,
2018). According to Bates et al. (2011), teachers with deeper mathematical content knowledge are
significantly more likely to have greater self-efficacy in their mathematical abilities and in teaching
mathematics. The course follows recommendations set forth by NCTM to put teachers in the role
of facilitator rather than dispenser of knowledge, with students taking responsibility for engaging,
interacting, and discussing to learn (NCTM, 1989, 2009, 2014). For example, the course draws on
NCTM’s (2009) reasoning habits and asks students to reflect on how they have experienced developing
them. According to NCTM (2009), the reasoning habits are: (a) analyzing a problem, (b) implementing
a strategy, (c) seeking and using connections, and (d) reflecting on a solution. The course also provides
numerous opportunities for problem solving and for developing problem-solving strategies, a key
component of mathematics education (Gloria, 2015; NCTM, 2014; Suratno & Waliyanti, 2023). Problem
solving helps students build transferable skills they can adapt to new problems in everyday life and
future teaching (NCTM, 2014).

Classroom experiences in the course foster curiosity and increase independence among students.
Student-centered activities have been shown to enhance student learning by using hands-on activities,
interactive instruction, and experiential learning (Smart & Csapo, 2007; Benek-Rivera & Mathews,
2004; Vale & Barbosa, 2023). Inquiry-based approaches guide the course and instruction; such
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approaches have been shown to increase student motivation, attitude, and understanding while
learning geometry (Eshetu et al., 2023; Mensah-Wonkyi & Adu, 2016; Salim & Tiawa, 2015).
Inquiry-based instruction includes learner-centered activities and fosters “attitudes, interests, and
a high motivation towards mathematics” (Mensah-Wonkyi & Adu, 2016, p. 62) where students are
“creating their own knowledge in order to enhance [their] understanding of mathematical concepts
rather than providing them with a set of rules without understanding” (Mensah-Wonkyi & Adu, 2016,
p- 62). A goal of the course is for PSTs to become self-directed learners and thinkers of mathematics
and take what they have experienced into their future classrooms.

2.2 Prior Studies Involving PST Confidence

Preservice early grades teachers in Hourigan and Leavy (2017) reported improved mathematical
content knowledge and pedagogical knowledge and higher confidence in teaching and doing
mathematics. Out of the 345 preservice teachers, 53% labeled interactive methodologies as a specific
success of the program.

McGlone (2009) conducted a dissertation case study examining preservice teachers’ experiences
in a reform geometry course. The study involved 25 preservice elementary and middle school
mathematics teachers, for many of whom this was their first mathematics course in the School of
Education. McGlone found that participants developed confidence in their mathematical abilities, grew
a commitment to cooperative learning, and developed an appreciation for noticing multiple solutions
to problems and learning for mathematical understanding.

Siregar et al. (2020) investigated instructional approaches and student learning in a secondary
geometry course. The researchers claim that teachers should use learning approaches that target
improving student reasoning in K-12 classrooms. They used pre- and post-tests with control
and treatment classes, testing with a mathematical and communication test and a self-confidence
questionnaire. The dependent variable was a multi-lesson unit on geometry which secondary school
students regularly used discovery learning and constructivist techniques throughout their course. In
this approach, the teacher allowed students to explore problems in different ways. This contrasted with
the control classes, where the teacher used teacher-centered strategies, providing information about
a geometric topic and giving students time to solve questions from the textbook (Siregar et al., 2020).
The researchers found the treatment teaching module fostered student confidence by giving groups
of students opportunities to present their work to the whole class. The module questions encouraged
students to actively take part in building their own mathematical knowledge and communication.

As for confidence in teaching geometry, Dewi and Asnawati (2018) found a significant correlation
between understanding geometric concepts and the ability to teach geometry when PSTs practice
teaching within a microteaching course. The relationship between understanding and teaching
geometry had a magnitude of 46.5%, indicating that factors other than comprehension account for the
remaining 53.5% affecting PSTs’ abilities to teach geometric topics. Similarly, Bates et al. (2011) found
that preservice teachers with high mathematical self-efficacy are significantly more likely to have high
self-efficacy for teaching mathematics. However, they also noted that this was an interesting finding,
given that many factors beyond content knowledge are involved in teaching. Relatedly, Scholz (1996)
examined ten preservice secondary mathematics teachers’ conceptions of geometry and of teaching
geometry. She found that all the PSTs “discarded content they had not previously seen or was not
presented in the textbooks” (p. 180) and thus were fixated on teaching in ways they had either seen
before or found in the textbooks they used. Her work shows the importance of engaging PSTs in
effective ways of teaching, so they are more likely to keep these pedagogies in mind when they begin
their careers. This was one purpose of the course in this study: to give PSTs new geometry experiences
and have them reflect on their value, encouraging them to use effective teaching strategies.
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2.3 Self-Efficacy

Self-efficacy refers to a person’s belief in their ability to execute the behaviors needed to produce certain
performance attainments (Bandura, 1997, as cited in American Psychological Association, 2009, para.
1). Personal mathematics self-efficacy and self-efficacy for teaching it are positively correlated (Bates
et al., 2011), though the same authors caution that feeling confident about teaching does not mean
that teaching will be effective. Self-efficacy to teach is also associated with lower teacher burnout
(Daniel & Van Bergen, 2023; Schwarzer & Hallum, 2008). Schwarzer and Hallum (2008) concluded
that “strengthening teachers’ optimistic self-believes along with improved teaching skills should be
a preventative measure to avoid this downward spiral [of burnout]” (p. 169). Daniel and Van Bergen
(2021) found a correlation between instructional self-efficacy and teacher burnout during COVID-19.

To improve self-efficacy and motivation among students, Margolis and McCabe (2006) suggest three
practical strategies for the classroom: enactive mastery, vicarious experiences, and verbal persuasion.
Enactive mastery refers to a student recognizing success on tasks, vicarious experiences involve
providing students with direct guidance and modeling, and verbal persuasion involves encouragement
and frequent, task-specific feedback. Similarly, Matney and Jackson (2017) examined how different
research projects affected secondary mathematics PSTs’ sense of efficacy. They found that PSTs whose
projects involved field work rather than book work reported higher general and personal teaching
efficacy, since those vicarious experiences were closer to mastery experiences. The inquiry-based
methods of the course in this study engaged PSTs in enactive mastery, vicarious experiences, and
verbal persuasion regarding learning and teaching geometry.

3 Methods

This study seeks to investigate the research questions:

RQ1: How do preservice teachers perceive a change in their confidence in teaching geometry after
taking the course?

RQ2: What did preservice teachers attribute to changing their confidence in teaching geometry after
taking a secondary geometry methods course?

RQ3: What are preservice teachers’ preconceived notions about geometry and teaching geometry?

RQ4: What do preservice teachers believe they need to improve their confidence in teaching geometry?

3.1 Context of the Study

The study took place in an undergraduate geometry course focused on mathematical pedagogical
content knowledge (Ball et al., 2001). Class time gave participants opportunities to wrestle with
mathematical ideas individually and work through them in collaborative group discourse. In practice,
the teacher presented a prompt or question to the class. Participants then constructed ideas in pairs
and in table groups of four, presented them to the whole class, and engaged in hands-on activities using
manipulatives such as algebra tiles, patty paper, snap cubes, protractors, and compasses. Participants
sat in groups of three to four and regularly conversed with one another.

Because teachers can hold different beliefs about their ability to teach various concepts, the geometry
course was divided into the domains used by the state standards, which were based on the Common
Core State Standards for Instruction (CCSSI, 2010). This aligns with the goal of preparing participants
to earn teaching licensure in the USA.
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The following domains from CCSSI (2010) were explored in this study:

« Congruence « Expressing geometric properties « Conditional probability
o Similarity with equations and the rules of

« Right triangles « Geometric measurement and probability
 Trigonometry dimension

« Circles « Modeling with geometry

These standards apply to the many states with standards adapted from the CCSSI.

As the four research questions indicate, this study investigates participants’ self-efficacy to teach
mathematics. Prior research shows that certain experiences develop one’s efficacy (Zimmerman, 2000),
and that some affect it more than others (Bandura, 1997). Three experiences that support preservice
teacher efficacy are enactive mastery, vicarious experiences, and verbal persuasion (Margolis &
McCabe, 2006). All three were used throughout the undergraduate course in this study. The professor
and graduate assistants regularly gave verbal encouragement and task-specific feedback as they
worked with participants; modeling and direct guidance for solving problems occurred as participants
presented their work and ideas to the whole class; and the tasks were scaffolded to draw on participants’
prior knowledge before building on it, helping them experience success on projects and assignments.

3.2 Participants and Setting

The eight participants in this study were preservice mathematics teachers at Bowling Green State
University, pursuing degrees to teach mathematics in grades 7-12. The course is traditionally taken in
the fourth semester of the four-year (eight-semester) program, and this offering ran in the spring. The
class had 24 students, 8 of whom volunteered to participate in this study. Of these, 2 were female and
6 were male, and all were Caucasian.

3.3 Interviews

The semi-structured interviews were developed using the process outlined by Kallio et al. (2016),
who suggest five phases for developing a semi-structured interview: “(1) identifying the prerequisites
for using semi-structured interviews; (2) retrieving and using previous knowledge; (3) formulating the
preliminary semi-structured interview guide; (4) pilot testing the guide; and (5) presenting the complete
semi-structured interview guide” (Kallio et al., 2016, p. 2954). The first interview was conducted before
or during the first week of the course, and the second during the last week of the semester, after the final
exam. Each interview took place in a locked, quiet room with the first author. Participants were given
a printed list of interview questions (see Appendix A) and a printout of the state geometry course
overview (see Appendix B). The researcher posed each question aloud, and participants responded
orally. All participant names used in this study are pseudonyms.

3.4 Data and Analysis

Both interviews included qualitative and quantitative components. The qualitative interview questions
appear in Appendix A. These questions do not distinguish confidence levels among various aspects of
teaching geometry, such as designing tasks or evaluating participant knowledge. Keeping the questions
broad was intentional, since these participants were less than halfway through the program and this
was one of their first education courses. Asking open-ended questions also supports the validity of
findings by yielding rich data (Maxwell, 2013). The quantitative section asked participants to rate
their confidence in teaching various geometric domains drawn from the CCSSI (2010) high school
geometry standards. This provided insight into participants’ confidence in each domain, recognizing
that teachers can have varying self-efficacy for teaching different skills (Tsamir et al., 2015). Each
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participant was given a list of the domains (see Appendix B) and asked to rate their confidence in
teaching each one on a scale of 1 to 4 (1 = not confident at all, 2 = slightly confident, 3 = fairly confident,
4 = completely confident).

Participants could briefly explain their rating if they wished. Chyung et al. (2017) discuss the use
of a midpoint in a Likert scale. A midpoint was omitted here to reduce the chance of respondents
misusing it, since Chyung et al. found that respondents may select midpoints for items that feel socially
undesirable. In addition, participants were not expected to have fully formed opinions about their
confidence levels and may have been unfamiliar with some geometric topics — conditions the authors
note are well suited to a Likert scale without a midpoint.

The quantitative data were analyzed with a Wilcoxon signed-rank test, a technique used with small
samples (usually n < 10) to compare paired, non-normal, or ordinal data. Because this study uses
Likert-scale data in a paired pre-post format and the test makes no normality assumption about the
distribution, it matches the design; a typical t-test could not be used (Chyung et al., 2017).

After the interviews, the audio recordings were transcribed. An inductive approach was used: the
qualitative data were examined to find relationships and patterns (Hatch, 2023). Codes were developed
as the researcher found connections among participant responses, and themes evolved from those
codes. One researcher transcribed and coded the data, then double-coded the transcriptions to check
validity and reliability. Respondent validation was also used to increase the validity of findings
(Maxwell, 2013).

4 Findings

4.1 RQ 1: How do preservice teachers perceive a change in their confidence in
teaching geometry after taking the course?

Figure 1 displays the Likert scale responses from the first interview. Participants were asked to rate
their confidence level to teach these geometric topics on a scale of 1 to 4 (1 being not confident at all
and 4 being completely confident).

Figure 1
Likert Scale Results from the 1st Interview
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Note. Confidence ratings reported by participants on nine mathematical domains in the geometry standards during their
first interview.
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Domains: a = Congruence; b = Similarity; ¢ = Right triangles; d = Trigonometry; e = Circles; f = Expressing geometric
properties; g = Geometric measurement & dimension; h = Modeling with geometry; i = Conditional probability.

When asked whether they felt confident teaching geometry, seven of the eight participants said no,
and one said it depended on the high school grade level. Reasons behind the lack of confidence include
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lack of content knowledge or desiring a refresher on geometric topics, uncertainty towards teaching the
content effectively, and how to teach students who have negative attitudes towards math or geometry.

Table 1 presents the results of a Wilcoxon signed-rank test run on the Likert-scale data from the first
and second interviews. At an alpha level of 0.05, the test indicated that confidence ratings to teach seven
of the nine geometric topics were statistically significantly higher in the second interview compared
to the confidence ratings to teach these topics in the first interview. There were two areas in which
participants’ confidence ratings remained unchanged, trigonometry and right triangles. Trigonometry
served as a litmus test, since it was not taught in the course, and there was no statistical difference
between participants’ pre-post scores. For right triangles, the participants’ confidence ratings were
very high to begin with, and although their confidence grew, it was not statistically significant.

Table 1. Wilcoxon Signed-Ranks Results Using Likert Scale Data

Geometric Topic (Post-Pre) n Median Difference Wilcoxon Statistic p-value
Congruence 8 1.5 28 0.0088"
Similarity 8 1 21 0.0153*
Right Triangles 8 0.5 6 0.0745

Trigonometry 8 0.25 7.5 0.2119

Circles 8 1 21 0.0155*
Expressing Geom. Prop. 8 1 36 0.0052*
Geometric Meas. and Dimens. 8 1 28 0.0088*
Modeling with Geometry 8 1 25.5 0.0289"
Probability 8 1 25.5 0.0289*

*Statistically significant; p < 0.05

Figure 2 also shows how each participant rated their confidence in teaching the geometric domains in
the second interview.

Figure 2
Likert Scale Results from the 2nd Interview
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Note. Confidence ratings reported by participants on nine mathematical domains in the geometry standards during their
second interview.

Domains: a = Congruence; b = Similarity; ¢ = Right triangles; d = Trigonometry; e = Circles; f = Expressing geometric
properties; g = Geometric measurement & dimension; h = Modeling with geometry; i = Conditional probability.

Qualitatively, all participants in the study mentioned they gained confidence in teaching geometric
concepts from the first interview to the second interview. Specific reasons to which they attributed
the confidence boost are described next.
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4.2 RQ 2: What did preservice teachers attribute to changing their confidence in
teaching geometry after taking a secondary geometry methods course?

Four themes emerged from the qualitative data regarding what participants attributed their boost in
confidence to: (1) Deep understanding of content improves confidence, (2) Opportunities to teach
improve confidence, (3) Course activities were interesting, and (4) Resources improve confidence.

4.2.1 Deep Understanding of Content Improves Confidence in Teaching

All participants mentioned they gained confidence in teaching geometric concepts because they felt
they had a deeper understanding of the concepts taught in the course than before it began. Four of the
eight participants said their confidence grew because they saw more connections among mathematics
topics than before, and two attributed their growth to seeing the relevance of geometry and its
real-world connections. For example, one participant noted, “I would say increase in confidence level
to teach because I just understand it better” (Participant 7). Regarding which activities specifically
impacted their confidence in teaching geometry, Participant 4 mentioned:

I actually really enjoyed going through those proofs, and I think that it also increased my
confidence level and that I'm able to explain like why these things work again, just like the
completing the square. Able to explain why they work and where they’re coming from
rather than here’s the proof, but that doesn’t necessarily mean that you understand it. But
now I know that I could actually go through and do the proof and explain it to students.

Participant 4 was discussing an activity where participants used algebra tiles to explain where each
part of the formula for completing the square originates geometrically.

4.2.2 Opportunities to Teach Improve Confidence in Teaching

Participants engaged in a geometry lesson study project. According to Lewis and Hurd (2011), in
a lesson study teachers collaborate “to plan instruction and examine its impact on students” (p. 3),
improving the teaching of concepts that are difficult to teach. Working in groups, participants studied a
traditionally difficult geometry topic, then planned, taught, and reflected on two lessons in a 50-minute
period. Seven of the eight participants reported growing confidence because the project gave them
space to plan, teach, and reflect on a lesson they created. Describing an activity that affected their
confidence in teaching geometry, Participant 8 stated:

But the big thing with the lesson study project was my ability to actually teach a class
and learn, OK, if things aren’t going to plan, how can you change on the fly and time
management? And making sure every group is on task and predicting answers that
students will have to certain things. That was just really awesome and then reflecting on it
at the end was amazing because it’s just kind of an acknowledgement that not everybody’s
perfect and it’s not going to go perfect to how you plan it. So that was just a really cool
activity that helped really deepen my understanding of both geometry and teaching.

Participant 3 also discussed how the lesson study project affected his confidence, describing how he
realized he was teaching entirely on his own, making the decisions and plans needed to teach the class
without being told what activities to do. He went on to say:

So, I think that really like affected my confidence in a good way because I was able to come
up with some good ideas for it and just be able to, you know, flesh it out into an actual
project and ask students why they were doing like the different ways they did to finding
volume and such.
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4.2.3 Course Activities Were Interesting

Another theme related directly to the course activities. Six of the eight participants commented at
least once on how interesting the course activities were, sometimes adding that they wanted to use
those activities with their future students. One participant described an activity in the course where
participants discovered how area formulas of a triangle, rectangle, parallelogram, and trapezoid build
upon each other and connect to the polygon. In this case, the teacher carefully crafted several prompts
in a specific order for participants to use the area of a rectangle to uncover the area formulas of a
triangle, parallelogram, and trapezoid. Participants used paper cutouts of each shape to investigate how
the shapes could relate back to one or two rectangles. The participant mentioned, “It was interesting for
us to go through each of these and try and connect everything to one another in a different way...that
is a good way to teach this because I feel like it makes things more interesting” (Participant 2). Another
participant described how her confidence in teaching had increased after engaging in a geometry-based
Model Eliciting Activity (MEA) in this course. The MEA was called the “Power Tower Task” (Roberts
et al., 2020) and asked participants to find all locations a photographer could stand around a vertical
amusement park ride given information about the camera’s viewing angle and about the context of the
tower the people were on. They investigated which locations would work so the people on the ride
could have their picture taken. Participants were able to discuss with their table groups and come up
with a model that included all possible locations of the photographer. About this task, Participant 7
said:

It’s so much fun. It feels like a chemistry lab without chemicals is my best way of describing
that sensation. It’s fun to learn in that way because there’s like no rules, so you kind of
get freedom and even like, if you’re stumped, you have group members to lean on to ask
questions to, and you can like popcorn together to get closer and closer to like whatever
concept you’re trying to build on. So, Iliked that a lot, so I would say increase in confidence
level for teaching in that style, not necessarily like just the power tower task, but I like the
MEA style.

4.2.4 Resources Improve Confidence in Teaching

All participants credited the resources from the course as a source of increased confidence in teaching
geometric topics. They noted that the course activities were quality resources they could use with their
future students, giving them both a rich activity and firsthand experience to draw on when teaching it.
A couple of participants also pointed out that their new knowledge of online resources from the lesson
study project improved their confidence, since they knew where to find quality problem-solving tasks.
In response to whether the participant feels confident in teaching geometry, Participant 8 noted:

I think that I have the tools necessary to be able to create lessons that will connect
with my students, help the material connect with them, and to help them gain a deeper
understanding. I definitely wouldn’t have been confident before this semester, but just
being able to kind of have that kind of backbone and knowledge of geometry I think would
help a lot.

When discussing how activities in learning why multiplication algorithms work, Participant 4 also
mentioned, “I think it definitely increased it [my confidence]. I guess that’s just with those two topics,
but like understanding where it comes from and then understanding that I can now teach it that way
instead of just giving them the formula.”
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4.3 RQ 3: What are preservice teachers’ preconceived notions about geometry and
teaching geometry?

During the first interviews, there were mentions about negative attitudes towards math or geometry
specifically from six of the eight participants. Of these six participants, two discussed how teaching
geometry may be difficult “because it’s something that inherently has like this negative connotation
already, like math already does” (Participant 7). Additionally, the other four participants explained
how geometry was their least favorite course in high school, or they do not want to teach the subject.

Another theme from the first interviews is the idea of geometry being “different” and more abstract than
other types of math like algebra. Three participants mentioned this idea, and it connects with another
mentioning that geometry is easier when connected to algebra, or algebraic formulas. Participant 3
put it this way, “It’s different from other math because you’re using shapes and like angles instead of
actual like numbers and like you know, equations”

44 RQ 4: What do preservice teachers believe they need to improve their
confidence in teaching geometry?

Two themes emerged in relation to what the participants believed they would need to improve their
confidence in teaching geometry. These themes include: (1) Lack of Deep Understanding of Content
Causes Uncertainty to Teach, and (2) Pedagogical Skills are Desired.

4.4.1 Lack of Deep Understanding of Content Causes Uncertainty to Teach

From the first round of interviews before the course began, each participant mentioned a desire for
more content knowledge on geometric topics to feel more confident in teaching geometry. In response
to the question asking what other skills or knowledge would be needed to feel more confident in
teaching geometry, Participant 2 replied, “I would need to go through all of it”

From the second round of interviews, there were many instances of participants relating a deep
understanding of content to their increased confidence in teaching the content. However, seven of
the eight participants also mentioned they do not feel completely confident teaching a geometric
topic because they lack a deep understanding of specific content for themselves. Probability and
trigonometry were specific topics mentioned by most participants. The course in this study focused on
geometry topics and did not cover trigonometry. Including trigonometry in the survey let participants
compare topics they learned more about in the course with those they did not. For example,
participants constructed understandings of completing the square extensively in the course but nothing
on trigonometry functions and their relationship to the unit circle. Within this theme, there were also
mentions of not only desiring a deeper understanding of the topic but specifically desiring why the
content makes sense and how it connects to other math content. Participant 1 continued:

More along the lines of, not just using a formula, not just knowing relationships and like
you telling them [students] that this is what we do because it works every time. Like
understanding why. Completing the square made a lot more sense to me this semester
because I could see why we’re having it being divided by two and then why we’re squaring
it. Because before that I was just like, oh, it’s a process. It’s what we do. ButI could actually
manipulate it. I was actually manipulating. I could see, like, why things were being cut in
half and squared. So just more of, more of that understanding why things work, maybe
seeing the proofs behind why things work so that. Not that I will bore my students with
the long proofs, but that I may understand it myself and then we’ll help them understand
in the long run, hopefully.
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4.4.2 Pedagogical Skills are Desired

The final theme emerging from the data collected related to a desire for pedagogical skills. Comments
were coded under this theme if participants discussed wanting to learn more about classroom
management, finding their teacher voice, or how to sequence lessons to make connections across
content. Seven out of eight participants made at least one comment describing their desire to
learn pedagogical skills. Relating to sequencing lessons, Participant 6 explained that “finding ways
to connect each lesson and making it interesting” is a skill they want to practice improving their
confidence in teaching. Participant 5 remarked, “There’s like a lot of, like, pedagogical skills that I
feel like I need, not necessarily to just teach geometry, but to just teach in general. I'm nervous for the
future and classroom management”” It is also worth noting that six of the eight participants responded
“Yes” when asked if they felt confident to teach geometry during the second interview. Of the two that
did not, one said yes and no, and the other said they felt more confident than before the course. Many
participants linked their increased confidence to a stronger content background, new lesson-planning
resources, and a deeper understanding of geometry’s real-world applications.

5 Discussion

Quantitative results indicated all participants’ confidence in teaching geometry grew by the end
of the course. A Wilcoxon signed-rank test showed that confidence ratings for seven of the nine
geometric domains were significantly higher in the second interview than in the first. The seven
topics were congruence, similarity, circles, expressing geometric properties with equations, geometric
measurement and dimension, modeling with geometry, and conditional probability and rules of
probability. Participants reinforced this by discussing parts of the course that affected their confidence
in teaching geometry, including a deeper understanding of the material (Bates et al., 2011), experiencing
activities and learning about resources they can use for students in their future classrooms (Scholz,
1996), and the opportunity to apply their knowledge and teach the class. As second-year PSTs,
these participants had not yet taken many education-related courses. Thus, teaching for the first
time, planning a lesson, and finding and using resources all correlated with increased confidence to
be a teacher (Matney & Jackson, 2017). These experiences align with those Margolis and McCabe
(2006) recommended to improve self-efficacy. Also, there were mentions of a strong desire among
the participants to better understand content for themselves and for their students so they can
explain and answer questions when they teach. Trigonometry ranked among the least confident
to teach partly because the course included no trigonometry topics. While confidence in teaching
probability increased significantly overall, the fact that several PSTs mentioned continuing to have
lower confidence in particular areas could have been because the course could not include many
tasks involving probability topics due to time constraints. Most PSTs also directly related the desire
to better understand mathematics with how they practiced learning why mathematics works, makes
sense, and connects to other ideas in the course. The findings thus provide evidence that giving PSTs
problem-solving tasks that aim for conceptual understanding, procedural fluency, and mathematical
reasoning skills improves not only the teacher’s content knowledge but also their confidence in
teaching a topic and their thirst to learn more. Not only have they learned the content, but they
have been involved in rich mathematical tasks they can take with them to their own classrooms and
be better prepared to help students as they have thought through the task themselves (Margolis &
McCabe, 2006).

In the first interviews, almost half of the participants felt that geometry was different and more abstract
than other content areas like algebra — consistent with Niyukuri et al. (2020), who explored preservice
mathematics teachers’ experiences. Their research supports the idea that “geometry is perceived as
complicated and difficult to teach” (Niyukuri, 2020, p. 8).
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However, in the second round of interviews, participants did not reiterate those beliefs. On the
contrary, participants discussed new connections they saw between geometric and algebraic topics,
and new insights into applications of geometry outside of the classroom. The quality of tasks and
the amount of exploration in the course were important factors, allowing participants to learn the
concepts more deeply and grow excited about the mathematics they were learning. Notably, by the
second interview participants no longer voiced negative feelings toward mathematics or geometry,
perhaps because of the interest they expressed in the course and its tasks. Participants may have
increased their willingness to learn and teach geometry as well as their appreciation for the subject.

6 Limitations

The Likert scale had four points without a midpoint or choice for uncertainty, so the quantitative data
may have some bias (Chyung et al., 2017). Also, with the 4-point scale, many of the PSTs verbalized a
desire for more points to choose from. If a larger scale had been selected, the results may have been
more reliable (Weijters et al., 2018; Leung, 2011). Participants rated their confidence using the CCSSI
(2010) content domains, which may have been too broad at times. In the interviews, some participants
gave different ratings for subpoints within a domain (listed in Appendix B) before settling on an average
rating for the whole domain. To gather more specific data on their confidence in teaching different
concepts, the domains could have been divided further.

7 Implications

High self-efficacy in teachers can reduce feelings of burnout (Schwarzer & Hallum, 2008). PSTs
who leave their courses feeling confident in their ability to teach are more likely to stay in the
profession and have a lasting positive impact on students. This study has implications for other
universities considering rich, secondary-level pedagogical content knowledge courses. The findings
indicate that when PSTs can simultaneously develop a deeper understanding of the geometry they are
expected to teach, have access to the resources they learned with, and are given mastery experiences,
vicarious experiences, and verbal persuasion, then they become more self-efficacious toward teaching.
These conditions may improve PSTs’ likelihood of adopting engaging teaching methods and using
problem-solving resources in their future teaching. Given that PSTs came into this course seeing
geometry as a difficult topic to teach, the findings here offer a potential blueprint for the kinds of
programmatic adjustments mathematics teacher educators could make to bolster their PSTs’ efficacy
in teaching geometry.
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8 Appendix A

Interview Questions
Questions for Participants

RQ1: How do preservice teachers perceive a change in their confidence in teaching geometry after
taking the course?

RQ2: What did preservice teachers attribute to changing their confidence in teaching geometry after
taking a secondary geometry methods course?

RQ3: What are preservice teachers preconceived notions about geometry and teaching geometry?

RQ4: What do preservice teachers believe they need to improve their confidence in teaching geometry?

We will be using a Likert scale of 1-4 to assess confidence levels for Question 3:

1 = Not confident at all; 2 = slightly confident; 3 = fairly confident; 4 = completely confident

1. How do you feel when you hear the word, “Geometry?”

2. Would you consider yourself “good” at geometry? Do you think you have a deep understanding
of geometric concepts?

3. On a scale of 1-4 (listed above), how confident are you in teaching geometric topics on...

(a) Congruence

(b) Similarity

(c) Right triangles

(d) Trigonometry

(e) Circles

(f) Expressing geometric properties with equations

(g) Geometric measurement and dimension

(h) Modeling with geometry

(i) Conditional probability and the rules of probability

4. Do you feel confident about teaching a geometry course? Why or why not?
5. What areas of geometry do you feel most confident in teaching? Why?
6. What areas of geometry do you feel least confident in teaching? Why?

7. What skills/knowledge do you think you need to learn to feel more confident in teaching
geometry? (This can include pedagogical skills)
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8. Think back to activities that we did throughout the course:!

(a) Carpet Mart Task
(b) Finding real world angle measures throughout Olscamp
(c) Inductive and deductive justifications

i. Ex: Sum of interior angles of a triangle, construction of an angle bisector, alternate
interior angles, completing the square, exterior angles of a triangle

(d) Proofs regarding parallel lines and transversals
(e) Proofs with sum of interior angles of a triangle
(f) Quadrilateral hierarchy

(g) Discovering formulas for geometric shapes and proving it (triangle, parallelogram,
trapezoid)

(h) Pythagorean Theorem and Distance Formula
(i) Activities related to multiplication

i. Algorithms

ii. Algebra tiles (multiplication of variables; completing the square)
(j) Power Tower Task
(k) Lesson Study Project

What specific activities from the course affected your confidence level in teaching geometry? How

did it affect your confidence level?

1Question 8 was included in the second interview only.
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9 Appendix B

Geometric Domains from the Common Core (CCSSI, 2010). Used in Study
Confidence was rated on the nine sub-domains reported in Table 1; the Common Core groups several of
these as shown below.

1. Congruence

(a) Experiment with transformations in the plane

(b) Understand congruence in terms of rigid motions

(c) Prove geometric theorems both formally and informally using a variety of methods
(d) Make geometric constructions

(e) Classify and analyze geometric figures
2. Similarity, Right Triangles, and Trigonometry

(a) Understand similarity in terms of similarity transformations

(b) Prove and apply theorems involving similarity both formally and informally using a variety
of methods

(c) Define trigonometric ratios, and solve problems involving right triangles
3. Circles

(a) Understand and apply theorems about circles

(b) Find arc lengths and areas of sectors of circles
4. Expressing Geometric Properties with Equations

(a) Translate between the geometric description and the equation for a conic section

(b) Use coordinates to prove simple geometric theorems algebraically and to verify specific
geometric statements

5. Geometric Measurement and Dimension

(a) Explain volume formulas, and use them to solve problems
(b) Visualize relationships between two-dimensional and three-dimensional objects

(c) Understand the relationships between lengths, area, and volumes
6. Modeling with Geometry

(a) Apply geometric concepts in modeling situations
7. Conditional Probability and the Rules of Probability

(a) Understand independence and conditional probability, and use them to interpret data

(b) Use the rules of probability to compute probabilities of compound events in a uniform
probability model
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