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Abstract

The See Blue Mathematics Clinic provides prospective teachers an authentic teaching
environment via a service learning experience. In this qualitative study, the authors
examine how a service learning course prepares prospective secondary mathematics
teachers (n=55) to teach students who struggle in mathematics. Data collected from
reflection essays and interviews revealed the impact the service learning experience
had on prospective secondary mathematics teachers and how it notably influenced
their instruction. The results of this study add to the growing evidence for teacher
preparation programs to create additional field experiences to better prepare future
teachers.

Introduction

Perhaps the most traditional and iconic component of university teacher preparation
programs in any discipline is experiential education (i.e., field experience), which is con-
sidered one of the most important and powerful components of teacher education pro-
grams [24]. Field experiences provide teacher candidates an understanding of the values,
cultures, and styles of learning and school communities and are typically composed of
student teaching, practicum experiences, community service, and service learning [4].

In most traditional teacher education programs, the field-based experiences are
designed to socialize prospective teachers into the school setting [8]. Field experi-
ences range from brief, observation-based practicums to extensive, in-depth intern-
ships that require additional practice of pedagogical knowledge under supervision of
an experienced teacher. The most common field experience is student teaching, which
traditionally includes observation and practiced application of instruction as a part of a
semester-long course [21]. Although the prospective teacher has opportunities to imple-
ment instructional strategies, engage students in discourse, and “practice” instructional
styles during the field-based experiences, they are under the direction and supervision
of their cooperating teacher. In other words, the prospective teacher adheres to the pre-
established classroom rules, procedures, and curriculum, and follows the lead of the
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cooperating teacher. In essence, the prospective teacher engages in an apprenticeship
model where the main beneficiary of this experience is the prospective teacher.

However, some teacher education programs have transitioned to a service learning
approach for their experiential education component. While not an explicit focus of this
paper, it is important to note that service learning has mutual benefits for both the indi-
vidual who is providing the service as well as the person and/or community receiving the
service, which is substantially different from traditional practicum and student teach-
ing experienced by most prospective mathematics teachers [48]. Specifically, “service
learning is a pedagogical approach in which students learn and develop through active
participation in thoughtfully organized service experiences that meet actual community
needs” [11], p. 28). Therefore, as prospective teachers participate in service learning,
they actively engage in and reflect on the service experience [6, 11].

Although service learning has been advocated in many teacher education programs
(diversity, social studies, early childhood, literacy, special education, physical education),
mathematics education programs have traditionally not taken advantage of this type
of experiential education [48]. In this study, we examine how a service learning course
prepares prospective secondary mathematics teachers to teach students who struggle in

mathematics.

Literature review

Traditional experiential education

Field experiences, especially those conducted early in teacher education preparation
programs, are generally seen as beneficial for prospective teachers (PTs), generating out-
comes of increased enthusiasm for teaching and future methods courses as well as an
improved and clarified understanding of the PT’s decision to become a teacher [5, 7, 9,
30, 43]. In fact, new teachers often point to their field experiences as the most influential
and valuable portions of their teacher preparation [30]. Brannon and Fiene [10] suggest
this is because PTs have opportunities for first-hand experience to work through real
problems and interact with students. Field experiences are far from perfect though.

It is true that logging numerous hours of observation for field experience within the
actual classroom environment as a PT can be helpful in the preparation process.
However, when student teachers are not cognitively prepared to learn from experi-
ences in the field, they sometimes view the field experience as an off-campus activity
as opposed to on-the-job training, and believe that the field experiences do not pro-
vide ‘real teaching experiences. [25]

When looking at the field experience component as a whole, it is difficult to establish
consistency regarding the quality of the field experience among all PTs, including the
quality of participation by and mentoring role of the cooperating classroom teacher [30].
Alsup et al. [5] noted,

when there is a great deal of inconsistency between pre-service teacher experiences
in the field and instruction provided in the methods classroom, young teachers will
often opt either to enact practices they have experienced themselves and liked as stu-
dents, or to use practices that mentor teachers in the schools promote because those
teachers are currently in the trenches, unlike their university professors. (p. 338)
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The absence of a strong field experience can be detrimental to a future educator as well
as the future students in the classroom of said educator, especially since “what students
learn is directly related to what and how teachers teach” [21]. More notably “field experi-
ences can lack fullness as authentic experiences” [5], p. 339). In even the best instances
of PTs and cooperating teacher relationships, the PT is still a visitor in a classroom and
not the overall coordinator of what is taught within its walls [5]. Thus, traditional field
experiences do not allow PTs to fully operate in the role of the educator and are rated
low in quality in an environment where quality over quantity of field experience should
be the main concern [43].

Service learning

A majority of teacher education programs provide service learning opportunities to pro-
spective teachers as part of their experiential experiences [2]. For example, LaMaster
[30] describes a service learning program for physical education prospective teachers.
The high school principal contacted the teacher education department at a local univer-
sity and collaborated on ways to improve the curriculum. The high school teachers were
frustrated and wanted to increase students’ motivation and excitement. Both the teacher
educators at the university and the teachers at the high school decided to have the pro-
spective physical education teachers teach small groups of students. The prospective
teachers reported this experience helped prepare them to be better teachers, and the
high school teachers expressed that the level of their students’ motivation and participa-
tion increased.

Similarly, Baldwin et al. [8] incorporated service learning with prospective physical
education teachers and prospective literacy teachers. The prospective teachers partici-
pated in service learning settings different from their own backgrounds. One of the goals
of the service learning project was for the prospective teachers to identify their own per-
sonal biases of working with students from diverse backgrounds. The teacher educators
and the schools mutually collaborated on the service learning project. The prospective
teachers planned and taught oral-history lessons with a literacy component. These les-
sons extended the oral-history project the students were learning. The motor-skills pro-
gram service learning involved the prospective teachers working with students on their
motor skills such as football, dance, and stepping. Prior to the service learning experi-
ence, the majority of the prospective teachers had negative preconceptions of students in
underserved communities. After the service learning experience, the prospective teach-
ers learned the importance of having high expectations and listening to their students.

Several empirical studies on service learning in the disciplines of physical education,
multicultural education, literacy, social studies, and middle level education identify the
importance of reflection in learning [8, 46] and report the prospective teachers’ valuing
of authentic experiences [30, 41, 46]. However, limited research on service learning in
mathematics education exists.

So what can be done by teacher education programs within universities to increase the
level of preparedness of PTs in addition to field experience? We propose that a course
situated in service learning, an experiential experience involving “achievement of cur-
ricular goals through authentic school-based experiences” [8], p. 316) in an informal
learning environment, will better equip aspiring teachers to handle the challenges of
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educating a classroom of students, including those students who are identified as strug-
gling in mathematics. These nontraditional experiences can help provide PTs with an
opportunity to engage and explore new ideas in other classrooms that they may not nor-
mally have in traditional field experiences. Nontraditional field experiences in informal
learning environments are often with smaller groups of students and low stakes, provid-
ing a safer and more comfortable environment in which PTs can authentically engage
[25].

Given the right environment, using an alternative or nontraditional field experience
would allow PTs more opportunities to plan for teaching and to work with students
[20]. For example, an informal learning environment provides the opportunity for PTs
to really hone in on and practice instructional methodologies in real, contextual situa-
tions [27, 28, 32]. The more a PT works hands on with students, the more likely it is that
their confidence in teaching will increase [10]. Working in a nontraditional environment
can have a tremendous impact on PTs’ ability to learn about and practice unique and
authentic strategies in the field [27], and the PTs often cite these experiences as the most
beneficial learning experiences in their teacher preparation program [28].

Service learning supports learning through providing rich interactions among stu-
dents and engagement with authentic learning [35]. Although service learning may limit
and narrow the scope of a field experience, it provides an opportunity for prospective
teachers to connect academic learning to the service experience through practice [39].
With respect to the PTs’ environment for this study, the community service entails activ-
ities as a means to gain real-world knowledge about content, presentation, and appli-
cation. This environment provides an opportunity outside of the traditional practicum
setting where PTs are required to apply content and pedagogical knowledge that has not
prior been prepared through lesson and instructional planning, as is done for classroom

instruction.

Theoretical framework
We draw on Cone and Harris’ [13] service learning framework for our study. Cone and
Harris situate their framework in Paulo Freire’s critical pedagogy and Dewey’s and Kolb’s
work with experiential learning. The six stages of Cone and Harris’ [13] framework
include (a) learners, (b) defining the task cognitively and pragmatically, (c) experiences,
(d) critical reflection, (e) mediated learning, and (f) learners with newly integrated con-
cepts. Cone and Harris’ framework appears to address each stage as having temporal
order, where for instance, experience precedes critical reflection, and critical reflection
precedes mediated learning. For our study, we adapted Cone and Harris’ [13] framework
of six-stage lens model for service learning to examine how prospective mathematics
teachers teach students who struggle in mathematics. We argue that the stages are more
fluid as the learners experience them. Therefore, we contend the stages are integrated
throughout the service learning experience (see Fig. 1). More specifically, the PTs and
the students who struggle in mathematics are both experiencing aspects of service learn-
ing, and both develop agency through their mediated learning experiences from the situ-
ated learning environment and critical reflection.

The situated learning environment is established in an authentic activity where the
task is defined cognitively and pragmatically; it is through this authentic activity that
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Fig. 1 PTs'lens model for service learning (adapted from [13])

learning becomes more contextualized [27]. For example, the PTs engage in the cog-
nitively and pragmatically defined task by instructing students who struggle in math-
ematics in an authentic setting. Struggling mathematics students seeking after-school
instruction from PTs is an authentic experience that teachers experience in their prac-
tice, but may not have the opportunity to experience in their practicum. Furthermore,
the school building setting provides an authentic and realistic setting of individualized
instruction not otherwise experienced through tutoring outside of the school or whole
group instruction in the classroom. The “work of high cognitive demand and eliciting
and responding to students” that PTs engage in directly occurs outside the university
setting [36]. These experiences perpetuate service learning in both opportunity for ser-
vices teaching and critical reflection about the experience. These opportunities for criti-
cal reflection not only enrich PTs’ opportunities for pedagogical and content learning,
but also strengthen support between peer PTs.

Agency has been purposefully placed at the intersection of all of the elements in our
adapted framework. The literature on agency does not show how mediated efforts in a
service learning course impact PTs who are working with students. However, research
documents connections between agency and elements of service learning that have been
identified as effective in the literature. For example, Ahearn’s [3] work relates to con-
ceptualizations of agency related to language. Based on the way PTs and students inter-
act, they co-construct meanings of the experience and of the learning of mathematics
through the tutoring experience situated in a school context [3]. Felton and Koestler [22]
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examined the relationship between critical reflection and agency in mathematics educa-
tion, highlighting the importance of PTs making informed decisions that supports stu-
dents’ learning. This connection between critical reflection and agency is seen through
the emphasis on acting for change in response to previous actions and established
assumptions in education to improve student outcomes. Therefore, mentoring, shared
learning [44], and mutual benefits [37] arise as they continue through the process. Swick
[44] further suggests that when “teachers see themselves as builders of learning commu-
nities” (p. 263) the greatest impact of the experience on learners occurs.
For the purpose of this study, we define critical reflection as

a process of constantly analyzing, questioning, and critiquing established assump-
tions of oneself, schools, and the society about teaching and learning, and the
social and political implications of schooling, and implementing changes to previ-
ous actions that have been supported by those established assumptions for student
learning and a better schooling and more justice society for all children. [33]

Critical reflection as a process can be further classified as one that is reflexive in
nature. Such a classification is supported by Liu’s definition in reference to the process
being constant. The reflections are both implicitly and explicitly defined at various times
throughout the service learning course. They are reflexive in that thoughts, beliefs, and
practices are reflected upon, discussed, applied and then reflection occurs again. Four
specific aspects of the critical reflection include (a) planned opportunities [40], (b)
structured reflection and extensive time in the experience [38], (c) critical reflection on
current educational practices and their own teaching [4], and (d) reflective discussions
and learning activities as part of the experience to help learners make connections [16].
These components are highlighted in PTs’ coursework and tutoring sessions in the ser-
vice learning course.

The overall focus on closing the gap between theory and practice is upheld in the
adapted framework. Our framework supports Cone and Harris’ [13] considerations for
the personal and intellectual growth of student and community. We apply these consid-
erations in the following ways: intellectual growth related to pedagogical and content
knowledge of learners; personal growth related to critical reflection and agency; a focus
on student and community as seen through the learners; and how the service learning
experience is mediated to ultimately support positive outcomes.

We know that field experiences are important to all PTs and their path to becoming a
teacher. Through our research, we know that through these alternative field experiences,
PTs engage in low stakes, and authentic learning settings are comparable and often times
more meaningful than traditional field experiences [28]. This also applies to our theoret-
ical framework, where such a focus supports the assertion that mutuality and reciprocity
among the campus and community, in this case the service learning course and school
site, respectively, are the cornerstones to service learning [47].

Methods
This qualitative study involved both naturalistic inquiry and a phenomenological
approach where the “lived experience” of the PTs were considered with respect to their

participation in a service learning course ([15, 34, 42]. In this study, we used qualitative
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methods [34] to examine how a service learning course prepares prospective mathemat-
ics teachers to teach students who struggle in mathematics. Using Denzin’s [18] inter-
pretive process, we focused on the lived experiences of the participants in the course in
order to explore their growth through their interactions with middle and high school
students. This approach allowed us to not only generate meaning from their growth in
skill sets, but also to understand their experiences through emotional events that caused
epiphanies, challenged mindsets, and resulted in joys [18].

Furthermore, in this qualitative study, we examined how a service learning course pre-
pares prospective mathematics teachers to teach students who struggle in mathematics.
The service learning course examined in this study is the See Blue Mathematics Clinic, a
course designed by instructors at a large public university in the southeast region of the
United States. The course establishes its roots in service learning based on the symbiotic
relationship between the PTs and middle and high school students. For example, the PTs
provide free tutoring for students to help them improve their mathematical skills, while
the students provide real-world teaching experience for the PTs to practice their tech-
niques and differentiation strategies.

See Blue Mathematics Clinic

The See Blue Mathematics Clinic course began in Spring 2011 as a free support for stu-
dents who struggle in mathematics at the middle and high school levels. The course,
which is 15 weeks in length, is broken into two segments. For the first 5 weeks, PTs
receive training at the university’s campus on how to differentiate instruction to students
who struggle in mathematics. Training includes reviewing research literature related to
mathematics learning and students who struggle as well as participating in discussions
based on these readings. The prospective teachers are also given and practice examples
of activities and strategies they can use with students who are struggling to get them
engaged in learning. Of these activities and strategies, instructional games are highly
emphasized for their academic content and appeal to students [29].

For the remaining 10 weeks, PTs are divided among the partner middle and high
schools to implement their newly acquired skills in an informal learning, after-school
tutoring environment. Local middle and high schools were chosen in consultation with
the local school district. Schools are alternated yearly so that a variety of students and a
variety of locations are served. The school principals and the mathematics department
chairs of selected schools are contacted and collaborate with the researchers to iden-
tify students who would benefit from the tutoring provided by the clinic and to discuss
goals of the clinic. Flyers are distributed to make students and their families aware of
the tutoring service being offered. Mathematics teachers also help identify students who
struggle for targeted recruiting.

The after-school tutoring sessions at both the middle and high schools last 90 min and
are conducted once a week throughout the 10 weeks. Typically in the middle schools,
PTs are matched with a small group of students (usually 2—4) to tutor consistently
throughout the entirety of the clinic. Students are usually grouped according to grade
level in school. Beyond what the students identify themselves as struggling with in math-
ematics, PTs are given information about the students from their respective mathemat-
ics teachers so that the PTs can focus on improving their students’ specific weaknesses
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over the course of the 10 weeks. Typically in the high schools, PTs engage in a more
“drop-in” tutoring setting where students come to receive help on homework, to prepare
for an upcoming test, or to review concepts with which they are struggling. PTs must
be prepared to answer questions on a variety of mathematics topics, ranging from pre-
algebra to calculus.

Throughout the 10 weeks conducted in the schools, PTs are required to reflect on their
weekly tutoring sessions as well as a reading reflection that specifically highlights the
theory to practice piece via an online discussion board. These reflections culminate in a
final reflection paper that allows the PTs to comment on their overall experience in the

course and to assess their takeaways from participating.

Participants
The See Blue Mathematics Clinic consists of enrolled undergraduate and graduate stu-
dents. The course is required for undergraduate and graduate students who are seeking
mathematics certification at the middle or high school levels. It is an elective course in
the MS and PhD graduate program.

Fifty-five prospective mathematics teachers who were enrolled in the See Blue Mathe-
matics Clinic course participated in this study through the 2012 (23 PTs), 2013 (19 PTs),
and 2014 (13 PTs) iterations. These students ranged in age from 20 to 50.

Data collection

Data were collected from reflection essays and interviews that were designed to explore
the prospective teachers’ “lived experiences” [45] and how those experiences informed
their understanding of working with students who struggle in mathematics. Prospective
teachers participated in a semi-structured interview lasting 15-30 min. The interview
protocol examined ways the prospective teachers helped students who struggled better
understand mathematics. The interviews were conducted with LiveScribe pens, which
also served as audio recorders.

In addition, the PTs completed reflective essays at the end of the service learning
course. The essays addressed how the PTs had grown based on their experiences; how
they applied their learning to their work with their students; and how they can use the
ideas in their future classrooms.

Data analysis

All interviews were transcribed and a pseudonym was assigned to each prospective
teacher. We used an inductive approach to analyze the data, which incorporated sys-
tematic methods of managing data through reduction, organization, and connection
[19, 31]. One member of the research team used open coding to develop initial codes
[14]. We, then, used the preliminary codes to establish further codes, which were used
to code the interview transcripts and reflections. All disagreements were discussed until
a consensus was reached. Once a consensus was reached on the codes, the researchers
coded the interviews and reflections. After the data were coded, we identified common
themes, as well as divergent cases, looking across categories to see if there are underly-
ing patterns to the responses [17]. Once the themes were drafted, two additional math-
ematics teacher educators reviewed the themes and supporting data to add clarity and
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content validity to the themes. During this review process, important questions were
raised about the appropriateness of the themes and whether they were well supported.
All discrepancies were resolved during the final development of the overall themes.

Findings

As we examined the research question of how a service learning course prepares pro-
spective mathematics teachers to teach students who struggle in mathematics, five
prominent themes emerged from the data. The themes included (a) prospective teachers’
perception of students who struggle; (b) prospective teachers’ instructional practices; (c)
how class experience impacted prospective teachers’ content knowledge; (d) prospective
teachers’ perceptions of the class experience; and (e) how prospective teachers’ instruc-
tion impacted the knowledge and confidence of the students. The themes are suggestive
of how the role of PTs and struggling mathematics students as learners and how critical
reflection embedded in authentic experience inform the practice of PTs as they work
with students who struggle in mathematics.

Critical reflection: prospective teachers’ shift in perception of students who struggle

At the beginning of the course, some PTs had the misconception that students who
struggle in mathematics could not do any mathematics, and that some students were
good at mathematics, while others were not. But, the PTs realized one cannot make
assumptions about what students can and cannot do. Sixty-three percent of the PTs’
reflections stated their students were scared to do mathematics because they feared fail-
ure. Therefore, the students tried their best to avoid it. In fact, one PT described how
one of his students initially would break down from frustration, refuse to speak, and
put his head down on his table. Soon the PTs realized the students relied heavily on the
PTs’ questions and looked to the PTs to see if their answer was correct. This interaction,
which the PTs identified as learned helplessness [1], was difficult for the PTs during the
first couple of weeks of working with the students. As the PTs instructed the students
throughout the weeks, they realized the students were not what they deemed as “typical”
students who struggle. They were not students who struggled at all. Instead, they were
students who did not have confidence in doing mathematics. Joseph stated,

I would say that a lot of the students that I worked with, it wasn’t necessarily that
they were struggling, they just didn’t have confidence in what they were doing. Umm,
especially for [Rachel] and [Catherine]. They, they [sic] seemed to know what they
were doing but, like, to start a problem, especially at the beginning of the tutoring
sessions, theyd be like “well I don’t know.” (Joseph'’s Reflective Essay, 2011)

The students often second-guessed their answers because they lacked confidence
when solving the mathematics problems. The PTs noticed the students were afraid to
state their answer, even when it was correct. The students constantly asked the PTs if
they were solving problems correctly and wanted affirmation the answer they received
on a problem was correct. Many of the students were expecting to fail because they had
failed numerous times before in mathematics.

The PTs’ conceptions of a student who struggled broadened, and they “realized that
struggling learners don’t necessarily have to be students that are performing poorly in
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class” (Paul’s Interview, 2012). The PTs were surprised when some of the students they
worked with stated they really enjoyed mathematics. Students who struggle “are really
good students, really smart, there are just some things [that] slow them down or trip
them up a little bit” (Mary’s Interview, 2012). As the PTs worked with the middle level
and high school students, they realized that any student can be a struggling learner at
some point in time. Students who struggle just needed more time. “Problems that seem
simple to [the PTs], may be difficult for students” (Pamela’s Reflective Essay, 2013).

The PTs ascertained why students typically struggle with mathematics. They argued
that many students lacked the prior knowledge necessary to successfully engage in the
mathematical concepts. The PTs were fully persuaded that “mathematics is a subject that
builds,” (Talana’s 36 Reflective Essay, 2011) and when students do not understand the
basics, they were destined to struggle. In essence, the students would give up. Rebecca
stated that if students were given the opportunity to learn the “basic building blocks”
(Rebecca’s Interview, 2013) and learn the sow and why behind mathematics, they would
not struggle. “It’s not necessarily they can't do it, it’s that they don’t have the tools to do
it” (Christina’s Interview, 2013). The PTs attributed this deficiency to students’ negative
experiences in mathematics and poor teaching practices the students may have encoun-
tered over the years. Michael elaborated with an example from personal experience:

Teachers, like through high school were very, I won'’t say dull, I enjoyed the classes
because I like to sit and take notes. But, the thing is I don’t have to think so much. I
think it’s why students struggle because you don’t have to think so much and you're
just taking notes. (Michael’s Interview, 2013)

Laurie commented, “in our readings we learned that the word ‘math’ or ‘mathematics’
can produce a strong negative image for many students. This association goes back to
past experiences with math or possibly interactions students have with their math teach-
ers” (Laurie’s Reflective Essay, 2011). Mathematics, to them, was formulas, rules, and
procedures they had to memorize.

Another explanation the PTs suggested as to why students struggle in mathematics
was that sometimes students miss a lot of school due to sickness and get behind, and
they give up as they try to catch up to learn the material. Many times students just do
not know where to begin. For the students who do struggle and were not absent a lot,
many of them are intimidated to ask questions in class because they do not want to be
embarrassed or reprimanded by the teacher or fellow classmates. So, they sit unknow-
ingly, and fall further and further behind. Stephanie claimed that students who struggle

Just feel as though they can’t do it. The preconceptions where they think because I've
never gotten it in the past so I'm never gonna get it. Or this kid is great at math
because he’s blessed with the ability to do it in his head and I'm not. Therefore, I'm
not good at math. (Stephanie’s Interview, 2012)

Throughout the PTs’ experience within the service learning course and individual
experiences with students, PTs” perception of struggling mathematics students changed.
Structured opportunities for reflection provided a pathway for PTs to question their per-
ception of students who struggle in mathematics in the context of the authentic activ-
ity in which PTs engaged. As the PTs worked with the middle level and high school
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students, they discovered that their students persevered in solving problems. In other
words, the PTs noticed how their students were willing and wanting to understand. The
students did not catch on quickly, but they stuck with it until the problem made sense.
Michael commented, “she’s coming in and willingly every week wanting to get better,
like she’s ready, ready to figure out what she’s doing, figure out what she’s doing wrong,
work on—working on getting better and it’s just been really cool to see that for me”
(Michael’s Interview, 2013). They found as they worked with students who were identi-
fied as struggling in mathematics that those students do want to learn and they do care
about their learning. They just needed a little extra help and guidance to be successful.
Stacy confessed,

Prior to taking this course I believed that a struggling math learner was a student
with a major cognitive problem....[that] required truly specialized instruction.
What I discovered is something much different. Both through the 5-week prepara-
tion period and into the 9-session tutoring clinic I came to discover that the strug-
gling learner is much closer to the average student than not. (Stacy’s Reflective Essay,
2011)

Although the PTs recognized the invalid nature of many of their early perceptions
prior to working with struggling students, it is important to note the implication of this
finding within the PTs future career as educators. Through service learning, PTs are
more aware of perceptions of struggling students and are more prepared to recognize
those perceptions prior to working with students in their careers.

Situated learning: prospective teachers’ instructional practices

As PTs began learning more about their own perceptions and how to address those in
order to become better practitioners, they also learned about the students who strug-
gled in mathematics as learners and how to best address their needs. Instructional prac-
tice was one area the PTs found important to consider when working with students who
struggle in mathematics specifically. In 64% of the reflections, the PTs remarked that one
of their goals in instructing students who struggle in mathematics was to build their con-
fidence. Before this was possible, the PTs realized the instructional importance of taking
time to know their students and build a relationship with them. Marty offered,

I think one of the most valuable lessons I have learned in this class is that no mat-
ter how good of a teacher you are, no matter how much knowledge you have in your
subject, if you don’t make your students trust you and open up to you, it will be very
hard to teach them. (Marty’s Reflective Essay, 2014)

The PTs realized it was easy for them to come into the sessions with preconceived
ideas and stereotypes about their students. Wesley admitted that once he was given the
names of two 8th grade boys he was going to work with, he immediately assumed the

worse,

My students were going to be loud, obnoxious, and difficult to tutor. This was going
to be a long semester. When I finally came face to face with my students I was more
than pleasantly surprised. As I got to know who they were and what they liked, I
realized these two students were complete opposites of what my mind had conjured
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up. They were respectful, well-mannered, quiet and shy. (Wesley's Reflective Essay,
2012)

Jessica further elaborated, “I had a great time forming a connection with kids and
joking around with [them] while still being productive and assisting with their educa-
tion” (Jessica’s Reflective Essay, 2012). The PTs found that once they established a posi-
tive relationship with their students, the students were no longer afraid to ask questions.
They were not embarrassed when they did not know an answer and when they got a
problem wrong. The PTs realized they had to take the time to know their students, learn
which instructional methods were effective with their students, and use those instruc-
tional approaches during tutoring.

One instructional practice the PTs claimed was the most effective and beneficial with
their students was ‘math talk’ Prior to working with their students, the PTs read an arti-
cle by Fuson et al. [23] that focused on math talk, which is when “the teacher and stu-
dents use discourse to support the mathematical learning of all participants” [26], p. 82).
The PTs implemented this strategy with their students, and witnessed huge rewards.
They found during math talk they could determine students’ mathematical understand-
ings and misunderstandings. The PTs also used math talk to help them differentiate their
instruction when they worked with students who were on different levels. The PTs stated
math talk provided insight on how their students were making sense of the mathematics,
and they used it as a valuable resource for their students to learn from their peers.

The PTs cited the implementation of mathematical games was another beneficial
instructional practice. Games provided opportunities for students to think about and
understand mathematical concepts. Amber stated, “I came to realize that interesting
math games help students pick up on concepts a little better, as well as keeping them
engaged” (Amber’s Interview, 2012). The PTs remarked that they intended to use math-
ematics games in their future as a mathematics teacher because they were not only
motivating and interactive, but the students also “really get something out of it” (Bret’s
Reflective Essay, 2011). Jude thought flashcards was a great mechanism to engage his
students, but quickly realized he lost his students’ attention because the flashcards were
“overkill and boring” (Jude’s Reflective Essay, 2011). From this point, Jude recognized he
had to prepare activities that were not only engaging, but deepened his students under-
standing of mathematics. Brian stated,

I found that instructional games not only helped students use their prior knowl-
edge and skills, but also kept them involved, engaged and excited about the game
and asked to play it again several times throughout the rest of the sessions. (Brian’s
Reflective Essay, 2014)

Alex further explained,

I have learned that games are much better for keeping struggling learners focused
than worksheets or paper activities. It seems that by keeping them active they are
much more attentive to the learning process. I think that this is why both of these
girls have a problem with completing worksheets for homework when they are on
their own. (Alex’s Reflective Essay, 2011).
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Amber offered, “In the future, in my own classroom, I will remember to incorporate a
variety of strategies, including instructional games, perhaps leaving the teaching mod-
eling and lecture as only a supplementary strategy” (Amber’s Reflective Essay, 2012).

Another instructional practice the PTs found themselves engaging in repeatedly was
“sitting on their hands” During the first 5 weeks of instruction, the instructors empha-
sized that many times the PTs would be asked to sit on their hands to refrain from
working the problems for the students. During the tutoring sessions, the instructor
encouraged the PTs to stop writing during the sessions; this forced them to work on
their questioning strategies. Nikki stated, “I found myself being the ‘helicopter tutor’
hovering over my students, taking the pencil, and showing them how to do everything
step by step” (Nikki’s Reflective Essay, 2012). The PTs realized how easy it was to do the
work for the student and not have the students think through the mathematics.

Putting down my pen also made me a more effective teacher. Since the student had
to write for themselves and not just passively shake their head yes or no, I was able
to see more clearly what a student was having trouble with and whether or not they
were learning the concepts as the sessions went on. (Megan'’s Reflective Essay, 2014).

Talana voiced a deep love for mathematics and feelings of having a natural inclination
to solve the problems, but admitted to helping students too quickly and not providing
adequate time for the students to productively struggle with the mathematics.

I jump in too quickly at times, and don’t let the student go ahead and make the mis-
takes, look at the answer and analyze to decide whether that particular answer is
feasible. When we as teachers do this, we are often hurting our students in the long
run. (Talana’s Reflective Essay, 2011)

Twenty-six percent of the PTs claimed the most challenging aspect of working with
the students was not picking up a pencil during the session, but they learned a lot about
their students’ understanding using this instructional technique.

The PTs had an opportunity to implement a variety of instructional practices with
their students ranging from Concrete/Representational/Abstract to teaching math-
ematics problems in authentic contexts to pushing the students to think by answering
a question with a question. The PTs realized that not all of the students they will teach
have an Individualized Education Program (IEP) or a 504 plan. However, they need to be
prepared to use different instructional strategies to meet the needs of all their students.
Additionally, PTs learned these instructional strategies may not be appropriate to plan
prior to meeting and learning the unique needs of each of their students.

The PTs recognized the importance of being flexible and always having a backup plan
in mind in case something unexpected happens. The PTs stated they became more con-
fident in their teaching abilities throughout the course. They mentioned they learned
valuable teaching strategies, such as math talk and approaching concepts in multiple
ways, which they plan to use when they are a teacher. As the PTs instructed their stu-
dents, they reflected on the importance of drawing connections among mathematical
ideas.
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Connections that seem obvious to me might not be to students and especially not
to struggling learners. I was also glad to be reminded that mathematics is not just
something we do in school or something that helps us solve problems, but is also a
way of communicating thoughts and ideas. (Ruth’s Reflective Essay, 2012)

The PTs not only felt more confident in their teaching, but they also stated they gained
greater insight on fow to teach. In other words, they contend they have a better ability to
notice why students are struggling and ways to effectively teach them as a result of their
tutoring experience. Jessica mentioned working with a student who lacked confidence
and who would put her head on the table as the PT tried to explain how to solve the
problem. Jessica admitted to becoming very frustrated with the student, and noticed that
the student picked up on the frustration because the student asked if she was upset with
her for not understanding the problem. This experience helped Jessica realize that it is
important to be aware of her tone and body language when teaching. Jessica reflected,
“if the student thinks that I am mad at them for struggling, this could make them feel
anxious and scared to try anything on their own” (Jessica’s Reflective Essay, 2013). Jessica
admitted being initially embarrassed, and explained that she needed to be her student’s
“biggest fan” and honestly believe the student can learn mathematics.

For many of the PTs, this was the first time they had the opportunity to work closely
with students, and they did not realize students could actually be in the same class and
have different understandings. Thirty-eight percent of the PTs mentioned the challenges
of working with multiple students. One student is missing “THIS content and one is
missing THAT skill” (Sarah’s Reflective Essay, 2013). Although Rodney claimed he was
good at explaining mathematical concepts, he realized after working with his students
that there is more to teaching than being able to explain.

You need to have a plan before you go in; but you also need to know what that plan
is based on. Like you need to know what the readings say and how to speak to your
students. Some of the words I used kinda confused the students, and what I was saying
wasn’t actually correspond[ing] to what I was showing. You need to almost run through
the lesson before you do it, like think about what you are going to say and what you are
going to do; not just plan the activity, actually plan exactly how you are going to do the
activity. (Rodney’s Interview, 2014).

The PTs expressed the importance of going through the lesson prior to teaching it to
students. The PTs stated that going through the lesson helped to make sure the correct
mathematical language was used in the explanations and it provided further understand-
ing of how the activity that was planned was going to be implemented.

In addition, the PTs realized the value of differentiating their instruction. Raquel

noted,

You don’t really think about having to teach students differently depending on where
they are in their educational careers, based on if they are a really bright student,
you will have to teach in a different way to a really bright student than you would to
a struggling learner. And it was hard enough teaching one struggling student. I don’t
know how I'm going to do it in a classroom with 10 of them plus students at other
levels too. But this class definitely helped prepare me for that. (Raquel’s Interview,
2012)
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The PTs articulated that although they were there to help the students who were strug-
gling, 62% recognized they themselves were the benefactors of the experience. In prepa-
ration for their careers, the PTs learned that instruction does not just entail the material
being taught. Effective instruction specializes in meeting the needs of the students. In
fact, the PTs saw the benefit of not teaching in isolation.

The biggest thing that I discovered is how much teachers rely on their peers. I thought
that every time I went into tutor, I was going to have to come up with a new activity
without any outside help. I soon discovered the opposite though. (Teresa’s Reflective
Essay, 2012)

PTs shared games, teaching strategies, and perspectives on approaching challeng-
ing situations. “We were able to exchange ideas for activities and give feedback to each
other about what ideas worked well and what ideas did not” (Kimberly’s Reflective Essay,
2013). PTs referenced the value of learning alternative approaches to instruction from
their peers as an important part of establishing confidence in their teaching. “[Shar-
ing] our experiences was crucial for the growth of each tutor” (Tiara’s Reflective Essay,
2013). “We would compare and contrast how we tackled the clinic and give each other
constructive feedback. I tried to gain as much knowledge as I could” (Logan’s Reflective
Essay, 2011). The PTs valued their classmates as partners in learning and as influential
figures in their continued professional growth. Their classmates became a community of
professionals and fellow learners.

The PTs collaborated to expand their content knowledge as well as pedagogical knowl-
edge. They sought out their classmates to better serve the students they were tutoring.
From this sense of community, the PTs learned their impact was stronger as a group
than in isolation. “Of course, these discussions would have been nothing had we not
been able to take what we learned into the classroom” (Paula’s Reflective Essay, 2011).

PTs as Learners: Prospective teachers’ content knowledge

The majority of the PTs considered themselves as having strong content knowledge
in mathematics. They were mathematics majors and were successful in mathematics
throughout school. Consequently, many of them figured they would not have a problem
working with students on various mathematics subjects. This notion proved incorrect,
especially when the PTs worked with students on geometry. Thirty-three percent of the
PTs struggled with the mathematical concepts, and they were unsure how to help their
students. For example, Yolanda commented,

She whipped out her homework and I realized right away that I was in trouble as
her worksheet was covered with circles, arcs, and chords, and that is not quite my
strong point. 1 walked in overly confident that I knew all of the material, yet as soon
as I saw circles, I cringed. (Yolanda’s Reflective Essay, 2013)

From this experience, the PTs realized they did not know all the content they needed
to know to teach. The PTs stated this forced them to expand their knowledge in geom-
etry and pushed them to be a better teacher. Eric stated that this experience caused him
to swallow his “pride” and ask others in the room for help. Eventually, he saw this as a
good learning experience because he can now solve the geometry problems. The PTs
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discussed that in order to effectively teach mathematical content, one must understand
it. Additionally, finding the gaps in their own content knowledge helped them “become a
better teacher” (Ruth’s Reflective Essay, 2012).

Critical reflection of situated learning: prospective teachers’ perceptions of the class
experience

Some PTs initially expressed they did not think they would learn anything new from tak-
ing the course. They discussed how they already had experienced tutoring students, and
the course was not going to teach them any information they did not already know. But,
the PTs realized the class was an invaluable experience, and they learned a lot.

I've learned so much from this course...I've learned how to be very creative with
what I do with them; learned how to do exercises and tasks from scratch which I
think has helped a lot...I think now I have a good idea and a good basis for when I
actually end up teaching. (Derek’s Interview, 2014)

The PTs commented that they were now more confident working with students who
struggle in mathematics. Typically, they were comfortable working with more advanced
students where the mathematics connections were easier for them to make. But, after
this class, many of the PTs confirmed they “feel more confident to effectively work
with struggling learners, particularly ones who are incredibly behind in their studies”
(Michelle’s Reflective Essay, 2012). The PTs reflected that prior to taking the course, they
thought they would not be successful helping a student who struggled, but the class pro-
vided them with specific strategies to try with their students to make them successful. In
fact, some of the PTs stated they were really nervous when they started the course, but
at the end of the semester they were confident in their teaching abilities. “I have walked
into this clinic with no experience what-so-ever, but I will be walking out with a wide
variety of experience and useful knowledge from myself and my peers” (Gwyn’s Reflec-
tive Essay, 2011). Moreover, the PTs expressed that the class provided them with “valu-
able insight into the mind of a struggling learner in mathematics, and made me not only
a better tutor, but also a better teacher” (Andrea’s Reflective Essay, 2014).

The PTs were asked to reflect and connect the theories they read about during the first
5 weeks of class to their instruction during tutoring the last 10 weeks of class via focused
reflections on the online classroom platform. Jared confessed that he did not see the pur-
pose of the readings and discussions and how they were significant to teaching and work-
ing with students. The PTs admitted they really did not understand what the readings were
about. But, “after tutoring for 10 weeks, I now see connections between readings and my
sessions” (Jared’s Reflective Essay, 2014). Rodney expressed,

In the beginning when we were reading all of that I've always felt that whatever you
read in school that’s theory, but then when you actually try it, it doesn’t always work. I
think what I gained most from those readings was actually later when I got home and
I wrote the reading reflection and then when I think about what I did I realized that
I was actually doing a lot of stuff that was in the readings. (Rodney’s Interview, 2014)

The PTs found the service learning course provided them with richer experiences and
opportunities. For example, Jesse stated,
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Tutoring the students this semester greatly has aided my growth as a teacher. 1
learned things about myself that I could never have learned through simple observa-
tions. Witnessing first-hand which strategies and games worked well and which ones
didn’t helped me gain insight into effective running a classroom. The students taught
me just as much as I taught them, if not more. (Jesse’s Reflective Essay, 2013)

Similarly, Leslie noted,

I got a lot more out of this class than I did my actual practicum where I was in the
classroom teaching lessons and things like that because, I mean, it’s just more—we
focus ON the students and how they’re able to learn and how am I supposed to teach
them. (Leslie’s Interview, 2013)

The See Blue Mathematics Clinic gave the PTs an “understanding of the material that a
textbook could never give” (Ella’s Reflective Essay, 2012), and helped them develop their
“voice as a mathematics educator” (Derek’s Reflective Essay, 2011).

Students who struggle in mathematics as learners: prospective teachers’ instruction
impacted the knowledge and confidence of the students

As PTs were learning how to be effective teachers, the students they were tutoring
deepened their mathematical content knowledge and their confidence in mathematics

increased as well.

After about 4 or 5 sessions with [my student], he told me that his math grades were
improving. He had a middle C when I started with him and he told me last week
[9 weeks later] that his math grade is a 95. I asked him why did he think it was bet-
ter and he said it was actually because he was putting in more effort than before.
(Amanda’s Reflective Essay, 2012)

Seventy-three percent of PTs witnessed improvement in their students’ mathematical
understanding, and the students did not readily give up on solving a mathematical task.
They became more and more confident in their mathematical thinking. For example, Josh
worked with his student on special right triangles. When the student struggled to identify
the sides, Josh had the student look around the classroom for support, and the student
was able to distinguish between the two right triangles that half the room formed. The
student made the connection that when two right triangles share a diagonal, a square or
rectangle is formed. After the student visualized the content, she proclaimed, “This is so
easy! I can’t believe that I didn’t get this before! This is easy!” (Josh’s Reflective Essay, 2011).
More importantly, the PTs witnessed that their students were more willing to talk through
how they solved mathematical problems. The PTs stated their students knew a lot more
mathematical concepts at the end of the clinic than they did at the beginning of the clinic.

Caitlin mentioned,

Over the course of the semester, I saw a young man go from being a struggling geometry
student to a mathematics student of tremendous knowledge and caliber. I am incred-
ibly proud that [the student] not only passed his final, but gained knowledge that can
help him down the road. He grasped proofs more clearly, and this will continue to help
him in both current and future geometry classes. (Caitlin’s Reflective Essay, 2011)
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Another student successfully passed her first semester midterm. Every week the PT
“noticed improvements in her mathematical ability, thinking, and her own confidence.
She became less focused on memorizing math formulas and started to understand the
underlying concepts that make up Geometry” (Paige’s Reflective Essay, 2011). The PTs
were very excited to witness improvement in their students’ mathematical knowledge
and confidence solving mathematics problems. The students began asking for more
challenging problems to work on and answering more and more questions. One student
showed her tutor her triangle test, which she scored an A. Leslie identified that the stu-
dent she worked with had learned helplessness, and she found herself constantly reas-
suring the student that she could do the work even after her student repeatedly said she
did not know. Leslie kept trying to help her realize she could do the mathematics. After
a few sessions the student did “realize[d] she can do the harder stuff in math” (Leslie’s
Reflective Essay, 2012). Destiny spoke to her student’s teacher, who reported that since
working with her, the student’s confidence level significantly increased which correlated
with a 10% increase in the student’s overall grade. The PTs were extremely proud of their
students. “I don’t know, they were just like, ‘my kids. I came back each week to see them
and they had improved so much. I don’t know, I don’t know how to describe it. It’s like a
wonderful feeling” (Destiny’s Interview, 2012).

Conclusion

The purpose of the See Blue Mathematics Clinic was to give PTs seeking certification in
mathematics specific instruction and an authentic experience with students who strug-
gle with mathematics via a service learning course. Overall, this study highlighted posi-
tive effects of the service learning experience for the PTs. In particular, involvement in
the See Blue Mathematics Clinic service learning course indicated positive changes in
the PTs’ perception of students who struggle in mathematics, improvement in their con-
tent knowledge, and overall confidence in working with students, especially those who
struggle. Additionally, the service learning experience had a notable positive influence
on PTs’ instruction, especially in using differentiated instruction, which included, but
was not limited to, the use of personalized learning and games. These positive effects
are likely rooted in the fact that many of the PTs worked in mathematics content areas
that challenged them as tutors and they had to rely on the research-based methods of
instruction to effectively reach some of the students who were struggling. The informal
learning environment of this service learning course simulated a situation where the
tutors were able to practice instructional methodologies in real, authentic, contextual-
ized situations. All of the PTs who have participated in the See Blue Mathematics Clinic
course cited it as the most beneficial learning experience in their program thus far.

It was a very positive experience overall both for me and them. They got some one on
one time and some exposure to applications of mathematics that they don’t neces-
sarily get in the classroom. They had a lot of hands on activities that really immersed
them in the mathematics instead of just doing worksheets and things like that over
and over. And I think it was also beneficial for me (Jackson’s Interview, 2013)

With standards and standardized testing expectations rapidly changing, schools and
their students need all the help they can get. Additionally, universities need to find new
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ways to give their PTs additional learning experiences that give them additional work
with students. Forming mutually, reciprocal partnership between university and school
districts for service learning courses is one way to help address today’s educational
needs.

The findings of this research can be considered to create more meaningful field expe-
rience opportunities for prospective mathematics teachers. Allowing PTs an opportu-
nity to participate in service learning can assist in developing educators that are better
equipped to help students who struggle in mathematics. Part of the help that PTs gained
through the service learning experience involved the instructional strategies that were
practiced, discussed, and ultimately implemented during the tutoring session. Doing
so provided a structure for the PTs to engage in positive and productive mathematical
interactions [36] with the students they tutored. “The knowledge that secondary teach-
ers in training can gain through peer tutoring during their university careers is trans-
ferable and ultimately helpful” [5], p. 28). Further, the positive impact of reflection and
collaboration on the engagement and practice of PTs in the tutoring experience rein-
forced recommendations for designing service learning experiences, or field experiences
in general [12, 27, 35, 36, 38, 40].

Although this study highlighted the benefits and outcomes of a service learning course
for PTs, further research is needed to examine the experience of the students who strug-
gle in mathematics within this type of authentic environment. In addition, research
could be conducted on the aspects of agency that were not explicitly addressed through
the themes in this study within the context of how service learning experiential experi-
ences inform PTs future teaching practices.
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