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School Science and Mathematics Association

Founded in 1901

The School Science and Mathematics Association [SSMA] is an inclusive professional
community of researchers and teachers who promote research, scholarship, and practice that
improves school science and mathematics and advances the integration of science and
mathematics.

SSMA began in 1901 but has undergone several name changes over the years. The
Association, which began in Chicago, was first named the Central Association of Physics Teachers
with C. H. Smith named as President. In 1902, the Association became the Central Association of
Science and Mathematics Teachers (CASMT) and C. H. Smith continued as President. July 18, 1928
marked the formal incorporation of CASMT in the State of Illinois. On December 8, 1970, the
Association changed its name to School Science and Mathematics Association. Now the
organizational name aligned with the title of the journal and embraced the national and international
status the organization had managed for many years. Throughout its entire history, the Association
has served as a sounding board and enabler for numerous related organizations (e.g., Pennsylvania
Science Teachers Association and the National Council of Teachers of Mathematics).

SSMA focuses on promoting research-based innovations related to K-16 teacher preparation
and continued professional enhancement in science and mathematics. Target audiences include
higher education faculty members, K-16 school leaders and K-16 classroom teachers.

Four goals define the activities and products of the School Science and Mathematics
Association:

¢ Building and sustaining a community of teachers, researchers, scientists, and
mathematicians

e Advancing knowledge through research in science and mathematics education and
their integration

¢ Informing practice through the dissemination of scholarly works in and across science
and mathematics
Influencing policy in science and mathematics education at local, state, and national
level
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These proceedings are a written record of some of the research and instructional innovations
presented at the 116" Annual Meeting of the School Science and Mathematics Association held in
Phoenix, Arizona, October 20 - 22, 2016. The theme for the conference is STEAM Rising in Phoenix.

The blinded, peer reviewed proceedings includes 13 papers regarding instructional
innovations and research. The acceptance rate for the proceedings was 72%.

We would like to thank Maureen Cavalcanti and Emma Chadd for their dedication to the
technical details of putting together this document. We are pleased to present these Proceedings as

an important resource for the mathematics, science, and STEM education community.

Margaret J. Mohr-Schroeder
Jonathan N. Thomas

Co-Editors
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USING THE REFORMED TEACHING OBSERVATION PROTOCOL FOR NOVICE TEACHERS

Faye Bruun Kim Moore Joe Champion
Texas A&M University - Corpus Texas A&M University - Boise State University
Christi Corpus Christi joechampion@boisestate.edu
faye.bruun@tamucc.edu kim.moore@tamucc.edu

This study investigates 13 novice teachers who recently graduated from a newly
redesigned Grades 4-8 math and science teacher certification program. Researchers used the
Reformed Teaching Observation Protocol (RTOP) to analyze the teaching of the novice educators.
The teachers completed the same undergraduate teacher education program and continued in an
induction program where university faculty mentored them during their first two years of teaching.
Findings suggest potential ways to better support novice teachers’ use of reformed teaching
practices.

Introduction

Teacher training programs face the daunting task of preparing educators that are ready
to teach all children to think, reason, and solve complex tasks. As standards for K-12
education become more rigorous, teacher training programs must rethink how they can best
prepare their graduates to meet the demands of ensuring that all students learn. “The more
tightly integrated the learning experience of novices, veteran teachers, and university faculty
can become, the more powerful the influence on each other’s practices and capacity for
constant improvement,” (Darling-Hammond, 2006, p.185). The best programs recognize that
theory and practice need to be interwoven. Pre-service teachers need to see effective teaching
practices modeled throughout their field experiences.

Texas A&M University-Corpus Christi is testing an unconventional preservice strategy
for modifying the elementary to middle levels STEM certification and teaching pathway through
a fellowship program for undergraduate seniors in the College of Education. ETEAMS
fellowships include instructional coaching, co-teaching of evidence-based lessons, and
targeted workshops to deepen content knowledge. These initiatives are delivered by STEM
education faculty and staff to improve the quality of teaching and learning in middle grades
classrooms. A federal grant supports the fellowships along with support for graduates during
their first two years of classroom teaching. Program staff observe participants’ classroom
instruction twice a year using the Reformed Teaching Observation Protocol (RTOP).

Objectives of the Study
One major outcome goal of the ETEAMS project is to increase evidence-based STEM

instructional practices at participating schools. Operationalizing that goal has required ongoing



development of the mentoring program offered during participants’ first two years of teaching.
As program activities get put into place, however, the project leadership has continued to seek
a clearer picture of the novice teachers’ instructional practices.

The research question is: To what extent are ETEAMS graduates (now novice teachers)

implementing reformed teaching practices that they have learned as preservice teachers?
Theoretical Framework and Related Literature

The ETEAMS program design flows from a Theory of Action including three core
hypothesized implementation claims:

¢ Novice teachers will engage in enriching middle levels STEM teaching activities,

increasing their interest and self-efficacy in middle levels STEM teaching

e Collaborations between novice teachers, teachers, and STEM education faculty in

teacher-led grades 4-8 instructional reform will be mutually beneficial and
productive

e Novice teachers’ participation in STEM experiences and STEM teaching reforms will

lead to improved STEM instruction for Grades 4-8 students

In Strategies and Sources of Support for Beginning Teachers of Science and Math,
Friedrichsen, Chval, and Teuscher, (2007) proposed a model of novice teachers' initiating
access to support structures based on the realization that their ideal images of teaching do not
match the realities of their classrooms. Support structures were identified as people, programs,
and internal and external supports such as mentoring. ETEAMS seeks to address each of
these support structures.

Partly due to wide differences across teacher preparation program, research on the
instructional practices of novice classroom mathematics teachers has tended to be small-scale
and qualitative. However, literature on induction and mentoring of beginning teachers, as
synthesized by Ingersoll & Strong (2011), shows some empirical support for the claim that
assistance for beginning teachers has a positive impact on teacher classroom instructional
practices. Stanulis and Floden (2009) examined the effects of novice teachers receiving an
existing district induction program compared to receiving intensive mentoring provided through
a school/university partnership, which is similar to the ETEAMS program and this study. Using
two matched groups of 12 beginning teachers, they found that the group that had University
mentoring showed gains from observations of the novice teachers’ instructional practices over

those receiving district mentoring.



In a case study of six novice teachers, Roehrig, Bohn, Turner, and Pressley (2008)
found that beginning teachers, regardless of induction intensity, declined in their use of
effective teaching practices over the course of their first year. The Glazerman and colleagues
(2010) study was the largest, most ambitious research of an induction program with a
randomized controlled trial methodology, and it found that on-the-job development of
beginners takes more than one year to make an impact on teacher practices.

In 1995 the Arizona Collaborative for Excellence in the Preparation of Teachers
developed the RTOP observation instrument, with subsequent research by Sawada and
colleagues (2002) measured significantly enhanced student learning in reformed classrooms. In
this context, reform teaching practices are defined as moving from teacher centered and
traditional lecture driven classroom to student centered activity-based learning with multiple
opportunities for collaboration of students. Proponents of reformed teaching advocate that
classes be "taught via the kinds of constructivist, inquiry-based methods advocated by
professional organizations and researchers" (Maclsaac & Falconer, 2002, p. 480). Reformed
teaching emerged from the principles of effective teaching introduced in 1988 by the American
Association for the Advancement of Science's report on the state of science teaching in the
American Educational Institutions Project 2061: Science for all Americans (AAAS, 1989) and in
2000 by the NCTM Principles and Standards for School Mathematics.

Methodology
Setting and Participants

The participants in this study were among the first graduates of the ETEAMS program,
all of whom are currently full-time classroom teachers in nearby school districts. Nine of these
novice teachers remained within the large urban partnership district in which they completed
student teaching, including four working at one of the ETEAMS fellowship partner schools (two
each at the elementary and middle school levels). The four other teachers work in three
outlying smaller school systems. All 13 novice teachers were observed in the fall of their first
year as classroom teachers, with 11 of them observed again in the spring.

Treatment

The participants were either elementary (EC-6) or middle school teachers (6-8) who had
been a part of the ETEAMS fellowship program during their final year as an undergraduate.
They had participated in the following grant sponsored activities: (a) STEM Thursdays where
they collaboratively planned and taught 5E lessons (Bybee, 2014) to Grades 4-8 students, (b) a

30- hour summer authentic research experience where they joined STEM faculty in ongoing



laboratory and field investigations, (c) mathematics and/or science workshops focused on
deepening content knowledge, and (d) professional development on problems solving and the
nature of science.

The mentoring program, includes two years of support including monthly working
dinner meetings with STU faculty and staff, classroom-based instructional coaching, and
facilitated opportunities to attend and present at statewide mathematics and science
conferences. During the monthly dinner meetings, ETEAMS faculty deliver targeted
professional development (PD) and then provide time for the novice teachers to share
successes and struggles from their work experiences.

Data Collection and Instruments

The nature of participants’ implementation of mathematics and science instructional
practices was described using composite scores from classroom observations of the novice
teachers by the researchers. Each novice teacher was observed once per semester. Though
the RTOP instrument is used by researchers on other projects, the staff observed several of the
teachers together to ensure inter-rater reliability. The RTOP was selected as the instrument to
measure reformed teaching because it provides a standardized means for detecting the degree
to which classroom instruction uses student-centered, engaged learning practice (Lawson et
al., 2002; Maclsaac & Falconer, 2002; Sawada et al., 2002). The RTOP instrument is a holistic
measure of the presence/absence of specific teaching strategies divided into five subscales: (a)
Lesson Design and Implementation, (b) Content: Propositional Knowledge, (c) Content:
Procedural Knowledge, (d) Classroom Culture: Communicative Interactions between student-
student, and (e) Classroom Culture: Student/teacher Relationship. It is a 25-item classroom
observation protocol that is standards based, inquiry oriented, and student centered. Each
subscale features 5 items each that are scored on a scale of 0-4, for a maximum possible
score of 100 points.

The researchers then divided the 25 RTOP statements into three categories: targeted,
supportive, and extraneous. The 11 target statements in the observation protocol were
identified as explicit outcomes of the fellowship and mentoring programs. These items were
aligned to the 5E instructional model where exploration intentionally precedes explanation.
Moreover, in 5E the teacher “becomes a coach with the tasks of listening, observing, and
guiding students as they clarify their understanding” (Bybee, 2014, p. 11). As the teacher steps
back, the majority of the communication originates with the students. In addition to the

pedagogical knowledge, the ETEAMS project seeks to prepare the students to have a deep,



conceptual understanding of the mathematics and science content. This knowledge is
measured in RTOP items 6, 7, and 8.

11 “Targeted” RTOP ltems
2) The lesson was designed to engage students as members of a learning community.
3
6

7) The lesson promoted strongly coherent conceptual understanding.

)
) In this lesson, student exploration preceded formal presentation.

) The lesson involved fundamental concepts of the subject.

)

8) The teacher had a solid grasp of the subject matter content inherent in the lesson.

16) Students were involved in the communication of their ideas to others using a variety

of means and media.

17) The teacher’s questions triggered divergent modes of thinking.

18) There was a high proportion of student talk and a significant amount of it occurred

between and among students.

21) Active participation of students was encouraged and valued.

24) The teacher acted as a resource person, working to support and enhance student

investigations.

25) The metaphor “teacher as listener” was very characteristic of this classroom.

In order to support the validity of RTOP scores, the researchers rated each of the
participants holistically on an ordinal scale of “developing”, “proficient”, or “accomplished” in
their use of reformed teaching practices. These holistic scores were triangulated with the RTOP
scores, with RTOP scores further analyzed to compare fall and spring observations as well as
to investigate potential differences across grade levels.

Results and Discussion

Figure 1 shows how the teachers scored on the RTOP instrument in the fall and spring.
The comparison box plots in Figure 1 shows that the participants’ RTOP scores tended to be
similar in fall and spring, with lower scores in spring. Figure 2 shows how the novice teachers
categorized by holistic ratings scored during both observations by grade level. The individual

novice teachers are identified by codes of the form “F00”.



Figure 1. Distributions of Fall and Spring RTOP Scores by Holistic Ratings

Figure 2. Overall RTOP Scores by Holistic Rating, Fellow, and Grade Level

As indicated in Figure 2, the novice teachers in the lower grade levels tended to perform
better on reformed teaching practices (on both the RTOP and holistic ratings) than teachers in
the middle grade levels. As might be expected, all but one of the participants (FO4) taught in

the same grade level during both observations.



One important limitation of the results is that, regardless of how valid and reliable the
observation instrument, a single, relatively short classroom observation may not be sufficient to
accurately characterize an individual’s teaching strategies (Glazerman et al., 2010). However,
participants’ RTOP scores tended to be similar across time points, and also similar to the
holistic ratings. "Accomplished" exceeded "proficient" which exceeded "developing" on both
the overall and target RTOP scales; this was statistically significant at alpha = .001. That is, the
holistic ratings and RTOP scores converged to indicate consistent indications of the novice
teachers’ use of reformed instructional practices.

Implications

This small scale exploratory study suggests that some of the reformed practices that
the novice teachers learned during their teacher training program translated into practice in
their first teaching assignment. However, it is important to keep in mind that many of the
participants struggled to fully implement reformed teaching practices in their mathematics
classrooms. Marbach-Ad and McGinnis (2009) suggest that beginning educators tend to value
the pedagogy strategies of veteran teachers over their own, even when those strategies are
more traditional. “Novices struggle to provide change agency within the school environment
unless the community within which they work supports their attempts; if not, they succumb to
traditional socialization processes,” (Allen, 2009). Teachers with internal loci of control tend to
maintain their beliefs and practices while those with external loci of control are more likely to
emulate the veteran teachers (Cady, Meier, & Lubinski, 2006).

Holistically, some of the practices we saw in observations unfortunately suggested that
the novice teachers tended to move toward more traditional, teacher-centered instruction
when preparing for standardized testing in the latter half of the school year. This highlights
long-standing questions about mentoring new teachers, such as “can an induction program
simultaneously promote teachers’ skill in engaging students in higher order inquiry, while also
promoting teachers’ ability to teach standardized test taking, or are these contradictory
imperatives calling for completely different induction emphases?” (Ingersoll & Strong, 2009, p.
42). The participating teachers seemed to hold the belief that the best way to prepare students
for the high-stakes exams in Spring was to have weeks of lecture-based review with many
opportunities to practice test-formatted items. The apparent scarcity of more student-centered
models for test preparation was one area of concern.

Another potential area for further research is exploring why middle school teachers

displayed less reformed teaching strategies than elementary teachers. In the context of this



study, there seems to be more uniformity of curriculum and instruction at the middle school
level where novice teachers are given lesson plans by a department chair; they have minimal
amounts of decision making power. The elementary schedule is much less rigid than the
middle school schedule and generally allows more time if needed for an individual lesson.
Perhaps additional, larger scale observations of novice teachers completing reform-oriented
elementary and middle grades teacher preparation programs can help clarify the extent to
which this pattern extends to other contexts.
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VALIDATION OF THE MATHEMATICAL MODELING KNOWLEDGE SCALE (MMKS) WITH
PRACTICING TEACHERS

Reuben S. Asempapa
Penn State Harrisburg
rsa26@psu.edu

This study emphasizes assertions that teachers’ mathematical content knowledge plays an
important role in their teaching profession. This paper reports on a study to design and empirically
measure teachers’ knowledge of the nature of mathematical modeling from a Midwestern school
district (n = 71). The development of the scale included item generation, experts’ reviews, item
analysis, and factor analysis. Reliability, factor analysis, and scaling work with the items confirmed
the usefulness of the scale, with Cronbach’s alpha (a) =.80. Results from the study suggest a
psychometrically valid and reliable scale for measuring teachers’ knowledge of the nature of
mathematical modeling.

Introduction

Mathematical modeling strongly influences what mathematics students learn and how
they learn it. Researchers and standards emphasize the need to address the skills and
understanding of mathematical modeling in the teaching and learning of mathematics (Blum,
2015; Blum & Borromeo Ferri, 2009; Lesh, 2012; National Council of Teachers of Mathematics
[NCTM], 2000; National Governors Association Center for Best Practices [NGA Center] &
Council of Chief State School Officers [CCSSQ], 2010; Pollak, 2011). Likewise, mathematical
modeling has gained increased focus in assessments for school mathematics—both nationally
and internationally (Organisation for Economic Co-operation and Development [OECD], 2003;
Partnership for Assessment of Readiness for College and Careers [PARCC], 2014). However,
how do teachers conceptualize mathematical modeling and what is their knowledge of the
nature of mathematical modeling in school mathematics? Therefore, these issues present an
opportunity to design appropriate tools to measure teachers’ knowledge related to
mathematical modeling.

In this paper, the author first addresses mathematical modeling and teachers’
knowledge, noting the effect of content knowledge on teachers’ professional competence.
Second, the paper discusses the phases used in developing the scale to represent knowledge
of the nature of mathematical modeling and describes the methods used to collect data. Third,
the paper provides scaling results, and validity and reliability evidence from a pilot study.
Finally, the paper concludes with implications for teacher preparation programs and

professional development in relation to mathematical modeling education.
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Purpose of the Study

This research is part of a larger study investigating teachers of mathematics knowledge
about the nature of mathematical modeling and attitude toward such modeling. Because the
Common Core (NGA Center & CCSSO, 2010) and the Next Generation Science Standards
(NGSS Lead States, 2013) point to modeling as a central, unifying theme across mathematics
and science education, this study sought to investigate the construct knowledge of the nature
of mathematical modeling among K-12 teachers of mathematics. Additionally, NCTM’s
standards emphasize models and mathematical modeling in problem solving (NCTM, 2000,
2009). The practice of mathematical modeling is consistent with the Common Core standards
of mathematical practice: model with mathematics and echoes the effective teaching practices
and productive dispositions as explained in NCTM’s Principles to Action (NCTM, 2014).

With the increased importance of mathematical modeling nationally and internationally,
it is essential to investigate teachers’ knowledge on mathematical modeling. Most K-12
teachers of mathematics have misconceptions about mathematical modeling and the modeling
process (Gould, 2013; Spandaw & Zwaneveld, 2010; Wolfe, 2013), and lack knowledge about
the nature of mathematical modeling (Blum, 2015). Consequently, this study investigated this
dilemma concerning teachers’ knowledge about the nature of mathematical modeling.
Furthermore, the psychometric properties of the scale were assessed.

Significance and Related Literature

For the past 40 years, topics that have been central to mathematics education
concerned the relationships between mathematics and the real-world. Thus, mathematical
modeling is no new phenomenon in the area of mathematics education. The phrase
mathematical modeling is used to denote any relations whatsoever between mathematics and
the real world (Blum & Borromeo Ferri, 2009; Swetz & Hartzler, 1991). Mathematical modeling
is more than simply presenting students with traditional word problem. Mathematical modeling
provides much more “powerful and effective ways to help students become (a) better problem
solvers, and (b) better able to use mathematics in real life situations beyond school” (Lesh,
2012, p. 197). Studies have shown that mathematical modeling supports and motivates
students’ interest in mathematics (English & Watters, 2004; Pollak 2011). Additionally, when
students are provided opportunities to engage in modeling tasks, their engagement reflect
improvement in their mathematics achievements (Boaler, 2001). Therefore, it was important to

explore teachers of mathematics knowledge of the nature of mathematical modeling.
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Shulman (1986) emphasized the importance of teacher’s content knowledge as a
central aspect of teachers’ professional competence. Twenty-two years later, Ball, Thames,
and Phelps (2008) explained that teachers of mathematics need certain knowledge domains to
teach mathematics effectively, because their knowledge does affect student learning.
However, teacher education has been criticized in the area of mathematics content knowledge
and in particular, mathematical modeling, for some time without its effectiveness being
analyzed empirically (Kaiser, Schwarz, & Tiedmann, 2010). Equally, there is increasing evidence
of the limitations in the content knowledge of mathematical modeling among K-12 teachers of
mathematics (Blum & Borromeo Ferri, 2009; Spandaw & Zwaneveld, 2010). Therefore,
examining teachers’ knowledge of the nature of mathematical modeling is timely and cannot
be overlooked.

Methodology

To learn more about the issue, the author first began to write and develop items, and
later pilot tested the items intended to represent knowledge of the nature of mathematical
modeling. Using several sources, an initial Mathematical Modeling Knowledge Scale (MMKS)
was developed with 22 items; formats included true or false items, multiple choice questions
and an open-ended question. Using cognitive interviews, reviews with content experts and
practicing teachers, as well as item analysis and factor analysis, the initial 22 items on the
scale were modified and honed to a 13-item scale. The final scale included 12 true or false
items and one open-ended question. The content experts and cognitive interviewers provided
inputs as to the relevancy, adequacy, accuracy, and wording of items to establish content
validity of the scale. Based on their comments and feedback, items considered irrelevant or
redundant were deleted, and others were reworded to improve accuracy or clarity. The study
employed a survey research design as described by DeVellis (2012) and Fowler (2014). A
descriptive survey research design (cross-sectional) was used and K-12 teachers of
mathematics in a Midwestern state were self-selected for this study.

Because of the nature of the study, both purposeful and convenience sampling
(Creswell, 2009) were employed to identify the participants who responded to this survey
online. The specific form of data collection was a web-based self-administered survey
(Creswell, 2009; Dillman, 2007). The main goal of the data analysis for the pilot study was to
have a valid and reliable scale that measures teachers of mathematics knowledge about the
nature of mathematical modeling. Survey data are only acceptable to the degree to which they

are determined valid and reliable (DeVellis, 2012; Fowler, 2014). Hence, statistical procedures



13

used to demonstrate the reliability and validity of the scale in this study included univariate
analysis, reliability analysis, and exploratory factor analysis (EFA). In particular, Cronbach’s
coefficient alpha was utilized in this study to measure the internal consistency reliability of the
scale; one of the common forms of reliability mostly used in social science research (Cronbach,
1951). The SPSS statistical software was used for all the analyses. All analyses were
considered statistically significant with p <.05.

Results and Discussion

In this analysis, the author answered two main questions: (a) can the items included on
the MMKS provide valid and reliable measures of teachers’ knowledge of the nature of
mathematical modeling? and (b) how do teachers’ conceptualize the nature of mathematical
modeling? The sample on the scale consisted of 71 teachers of mathematics. Descriptive
statistics on the demographics were based on 62 teachers, because not all participants
responded to the demographic questions. Of these 62 teachers, 77% of respondents were 35
years or older and almost 60% of the sample were identified as White or Caucasian. The
respondents included 36 grades K-5 teachers, nine grades 6-8 teachers, and 17 grades 9-12
teachers of mathematics. Concerning gender, 85% of the sample self-identified as female, and
15% as male. The reliability and factor analysis of the MMKS scores was based on the 12-item
true or false questions. Thus, the total possible score on the MMKS was 12. ltems answered
correctly on the MMKS were coded a score of “1,” and items answered incorrectly were coded
a score of “0.”

The overall total mean score on the MMKS was 70.20 (SD = 2.34). An independent
sample t-test indicated that scores on the scale were statistically significantly higher for female
teachers (M =70.42, SD =2.13) than for male teachers (M = 8.89, SD = 3.74), t(60) = 2.07, p <
.05, d =.58. However, Levene’s test indicated unequal variances (F = 5.26, p = .018).
Cronbach’s coefficient alpha was used to calculate the reliability of the MMKS scores. To
determine the item reliability, the author examined the correlation matrix between items and
the item-total correlations. Although two of the 12 items on the MMKS had item-total
correlations less than .30, all 12 items were retained in the analysis because of their
correlations (r = .25) and theoretical relevance (Nunnally & Bernstein, 1994; Osterlind, 2010).
The overall internal consistency reliability of the MMKS for this sample was .80, indicating a
good reliable scale (DeVellis, 2012; Fowler, 2014). Table 1 provides information on the item-
total correlations and alpha values on the MMKS.

In assessing the internal structure of the items on the MMKS, the author used
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exploratory factor analysis to find out about the interrelationships among the items. The Kaiser-
Meyer-Olkin measure of sampling adequacy of .70 was acceptable. In addition, Bartlett’s test
was statistically significant (p < .001) and using the rule of subjects—to—variable ratio of no
lower than five (Bryant & Yarnold, 1995); therefore, common factor analysis was appropriate for
the data.

Table 1

Item-Total Correlations of all the 12 Items on the MMKS
ltems M SD SE ITC a
ltem 1 .92 0.28 .03 27 .80
ltem 2 .90 0.30 .04 .59 T7
ltem 3 .80 0.40 .05 48 .78
ltem 4 72 0.45 .05 .28 .80
ltem 5 .86 0.35 .04 43 .79
ltem 6 .86 0.35 .04 .54 .78
ltem 7 T7 0.42 .05 27 .80
ltem 8 .90 0.30 .04 44 .79
ltem 9 .82 0.39 .05 .63 T7
ltem 10 .94 0.23 .03 .39 .79
ltem 11 .93 0.26 .03 31 .80
ltem 12 T7 0.42 .05 .69 .76

Note: N="71; ITC = item—total correlation.

Examining the factor loadings and extracting only one factor based on theoretical relevance to
interpret the items explained about 29% of the shared variance on the MMKS for this sample.
All the factor loading values were greater than .30, indicating the items correlate well with the
whole scale. Thus, using one factor to interpret all the items seems strongest statistically and
most interpretable. The single factor extracted on the MMKS was labeled knowledge on
modeling.

The open-ended question asked teachers of mathematics to express their thoughts or
describe exactly the nature of mathematical modeling. This helped in assessing how teachers’
conceptualize the nature of mathematical modeling. Specifically, they were asked to write a
brief definition for the phrase mathematical modeling. A total of 54 teachers responded to this

question. Teachers’ responses were read and categorized as poor, fair, good, and excellent by
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the researcher. The ratings were based on the rubric provided in Figure 1. Because teachers’
responses were typed there were no ambiguity about their responses, the statements were
clear and straightforward. The ratings were coded as 4 = excellent, 3 = good, 2 = fair, and 1 =
poor.

There were notable findings in examining teachers’ responses on their knowledge or
understanding about the phrase mathematical modeling. Of the 54 teachers who responded to
this question, only 7% of the responses could be categorized as excellent responses. Most of
the teachers had misconceptions with mathematical modeling and they confused

mathematical modeling with modeling mathematics.

Category

Excellent = 4 Good =3 Fair=2 Poor =1

Definition Definition Definition Definition
demonstrates demonstrates basic demonstrates little shows nho
complete understanding and understanding and evidence of
understanding and provides minimal little to no understanding of
provides detail explanation. It explanation. It the phrase
explanation. It states mentions more steps mentions fewer steps | mathematical
almost all steps involved in the involved in the modeling.
involved in the modeling process. modeling process.
modeling process. There is no link There is no link
Links mathematics, between mathematics | between mathematics
real world situations, and the real world. and real world
and the translation situations.
between the two.

Figure 1. A Rubric for Evaluating the Definition of Mathematical Modeling

Figure 2 provides the distribution of respondents’ responses about the meaning of the
phrase mathematical modeling. Most of the teachers’ explanation or definition incorrectly
assumed mathematical modeling as using physical objects, manipulatives, or representations
to solve mathematics problem. Experiences shared by the respondents indicated the phrases
mathematical modeling and the modeling process were a hew terminology to most of the
teachers, and they have little or no experience with mathematical modeling practices. Most of
their explanations failed to recognize mathematical modeling as an iterative process that

involves choices and assumptions by the modeler.
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Figure 2. A bar chart showing teachers’ responses about the phrase mathematical modeling
Conclusion and Implications

This study’s goal was to develop and psychometrically assess a scale that measures
practicing teachers of mathematics knowledge of the nature of mathematical modeling. The
development and testing of a scale is a complex process. Results from the pilot study revealed
that participants had a satisfactory knowledge of the nature of mathematical modeling.
However, from their responses on the open-ended question, most of the teachers had
misconceptions about the phrase mathematical modeling. The reliability and validity evidence
provided, as well as the psychometric properties of the MMKS demonstrates its potential in
mathematics education research. Therefore, the MMKS can be used as part of ongoing
evaluation of teachers’ professional knowledge of mathematical modeling education.

Having a scale that assesses teachers’ professional knowledge on mathematical
modeling will benefit professional development on mathematical modeling. Teachers’
professional competence on mathematical modeling will enhance the teaching and learning of
mathematics. Results from this study and other published materials (see Kaiser, Schwarz, &
Tiedmann, 2010; Spandaw & Zwaneveld, 2010) indicate a need exists for mathematical
modeling training standards or courses to be integrated in teacher preparation programs for
teachers of mathematics. Finally, the psychometric results suggest the scale is appropriate,
and the author hopes the MMKS will benefit mathematics educators, researchers, and

teachers, and advance mathematical modeling education in school mathematics.
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MORE THAN A STORY: INTEGRATING LITERATURE IN THE MATHEMATICS AND SCIENCE
CLASSROOM
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Content area literacy is a growing trend across elementary and secondary school
curriculum in alignment with the Principles and Standards for School Mathematics (NCTM, 2000)
and NGSS Framework for K-12 Science Education (2011). The purpose of this paper is to share
ways in which preservice teachers integrated trade books in the elementary mathematics and
sclience classroom to improve literacy skills while introducing and supporting mathematics and
science topics. The paper will include examples of content and teaching connections, sample
literature books, resources, lesson ideas, and both student and PSTs excerpts sharing their
experiences.

Introduction

Content area literacy is a growing trend across elementary and secondary school
curriculum in alignment with the Principles and Standards for School Mathematics (NCTM,
2000) and Principles to Actions: Ensuring Mathematical Success for All (NCTM, 2014). Because
many mathematical ideas and concepts are abstract or symbolic in nature, children’s literature
offers teachers the opportunity to present and discuss these ideas and concepts within the
context of a story, using illustrations, and more informal, familiar language (Miners &
Pascopella, 2007).

This in turn, has the potential to make learning mathematics less intimidating and more
engaging, especially for students who demonstrate anxiety related to mathematics (Beane,
1995; Greene, 1991; Hurley, 2001; Tank, 2014). Further, using children’s literature for
mathematics teaching provides students with additional opportunities, encouragement, and
support for reading, writing, listening, and speaking in mathematics classes (Golden, 2012;
Thompson, Kersaint, Richards, Hunsader, & Rubenstein, 2008).

Equally important, educators are concerned with how students develop the
proficiencies needed to engage in scientific inquiry, including how to read, write, and reason
with the language, texts and dispositions of science (Pearson, Moje, & Greenleaf, 2010). The
ability to make meaning of oral and written language representations is central to robust
science knowledge and full participation in public discourse about science. When reading and
writing are cast as tools for investigating phenomena, students can learn how to build on and
expand the work of other scientists by reading about the designs and findings of others
(Pearson et al., 2010).
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Objectives/Purpose

This paper describes a classroom project for elementary preservice teachers (PSTs),
which afforded them the opportunity to explore the integration of content related trade books
in their internship classes. The primary objective of the assignment was to provide the PSTs
with an array of texts they might incorporate into their mathematics and or science lessons and
to find new, innovative ways to support and potentially enhance their instruction. | was also
interested in learning the PSTs’ and K-5 students’ responses regarding their experiences. In
what follows, | provide related literature, describe the general structure of this task, details of of
the experiences related to PST implementation, and close with implications for supporting
teachers in further development of content literacy integration for this assignment.

Significance and Related Literature

In a time of standards, assessment, and accountability, increased stresses are placed
on students to demonstrate an understanding of mathematics and science content and on
teachers to assess and determine the depth of student comprehension (Douville, Pugalee, &
Wallace, 2003; Rearden & Broemmel, 2008; Pearson et al., 2010). One of the major goals of
elementary mathematics and science instruction in this context is the development of
mathematical and scientific literacy in K-5 students. Literacy in general, but specifically
reading, is central across the content areas. Mathematics and science teachers who integrate
literature into the content areas distinguish mathematical and scientific understanding involves
reading and writing (Moyer 2000).

Much of the extant literature that argues for literacy integration in content areas
recognizes just as learning mathematics and science content can be frightening to students,
literacy can be a terrifying word to many science and mathematics teachers (Golden, 2012;
Price 2009). To ensure a symbiotic pace in learning in all content areas and in conjunction with
the International Reading Association, NCTM (2000) and Thompson et. al., (2008) supports the
goal of increasing literacy for all learners.

According to the National Science Education Standards (NRC, 1996), “Scientific literacy
entails being able to read with understanding articles about science in the popular press and to
engage in social conversation about the validity of the conclusions.” Comparatively, NCTM’s
(2014) Principles to Actions Ensuring: Mathematical Success for All, describes mathematical
literacy as “an individual’s capacity to formulate, employ, and interpret mathematics in a
variety of contexts” and “assists individuals to recognize the role that mathematics plays in the

world and to make the well-founded judgements and decisions needed by constructive,
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engaged, and reflective citizens.” Both definitions connect literacy as “the ability to read and
make sense of written symbols in a variety of settings and subject areas and then be able to
locate information, evaluate it critically, synthesize it, and communicate it.” (Miners &
Pascopella, 2007, p. 29; NCTM, 2014; NRC, 1996).

NCTM'’s (2000) Principles and Standards for School Mathematics emphasized the
important role communication plays in helping young children construct knowledge and form
links between their informal notions and the abstract symbolism of mathematical ideas (Moyer,
2010). Equally significant, Draper (2002) suggested promoting literacy within the content
classroom by creating print-rich environments, explicitly teaching text structure, by addressing
precise vocabulary, and combining purposeful discourse. Through these books students see
mathematics in a different context while they use reading as a form of communication” (NCTM,
1989, p. 27).

Both literature, mathematics and science help us to organize and give order to the
world around us. The use of language, in both oral and written forms, and the use of numbers
to count, compute, and generate statistical information, provide information that allows us to
make decisions daily (Moyer, 2000; NCTM, 2000; Thompson et al., 2008). When language skills
are embedded in meaningful contexts, they are easier and more enjoyable for children to learn
(Moyer, 2000; NCTM, 2000). In the same way, humbers and operations, when embedded in
significant real-world contexts, give children the opportunity to make sense of mathematics
and to gain mathematical power (Moyer, 2000; NCTM, 2000).

In addition to the knowledge strands of geometry, patterns, number sense, algebra, and
other mathematics skills, NCTM (2000) brought forth the initial emphasis of three process skills
that can easily be supported through the use of stories (communication, making connections,
and creating representations). Literature certainly introduces a mode of communication for the
students because trade books are written with mathematical instruction described in words
instead of numbers. The incorporation of literature also provides students to potentially
“organize and consolidate their mathematical thinking; develop their mathematical thinking
more clearly to their peers and teachers; supports the analysis and evaluation of their
mathematical thinking; and utilizes the language of mathematics to express mathematical
ideas more precisely” (NCTM, 2000, p.421).

Many children’s books present interesting problems and illustrate how other children
solve them. For example, in Marilyn Burns’ Spaghetti and Meatballs for All, ‘Mr. and Mrs.

Comfort’ have to determine various seating arrangements for a family reunion. Initially, there
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are eight tables carefully arranged with thirty-two chairs so everyone may sit. When guests
arrive, they have different ideas for their seating plans. This is a great opportunity for students
to explore the varying relationships between area and perimeter using fun familiar situations.
Consequently, students are better able to talk about mathematics, because of the exposure to
literature (Golden, 2012; Price, 2009). Similarly, when students create representations (i.e.,
charts, pictures, or patterns) related to the stories, they are not simply math problems on a
page, but extensions of the story and characters they just enjoyed (Golden, 2012; Price, 2009).
Practice/Innovation

Below, | describe the project designed for the PSTs intended to provide them with
opportunities to integrate mathematics [trade] books in their lessons while teaching in their
internship classes. | provided them with a sample list of mathematics books provided by Math
Solutions Publications they might consider, which included appropriate grade levels and
content strands (shown in Figure 1). | also presented the PSTs with an example of the NSTA’s
list of Outstanding Science Trade Books (OSTB) for K-12.

Figure 1. Screen shot of Children’s Literature Chart from Math Solutions Publications

Throughout the semester the PSTs in my elementary mathematics methods course
read several articles that acknowledged the value of incorporating children's [trade] books
within content lessons and how they can be used in a variety of ways in the context of learning
mathematics and science. A picture book read at the beginning of a lesson may engage
students in thinking about their own ideas about a mathematics concept. A nonfiction book
may be read to help explain a math concept and encourage inquiry. A fictional story might
launch a mathematical investigation. A biography may help a young child develop role models

to increase their own self-confidence and interest in mathematics.
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| wanted the assignment to be meaningful for the PSTs as well as the students in their
classrooms. Initially the PSTs found a STEM literature book and designed a book talk; a
concept from NSTA’s Science and Children journal. There are three principles in which
teachers should focus when using trade book integration: (a) engage students to activate prior
knowledge; (b) develop competence in an area of inquiry; and (c) recognize that metacognitive
approaches to instruction can help students take control of their learning by defining goals and
monitoring their progress (NSTA, 2008).

The book talk included a brief synopsis, content and teaching connections, and
additional resources they thought were relevant (i.e., lesson plans, activities, and web links
associated with the book). In conjunction with completing a book talk, they additionally wrote a
brief description of why they selected the particular text, how they intended to use the book
(i.e., introduce a topic, connections, or additional support), as well as their own and/or student
excerpts discussing key details and any value they found during the experience. Finally, the
PSTs included samples of innovative ways in which the inclusion of the literature supported or
enhanced their instruction.

Classroom Examples
Content and Teaching Connections

One of the PSTs discussed content and teaching connections based on The Napping
House by Audrey Wood. She read this mathematics book to her kindergarten students hoping
to enhance their perception of cardinality and to introduce the concepts of addition and
subtraction. Through the use of the read aloud with accountable talk, the students were able to
gain an awareness of addition and subtraction processes without realizing they were learning
mathematics concepts through the use of questions within the trade books.

Another PST elected to implement The Cloud Book by Tomie DePaola in her third grade
class during science. The PST selected this book prior to teaching the students about the
water cycle to access their prior knowledge and to support their comprehension before
participating in a hands-on activity where the students discover a drop of water’s journey from
ProjectWet (2013). Below she discussed her response to the student reactions during the read
aloud:

My third graders absolutely loved The Cloud Book! They laughed hysterically at some of

the pictures and words to describe the pictures. They found it neat that the author

would talk about what different cultures thought about clouds. Due to the hysterical

nature of the book, it kept the kids focused, and wanting me to read on. One little girl
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had no clue that snow came from clouds. | asked the kids to share with the class about
times they’ve seen objects in the clouds. They were enthusiastic to share all of their
thoughts. | could see this being used as an amazing introductory Science lesson on
clouds. This book truly shed a new perspective on clouds, something we see every day.
| feel that because there was humor in the book it allowed the children to want to learn
more about the names of clouds, and different theories on how clouds were made.
Introducing humor into a topic such as clouds showed me that if you put a bit of a silly
twist to any subject, children will be eager to learn and further investigate the process
of cloud formations and simulation.

The PST also asked the students if they would record their personal reactions to the read aloud

on index cards to gain individual awareness and perceptions of the inclusion of literature in

content areas (shown in Figure 2).

Figure 2. Screen shot of third grade responses after The Cloud Book read aloud
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Implications

Literacy, particularly reading, is critical across content areas. Mathematics teachers
who integrate literature into mathematics recognize that mathematical understanding involves
reading and writing (NCTM, 2000). This may also provide students a level of comfort they might
typically not have during traditional content lessons (Beane, 1995; Greene, 1991; Hurley, 2001;
Rearden & Broemmel, 2008; Tank, 2014). Fittingly, mathematical reasoning and problem
solving can be found in authentic reading and writing materials (Moyer, 2000; Ruiz, Thornton, &
Cuero, 2010). Proficiency in the area of literacy is critical in the understanding of all content
areas. When teachers make a conscious effort to integrate mathematics and science in their
daily instruction, this might not only promote students’ understandings and appreciation for
reading and writing, but also deepens mathematical and scientific conceptualizations (Draper,
2002; Pearson et al., 2010; Thompson et al., 2008).

Understandably, not every book will be appropriate for enhancing a mathematics or
science lesson and there should be a natural relationship between the book chosen to enhance
the lesson and lesson itself (Thompson et al., 2008). It is also critical to note that incorporating
informational and story books in the curriculum in the early years of school has the potential to
increase student motivation, build important comprehension skills, and lay the groundwork for
students to grow into confident, purposeful readers (Golden, 2012; Price, 2009). Researchers
and educators have developed criteria for selecting literature that can be integrated effectively
within content instruction. (Worley, 2002; Price, 2009; Rearden & Broemmel, 2008).

Being aware of quality trade books and their usefulness in mathematics and science
teaching is a necessary first step in successfully teaching through literature and subsequently
may help strengthen NCTM and the NRC’s advocacy for high quality mathematics teacher
education in support of quality mathematics teaching.
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Too often, students are merely consumers of mathematics, without many opportunities to
engage in authentic processes of doing mathematics. Math notebooks, in which students
document their processes while working on mathematical problems, serve as one means to
address this dilemma. | describe the use of math notebooks with ‘low-threshold, high-ceiling’
mathematical investigations in my undergraduate mathematics class for elementary education
majors. Details about the implementation and impacts are shared, including how the notebooks
extended the prospective teachers’ perceptions of doing mathematics.

Introduction

To support their learning, students need authentic experiences in doing mathematics,
including opportunities to read and write mathematics as mathematicians do (e.g., Schmoker,
2011). As a mathematics teacher educator, | decided to ask prospective teachers (PSTs) to
produce mathematical texts reflective of doing mathematics. Specifically, | asked PSTs in my
undergraduate mathematics class for elementary education majors to use math notebooks
while working on ‘low-threshold, high-ceiling’ mathematical investigations. Low-threshold,
high-ceiling mathematical tasks allow students to begin at their own levels of engagement
while simultaneously providing space for advancing to higher level mathematics (McClure,
2011). Math notebooks document one’s thinking and processes while working on such
mathematical investigations. My guiding questions for the classroom investigation were: What
are the PSTs’ perceptions of doing mathematics after completing the math notebooks and the
mathematical investigations? How do these compare to their prior views? The purpose of this
paper is to describe the implementation of the math notebooks and investigations along with
their associated impacts for others considering adopting a similar approach in their own grade
5-16 mathematics or science classrooms.

Instructional Framework and Related Literature

The end-products of mathematical work, including journal articles, textbooks, and
lectures, make heavy use of formalized symbolic systems, proceed deductively from axioms to
conclusions, and are impersonal and dense in content (Morgan, 1998). Such presentations
leave most individuals with a perception of mathematics as algorithmic, step-by-step, and only
consisting of deductive logic (Byers, 2007). Yet, the authentic work of mathematicians includes

much more, such as informal processes, imagination, intuition, and creativity (Burton, 1999;
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Henrion, 1997). Doing mathematics is not without struggle or challenge (Burton, 2004; Byers,
2007). Upon ‘being stuck’, mathematicians may take a break, discuss the difficulty with
someone else, read journals for further information, utilize technology, or work on another
problem. Mathematicians do not regard ‘being stuck’ as a negative occurrence, rather as a
potential for further learning (Henrion, 1997).

This picture of doing mathematics is often absent from mathematics classrooms
(Burton, 2004; Henrion, 1997). When only presented with mathematical reasoning in polished
form, students experience mathematics as someone else’s discipline for which they are merely
expected to memorize and reproduce results as “passive consumers” (Schoenfeld, 1988, p.
160). As a result, students demonstrate counterproductive conceptualizations of mathematics
(Schoenfeld, 1988):

1. Formal mathematics has little to do with invention or discovery.

2. Students who understand mathematics can solve mathematics problems very

quickly.

3. Only very intelligent individuals are capable of understanding or creating

mathematics.

In response, many educators are advocating that students engage in experiences
reflecting the work of mathematicians, e.g., as doers of mathematics (Burton, 2004; Davis,
Hersh, & Marchisotto, 2012; Morgan, 1998). One avenue is mathematical writing or “writing-to-
learn” (Connolly, 1989).

Writing-to-learn is not concerned with demonstrating mastery or regurgitating
information, but rather with helping students acquire conceptual understandings. It has been
shown to enhance student learning, achievement, and engagement in multiple subjects across
various grade levels (e.g., Bangert-Drowns, Hurley, & Wilkinson, 2004; Reynolds, Thaiss,
Katkin, & Thompson, 2012; Rivard, 1994). However, contextual factors, including the type of
writing, influence the relationship between writing and learning (Bangert-Drowns, Hurley, &
Wilkinson). Thus, many educators draw upon two classifications: transactional writing and
expressive writing (Britton, Burgess, Martin, McLeod, & Rosen, 1975). Transactional writing is
used to inform, persuade, or instruct an external audience through clear, conventional, and
concise prose focused on a final product. Common examples include term papers, book
reviews, journal articles, and laboratory reports. Expressive writing externalizes and clarifies a

writer’s own thinking through informal, exploratory writing, often described as thinking aloud on
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paper. It may include feelings as well as thoughts about a problem, issue, or text and is
typically found in journals, letters to close friends, and freewriting. Transactional writing has
been found to constitute a substantial percentage of student writing in middle through post-
secondary classrooms (Applebee, 1984; Britton et al., 1975; Melzer, 2009). This overemphasis
on transactional writing reduces students’ opportunities to engage in creative, sense-making,
critical, and independent thinking processes (Fulwiler, 1982). In contrast, Fulwiler (1982) and
King (1982) recommend students begin with expressive writing and transition to transactional
writing. As such, expressive writing is a means for enhancing transactional writing.
Innovation: Mathematics Notebooks for Mathematical Investigations
The mathematics class was a number and operations course with 33 elementary
education majors, 29 of whom consented to participate in the research. | provided the PSTs
with 10 low-threshold, high-ceiling mathematical investigations from which they selected two
to work on in their Mathematics Notebooks. A sample mathematical investigation is provided
below:
Fred’s Baseball Cards: Fred takes his collection of baseball cards and places them on
the floor in piles of two. He has one card left over at the end. He gathers the cards
together and then lays them out in piles of three. Again, he has one left over. He tries
one more time, this time laying the cards out in piles of four; once again he has one
card left over. Exasperated, Fred gathers up his cards, lays them out in piles of seven,
and this time he has no cards left over. How many cards does Fred have in his baseball
card collection? Are there other solutions? What are they? Are there any patterns that
will help you generate solutions? Consider the following similar problem which
appeared in a Chinese text written over 17 centuries ago: For a number that is
unknown, when divided by 3, the remainder is 2; when divided by 5, the remainder is 3,
and when divided by 7, the remainder is 2. What is the number? Are there other
solutions? What are they? Are there any patterns that will help you generate solutions?
How is this similar to, and different from, Fred’s Baseball Cards? (Adapted from
Romagnano, 2003).
To introduce the mathematics notebooks and investigations, | explained the investigations
were substantial in nature so the mathematics notebooks would enable the PSTs to record and
coordinate their thinking across multiple sessions. Next, | described the Notebook Guidelines,
shared an example mathematics notebook for a different mathematical investigation, and

handed out the 10 investigations.
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Notebook Guidelines:

1.

Include your calculations, computations, diagrams, graphs, pictures, etc. PLUS
your thinking behind such work, e.g., your questions, plans, suspicions, findings,
ah-ha moments, mathematical decisions, helpful or not helpful steps or resources,
etc.

Write enough that you will be able to remember what you did four months from
now.

Feel welcome to tape in data or diagrams generated by technology.

4. Work in pen, and no ripping out pages, whiting out, or scribbling through work.

Throughout the semester, the PSTs worked individually on their two mathematical

investigations as part of various homework assignments. For each investigation, the PSTs

turned in a 4-10 page Mathematics Investigation Write-Up. Before each write-up, the PSTs had

5-10 minutes in class to discuss their mathematical investigations, which they were welcome

to continue outside of class as desired.

Mathematics Investigation Write-Up

Part | Mathematical Work: For at least 3 sub-questions, describe your mathematical

findings AND provide explanations and justifications. Part Il Personal Experience: Describe the

path that you took in working on this mathematical investigation, e.g.,

Strategies that helped you work on the mathematics and why they were helpful;
“Ah hal” moments;

Times when you felt stuck and how you got going again;

Surprises and how they affected your thinking about the mathematics;
Mathematical issues or challenges you faced and how you addressed them;
Errors or misconceptions you had, how you fixed them, and how they impacted
your work;

Resources that you drew upon and how; and/or

Your emotional reactions and when — frustration, excitement, curiosity,

determination, etc.

| graded and provided feedback on each write-up. The PSTs then selected one of their

mathematical investigations to revise for their Polished Math Investigation Write-Up. Finally,

students completed a 3-10 page Reflection on Math Investigations.

Reflection on Math Investigations
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Part | Preparation: Make notes about the following in your math notebook: 1. How did
the Math Notebook and the Math Investigations impact your view of mathematics and your
perceptions of how to make sense of and understand mathematics? 2. Review your Depiction
of a Student “Good” at Math. How have the Math Investigations and/or our class impacted
your view of a student “good” at math? 3. Read the article I'm Not a Math Person Is No Longer
a Valid Excuse (Dickerson, 2013). How has this reading further informed your view of
mathematics and your perceptions on how to make sense of and understand mathematics?
Part Il Writing Your Paper: Describe your current views on mathematics AND on how to make
sense of mathematics. How have your views changed since the beginning of the semester?
What caused those changes? How might your new view impact your future teaching of
mathematics?

My analyses to date includes classifying as Advanced, Proficient, or Developing each
PST’s math notebook in terms of documenting their mathematical thinking and each PST’s first
Math Investigation Write-Up in terms of the depth of their reflection. | have also used open
coding (Strauss & Corbin, 1998) on the first Math Investigation Write-Ups and the Reflections
on Math Investigations to identify themes about the PSTs’ views on doing mathematics.

Classroom Results and Examples

With regard to documenting their mathematical thinking in their math notebooks, 44 %
(12) of the PSTs’ math notebooks were Advanced, 48% (13) Proficient, and 8% (2) Developing.
Below are brief examples from an Advanced and a Developing notebook. In terms of the depth
of the PSTs’ reflections in the first Math Investigation Write-Ups, 57% (16) were Advanced,
32% (9) Proficient, and 11% (3) Developing. Thus, for nearly all PSTs, both their notebooks and
write-ups provided rich material for reflection on their views of doing mathematics.

Seventy-nine percent of the PSTs reported positive experiences with the math
notebooks and investigations, including 17 PSTs (58%) that acknowledged negative
experiences or perspectives of mathematics in previous classes. These positive experiences
included feelings of accomplishment and excitement, often associated with ah-ha moments.

The PSTs also reported several significant realizations about mathematics.
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Figure 1. Advanced example of commentary. Figure 2. Developing example of commentary.

The most common theme was recognizing that mathematical problems may be approached
and solved in many different ways (83%):

Previously my views on mathematics led me to believe that you can only approach a

topic in one particular way ... | now make sense of mathematics by knowing that all

students have a different thinking about starting the problems ... An example of this is
when | worked on the Fred’s Baseball Cards problem. | collaborated with another
student ... once we started looking at the patterns we found, they were different

because | had started with my answer of 49, where she started with 7, which was a

multiple of the answer.

Next, 58% of the PSTs reported realizing that it is important to understand ‘why’ in
mathematics:

Before taking this math class | thought of math as just memorizing equations and not

really learning concepts for future knowledge. My second math investigation led me to

the new understandings of why certain equations work the way they do. ... After
understanding how and why the problem worked the way it did, my views about
equations just being some magical way to solve problems had changed.

Another significant insight by the PSTs was the realization that mathematics is not
always a straightforward process. At least 13 (45%) acknowledged that one does not always
know what to do next or always do everything correctly in working on a mathematical
investigation. Furthermore, 8 PSTs (28%) recognized that such mis-steps, while frustrating,

often lead to further insights:
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| also found that when | did something that was not necessarily correct or did not

necessarily lead to answers often helped me. Sometimes those ‘mistakes’ led me to a

new strategy that was actually really helpful. ...Mistakes are a natural part of learning

and they often help. Mistakes do not mean failure, mistakes mean growth.

Many (58%) PSTs reported such cycles of highs and lows, sharing their negative
moments but also explaining that they overcame such frustrations. Two other prominent
realizations by the PSTs included recognizing that the mathematical process is more important
than determining the “right answer” (41%) and that within a mathematical investigation one
insight often leads to another (24%).

Much like mathematicians, the PSTs noted several helpful approaches for dealing with
mathematical challenges, including taking breaks, having patience, creating visuals,
collaborating with others, viewing the problem from a different angle, acting out the problem,
and listing all possibilities or cases. One PST explained the value of collaborating:

So | came back to the problem a few days later and | was still struggling ... | then

decided that maybe | should try to work with some other people. So | met up with some

girls on my floor and we talked it out. It was cool because we each had found
something the others did not see. We shared our input and we helped each other with
things when they were stuck. Sometimes when you explain your work or try to help
someone you understand the problem so much better for yourself.

Finally, many of the PSTs enhanced their perception of mathematical ability. After the
investigations, the PSTs reported being ‘good’ at math is about effort (e.g., taking time,
practice, hard work) (72%) and a positive disposition (e.g., motivation, persistence, desire)
(62%). Previously, the PSTs perceived that individuals either ‘got’ math or they ‘didn’t’ and that
students ‘good’ at math memorize formulas and theorems, always have all the answers, do not
have to work hard at understanding mathematics, work alone, and do not need help or
assistance.

Discussion

As a result of completing the mathematics notebooks and investigations, the PSTs
enhanced their perceptions of the authentic work of doing mathematics. They recognized that
mathematical problems may be approached in more than one way, that it is important to
“understand” mathematical concepts, and that doing mathematics is not always a
straightforward process. The PSTs also articulated many strategies for facing mathematical

challenges and realized that mathematical achievement is not innate but instead a result of
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effort and disposition. Furthermore, many PSTs mentioned how the math notebooks and
investigations may influence their future teaching. Realizing that mathematical problems may
be completed in different ways led many to plan to encourage elementary students to invent
their own strategies (31%), to use multiple methods in their teaching of mathematics (28%),
and to make sense of elementary students’ thinking because their thinking may appear
different but be logical (31%). In addition, six PSTs commented that they plan to incorporate
problem solving in their future elementary classrooms. With regard to writing-to-learn, the math
notebooks and investigations demonstrated the potential of asking students to begin with
expressive writing (the math notebooks) and gradually transition to transactional writing (the
math investigation write-ups and reflections). In comparison to writing assignments completed
by PSTs in previous sections of this class, | found the PSTs’ mathematical write-ups to be
more thorough, accurate, and explanatory and their reflection papers to be deeper and more
detailed.
Implications

Asking students to utilize math notebooks while working on mathematical investigations
has the potential to engage students as “doers” of mathematics. In addition, engaging
students in expressive to transactional writing may improve their mathematical understandings.
Such activities may be used with mathematics or science students in grades 5-16. Indeed,
many ideas for the math notebooks arose from similar efforts with science notebooks (Ruiz-
Primo, Li, Ayala, & Shavelson, 2004). In looking forward, | hope to decrease the significant time
involved in grading the two write-ups, polished write-ups, and reflections while still maintaining
the essence of the math notebooks and investigations. Some possibilities include using peer
reviews, having PSTs work on two investigations but turn in one write-up, or dropping the
polished write-up. Second, the number and operations course is the first in a three-course
sequence for our elementary education majors. What might be done in the second and third
courses? More mathematical investigations? Could the math notebooks and investigations be
a springboard to address pedagogical topics such as low-threshold, high ceiling tasks and
writing-to-learn? For research, | intend to finish coding the second Math Investigation Write-
ups and the Polished Math Investigations to finalize the themes identified here. Second, | plan
to use the Multi-Dimensional Problem-Solving Framework of Carlson and Bloom (2005) to
analyze the PSTs’ cyclic nature of problem solving on the mathematical investigations.

Completing this analysis will provide a more thorough examination of the PSTs’ mathematical
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work and problem solving on the mathematical investigations, supplementing the PST self-
report data here.
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UTILIZING CULTURALLY RELEVANT STORIES IN MATHEMATICS
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Classrooms with increasingly diverse populations demand innovative pedagogies that
engage all students. This paper briefly explores the research conducted in recent years in reaching
African American students in ways that affirm their culture. One such practice capitalizes on stories
that feature African Americans to increase engagement during language arts and social studies
classes. The results of transferring this pedagogy to the mathematics classroom are explored in
this study. An example from recent practice, as well as, vetted stories that align to specific
mathematical topics in elementary curriculum give educators resources for affirming and engaging
all students.

Introduction

Mathematics as it is currently being taught and assessed has proven to be difficult for
students, particularly students of color. To subvert this trend, innovative ideas for culturally
responsive teaching in mathematics must be explored. Culturally responsive teaching means
that educators connect to students’ home and cultural funds of knowledge (Gay, 2002).
Educators must also affirm how mathematics is part of their world with messages of a growth
mindset (Boaler, 2016). A growth mindset in mathematics is the belief that one can learn math,
that we are not born smart or dumb in math. One way to meet both of these objectives is to
utilize stories that feature the culture of marginalized students and then use the context of that
story to provide opportunities to learn and do mathematics (review operations, problem-solve,
introduce concepts, practice reasoning, etc.). This is in direct contrast to some traditional
practices of computation drills, modeling, or memorizing steps to solve problems in isolation.

Purpose of the Paper

The purpose of this article is to demonstrate how to engage African American students
in mathematical tasks that promote a growth mindset by utilizing culturally responsive stories.
Not all stories featuring African American characters are culturally responsive because they are
not all affirming to that culture. This research utilized stories that have been vetted using
standards designing by Heflin and Barksdale-Ladd (2001) for stories qualifying as affirmative to
the African American culture. This author hopes to motivate educators to seek such stories for
cultures mirrored in their own classrooms, to use them with mathematical tasks that will foster

a growth mindset, and to promote this practice as progress toward equity in mathematics.
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Significance, Related Literature, and Theoretical Framework

This research is significant because mathematics has traditionally been a difficult
subject for students of color, especially when compared to the dominant population (reflected
in state scores, media, and a high volume of students of color in intervention or retention
classes). Little has changed to engage these students, despite an increase in aggressive drill
and practice tactics further indicating that teaching practices need to change, especially for
students of color (Blank, 2011; Delpit, 2012).

Research in cultural responsive teaching demonstrates that students of all cultures
respond to stories and examples which reflect their own culture (Gay, 2002; Heflin, 2002;
Ladson-Billings, 1995, 1997). This has been quite successful in teaching language arts (Tatum,
2006) and in communicating social studies themes (Walker-Dalhouse, 1992) but has not been
researched in mathematics. In fact, research into the textbooks of elementary mathematics
reveals little positive connection to people of color in examples or photos (Sleeter & Grant,
2011).

Yet research into mathematics pedagogy reveals that story is a powerful medium to
engage students in thinking about mathematics (Moyer, 2000; Schiro, 1997; Shatzer, 2008).
How so? Stories transport students into the action of the story by holding their attention with
picturesque wording and vivid visuals. When the story has characters doing mathematics,
(baking, shopping, measuring, counting, sorting, collecting data, problem solving, etc.)
students are inspired to think about it as if they were in the story. This thinking about the
mathematics in a realistic situation becomes powerfully engaging. Stories are encouraged for
use in introducing a concept, reviewing a concept, problem-solving, reasoning, and making
connections to the real world (Hong, 1995; Whitin & Whitin, 2004). Yet at this time, no
published research demonstrates how culturally responsive stories (those featuring non-White
characters) are utilized in mathematics.

This framework combines the strategy of culturally responsive stories with the use of
stories in mathematics. By implementing this framework the research adds to our capacity for
multicultural education in a subject often void of connections to students’ home life or culture.
A story that reflects marginalized students affirms that student population, and culture to
themselves and the class (Heflin, 2002; Ladson-Billings, 1997). Stories also give all students
the same background information when the connecting lesson or tasks are based on the story

creating a more equitable playing field (Perez, 2012; Moyer, 2000).
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By scrutinizing dozens of stories featuring African American as culturally responsive,
and then defining the mathematical connections that can be made to these stories, Teachers
are provided with practical ways to use culturally responsive stories in mathematics. An
example using results from the first story in this research is included in the classroom example

section.

Math Lessons
Read AA story
(affirm culture & connect

math)

Discuss CCSSM connection
Mathematical activity
Reflection

~_=

Collect and analyze data
on lessons

~_=

Results & findings

Figure 1. Framework for choosing and implementing stories featuring African American culture.

Innovation

So how do African American children respond to culturally relevant stories in
mathematics? To explore this research question, two third grade mathematics classes were
led by their teacher in a story and corresponding activity once a week for eleven weeks. The
race of the 41 participating students were identified to their public school (by parent) as: 17
Black (African American), 17 White (Caucasian) and seven Hispanic (Latino/a).

The lessons were designed with the culturally responsive story as the focal point for the
connecting discussion, task (or activity), and individual reflection. Each story was carefully
selected to meet the criteria for being culturally responsive to the African American culture and

to align with the mathematical standards in the school’s curriculum for that semester. (See
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table below for a sample list of stories and their mathematics focus.) As students listened to

the story, discussed the connections between the story and the mathematical concept of the

Table 1.

Sample of culturally responsive stories for use in mathematics

Story Title and author

Mathematical focus and possible task

Wilma unlimited: How Wilma Rudolph became the
world's fastest woman. (Krull, & Diaz, 2000).

Salt in His Shoes: Michael Jordan in pursuit of a dream
(Jordan & Jordan, 2000)

Just Like Josh Gibson (Johnson & Peck, 2007)

Sweet Potato Pie (Lindsey, 2003)

Just Right Stew (English, 1998)

Gettin’ Through Thursday (Cooper, 2000)

Auntee Edna (Smothers, 2001)

Lucky Beans (Birtha, 2010)

Henry’s Freedom Box (Levine, 2016)

Stichin’ and Pullin’ A Gee Bend Quilt story (McKissack

- 2008)

Ruth and Green Book (Ramsey, 2010)

Queen of the Track (Lang, 2012)

Grandma’s Gift (Velasquez, 2010)

She Loved Baseball: The Effa Manley Story (Vernick,
2010)

Measurement (distance, time), problem solving,
graphing, plotting, create own data by running her
races

measurement, operations with problem solving, ratios,
create data with 2 and 3 point shots by group, graphing

distance, measuring, collecting data (they find their
batting average), graphing, predicting, problem posing
and solving

measurements (capacity), equivalent fractions, problem
solving; students create plan for selling pies to save the
farm

measurements, ratios, students recreate recipe for
more family (or the class), or with limited measuring
tools

financial literacy, students plan celebration gift (or
party) on a budget

capacity, measuring, elapsed time, arrays, problem
solving and posing

estimation, measurement, design plan to feed more
family (or the class), create plan and estimate real jar of
beans

distance/time, volume of crate, proportions, ratios,
problem solving, probability, create crate for own travel

area, perimeter, shapes, patterns, designing their own
quilt, problem solving with limited materials

distances, elapsed time, reasoning, planning, problem-
solving students determine a possible route with
parameters from the story

distance, time, problem-solving, creating their own
data by jumping (charts, graphing)

time, purchasing (by portion), weight, cooking, shapes
(nets, surface area), design on gift with parameters

time, income, (schedule, ordering, purchasing,
arranging transportation) problem solving, students
plan their own team schedule in small groups
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week, and practiced the mathematics during the task related to the story, the
author/researcher took observation notes.

The students completed a short reflection (of three circle-a-response type question)
after each lesson. These were analyzed along with student work and the observational notes
for each lesson, through constant comparison analysis (Glaser, 1965) for patterns and through
simple quantitative analysis for positive and negative reactions to the story (for example;
frequency counts on student story ratings and student interaction, averages of interactions and
responses during story, ratio of responses to number of students).

Classroom Example

Results from students’ reflections showed extremely positive reactions to the stories
from all students, with the most positive reaction coming from African American students.
100% of these students rated the stories as interesting or awesome on their reflection.
Observation notes of their interaction with the story (mimicking the actions, reacting verbally,
agreeing with characters and clapping at the end) concur that these students, were particularly
engaged with the story.

For example, the first story about Wilma Rudolph (Krull & Diaz, 2000), was rated as
awesome by 16 of the 17 African American students (the other rated it as interesting) on their
reflection. Observation notes reveal that many of them responded verbally during the story,
most reacting to her family life, or the injustice of not being treated at the hospital nor being
allowed to play basketball. Here are some examples: “Was she the youngest, like me?”,
“That’s not fair!”, “That was before Dr. King.” All students clapped at her triumphant ending.
Some chose to verbalize as well; “Ah, she can run!”, “Man, she’s good.”

Students also responded positively about the impact of the story in helping them to
think about mathematics. African American students indicated this positive impact in their
circled responses of “it helped a lot”, or “it helped some” on their reflection sheet. None of the
students chose the negative response (“it did not”) to this question for any of the stories.

Results from observation notes triangulate their positive reaction. For example, during
the task (collecting data from their own running on a 200 meter section marked by cones every
ten meters) students demonstrated strong engagement. Every student participated willingly
while meeting the CCSS.Math.Content.3.NBT.A.1which involves rounding to the nearest 10, as
well as CCSS.Math.Content.3.NBT.A.2, which involves using strategies to add and subtract up
to 1000, as they compared their own distance in 10 and 30 second intervals to Wilma’s.

Students ran five at a time and stopped at the whistle for 10 second interval, and then raced
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again for a 30 second interval. Their partner helped them identify which cone they were closest
to so the runner could experience the principle of rounding. They recorded their own distances
and compared them to Wilma’s estimated distance at these interval based on her gold medal

performance in the 1960 Olympics in Rome (https://www.olympic.org/wilma-rudolph).

Figure 2. Example of question correlated to the story in week one.
Wilma ran the 100m dash is 11.0 seconds. That’s 9.09 meters per second! When we
round we use 9 meters per second to see that she ran just over 90 meters in 10
seconds. She ran the 200m dash in 24 seconds this is about 240 in 30 seconds if she
continued at that speed. Compare your distance. How much farther could Wilma run in

the same time?

Name Distance in 10 seconds Distance 30 seconds
Wilma Rudolph about 90 meters about 240 meters
YOU:

meters farther in 10 seconds than | did.
meters farther in 30 seconds than | did. She was FAST!

Students seemed eager to work in groups to determine their average distances and to
input this data into a class graph for comparison to Wilma’s. Their written work also displayed
engagement with all spaces completed, computations on the side and even some
exclamations and doodles. Many students asked if they could run a second time to see if they
could come closer to her (Wilma Rudolph’s) time. These traits of enthusiasm, quickness and
eagerness to complete the work all contribute to a growth mindset with the message that
students learn mathematics from doing mathematics.

Throughout the study similar results occurred for each story, some more exciting than
others, but all engaging and earning positive reactions from all students, in particular African
Americans.

Implications
So what does this mean for best practices and teaching diverse classrooms? This

study demonstrates that all students reacted positively to the use of African American stories
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even if that was not their culture. All students of color (and nearly all Caucasian students)
responded that the stories helped them think about mathematics. Being engaged in the
thinking of mathematic is crucial to learning and doing mathematics. Our current best practices
in mathematics are based on growth mindsets and these occur only when students are
thinking, reasoning and connecting (Boaler, 2016). Using tasks connected to stories all
students had just heard proved to be a powerful means for connection. Students seemed to
identify with the character in the story and when the task involved solving similar problems to
that of the character, they were engaged and ready to think about how to solve the
mathematical task. African American students in particular seemed confident to try the task
connected to the stories.

Do these positive reactions come only from African American stories? | believe the
practice of using culturally responsive teaching with other cultures should prove just as
engaging and positive because students can see themselves in the story while a non-dominant
culture is affirmed to the class, giving everyone confidence to join the task that corresponds to
the story. My work has expanded to explore stories featuring Hispanic characters in
mathematics and so far promises to have positive reactions from all students.

Using stories is already a strong research-based mathematical practice to engage
students in thinking. Purposefully choosing stories that mirror our marginalized students
empowers the story to engage more learners and affirms diversity within the classroom. This
practice should foster or start growth mindsets for students of color to really do and leamn
mathematics, as they engage in lessons that affirm diversity for all students.
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People’s perceptions of scientists and science teaching are often measured using mental
model tests such as the Draw-A-Scientist-Test (DAST) and Draw-A-Science-Teacher-Test
(DASTT). Results generally showcase stereotypical images of scientists and teacher-directed
images of science teaching. This research questions the traditional structure for these drawings by
analyzing the difference in number of details and DASTT score when participants are presented
with the typical half 8.5”x11” paper to draw on versus the full 8.5”x11” space printed on
117x14”paper. Results showed that the larger drawing space produced more details while the
overall DASTT score did not change. Implications for this result are discussed.

Introduction

Decades have seen the use of the Draw-A-Scientist-Test (DAST) to measure children’s
perceptions of scientists after the DAST was first created in 1983 (Finson & et al., 1995). In
1995, a companion checklist was developed called the DAST-C with the goal of making
identification of particular details in the drawings more efficient and quantifiable (Finson & et
al., 1995). More recently the research done by Finson, Beaver and Cramond has been
extended to the development of the Draw-A-Science-Teacher-Test (DASTT) and the
corresponding checklist (DASTT-C) which is used to quantify the details in drawings created by
preservice teachers (PSTs) who plan to teach science at the elementary level (Thomas,
Pedersen, & Finson, 2001). The goal of the DASTT-C is to assess the components of PSTs
mental models with respect to science and science teaching. More specifically, the DASTT-C
is intended to provide PSTs with a “reflective opportunity” (pg. 298) to imagine themselves as
science teachers, identify their place on a teaching styles continuum, and consider how their
science teaching beliefs developed (Thomas et al., 2001). Research suggests that teachers
begin their careers with a teacher-centered approach and this combined with their
stereotypical beliefs about science, scientists and science teaching can have negative impacts
on student learning (Finson & et al., 1995; Thomas et al., 2001). Additionally, recent reform
movements initiated by the National Research Council have sought to improve student
perceptions of scientists by advocating science as a something students do, not something
that is done to them (NRC, 1996). Consequently, the reform effort aligns the teaching of
science with a student-centered inquiry-based approach where students are expected to be
involved in “minds-on” (pg. 295) learning (Thomas et al., 2001). Therefore, the DASTT-C
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represents an opportunity to combat the negative effects by first providing a method of
identifying and quantifying the mental models of science PSTs so that they might begin the
process of moving away from a strictly teacher-centered approach to a more student-centered
style.

The structure of the DASTT-C has not changed much over time and was inherited from
the original DAST instrument. The DASTT-C has an area marked for drawing and a section
below that for PSTs to provide a narrative of what is happening in their illustrations (Thomas et
al., 2001). With the checklist portion, details representing a teacher-centered approach can be
counted while the absence of the teacher-centered elements yields a score that aligns with a
more student-centered approach (Thomas et al., 2001).

While many studies have employed the DAST to measure perceptions of scientists
(e.g., Farland-Smith, 2012; Finson & et al., 1995; Thomas et al., 2001), fewer studies have used
the DASTT-C (e.g., Ambusaidi & Al-Balushi, 2012; Thomas et al., 2001; Yilmaz, Turkmen,
Pedersen, & Cavas, 2007). Additionally, none of these studies have questioned the traditional
structure of the instruments even though research seems to indicate that modifications to the
narrative prompts and directions can alter the details presented in the drawings (Farland-Smith,
2012; Finson & et al., 1995). The idea that modifying directions can change what participants
draw is extended with this research study and applied to the drawing area or box that is
provided for participants to use as their drawing space.

Objectives of the Study

The purpose of this study is to describe and assess differences in PSTs mental model
images as a result of the size of the area used for communicating their perceptions of teaching
science. This research questions the traditional structure for these drawings by showcasing
differences in PST’s drawings when presented with a larger drawing space (full size of an
8.5"x11” area) printed on an 11”x14” medium. Research presented here will strive to answer
two questions: 1) What are the differences in PSTs mental images when an entire 8.5” x 11”
drawing space is used to communicate perceptions versus a the traditional drawing space that
is about half of an 8.5” x 11” size paper is used, and 2) Will the characteristics and details
provided allow researchers to better determine the perceptions PSTs hold with regard to
science and science teaching?

Related Literature
In her article Development and Field Test of the Modified Draw-a-Scientist Test and the

Draw-a-Scientist Rubric (2012), Farland-Smith describes the unintentional limitations
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researchers place on their participants when they are too specific with their questions or
prompts. Specifically, Farland-Smith compares her modification of the DAST instruction to
simply “draw a scientist” to a more directed instruction in which participants were asked to
include details about the scientists appearance, location and activity (Farland-Smith, 2012).
While the participants in Farland-Smith’s study did as they were directed, she acknowledges
the problem her modifications might have in terms of misrepresenting the true mental models
held by her participants even though this was not her intention. The original DAST was
“designed to capture students’ images of scientist regardless of writing ability” (pg. 111) and
did not lead students into producing a drawing that was not representative of their true mental
image (Farland-Smith, 2012; Finson & et al., 1995).

The present study was not intended to be a critique of the types of questioning or
directions employed but rather an analysis of the effects of drawing a box or boundary to
provide a drawing space for the participants. Most DAST and DASTT use approximately half of
the page of an 8.5” x 11” sheet in which a thin lined rectangle is provided to mark the region to
be used for drawing. This area is small (less than half the page) and the researchers wondered
if this space was somehow unintentionally limiting the details provided by the drawing
participants in the same way questions and instructions can limit the details provided in their
responses.

Methodology

The participants in this study were elementary PSTs enrolled in a science methods
course. A goal of the methods courses was to help improve the mental models of PSTs to
incorporate images of scientists and science teaching that are less stereotypical and more
aligned with an inquiry-based approach to teaching science. The participants were mostly
female (n = 104) with one male PST.

Data collection took place via administration of the DASTT-C instrument at both the
start and conclusion of the science methods course. Participants were asked to draw
themselves as a science teacher, and then they were asked to describe what the teacher and
the students were doing in the drawing they just created. One group of PSTs was given the
standard size DASTT-C instrument where both the drawing space and the narrative prompts
are printed on the front of an 8.5”x11” sheet of paper. The drawing space is outlined by a thin
black line that marks a rectangular box that occupies the top half of the page. Below the box
the narrative prompts (“what is the teacher doing” and “what are the students doing”) are

printed with lines to allow space for PSTs to write their responses. A second group of PSTs
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was given a modified version of the DASTT-C instrument where the drawing space was a
rectangle whose area was 8.5”x11” printed on the front of an 11”x14” paper medium. The
narrative prompts remain the same as the standard DASTT-C instrument but were printed on
the back of the 11”x14” paper. Figure 1 shows an example of each type of drawing space.

For the research questions addressed in this study, the units of analysis were the
details present in each of the drawings as well as the DASTT-C scores. Thomas, Pedersen and
Finson (2001) outline the specific process to score drawings using the checklist. Using this
process, each researcher scored the drawings, then compared and reconciled scores for
validity and reliability. To accurately count the details present in each of the drawings, a
DASTT-C Details Rubric was created based on a similar method used by Farland-Smith in her
development of the modified Draw-a-Scientist Test (Farland-Smith, 2012). The DASTT-C
Details Rubric contains four categories of details—types of words written on the drawing
space, details describing the teacher, details describing the students, and details describing
the environment of the class. All four categories were used to analyze a drawing to determine
which details needed to be counted.

Category 1: Word Details

Words were only counted as details if they were written on the drawing space and not
in response to the narrative prompts that followed the drawing. There were several different
types of words that were counted as details during analysis of the drawings. First, content
words written in the drawing space were typically words that describe the content of the lesson
being taught (i.e. “Chemistry” or “Plants and the Life Cycle”). Content word details were
typically written on the whiteboards/smartboards that were also drawn in the space. Second,
teacher action and student action words were also counted as details. These words were
primarily written to describe what the teacher and the students were doing. For example, in
Figure 1, the word “Facilitating” is written next to the teacher and the words “Experimenting”
and “Researching” are written next to the students. These words indicate different actions for
each individual in the drawing and therefore count as three separate details. The third type of
words found in the drawings were label words. These words could range from simply labeling a
desk or shelf to labeling a set of scribbles on the whiteboard as “directions” (Figure 1). Label
words were only counted as details if they added to the interpretation of the drawing. If a desk
in a drawing has sufficient detail to make it look like a desk, then the drawing evaluator could
interpret the image as a desk without needing the label word “desk” on the drawing. Therefore,

the label word “desk” (if present) would not count as a detail. It should be noted that
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undecipherable scribbles that are intended to look like writing (see Figure 1) are not counted as
details because they add no more information other than to identify that a whiteboard has been
used. However, if the scribbles are labeled, as they are in Figure 1 below, the label word would
count as a detail. Lastly, the words that appear as teacher or student speech are counted as
details if the wording indicates any information that contributes to the interpretation of the
drawing. These types of words, typically appearing in a speech bubble or cloud, can list
specific questions being asked by the teacher or by the students, and they can portray
emotions and attitudes about science and science teaching.
Category 2: Teacher Details

The teacher being present in the drawing counted as one detail. The original instruction
to “draw a picture of yourself as a science teacher at work” elicited many PSTs to draw
themselves with great amounts of detail including eyelashes and forehead wrinkles. However,
some teachers were drawn as stick figures with happy faces and no other features. The
DASTT-C takes into account several indicators for scoring the teacher image as it relates to the
teaching continuum but this analysis was strictly concermned with the teacher figure being
present or not. If the teacher was drawn, one detail was counted. Additionally, teacher motion
in the classroom was considered a detail. If the participants drew the teacher’s walking
pathway or movement by a dotted line, the line was counted as a detail.
Category 3: Student Details

In general, the student details were limited to counting one detail for decidedly male
and one detail for decidedly female student figures. Due to the assumption that the drawings
were intended to be images of a classroom with many students, multiple students drawn were
counted as one detail. For example, if several male students and several female students are
drawn, one detail is counted for the males and one detail is counted for the females. At times,
drawings included students who were each drawn in different clothes/appearance, doing
different activities, or sitting (or standing) in different positions. For these cases, each student is
counted as their own detail.
Category 4: Environment Details

The fourth category in the rubric involves elements that are drawn as part of the
environment surrounding the teacher and student figures. There were three main types of
environments drawn —the classroom, the laboratory, and outdoors. Typical elements found in a
classroom environment count as details if they are drawn in the drawing space. ltems like

student desks, which are all drawn the same, count as one detail. The activities/lesson
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materials/lab materials drawn on or around the student desks also count as one detail if they
are all drawn to look the same. Some activities are drawn to represent different science
stations or centers and those activities are counted only if they are indeed different. The
teacher’s desk or table counts as one detail and each item that is drawn on the desk is
counted as a detail to account for multiple types of lessons that can happen in the classroom
or in the lab. Whiteboards, smartboards and chalkboards are counted as single details if they
are present in the drawing. Outdoor scenes were drawn by some of the PSTs and those
environments would yield details as well. Rocks, trees, wildlife, water features, the sun, and
clouds are all details that can be counted. Multiple versions are counted as one detail (i.e. one
cloud or many clouds count as one detail).

Each drawing was evaluated according to the DASTT-C Checklist and the DASTT-C
Details Rubric described above. The number of details per drawing were recorded and
compared across the different size mediums. Figure 1 demonstrates the scoring of two
drawings, one standard and one larger. According to the DASTT-C Details Rubric the total
number of details in the standard drawing space was 16 while the total number of details for

the larger drawing space was 9.

Figure 1. Examples of drawings for both mediums with some details counted
Results and Discussion
The independent samples t tests and Welch t’ test used in this study assume a

particular underlying theoretical population distribution bound by four conditions. The primary
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assumptions are that any sample obtained from the population will be independent and
random samples that are distributed normally while maintaining equal variances. These
assumptions were verified and a few violations did occur. Histograms of the data showed
some minor nonnormality for all sets of data associated with the standard size medium and the
larger size medium. However, even with these slight departures from normality, the effects on
Type | and Type Il errors were minimal given the use of a two-tailed test (Lomax, 2012).
Homogeneity of variance was assumed in each test except the comparison between mean
number of details for the standard medium and the larger medium for the time period
corresponding to the beginning of the science methods course. Finally, the assumption of
independence was likely not met due to the lack of random assignment of the participants’
drawings to levels represented by the standard and larger mediums.

Independent samples t tests were conducted to determine if the mean number of
details and the mean DASTT-C scores differed between the standard size medium and the
larger size. The DASTT-C scores for both mediums and time periods showed no statistically
significant difference. Table 2 shows the mean number of details and standard deviations for
each time period with respect to the drawing space size.

Table 2

Number of Details in the Standard vs. Larger Drawing Space

In the case where equal variances could not be assumed, the data was analyzed using
the Welch t’ Test (Lomax, 2012) that is appropriate when the population variances are unequal
and the sample sizes are unequal. As Table 2 shows, the Welch t’ test indicated the mean
number of details (course beginning) were statistically significantly different (t = 3.565, df = 45,
p =.0004). Thus, the null hypothesis that the mean number of details were the same between
the different size mediums was rejected at the .05 level of significance. More specifically, more
details on average were found with the larger drawing medium than with the standard size

area. Likewise the independent t-test comparing the number of details for the course ending
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time period shows the mean number of details were statistically significantly different (t =
2.461, df =100, p = .0078). Again, the analysis showed that for this period, more details on
average were found with the drawings completed using the larger medium.
Implications

The lack of a statistically significant difference between the DASTT-C scores for the
larger medium as compared to the smaller medium suggests that the checklist is a reliable
measure of PSTs mental models of science teaching regardless of the size of the drawing area.
This finding is consistent with past research studies that have employed the DASTT-C (Thomas
et al., 2001). However, the significant difference found with regard to the number of details
provided in the drawings with the larger medium indicates that the traditional structure of the
DASTT-C might be limiting the participants and prohibiting them from fully expressing their
complete ideas. Similar to the Farland-Smith study (2012), this limitation is unintentional but
the finding in this study warrants a future probe into the size of the mediums on which PSTs
must draw. More appropriately, the additional details afforded by the larger drawing space can
serve to contribute to and confirm an evaluator’s understanding of the images. If the evaluator
can form a more complete understanding of what the details in the drawings represent, it
follows that the DASTT-C score will be a more accurate measure of the image. While there is
no one correct way to draw oneself as a science teacher, the intended purpose of the DASTT-
C is to allow the PSTs an opportunity to reflect on their position on a teaching styles
continuum. If they are not given the space to completely represent their mental models, their
reflection period will be limited to considerations made with regard to incomplete data.
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Many are concerned with potential learning loss that can occur during the summer break.
This is of particular concern for underserved populations of elementary school children. This paper
describes a summer school program that was designed to serve this population as well as its
effects on the retention and learning of mathematics knowledge. The researchers found that, on
average, students in each grade level were able to maintain or improve their performance on
mathematics tests that assessed knowledge related to the number and operation concepts that
were designated by the state core standards for their corresponding grade.

Introduction

Summer learning loss, especially among elementary students, is an ongoing concern to
many educators. The potential loss of knowledge that was gained during the previous
elementary school year is of particular worry with regards to the children of those who are in a
low socio-economic class. This is because their parents may not have time or money to
provide experiences that might help mitigate that loss. Fortunately, many educators have
developed and provided summer programs that have been successful in lessening the loss of
student achievement. Knowing the potential of these types of programs, a group of university
professors from a School of Education; the school, community, and university partnership at
that university; and the United Way collaborated to submit a proposal for a grant to provide a
summer school opportunity for elementary students in an underserved section of a moderately
large city. This proposal was submitted in response to an RFP from the state’s Department of
Workforce Services. This proposal was funded to conduct the program for three years.

This summer school program was held for eight weeks in a small community center that
was situated in the part of the city where the target population lived. Classes were held
Monday through Thursday from 8:00 until 1:00. The students were served both breakfast and
lunch. Each student had classes daily in mathematics, literacy, arts enrichment, and physical
education. An employee from the local library also came and did story time with them once a
week. In addition, they went on three field trips during the program to various local interactive
museums.

The students were divided into three groups based on the grade they had just finished
and rotated through each class. The youngest group consisted of students who had just

finished kindergarten or first grade. The students in the second group had just finished second
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or third grade. The students in the oldest group had just finished fourth, fifth, or sixth grade.
Teachers of the core classes were licensed, experienced, currently-practicing elementary
school teachers who had all had taught at least four years. There were two teachers for
literacy, one for mathematics, and one for arts enrichment. The mathematics teacher had an
elementary mathematics endorsement, a master’s degree in Curriculum Design and
Instruction, and eight years of teaching experience. Professors of Education from the university
that received the grant with specialties in mathematics, literacy, and arts education helped the
teacher who taught in their area of expertise plan and prepare for instruction during the
program. There were also six mentors who helped with the program, assisting the teachers and
helping with behavior management. Two of the six mentors had recently completed the
Elementary Education program the participating university, and they were going to be teaching
full-time in the fall. Two of the mentors were current students in the Elementary Education
program, and the final two were students majoring in counseling and social work. Two mentors
were assigned to work with the youngest group, and the other two groups of students each
had one mentor. One mentor was assigned to assist the program coordinator, and the other
helped with physical education and by giving needed support to other groups.
Purpose of the Study

The purpose of this study was to assess the effects of this summer school program on
the learning and retention of mathematics knowledge of the participants. Although each
student in the summer program participated in mathematics, literacy, and arts enrichment
classes, the purpose of this study was to specifically look at the mathematics learning.

Related Literature

Summer Learning Loss

McCombs, Augustine, Schwartz, Bodilly, Mclnnis, Lichter, and Cross (2011) reported
studies that showed that after summer vacation, on average, students performed roughly one
month behind where they had performed in the spring. The loss was especially severe in
mathematics. Other research on the loss of academic learning during the summer has shown
that without ongoing opportunities to learn and practice essential skills, students fall behind on
measures of academic achievement during the summer months, losing as much as two
months of grade-level equivalency in mathematical computation (Alexander, 2007; Cooper,
2003; McLaughlin & Smink, 2009). Even more concerning, still other research has suggested
that this summer learning loss is cumulative. When students have repeated episodes of

learning loss, it results in them falling further and further behind (McCombs et al. 2011).
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Purpose of Summer School Programs

Summer school programs have been created to help lessen that potential learning loss.
However, that hasn’t always been the case. Originally, many summer school programs were
created with the purposes of remediation or prevention of behavior problems (Cooper,
Charlton, Valentine, & Muhlenbruck, 2000). In recent decades, there has been a change in
thinking about the role of summer school programs. Instead of the punitive and remedial
models of the past, summer school programs are now thought of as an opportunity for a blend
of core academic learning with other experiences in the arts, sports, skill-building, and building
meaningful relationships (Cooper et al., 2000; McLaughlin & Smink, 2009).
Effectiveness of Summer School

Evidence suggests that summer school programs can lessen the drop in achievement
over the summer break (Borman & Dowling, 2006; Cann et al., 2014; Lauer, Akiba, Wilkerson,
Apthorp, Snow, & Martin-Glenn, 2006). In a meta-analysis of 33 out-of-school-time programs
conducted by Lauer et al. (2006), they found small but statistically significant positive effects of
out-of-school-time programs on mathematics student achievement. They found that whether
the out-of-school-time program took place after school or during the summer did not make a
difference in effectiveness (Lauer et al., 2006). When summarizing findings from a meta-
analysis conducted by Cooper, Nye, Charlton, Lindsay, and Greathouse (1996), they
recommended that the research on alleviating summer learning loss suggested that a primary
focus on mathematics instruction seemed to be the most needed (Cooper et al., 2000). Cooper
et al. (2000) also concluded that summer school was an effective system for achieving
educational goals, and while the benefits of such programs vary due to the differences in the
children and the content and delivery of the program, overall, the positive results were
unmistakable.
Summer Programs and Low SES Children

Considerations of the needs of children from low SES families or other underserved
populations have been a major influence on the creation of summer programs, and several
pieces of research have shown that there are distinct differences in the rates at which low-
income and higher-income students learn in the summer (Cooper et al., 2000; Lauer et al.,
2006; McCombs et al., 2011). Some studies have shown that while students from high-income
and low-income families learn at the same rate during school, learning for the low-income

students falls far behind during the summer months. This is one of the reasons that some have
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suggested that summer programs for low SES children are especially important (McCombs et
al., 2011).
Methodology

Participants

The participants in this study were the K-6 students who participated in the summer
program. The majority of these students live in an area of the city that is considered to be of
low socio-economic status, includes many apartment buildings, and is almost entirely
composed of non-white citizens. There were a total of 61 students enrolled in the program. Of
those 61 students, 54 attended two or more times. Thirty-five attended more than 20 days. Of
the 54 who attended at least twice, 51 were Latinos/as, and the other three were Caucasian.
Twelve of the students were not proficient in English. Two students had been diagnosed with
autism, and one of those students had also been diagnosed with ADHD. Parents of the
participating students filled out a questionnaire with demographic information at the beginning
of the program, and 23 reported that their children received free and/or reduced rate lunch; five
reported that they did not; and 26 did not report. Most of these parents had more than one
child in the program. Thirty-seven students were given both pre and posttests that were used
in the analyses, 31 of those students attended more than 20 days.
Instruments and Data Collection

Information about each child’s understanding of mathematics concepts was collected
through mathematics tests that were given to the students the first or second day of the
program and again during the last week of the program. The students were given a test that
corresponded to the grade they had just completed. A different test was created for each
grade K-6 by the researchers. The researchers created tests for grades 2-6 by using a bank of
questions from the appropriate grade-level test from Go Math (Houghton Mifflin Harcourt,
2011), which was the mathematics curriculum that was used by the participating school
district. The mathematics emphasis of this summer program was number and operation.
Therefore, representative items were chosen that matched the grade-level state core standards
in those areas. These tests each consisted of 10 items. The test items for Kindergarten and 1°
grade were created by the researchers, also to correspond with the state core standards
related to number and operation in those grades. The Kindergarten and 1% grade tests were
administered individually by the university professor and a trained student mentor. The
Kindergarten test consisted of nine separately scored points; the first grade had seven; and the

tests for 2™ — 6™ grade each consisted of 10 items.



57

Qualitative data was also collected to assess the students’ retention and learning in
mathematics through observations, anecdotes, informal interviews with students, and
documented patterns of learning.

Analysis

The quantitative analysis of the mathematics learning and retention of these students
was mostly descriptive. Pre and post means on the mathematics tests were compared for each
grade as a total score and by individual item. Because of the small number of students in each
grade, it was deemed that making comparisons using t-tests was not meaningful. The
qualitative data was analyzed by looking for themes and patterns.

Results and Discussion

Both quantitative and qualitative analyses of the data used to inform the effectiveness
of this program in helping these children retain or increase their mathematics learning indicated
that the effect had been positive.

Quantitative Analysis

Of the 37 students who took both the pretest and posttest, 31 of them attended more
than 20 days. Of those 31, the scores for 20 of them increased, six of them were the same, and
five decreased. Overall, the average score for each grade increased or stayed the same. Figure

1 shows the comparison between the pretest and posttest

Figure 1: Pretest and Posttest Comparison by Grade
mPre mPost
8.25 838
7.75 75
6.5 0.8 64 6.5
5.17 5.17
45 48
4 4
K 1 2 3 4 5 6
(N=8) (N=0) (N=0) (N=0) (N=4) (N=5) (N=2)
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Qualitative Analysis

Qualitative experience and analysis of this program also showed that it had positive
effects on the students’ understanding of and engagement with mathematics. For example,
throughout the program, the mathematics teacher spoke with students, and they expressed
their feelings of the mathematics class and the program. Several of the students told the
mathematics teacher, “l used to hate math, but now it is one of my favorite subjects.” One
student usually rode with another family to and from the program. However, one day, the family
that was giving the ride was not going to be attending, and the student’s mother told the
mathematics teacher, “My boy did not want to miss math class that day. So, he got up and
walked about two miles that morning, all so he could get to your class. | don’t know what you
are doing, but he used to dislike math, and now he loves it.”

The actions and comments of each of the groups were also indicative of the success of
the mathematics classes. The oldest group had the math class first, and on many occasions,
the students would be so engaged in their assignment, they would ask if they could stay in for
recess to finish their assignment. The youngest group came to math right before lunch. In the
beginning of the program, well before lunch time, the majority of the students would start
complaining about being hungry and ask when they were going to have lunch. This was a
message to the math teacher that the students were losing interest in the lesson. The teacher
tried to employ many different teaching methods to get the students more involved. Towards
the end of the program, success was finally reached when the teacher would tell the students it
was time for lunch, and they would say things like, “Oh man, can we work on this just a little bit
longer?” That same group was able to progress from only being able to count to 75 as a group,
to being able to count to 130. There was also visible success with the middle group. They were
the last class of the day, and after the first little while, they were always excited to go to class.
In the beginning of the program, this group had a difficult time understanding how to
decompose numbers to help with addition and subtraction, and at the end of the program,
they could decompose numbers. This helped their fluency in adding and subtracting numbers
improve.

Implications

The effectiveness of this summer program has great educational importance. The
analyses showed that it was effective in diminishing the loss of mathematics achievement of
these underserved students during the summer. It also showed that this type of program can

be valuable in helping students improve their attitudes toward mathematics, which affects their
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achievement. Therefore, it can be implied from the results of this and other studies that
summer school programs can be an effective and worthwhile investment of resources and time
in helping children alleviate potential summer learning loss.
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The Interdisciplinary Co-planning Team (ICT) model was developed to support teachers to
communicate regularly and intentionally about the connections between mathematics and science
in order to help students build interdisciplinary connections. The model was designed to mitigate
common obstacles to interdisciplinary teaching that have been identified in research. Here we
report on a case study of 3 pairs of secondary mathematics and science teachers who
implemented the ICT model over the course of 10 weeks. Findings related to influence of the co-
planning process on teacher beliefs regarding the nature of each subject, teaching and learning,
making interdisciplinary connections are discussed.

Introduction

Mathematics and science share a close relationship in the development of our modern
world but are often taught separately in schools. Teachers can emphasize the relationship
between these subjects to help students gain deeper understanding of the content and critical
thinking skills as well as increase engagement in the classroom (e.g., Becker & Park, 2011;
Czerniak et al., 1999). Despite research that reports such successes, efforts to connect these
subjects have been mostly local or limited because of obstacles such as teacher experience,
knowledge, tradition, comfort levels, and the structure of school itself (Moore & Smith, 2014).
The Interdisciplinary Co-planning Team (ICT) model was created by the researchers to guide
teachers to work within the existing school structure and overcome obstacles that have
previously limited or discouraged interdisciplinary teaching.

In the ICT model, teachers of different subjects are paired and participate in co-
planning sessions on a weekly basis to discuss concepts and practices from each other’s
content areas and how connections can be drawn between them. They look for and create
examples and activities that would help students to develop conceptual understanding and
consider practices from both subject areas. After co-planning, the teachers implement their
plans in their own classrooms. They then meet to reflect on their lessons, discuss student
understanding, and co-plan future lessons.

Objectives of the Study

This paper reports on part of a larger study, in which the ICT model was implemented

with 3 pairs of teachers (two high school pairs and one middle school pair) through a

professional development intervention. Here we focus on the changes in beliefs for each
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teacher pair that occurred as a result of the intervention. Based on extant literature, these
beliefs are separated into three categories to address the following research question: in what
ways does participation with the ICT model influence teachers’ expressed beliefs regarding a)
the nature of mathematics and science; b) teaching and learning; and c) making
interdisciplinary connections?

Literature and Framework

Beliefs are a complex, but relatively stable system of contextually based personal
knowledge, which inform thoughts and behavior (Llinares, 2002). They are formed by personal
and cultural experiences (Philipp, 2007), and are organized in interrelated clusters (Llinares,
2002). Most literature concerning math and science teacher beliefs falls into the categories of
beliefs relating to the nature of mathematics and science, and beliefs about teaching and
learning.

Regarding the nature of mathematics and science, several related frameworks have
been established placing teachers on a continuum from authoritarian to problem solving beliefs
about mathematics (e.g. Amirali & Halai, 2010), and traditional to inquiry based views of
science (e.g. Mansour, 2013). Traditional teacher beliefs include that math is rules and
computation (e.g. Cross, 2009), and that science is an objective body of knowledge produced
by a rigid and universal scientific method (e.g. Wallace & Kang, 2004).

Teacher beliefs about teaching and learning are intertwined, and claims about them are
more varied and complex than beliefs about the nature of mathematics or science, especially
when planning for instructional tasks (Wallace & Kang, 2004), partly because of the focus on
human activity (Turner, Christiansen & Meyer, 2009). Teachers tend to focus on building
student confidence (Andrews & Hatch, 2000), transferring pedagogical authority (Wallace &
Kang, 2004), and inducting students into widely accepted ways of thinking (Turner,
Christiansen & Meyer, 2009). Teachers often have apparent inconsistencies between their
espoused and enacted beliefs (e.g., Handal, 2003), which can usually be explained by realizing
multifaceted nature of beliefs, which include teacher ideals, student abilities, and administrative
expectations (Barkatsas & Malone, 2005).

Teacher beliefs and planning practices form a complex relationship with each other and
with actual teaching practices. Planning is a complex and ongoing mental dialog, which is
influenced by teacher’s beliefs (e.g., Wilson & Cooney, 2002). Co-planning, as well as teaching
and other experiences influence teacher beliefs, particularly if outside of the teacher’s norm
(Llinares, 2002).
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The literature regarding the relationship between beliefs and planning informed the
design of the conceptual framework for this study (see Figure 1). The framework expresses the
reciprocal relationship that exists among teacher beliefs, planning, plans for teaching, and
teaching outcomes. Teacher beliefs form an umbrella under which all actions and plans are
mediated. The solid arrows represent components that research has shown directly influence
each other. The dashed arrows signify influence that occurs through reflection. All of this is set

against the backgrounds of teacher factors and external factors.

Figure 1. Conceptual co-planning framework
Methodology

This study employed a qualitative embedded multiple-case intervention design in order
to gather and examine data regarding the nature of teachers’ beliefs as they related to the
planning processes and plans during implementation of the ICT model.
Participants and Intervention

The participants were a convenience sample of three pairs mathematics and science
teachers, with each teacher pairing constituting one case. The first pair, M and S, are both
experienced 8" grade teachers at a middle school in a small southeastern city. (Note: For each
pair the teacher initial that is first alphabetically denotes the mathematics teacher in the pair.) J
and W are both novice teachers, to mostly 9" grade students at a rural southeastern high
school. K and T are both in their fifth year of teaching, to mostly 10" grade students at the
same high school. Aside from W, who co-taught a World Dynamics class that blended English,
History, and Earth Science, none of the teachers had previous sustained experience

collaborating with teachers of other subjects.
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The cases in this study are bounded in time by the intervention, a 10-week
implementation of the ICT model with teachers. The intervention took an alternating, whole
group - teacher pair approach, in which the teacher pairs were introduced to the model as a
whole group, and then spent several sessions co-planning alone with their partner teacher and
the researcher, who acted as facilitator. Midway through (at week 5) and at the end (week 10),
the whole group convened to debrief and troubleshoot. Debriefing and troubleshooting were
guided by predetermined group discussion questions.

Data Sources and Analysis

The primary data source for teacher beliefs were individual semi-structured pre- and
post-intervention interviews held with each teacher. Other data sources, including observations
of co-planning sessions, teacher reflections, and artifacts (i.e. lesson plans, worksheets) were
collected as a part of the larger study, and reviewed to determine shifts in teacher beliefs as
well. All interviews and co-planning observations were transcribed verbatim in their entirety.
Interviews were coded for beliefs about the nature of mathematics and science, beliefs about
teaching and learning, and beliefs about interdisciplinary connections. Afterward, all other data
sources were reviewed and coded for evidence to corroborate the beliefs that teachers
espoused in interviews. Codes were sorted and reviewed for each case before cross-case
comparisons were completed, using a constant comparative method of analysis (Walker &
Myrick, 2006).

Results and Discussion

During the course of the intervention, all three teacher pairs participated in regular co-
planning sessions, implemented several co-planned lessons in their classes, and experienced
shifts in beliefs in multiple areas. This paper will focus on the most profound shifts for each pair
to provide an example of how the ICT model can influence beliefs: J and W about the nature of
mathematics and science; M and S about teaching and learning; and K and T about
interdisciplinary connections.

The Case of J and W — Beliefs about the Nature of Mathematics and Science.

Both W and J were relatively unchanging in their beliefs about their own subjects over
the course of the intervention. J firmly held a belief that mathematics is “logical process” and
“steps with reasons,” as he repeated several times, both during interviews and co-planning
sessions. In mathematics, he emphasized that students should “look for the big picture.” W

believed firmly that science is “exploration and inquiry” and “understanding how the world
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works,” and that progress meant “changes in theory.” However, through interaction with each
other and their content, both dramatically changed their views about the opposite subject.

W initially viewed mathematics a series of memorized facts and procedures. In trying to
describe math initially, she said, “Analytical? Right brained?” She also said that in order to be
good at math, students need to practice, and offered her own students many repeated
practice problems when her physical science class included “math” topics. Her discomfort
with mathematics was evident in her planning and teaching of physical science. Especially
toward the beginning of the intervention, she stated that she did not encourage higher order
mathematical thinking in her class, and became noticeably agitated when her partner teacher
would begin to discuss concepts such as interpreting graphs. In contrast, during her post-
intervention interview she said, “l was like, wow, math really is useful, if you connect it to these
real-world situations. If you connect math to what they’re doing in science, to me it makes it
much more relevant.” J’s transition was marked more by his knowledge of science. He based
his initial beliefs about the nature of science on his understanding of mathematics. “l see math
and science as kind of siblings. Math is the reasoning where science is the application.” While
J did not abandon this view, as he did change his view of what application looks like. In his
post-interview, he said, “the data you get from the lab will help you reach a conclusion and see
if you need to test again, or see if you need to revise your hypothesis.” Along with seeing
science as more flexible, J mentioned an underlying structure and background knowledge that
was absent from his earlier descriptions.

J and W’s shifts in beliefs about the nature of mathematics and science may be
because they are beginning teachers, and still forming ideas their ideas, especially as they
relate to teaching in their classes. W initially believed in a particularly authoritarian view of
mathematics (Andrews and Hatch, 2000), which shifted over the course of the intervention to
include more constructivist and pragmatic views (Handal, 2003). It was obvious that W brought
her own performance anxiety with her, which has been shown to enhance a desire to protect
students from difficulties that mathematical problems might present (Perkkila, 2001). This
gradually dissipated as she worked with J and gained more skill, understanding, and
confidence. In the same way, J began to broaden his view from a rigid scientific method
(Wallace & Kang, 2004) to a more flexible approach to science.

The Case of M and S — Beliefs about Teaching and Leaming.
Both M and S based the content of their classes on state standards, and they both

believed that a part of their responsibility was to create experiences for students that would
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help them connect their knowledge to the outside world. For example, S said during her
interview, “Some activities, it’s just to give them exposure to a concept. Like, when we go
outside, pointing things out to them, you’re giving them kind of some mental connections that
they can kind of refer back to,” and during a co-planning session, “the children that have the
most difficult time have the least amount of experience in life.” Because of an emphasis on
testing at this school, often these experiences were thought of as something to add on to
lessons, and not an integral part of the lesson itself, so they were easily discarded when time
became short.

Initially interdisciplinary connections were in this same category, add-ons that were
often discarded. Both teachers would search for a way to create a big project that connected
mathematics and science, and then determine that they did not have time to implement it.
However, as co-planning sessions progressed, they began to find connections that they could
implement within their lessons more frequently without adding additional time. During her final
interview, M commented that making such connections is “not just thinking of it as something
extra, but this is a part of what | do now. So that mindset has definitely changed. | think that’s
the biggest part of it. Like, | mean, when | went to S at first, it was like what can | do extra, but
now this is what I’'m going to do.”

M and S’s shift in the area of teaching and learning exemplify one way that teachers
may exhibit apparent inconsistencies in their espoused beliefs about teaching and learning
(Barkatsas & Malone, 2005). Both of these teachers initially held a problem solving view of
learning (Handal, 2003; Perkkila, 2001), but because they perceived an administrative
emphasis on testing scores, they viewed their active learning experiences as an addition to
lesson plans instead of part of them, and they were easily discarded, as seen by Wallace &
Kang (2004). Throughout the intervention, creating interdisciplinary experiences became a part
of what they did, rather than an additional task, and they were able to resolve inconsistencies
between espoused and enacted beliefs.

The Case of K and T — Beliefs about Interdisciplinary connections.

Both K and T stated several times that math is the language of science. K found that
the most convenient way to draw connections was through word problems in his math class,
and T found the same with her science labs. Word problems and labs were both discussed
thoroughly during co-planning sessions, and each teacher gave suggestions to the other about
how their content could be enhanced through the other’s venue. Over the course of the

intervention, T realized that she could enhance a lab simply by bringing it to K to look for
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connections, and that it is not necessary to have a predetermined question before approaching
the mathematics teacher. She impressed herself several times saying, “I think that activity was
meaningful, and an extension of what | wanted them to learn.” By the midpoint of the
intervention, T commented to the entire group the value of “just having someone with a
different expertise that can just lend you suggestions that | think | would otherwise miss.”

During her final interview she noted:

| think this is what I’ve really learned from the process. You don’t have to
come with this big, huge idea of how you’re going to change everything with
this big old project. | think actually that’s an unfortunate thing to do. | think
it’s more valuable if you just come to a meeting and say this is what we are

learning about. Can you think of any way that you could incorporate an idea

very simply.

K and T exemplified a shift in their use of interdisciplinary connections that most
teachers experienced to some degree. They began with a focus on impractical “big projects”
and tried to have connections already in mind when talking to each other. This focus on
activity, such as was described by Turner, Christiansen & Meyer (2009), was actually a
hindrance in this context. As K and T realized that it was more useful to use activities as a
context to discuss content in detail, they were able to use each other’s expertise to find more
connections and more relevance.

Implications

Although it has been shown that creating interdisciplinary experiences for students has
many positive effects (Becker & Park, 2011), positive examples in literature are few, partly
because of obstacles mentioned above (Czerniak et al., 1999). This case study demonstrates
through three examples that participation with the ICT model encourages teachers to form a
sustainable, collaborative routine in which they discuss content and connections and use these
discussions to form interdisciplinary experiences for their students. The teachers in this study
gained the knowledge and confidence needed to implement interdisciplinary experiences with
their students (case of J and W), overcame internal conflicts in beliefs about teaching and
learning (case of M and S), and they broadened their view of collaboration and interdisciplinary
connections to include a variety of experiences (case of K and T), creating a sustainable
experience that each of the teachers in the study valued and desired to repeat in the upcoming

school year. Furthermore, although all three teacher pairs were initially hesitant about giving up
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an hour or more each week, each commented on the value of the time spent during their later
interviews, and said that they will pursue co-planning the following school year.

Although the three cases in this study do not permit generalizability, schools and
teachers may be encouraged to follow the ICT model, whose more intimate pairings may aid in
the creation of this social trust, which may lead to increased knowledge and confidence, as
well as facilitate scheduling regular meetings to continue the process. This then becomes a
part of the teacher’s routine, instead of an additional box to check on an already growing list.
The ICT model encourages teachers to use each other’s expertise to create and implement
frequent interdisciplinary experiences for students, benefitting both student and teacher.

This paper reported on part of a larger study, which analyzes the co-planning process
as well as the plans that the teachers made. In addition to this analysis, future research
concerning the ICT model includes implementation with more teacher pairs, in a variety of
schools, and for a more prolonged period of time. The researchers expect to support the
growth of many teachers through dissemination of the ICT model.
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STATUS OF PRE-SERVICE TEACHERS’ UNDERSTANDING OF PROBABILITY AND STATISTICS

Tracey Gorham-Blanco Scott A. Chamberlin
Colorado State University Pueblo University of Wyoming

In this paper, data from the Statistical Reasoning Assessment (Garfield, 2003) taken by pre-
service teachers (PST), n=134, in the intermountain region (United States) is detailed. The manner
in which PST correctly reasoned and the misconceptions that they held is discussed. PST have
moderate correct reasoning skills (M=.49, SD=.1) and a moderate frequency of misconceptions
(M=.28, SD=.07). Areas of promise are PST’s ability to distinguish between correlation and
causation and to interpret probability data, as well as to realize the importance of large samples.
Sampling variability, selection of an appropriate average, and the ability to compute probabilities
were identified as deficits.

Introduction

The purpose of this paper is to explicate data secured in fall 2015, during the final
week(s) of PST method’s semester. In this paper, specifics of concepts in statistics and
probability are provided in an attempt to help teacher preparation programs consider
prospective changes to their content areas. PST in elementary education were utilized to
identify strong and weak understandings of statistics and probability.

Objectives of the study

The objective of the study was to determine concrete evidence of PSTs’ content
knowledge in statistics and probability to identify strong and weak conceptual understanding.
In so doing, teacher preparation programs might consider such evidence in relation to existing
data.

Literature Review

The literature in statistics education, which subsumes probability education as well, is
not long. In fact, in 1992, Shaughnessy showed that literature in statistics education was quite
sparse, with approximately 150 publications in the previous 30 years. In a follow-up study
published in 2007, he identified more than 300 such publications. Statistically speaking, this is
a fourfold increase (twice as many publications in half the time). This finding led him to claim
that no other area in mathematics education was growing quite so quickly, but he alluded to
the fact that this growth may likely have been a result of such low number of publications
previously. The very notion that over 300 publications were identified enabled him to make the
recommendation that the two intricately intertwined fields, should be separated and referred to
as statistics education and probability education. The latter recommendation (i.e., for

probability education), never really seemed to be accepted by mathematics educators. Of the
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300 publications from 1992 to 2007, at least half of those pertained to statistics (and
probability) education in schools (Shaughnessy, 2007). Near the time of the robust propagation
of research in statistics education, two journals dedicated solely to the field, the Journal of
Statistics Education and the Statistics Education Research Journal were created. Still, the
ability to assess students’ and teachers’ understanding of concepts in statistics and probability
was notably absent. The ability to assess students’ understanding of concepts was bolstered
with international assessments such as PISA (Programme for International Student
Assessment), TIMSS (Trends in International Mathematics and Science Study), and most
specifically the NAEP or National Assessment of Educational Progress (Gorham-Blanco, 2016).

However, in the late 1990s, Garfield worked with several colleagues to create a
psychometrically stable instrument, designed to assess teachers’ understanding of such
concepts. By 2002, she had developed and disseminated the Statistical Reasoning
Assessment (Garfield, 2003), which enabled teacher educators the opportunity to critically
assess what teachers knew, or did not know, about statistics and probability concepts. This
appears to be the most widely available and therefore widely used instrument for such
purposes. Perhaps the only study of note in which it was not used was Dollard’s (2011)
dissertation. In this study, he documented how pre-service teachers reasoned about standard
(e.g., a die) and non-standard shapes (Monopoly ® hotels) as they were rolled.

Garfield’s work was not only contributory in enabling teacher preparation experts the
opportunity to assess content knowledge in statistics and probability, but it helped define what
constitutes the field of (concepts in) statistics and probability. Though experts are not in full
agreement, statistical reasoning is typically regarded as comprised of several concepts, many
of which were outlined by Garfield (2003) in her instrument. The Guidelines for Assessment and
Instruction in Statistics Education, or GAISE, (Franklin, Kader, Mewborn, Moreno, Peck, Perry,
& Scheaffer, 2007) also helped determine the concepts that comprise statistics education. A
comprehensive, but perhaps not exhaustive list, may be comprised of:

o Probability, means of center and outliers, ratio, combinatorics, independence,

sampling (and variability), correlation and causation,

¢ Group comparison, data interpretation, law of large and small numbers,

representativeness, equiprobability

Given a baseline understanding of the concepts investigated in this study, the methods

section is important to understand the manner in which the study was conducted.
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Method

Participants, n=134, were comprised of PST seeking either an initial bachelor’s degree
and within five years of high school graduation (so-defined as traditional students) or
individuals past five years of high school and/or seeking a second bachelor’s degree or
master’s degree in teacher education. The sample was taken from two universities in the
intermountain region, along the Front Range in the Rocky Mountains. This quantitative study
enabled researchers to identify correct reasoning skills and misconceptions among the PST.
The 20 item Statistical Reasoning Assessment (Garfield, 2003) was used to collect data given
its solid psychometric properties with a test-retest reliability of 0.7 for the correct reasoning
portion of the instrument and reliability of 0.75 for the misconception portion. Experts in the
field of statistics education verified face validity for the instrument.

To collect data, the second author visited seven college classrooms during the last
week of methods classes in fall 2015. Methods classes are defined as those courses taken
prior to student teaching in which PST learn how to teach their respective curricula and
content. Demographic data were also collected, but all of it is not used in this paper, given the
voluminous nature of the data. Data were analyzed using descriptive and inferential
procedures. In total, data were analyzed with consideration for eight correct reasoning
concepts and eight misconception concepts. Each type of reasoning was analyzed with one of
four pieces of demographic categories in mind: gender (man/woman), degree sought (first time
bachelor’s or post-baccalaureate/master’s), student status (traditional/non-traditional), and
previous coursework in statistics (yes/no). To clarify demographic definitions, a first time
bachelor’s degree seeking student had never attained a bachelor’s degree. This, in opposition
to counterparts that had attained a bachelor’s degree and were seeking teacher certification at
the elementary level through a second bachelor’s degree (so-called a post-baccalaureate
degree) or a master’s degree. A traditional student was defined as one within five years of high
school graduation. Others, those past five years, were considered non-traditional students.
Previous coursework was defined as any course in statistics and/or probability outside of those
taken in the general teacher preparation program. The no previous coursework descriptor was
reserved that had only taken coursework in the typical teacher preparation program (which did
include a course in which concepts in algebra and statistics and probability were covered). As
mentioned previously, all of the data cannot be elucidated in this paper; only data in which
significant differences exist is discussed. For the full version of the study, including all data

analysis and commentary, see Gorham Blanco (2016).
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Table 1

Degree Student Previous
Sought status coursework

Gender*

CC2: Selecting an
appropriate average

CC5: Sampling variability
CC6: Cotrelation versus
causation

CC8: Understands
importance of large
samples

Overall correct reasoning
score

M>F
UND>PBM
PC>NPC

UND<PBM NT>TR

UND<PBM

MC1: Average
misconception

MC2: Outcome
orientation misconception
Overall misconception
score

M<F

M<F UND>PBM NT>TR

UND>PBM NT<TR

Key

M=Male, F=Female

UND=Undergraduate students, PBM=Post baccalaureate & Mastet's students
NT=Non-traditional student, TR=Traditional student

PC=Previous coursework, NPC=No previous coursework

*It is important to note that the number of men (18) and women (116) was quite
imbalanced so the difference in the two categories may be problematic to
ascertain.

**Furthermore, a high score on CC (correct conception) is desirable and a high
score on MC (misconception) is undesirable.

Table 2

Cortrect reasoning skills Items and
alternatives

CC2: Understands how to select an appropriate average 1d, 4ab, 17¢

CC5: Understands sampling variability 14b, 15d

CCo: Distinguishes between correlation and causation 16¢c

CC8: Understands importance of large samples 6b, 12b

Misconceptions Items and
alternatives

MC1: Misconceptions involving averages

a) Averages are the most common number la,17e

b) Fails to take outliers into consideration when computing the mean 1c

¢) Compares groups based on their averages 15b, £

d) Confuses the mean with the median 17a

MC2: Outcome orientation misconception 2e, 3a, b,

11a, b, d, 12¢, 13b
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Results and discussion

With this data, several significant differences were identified at the 0.05 alpha level and
these differences are listed below in table 1. In table 2, respective items from the Statistical
Reasoning Assessment are presented. Listing the actual selected response stems and items
would require excessive space, not afforded in this publication. For a detailed discussion of the
instrument, see Garfield (2003).

Implications

At least three implications come from this study. First, the level of conceptual
understanding, including misconceptions, in statistics and probability needs addressed with
elementary PST. This implication arose as a result of the performance of the PST on this
instrument. That is to say, the overall level of conceptual understanding, 49% (which should
ideally be a high value) and the overall level of misconceptions, 28% (which should ideally be a
low value) appeared to be respectively lower and greater than what would be considered
acceptable for teachers beginning their career. Second, it is likely that such a study should be
conducted with in-service elementary teachers to gain an appreciation for their level of
conceptual understanding of seminal concepts in statistics and probability. Third, given this
report and other anecdotal information that substantiates such claims, it is likely that the
domain of statistics and probability will most assuredly continue to be underrepresented as a
mathematics domain as long as conceptual understanding is low and misconceptions are high.
Hence, efforts need to be invested in order to raise the level of conceptual understanding of
PST and to lower the level of misconceptions among PST in elementary grades.

Limitations

Throughout the data collection process, the two researchers periodically contemplated
the level of conceptual understanding of secondary PST and in-service teachers. It is an easy
assumption to make that if individuals have completed coursework and are ostensibly
prepared to lead students in grades 6-12, then they must be content rich. This assumption
cannot be made. Hence, the findings can only be applied to elementary PST and not
secondary PST. More appropriately, it may be problematic to apply the findings to the overall
population of elementary PST. This is because the sample used was relatively small, fairly
homogeneous, and therefore not particularly representative of all elementary PST. Though an
instrument with solid psychometric properties was used, the demographic nature of the

participants may limit the overall findings and their generalizability.
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Areas for future research

To address the shortcomings of the findings, it would be necessary to conduct a larger,
more longitudinal study with a larger n and/or with a mixed methods approach in an attempt to
attain greater generalizability. In considering the limitation that the findings do not apply to all
teachers, a parallel investigation with secondary PST (and possibly elementary) in-service
teachers is necessary. This is an area in need of investigation, as it may be the case that
despite more rigorous coursework in the general field of mathematics for secondary teachers,
they may not have adequate understanding of concepts in statistics and probability for various
reasons. The first reason may be that a statistics and probability course was not required of
them. The second reason may be a result of such content courses not being conceptually
based, as is needed with teachers.
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Teaching a mathematics methods course online has become more in demand in current
teacher education. However, there are few studies to investigate how online teaching impacts pre-
service teachers’ (PSTs) preference and awareness toward this implementation. This study
focused on discovering PSTs’ perspectives before they completed the online mathematics course.
It revealed that PSTs preferred to take face-to-face courses instead of online courses. They also
acknowledged the advantages and disadvantages from both teaching modes, respectively. Finally,
this study provides some implications for mathematics educators to consider when they design the
curriculum for PSTs.

Introduction
There have been many studies about how to carry out education courses through
online methods (Kim, Park, & Cozart, 2014; Zaranis, Kalogiannakis, & Papadakis, 2013). These
studies have been successfully reforming teacher preparation on what technological tools and
strategies can be used in teaching and learning settings. In addition, developing PSTs’
technology literacy, especially on mathematics education, has been discussed in the past
decade (Zaranis et al., 2013). However, few studies have focused on what preference and
awareness PSTs may have toward integrating technology into their mathematics instruction.
This study represents an effort to investigate what awareness and preferences the pre-service
teachers had toward online teaching before they took the mathematics methods course online.
Objectives of the study
This research is part of a larger study investigating PSTs’ awareness and perspectives
on an online mathematics methods course. As we know, teaching courses through online or
distance modes has become in high demand for teacher education. However, the current
practices may neglect PSTs’ awareness and perspectives toward online teaching. This may
negatively influence their beliefs and capacities on transferring what they learned from an
online mathematics course to their curriculum design and teaching performance. Thus, for this
study, we were interested in discovering the phenomena in depth by comparing and analyzing
qualitative descriptions related to online teaching preference and awareness from PSTs who
were enrolled to take a distance mathematics methods course. Our research questions

included: (a) Do pre-service teachers prefer to take mathematics methods courses online?
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Why? (b) What is the pre-service teachers’ awareness toward online mathematics methods
before they took the course?
Related Studies

Many studies revealed that online teaching may amplify teachers’ teaching capacity
(Baran & Cagiltay, 2006; Kinney & Robertson, 2003) which can be one of many reasons why
online teaching continues to become more popular in current mathematics education. Surrette
and Johnson (2015) examined several studies about professional development delivered online
and found that teachers were able to demonstrate the following characteristics and skills after
the workshop: (a) clarify and deepen their understanding of subject-specific knowledge, (b)
transform and apply an innovative subject-specific pedagogical approach in their classroom,
and (c) deliver instruction to students that improved their academic achievement in the subject
area. In another study, Yang and Liu (2004) found that the online environment enabled students
to clarify their content-pedagogical knowledge toward mathematics, develop instructions of
conceptual understanding in mathematics classroom, and it provided them opportunities to
practice new skills and apply adequate resources.

However, pre-service teachers’ resistance or destructive perspectives toward online
teaching becomes a challenge for mathematics educators applying it in the educational setting
(Redmond, 2011). This issue is driven from their negative experiences with online education in
the past. First of all, learners who experienced a disorganized online teaching curriculum
design were very dissatisfied and became confrontational when having to take an online
course again (Lee, 2014). Second, unnecessary online activities drew negative perspectives
(Huss & Eastep, 2013). Third, online teaching conducted by some instructors were limited by
one way communication (Ku, Akarariworn, Rice, Glassmeyer, & Mendoza, 2011). Fourth, PSTs
lacked the necessary technological knowledge and skills to thrive in the online course (Choy,
NcNicke, & Clayton, 2002). Although these PSTs were raised in technological ages, they
encountered hardware and software issues when they were taking the online courses (Ku et al.,
2011). All of the factors may cause negative preference and awareness toward online teaching.

The dispositional preference and awareness toward online teaching refer to students’
thoughts about online education and what they believe to be the necessary components for
their success in this online environment (Huss & Eastep, 2013). Learners’ positive reference
and awareness have been verified as one of the major elements in determining the quality of
online education (Callie, Balcikanli, Calli, Cebeci, & Seymen, 2013). In addition, Bolliger and

Halupa (2012) examined learners’ anxiety toward online education and the impact this had on
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their perspectives. The study found a significant negative correlation between anxiety and the
learners’ preference and awareness.

In order to develop learners’ positive awareness and perspectives toward online
teaching, several points need to be considered when the instructors design their curriculum.
First, strengthen pre-service teachers’ belief on their capacities to handle online courses which
may help them to achieve the outcomes in the online educational environment (Liaw, 2008).
Second, the online instructors’ own attitudes and supporting capacity can make a dynamic
difference on students’ preferences and awareness towards the online teaching. Third, social
presence in online courses also plays a crucial role on students’ preferences and awareness
(Lowenthal & Dunlap, 2011). In addition to the previous factors, Sun, Tasi, Finger, Chen, and
Yeh (2008) identified seven critical factors that impacted students’ preference and awareness
toward online courses. They include instructor attitude, computer anxiety, course flexibility,
perceived usefulness, course quality, perceived ease of use, and diversity of assessment.

Context of the study

In order to examine PSTs’ awareness and perspective toward an online mathematics
methods course, a large study was conducted. This study first utilized a pre-reflection which
focused on investigating PSTs’ preference and awareness before they took the online
mathematics methods course. In this study the ASSURE model (Smaldino, Lowther, & Russell,
2012) was utilized— a model that leads educators to plan systematically for effective use of
technology and media — as a tool to conduct distance teaching in a mathematics method
course. The curriculum design for the online mathematics methods course includes four
categories: investigating adequate implementation content, creating an effective distance
teaching environment, establishing distance learning assessments, and conducting mutual and
efficient communication. After the participants completed the online mathematics methods
course, the PSTs wrote a post-reflection which was used as the main source for examining if
PSTs’ awareness and preferences changed as a result from taking the online mathematics
methods course.

Method
The Participant

This study had 13 patrticipants from a northwest university. In order to include and
accommodate students who live in remote places, the education program adopted an
alternative system to offer a mathematics methods course. In other words, each fall semester

this education program offers a distance online mathematics methods course and each spring
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semester offers this course face-to-face. Pre-service teachers who took the distance online
mathematics methods course were selected to participate in this study. All participants had
previously completed one educational technology course and at least two math content
courses before they were allowed to take the mathematics methods course.
Data collection

In order to investigate PSTs already held awareness and preferences towards taking an
online mathematics methods course, the principal investigator collected participant pre-
reflections at the beginning of the course. In this pre-reflection, participants addressed the
following questions: Describe your experiences in face-to-face and distance courses. How
were they similar? How were they different? What did you like about each? What did you not
like about them? Why did you choose to take this math methods course online? What
advantages or disadvantages do you anticipate having while taking the math methods course
online? How do you think this format (the online math methods course) will impact your ability
to teach elementary students face-to-face?
Data analysis

Analysis of the data followed the constant comparative method (Lincoln & Guba, 1985).
The raw materials were read and reread by the researchers. The researchers independently
noted emergent categories, then compared the categories and developed agreement for the
possible themes. Based on the agreement, the researchers reread and coded the data. All
coded data was read by another person to verify the accuracy of coding. Once a consensus
was reached, the researchers identified patterns that emerged within and across the data.

Results and Discussion

The analysis of pre-reflection data revealed that PSTs’ preference and awareness of
online course delivering is similar to what is reflected in the literature, but they also contribute
some insights important for curriculum design in mathematics education. Although participants
were enrolled to take an online mathematics methods course, six participants (47 %) indicated
intent to take the course face-to-face if it was available because they believed a face-to-face
course to be more personal, interactive, comprehensive, and reliable. There was one
participant (7%) wanting to take the online mathematics methods course because it was more
convenient. Interestingly, two participants (15%) liked both course delivering methods and this
was based on their positive experiences in the past. Four participants (31%) did not express

their preference in their pre-reflections (See Table 1).
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Table 1.
Pre-service teachers’ preference on the course delivery method before taking an online
mathematics methods course

Preference N (%) Reasons
Preferring to distance teaching (DI) 1 (7%) o F2F class not easy fit into work
schedule.
o Not enjoy city and being around
crowds.
Preferring to face to face teaching (F2F) 6 (47%) o Fitting various learning styles

o Having social interactions

o Course being more comprehensible for
participants

o Directly seeing experienced instructot’s
teaching styles

o More relaxing

Preferring both DI & F2F 2 (15%) o Having good experiences with both
teaching modes
o Both modes having its own advantages
No reference 4 (31%) N/A

Relating to participants’ preference, this study explored PSTs’ pre-service
awareness/perspective on course delivering modes, especially related to math teaching. The
data showed that participants viewed distance teaching and face-to-face teaching as having
its own advantages and disadvantages, respectively (see Table 2), and this was consistent to
previous studies. One of this study’s research interests of how the course delivery method may
impact PSTs’ math teaching was not conclusive due to the data not providing sufficient
information (see Table 2). Participants simply addressed belief/motivation and teaching
strategies briefly and indirectly. There was no further discussion from participants on their
beliefs regarding how an instructor structures a course, the nature of mathematics, or the
technological modes/tools that impact PSTs’ ability to teach elementary math lessons.

Implications

The goal of this study was to discover what preferences and awareness participants
had of taking an online mathematics methods course, before they actually completed the
distance course. The purpose of this data was intended to help the researchers adjust the
online mathematics method course, based on the participants’ perspectives. It seems that the
online delivery of courses are gradually being accepted as a norm or an acceptable standard
by current higher education students, especially by students higher education may deem
nontraditional students (Hodges & Cowan, 2012). Although this may be, according to this

study, PSTs are still hesitant to take an online mathematics methods course because the



course might lack interaction, visual models, and clear communication, all of which are

important to the education profession. As a result, there are many new technology teaching

systems and tools being developed to address these concern (Smaldino et al., 2012).

Therefore, the mathematics educator should integrate these new technological systems and

tools into the design of their online course, so PSTs can learn mathematics pedagogical

knowledge at the same level of quality as if they were learning in a face-to-face course.
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Furthermore, educators will amplify their mathematics teaching because they are familiar with

these technological systems and tools. Future studies can focus on how best to integrate new

technological systems and tools into the classroom, in order to best educate PSTs.

Table 2.

Pre-service teachers’ awareness/perspectives on the modes of course delivering before taking

online mathematics methods course

Categories & themes

Awareness/ petspectives toward

Awareness/ petspectives

DI toward F2F
Advantages o Availability, o  Build
General convenience relationship/peer support
conceptions o  Self-guided learning o  Understand
o  More flexibility assignment
o  Learn to integrate o  Can model professor
technology into teaching easier
o Reaching to all students o Easier to ask
questions
o  Good for visual
learners
Disadvantages o No physical interaction o Travel an parking
o  Less social o  More time
o No non-verbal commitment and less
communication time in practicum setting
o Understand assignment
less
o  Technology frustration
Impact on math Belief/Motivation o Won’t impact PST’s o  Can promote

teaching

Teaching strategies

teaching abilities

o Interactive & involved
instructions make lesson
successful

o  Won’t have different
with F2F if having excellent
suppott.

o  Being fitted self-
motivated learners

o Present information
with PowerPoint

o  Assignment/content in
Blackboard system

community and
connection

o Well prepare PST's
o All Ed courses
should be F2F

o Present information
with PowerPoint

o Assignment/content
in Blackboard system
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Even well-prepared school leaders find themselves supervising teachers in grades and/or
content areas in which they lack experience. To fill such gaps, this paper explores the use of case
studies in elementary, middle, and high school mathematics and science instruction to support the
development of K-12 instructional leaders. The cases incorporate preliminary activities, narratives,
discussion questions, suggested activities, supplementary resources, and case facilitation notes.
Intentional use of these cases will expose developing school leaders to the nuances that
distinguish mathematics and science instruction from other content areas and better prepare
leaders to support teachers in these subjects.

Introduction
School leaders are essential to the K-12 environment. One of the critical roles of school
leaders is to develop and support effective instruction; that is, school leaders should be

instructional leaders.

The main underlying assumption [of instructional leadership] is that
instruction will improve if leaders provide detailed feedback to teachers,
including suggestions for change. It follows that leaders must have the time,
the knowledge, and the consultative skills needed to provide teachers —in all
the relevant grade levels and subject areas — with valid, useful advice about

their instructional practices. (Louis et al., 2010, p. 11)

Instructional leadership is challenging. First, school leaders have a multitude of
competing responsibilities including operating with various stakeholders, managing resources
(financial, material, and personnel), defining and implementing short- and long-term goals,
providing a safe environment, and focusing on classroom practice (National Policy Board for
Educational Administration, 2015). Second, school leaders are most likely specialists in a
particular grade band or content area. Therefore, school leaders must enhance their knowledge
beyond their area of expertise in order to provide constructive feedback to all teachers related

to pedagogy and content.



83

Purpose of the Paper

The purpose of the present paper is to share an approach to support the development
of instructional leaders in the subject areas of science and mathematics. Specifically, through
the case method, school leaders engage with case studies, which focus on issues of
instructional leadership (rather than managerial concerns), in interactive and in-depth ways
through the lens of the responsibilities of instructional leaders. In what follows, the paper
includes the instructional framework grounding the case study approach; a description of the
various components of each case; synopses of three mathematics and three science case
studies one each in an elementary, middle, and high school setting; and implications for the
roles of science and mathematics teacher educators (TEs) in the growth of instructional
leaders.

Instructional Framework

The approach for developing instructional leaders described herein is guided by the
analogy of postholing in combination with the case method. To install a fence on a farm or
ranch, one of the first steps is digging holes for the posts. The postholes need to be deep but
not very wide in order to support the fence. Similarly, school leaders cannot be expected to
have expertise in all content areas and/or grade levels within a school. However, they can have
a depth of knowledge about some aspects of the various content areas, what Stein and Nelson

(2003) term leadership content knowledge:

All administrators have solid mastery of at least one subject (and the learning
and teaching of it) and ... they develop expertise in other subjects by
“postholing,” that is, conducting in-depth explorations of an important but

bounded slice of the subject, how it is learned, and how it is taught. (p. 423)

By postholing, school leaders are able to enhance their pedagogical content knowledge
(Shulman, 1986) across the curriculum.

Case studies have the potential to support school leaders in the process of postholing.
The case method has a long history in fields such as business, law, and medicine (Merseth,
1991), and Shulman (1986) argues for the use of cases in education. They portray the practical
and theoretical facets of instruction. In implementing cases, a reflexive relationship between
the case itself and discussions about the case exists. When discussions focus on the critical
content of the case, they have the potential to foster problem solving, reflection, and intentional

action related to issue-laden scenarios; encourage the pursuit of personal development; and
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cultivate collaboration among colleagues (Merseth, 1991). The present paper describes the use
of the case method to expose developing instructional leaders to the nuances of mathematics
and science instruction.

Practice or Innovation

The cases can be used with preservice leaders in educational leadership (EL) programs
and inservice leaders in professional development (PD) programs. In addition to a problems-
based case narrative, each case includes pre- (introductory information, preliminary activities,
and focus areas) and post-case (discussion questions, suggested activities, and suggested
resources) information and activities. For those leading these activities, facilitation notes
elaborate upon the content and pedagogical content foci of the case and link them to the
practices presented in the case.

Prior to the case, school leaders read a brief preview of the instructional emphases of
the case. By engaging with the preliminary activities (e.g., completing readings, watching
videos, and interacting with exemplar teachers), school leaders start to build their content and
pedagogical content knowledge. Lastly, the focus areas remind school leaders of aspects of
the case to which to pay particular attention. After reading the case, school leaders participate
in discussions centered on questions related to the content area, the teacher’s practice, and
the role of the instructional leader in the case and two to three activities (including at least one
role play) designed to extend and connect learning related to the case. Suggested resources
(e.g., organizations, websites, and further readings) provide school leaders with tools to
continue their professional growth. The pre- and post-case activities are crucial for learning
through the case and connecting theory and practice.

Classroom Examples
Science Cases

Elementary. The elementary science case engages developing school leaders in
understanding and evaluating inquiry-based science instruction (IBl). IBI can take many forms
depending on the educational goal for the students, ranging from “highly structured by the
teacher” (as when guiding students to particular learning objectives) to “free-ranging
explorations” (more similar to the actual process of science) (NRC, 2000, p.10). Students can
test predictions and revise ideas as needed; allowing students to make mistakes and correct
for them is a critical part of IBI. School leaders must understand the messiness of IBI (and how
the instructional approach supports student learning) before they evaluate this form of

teaching.
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In this case, Ms. Fox, a STEM Lead Teacher, has been hired by Principal Weston to
ensure that teachers at all grades develop the skills to integrate IBI into their instruction. Ms.
Fox is working with second grade teacher, Mr. Jackson (a first-year teacher who is new to
inquiry-based instruction) with the support of experienced fourth grade teacher Mrs.
Hernandez. Principal Weston participates in the planning of the lesson, observes its
implementation, and offers his own perspective of the experience in a post-lesson debrief with
all three teachers. The case demonstrates the collaborative nature of supporting teachers who
are struggling with IBl and the necessary knowledge base for school leaders to foster this type
of instruction.

School leaders should be prepared to see a learning environment that, at first glance,
might look quite unorthodox. They must watch for several key elements of IBI, which are
outlined in the 5-E model of instruction: engage, explore, explain, elaborate, and evaluate
(Bybee, 1997). Each of the five Es of IBI should be evident in the lesson. To begin, school
leaders should watch for the hook that makes the lesson exciting and relevant. Second, they
should observe students actively working with materials (e.g., physical materials, online
resources, or books) to help students develop concepts and enact the process skills of
science. School leaders should hear students describing, in their own words, what they have
learned and applying the newly acquired knowledge to other contexts. Last, school leaders
must recognize authentic assessment that ensures all students have mastered the learning
objectives. School leaders must understand these critical aspects of IBI that are unique to
science instruction.

Middle school. Science content can, at times, cause discomfort for students and their
families due to political, economic, or religious implications (Authors, 2014; Author, 2007). The
middle school science case exposes developing school leaders to instruction about a
religiously sensitive subject matter, evolutionary theory, and how integrating nature of science
(NOS) into instruction can mitigate the tension that some students might feel.

In this case, first year teacher, Mr. Guerra, is worried about creating conflict among his
students when teaching evolution and natural selection. He receives support from senior
teacher, Mrs. Temple, who guides him in incorporating NOS into his instruction to help
students distinguish between scientific and non-scientific explanations. Mr. Guerra follows
Mrs. Temple’s advice and pre-frames his instruction with two NOS activities (Lederman & Abd-
El-Khalick, 1998; Lederman, Gnanakkan, Bartels, & Lederman, 2015). Through these activities,

Mr. Guerra reinforces that empirical evidence must be available to support scientific claims and
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that science is limited to utilizing natural processes to explain phenomena. This case highlights
the importance of incorporating NOS instruction throughout the science curriculum.

Guiding science education reform documents have long emphasized the importance of
interweaving NOS throughout science instruction (AAAS, 1993; NRC, 1996; NGSS Lead States,
2013). The case starts developing school leaders on the path of learning the tenets of NOS
beyond those emphasized (i.e., tentative, subjective, creative, social/cultural, and
observations/inferences). With an understanding of these basic elements of NOS, school
leaders are able to justify what is included or excluded from a science curriculum and
determine if science lessons are infused with NOS both directly and indirectly. When observing
science lessons, school leaders should look for evidence of NOS instruction so that not just the
findings of science are emphasized, but also how scientific investigations are conducted, the
types of questions that science can and cannot answer, and the distinctions between scientific
and non-scientific knowledge claims.

High school. Science instruction can be implemented through myriad pedagogical
approaches including IBI, problem-based learning, or hands-on laboratory investigations.
Teachers must be sure to choose an appropriate strategy to match the learning objectives.
School leaders need to be prepared to support their teachers when employing novel
approaches.

In this case, high-school science teacher, Rob Joyce, decides to employ a new form of
instruction, flipping the classroom, when he is teaching climate change, a highly complex and
misconception-laden subject. Mr. Joyce provides the students with YouTube lectures prior to
class and then uses class time to support students in investigating and refuting common
misconceptions about global warming. To showcase this approach, Mr. Joyce has invited his
Principal, Mrs. Nguyen, to observe instruction. Upon enacting the lesson, however, Mr. Joyce
learns that uprooting scientific misconceptions might be more difficult than he predicted. Some
students actually reinforced misconceptions rather than countered them. School leaders need
to recognize the “unnatural nature of science” (Wolpert, 1992) and the challenges this poses
for teachers.

School leaders must be prepared to observe many different types of teaching and
learning that occur in a science classroom. Because of the complex nature of some science
content, they should also be prepared to see students struggling with the subject matter.

Instead of focusing on students’ immediate success, school leaders should watch for ways in
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which teachers support students in accommodating challenging and counterintuitive science
ideas.
Mathematics Cases

Elementary. Providing instructional feedback to mathematics teachers can be
challenging when school leaders are not content area experts. The elementary mathematics
case engages school leaders in understanding effective research-based teaching practices
and in developing an understanding about teaching fractions. Two of the mathematics
teaching practices from Principles to Actions (NCTM, 2014) are highlighted in the case as well
as the use of number lines to teach fractions.

In this case, a novice teacher, Ms. Adams, experiences difficulty identifying and
remediating a student misconception with respect to comparing fractions. She then works with
the mathematics coach, Ms. Schratz, to improve her instruction. In a subsequent lesson
observed by the principal, Ms. Adams engages students in mathematical practices that build
procedural fluency from conceptual understanding and support productive struggle in learning
mathematics (NCTM, 2014). Despite the success of the collaboration between Ms. Schratz and
Ms. Adams, the principal’s observation feedback revealed concerns about how the lesson was
delivered.

School leaders must be open to alternative methods of teaching and learning
mathematics so all students can experience success. While school leaders might be familiar
with students completing multiple practice exercises, they must realize that such procedural
fluency does not ensure conceptual understanding. Teachers need to provide purposefully
designed tasks that require students to productively struggle. School leaders must recognize
when students are authentically engaging with mathematics in ways that support a deeper
understanding.

Middle School. Often mathematics is taught in isolation rather than collaboration. The
middle school mathematics case examines a team of teachers working together to help
students understand a foundational mathematics topic, ratio and proportional thinking, while
trying to implement more formative assessment into their lessons.

In this case, seventh and eighth grade teachers collaborate with Dr. Liliginny, Director of
Mathematics, to create a lesson about connecting ratios to graphs. Together, they outline the
learning progression to assist students in reaching the lesson goals and develop formative
assessment questions for each level of the learning progression that push and probe student

thinking. One teacher leads the lesson, and the team meets afterwards to debrief with Dr.
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Liliginny. The debriefing session focuses on using the formative assessment feedback to guide
subsequent instructional decisions.

This case provides an example of a school leader supporting the development of
teachers’ content and pedagogical content knowledge to connect student learning with
instructional decisions based on formative assessment measures. School leaders should be
aware of and enhance their understanding of the big ideas that span grade levels, such as ratio
and proportional reasoning in the middle grades (Lobato & Ellis, 2010). Further, to develop
these ideas, teachers need to elicit student thinking. School leaders must look for evidence of
teachers providing opportunities for making student thinking public and using what they hear
to guide instructional decisions.

High School. Mathematics instruction can take on many different forms. While
historically direct instruction has been a prevalent approach, reform documents (e.g., NCTM,
2000) recommend the incorporation of meaningful mathematical discourse (NCTM, 2014). The
high school mathematics case introduces school leaders to the 5 Practices for Orchestrating
Productive Mathematics Discussions (Smith & Stein, 2011) and how discussion is a powerful
tool for supporting student learning.

In this case, an experienced teacher, Ms. Sedgwick, has worked diligently to implement
the 5 Practices in her mathematics classroom. When a new school leader, Mrs. Mitchell,
observes part of a lesson, she sees students wrestling with problems as they work in groups.
In a post-observation discussion, Mrs. Mitchell questions what the struggling students actually
learned. Mrs. Sedgwick describes how she implemented the practices of selecting,
sequencing, and connecting to guide the learning process. She purposefully chose groups, in a
particular order, to share and identify relationships between the different problem-solving
strategies in order to achieve the goals of the lesson.

Teachers employ the 5 Practices at distinct times: while conceptualizing a lesson
(anticipating), during its implementation (monitoring, selecting, and sequencing), and while
sharing and summarizing student learning (connecting). If a school leader only observes a
portion of a lesson, she may have the impression that no teaching or learning is occurring.
School leaders need to understand the role of each of the 5 Practices and the relationship
between them in order to evaluate mathematics instruction involving discussion.

Implications
Science and mathematics TEs work with preservice and inservice teachers to promote

research-based teaching practices. However, the work of TEs may be stymied if school leaders
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do not know and recognize the purpose of these practices. The present paper describes an
approach for developing instructional leaders (preservice and inservice), who lack background
in science or mathematics education. This approach has the potential to be especially
beneficial in courses offered through EL programs, particularly those focused on curriculum,
instruction, and assessment. EL faculty have their own specializations from any particular
subject or grade level. This exposes a need for science and mathematics TEs to collaborate
with EL faculty to implement the cases. Similarly, the cases can prove highly valuable with
inservice school leaders. When conducting PD with inservice teachers, science and
mathematics educators can offer parallel PD with school leaders utilizing the cases. With the
proposed use of case studies, well-informed instructional leaders can continue the work of
science and mathematics TEs to positively impact K-12 teaching.
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Students in a mathematics content course for teachers were instructed to create drawings
of mathematicians doing math, themselves doing math, and their students doing math. The
images were analyzed to explore general beliefs about what it means to do math. Using a modified
framework of Farland-Smith (2012), the person, the mathematics, the action, the location, and
affect in the drawings were described and compared. While the self-images created appeared to
trend toward negative feelings of math, the images created of mathematicians and students were
generally positive. Overall, the images adhered to stereotypes, suggesting that the participants held
a limited view of doing mathematics.

Introduction

Teachers play a key early role in helping students form their perceptions of
mathematics and what it means to “do math.” A teacher’s beliefs can influence the
mathematical experiences they have with their students and so can influence the perceptions
that the students form (Mewborn & Cross, 2007). If students do not have healthy images of
mathematics, they may choose to pursue other vocations, potentially robbing society of
valuable mathematical innovation. Thus, exploring pre-service teachers’ perceptions related to
mathematics is important.

Objectives of the Study

Specifically, this current study explores perceptions of doing mathematics held by pre-
service teachers (PSTs). The study is a continuation of a larger study. While the previous study
analyzed the doing of mathematics by mathematicians, this study analyzed images created by
the PSTs of themselves doing mathematics and of their current or future students doing
mathematics. The objectives of the study were to address the following questions.

1. What are the perceptions that PSTs have of themselves doing mathematics?

2. What are the perceptions that PSTs have of their students doing mathematics?

3. To what extent do PSTs’ perceptions of doing mathematics compare when the

subject of the image varies among a mathematician, a student, and the PST?

Theoretical Framework and Related Literature
What it means to do mathematics (or in the colloquial and spirit of the current study,
“do math”) is a somewhat subjective and philosophical concept. From a survey of twenty-five
post-secondary mathematics professors, Latterell and Wilson (2012) formulated a working

definition of doing math, stating that in order to be considered doing math, mathematicians
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must be engaged in creating new mathematics, or as Schoenfeld (1994) stated, “research -
what most mathematicians would call doing mathematics — consists of making contributions to
the mathematical community’s knowledge store” (p. 66). Thus, Latterell and Wilson excluded
teachers of mathematics from being considered as mathematicians and only included
mathematics professors if they were engaged in research mathematics.

However, not everyone would agree with this view. From an analysis of images drawn
by pre-service teachers (PSTs), Wescoatt (2016) hypothesized that PSTs believed teachers of
mathematics to be engaged in doing math when they were teaching and explaining math to
their students. The results agreed with Chick and Stacey’s (2013) redefinition of teachers doing
math, that teachers of mathematics act as applied mathematicians in order to solve teaching
problems.

The ability to create new mathematics is not necessarily restricted to those individuals
well-versed in mathematics. New mathematics can be created as learners construct
mathematical knowledge that is new to them (Burton, 2002). An individual mathematics
classroom may then serve as a mathematical community. Describing such a classroom
experience, Schoenfeld (1994) elaborated, “These students, in their own intellectual
community, were doing mathematics. They were, at a level commensurate with their
knowledge and abilities, truly engaged in the science of patterns” (p. 67). Thus, students have
the ability to reason about mathematical objects and create knowledge new to them and their
classmates; that is, students can do math in the same way that mathematicians do math.

This study used participant-made drawings in order to explore the perceptions PSTs
have of doing math. The use of drawings to explore concepts has its origins in Goodenough’s
Draw-a-Man psychological test developed in 1926. The test was adapted through the years,
notably as the Draw-a-Scientist test in 1983 by Chambers (Finson, 2002). To analyze scientists
at work, Farland-Smith (2012) modified an existing rubric, suggesting analysis along the
dimensions of the appearance of the scientist (Appearance), the location in which the scientific
activity was taking place (Location), and the scientific activity being conducted (Activity).

Bachman, Berezay, and Tripp (2016) used Farland-Smith’s rubric to code participant
drawings of themselves doing math; the participants were students in an experimental
math/dance class. Previous studies (e.g., Rule & Harrell, 2006; Burton, 2012) have used
drawing analysis to explore perception shifts in PSTs enrolled in methods courses, with a focus
on affect as merely negative, neutral, or positive. To create a more differentiated affective

scale, Bachman, et al., assigned scores to each drawing from 1 to 7. A score of 1 represented
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“Extremely Negative,” 2 represented “Negative,” 3 represented “Math is Unpleasant,” 4
represented “Neutral,” 5 represented “Math is Pleasant,” 6 represented “Positive,” and 7
represented “Extremely Positive.” For example, to be given a score of 1, the image depicted an
extreme act, such as vomiting or intense crying. They then used the scale to explore the effect
of an experimental pedagogy on students’ perceptions of doing math. Participant-made
images of mathematicians and mathematics in other studies have depicted extreme images,
some suggesting violence (e.g., Picker & Berry, 2000). These images may have little
mathematical content, yet they provide valuable insight into beliefs about math and doing
math. Thus, incorporating affect in analysis was sensible.

This study did not attempt to precisely define what “doing math” meant. Rather, it relied
on implied meanings from the participant images. However, a broad assumed definition was
that doing mathematics is a process of understanding and applying meaning to the world,
aligning with the description of mathematics as the science of patterns (e.g., Devlin, 2003).

Methodology

The study was conducted at a regional university in the southeastern United States.
Participants, or PSTs, in the study were undergraduate students in a teacher preparation
program. The PSTs were enrolled in one of three sections of a mathematics content course for
pre-service teachers. The course was the third in a sequence of four mathematics content
courses required by the program. Forty-six PSTs were enrolled in the sections. The PSTs were
divided between two disciplines, early childhood education (31, 67.4%) and special education
(15, 32.6%). Of these students, 4 (8.7 %) were male and 42 (91.3%) were female. Additionally, 2
were Hispanic (4.3%), 10 were African-American (21.7%), and 34 (73.9%) were Caucasian.

During the sixth week of classes, PSTs completed an at-home activity consisting of
several drawing activities. Germane to this current study were the following prompts: “Draw a
picture of a mathematician doing math,” “Draw a picture of yourself doing math,” and “Draw a
picture of one of your students doing math.” The PSTs had approximately one week to create
the drawings. The drawings were subsequently collected and scanned to create electronic
files. Forty-two PSTs completed the assignment, resulting in 42 sets of drawings to analyze.

As the original drawing prompt requested students to draw a picture of a
mathematician, yourself, or one of your students doing math, analysis of the drawings focused
on the person, what the person was doing, and what elements in the drawings could be
considered mathematical in nature. Thus, the categories of analysis were Action, Mathematics,

Appearance, Location, and Affect (Wescoatt, 2016). The Action and Mathematics categories
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were a splitting of the Activity category from the Farland-Smith framework in order to better
capture elements that the participants consider to be mathematical. Elements in each image
that would fit in each category were noted and circled with a colored pencil. For example, a
purple pencil was used to circle the Pythagorean theorem equation. Then, frequency counts
were made of common elements across the images, such as the number of times a whiteboard
or chalkboard appeared in the images.

The affective scale and rubric developed by Bachman, et al., were used to score the
images. Mean scores within the mathematician, PST, and students groups were calculated. As
the images were drawn in a series as part of the same assignment, they were likely not
independent. Thus, a non-parametric equivalent of a paired t-test, the two-tailed Wilcoxon
signed rank test, was utilized to determine whether or not the median change in scores from
one participant drawing to the next across all participants was significantly different from zero.
If each drawing contained the same level of affect, the change would be zero. To control the
familywise error rate, a Bonferroni correction was used to adjust the significance level for
determining the rejection of the null hypothesis for each test. Thus, null hypotheses were
rejected when p < .05/3, or .017.

In a follow-up assignment to the drawings, the PSTs shared in the analysis (Mitchell,
Theron, Stuart, Smith & Campbell, 2011), reviewing a subset of the drawings of
mathematicians doing math. They listed common themes found across the drawings,
compared these themes to their individual drawing of them doing math and their student doing
math, and compared the drawings to the themes. These comments were used to shape
interpretations during image analysis.

Results and Discussion
Mathematicians

These images typically showed a person standing in front of a chalkboard or
whiteboard, in the act of writing, presenting, or talking about mathematics. The
mathematicians appeared to be teachers in a classroom setting. AlImost half of the drawings
(47.6%) contained either the Pythagorean theorem equation, the energy-mass equivalence (E =
mc?), or both. Moreover, 33 drawings (78.6%) included a notion of equivalence such as an
equal sign or angle congruency. A doubling sum, such as 1 + 1, occurred in 8 drawings
(19.0%); another 6 drawings (14.3%) contained basic operations involving single-digit whole
numbers. Symbols such 1 and « were present in 8 drawings (19.0%). Geometric drawings or

concepts, such as angle, were present in 8 drawings (19.0%). A calculator was present in 4
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drawings (9.5%). Only one image included more than one person, while one image was an
abstract drawing. The other 40 drawings contained only one individual. The mathematician was
standing in 33 images (78.6%); to be considered standing, the person’s feet needed to be
visible. A vertically-positioned rectangle was present in 37 drawings (88.1%), with many of the
rectangles drawn to represent a chalkboard or whiteboard. Seven images (16.7 %) contained
either a table or a desk. Books were not present in any image.

Using a simplified affective scale, images were coded as positive, neutral, negative, or
both. That is, the negative subscales (1-3) and the positive subscales (5-7) were compressed
into negative and positive. Images coded as both contained positive and negative elements.
Twenty-four images depicted the mathematician smiling. Some of the images contained writing
on the board such as “I love Math!” Four images depicted the mathematicians in a struggle
with math. For example, a man was perspiring in one image and question marks were in a
thought bubble of another. These images were coded to be negative (Bachman, et al., 2016;
Rule & Harrell, 2006). Overall, 25 images were positive (59.5%), 12 images were neutral
(28.6%), 4 images were negative (9.5%), and 1 image contained both positive and negative
elements (2.4%).

PSTs

In contrast with the images created of the mathematicians, the images created of the
PSTs doing math indicated less standing and writing and more sitting and thinking about math.
That is, the PSTs depicted themselves more as students. While the pictures of mathematicians
were filled with numerical expressions and numbers, the 26 pictures of PSTs doing math did
not contain numbers or symbols (61.9%); of these, 8 images contained geometric ideas
(19.0%). In fact, 8 images (19%) did not contain any discernible math. These images generally
depicted the PST emoting. Only 12 images (28.6%) contained an equivalence concept. Only 2
images (4.8%) showed the Pythagorean theorem equation. The PSTs drew themselves in a
seated position in almost half of the images (20 images, 47.6%) and included desks, tables,
and chairs in 18 images (42.9%). Only 16 images (38.1%), depicted the PSTs standing.
Compared to the mathematicians, the PSTs were more typically drawn seated, like a student
would be in a traditional setting. A calculator was present in 5 drawings (11.9%), while a book
appeared in 6 images (14.3%). Furthermore, no image contained more than one individual.
Considering the affective factors, 16 images (38.1%) were overall positive, 7 images (16.7 %)
were neutral, 18 images (42.9%) were overall negative, and 1 image (2.4%) contained both

positive and negative elements in equal amounts.
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Students

The drawings of the students were similar in some aspects to the PST images, but key
differences existed. In terms of the mathematics, many more images contained basic
mathematics involving whole number operations, 22 images of students (52.4%) compared to

10 images of PSTs (23.8%). Additionally, 19 images (45.2%) contained notions of equivalence.

Figure 1. The most negative and the most positive images.

Furthermore, 18 images (42.9%) displayed no mathematical symbols. The lack of symbols
could in part be explained by 10 drawings (23.8%) depicting children using manipulatives.
Students were drawn as sitting (21, 50%) or standing (20, 48.8%) in similar rates compared to
the PSTs, with 23 drawings (54.8%) containing desks, tables, or chairs. Significantly, 13
images of students doing math contained two or more people. The prompt did request for “one
of your students,” so having more than one individual drawn does have significance since only
1 drawing of the mathematicians and PSTs doing math combined depicted more than one
individual. Finally, 28 images (66.7 %) of students doing math were positive in nature, 11
images (26.2%) were neutral toward math, 2 images (4.8%) were negative, and 1 image (2.4%)
contained both positive and negative elements.
Comparison of Affect

Each image was assigned a score from 1 to 7 using the Bachman, et al. affective scale.
The mean score for the mathematicians doing math, the PSTs doing math, and the students
doing math were 4.52, 3.79, and 4.86, respectively. That is, the images of mathematicians and
students were more positive than negative, while the images of PSTs doing math were more
negative. From the Wilcoxson signed rank test, the p-values for mathematicians versus PSTs,
mathematicians versus students, and PSTs versus students were .0060, .1031, and .0004,

respectively. Thus, the drawings of PSTs were significantly more negative than the drawings of
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mathematicians and students. However, the drawings of mathematicians and students were
not significantly different when comparing affect.

While the PSTs appeared to view math more negatively, when depicting their future
students doing math, their students appeared to be enjoying the mathematics. As one PST
wrote in her analysis, “I believe that my student doing math does look more like the
mathematician doing math because the student [is] happy ... | believe this is the case because
even though | as a teacher do not like math | want my students to enjoy it.” Interestingly, Figure
1 depicts the most negative image of a PST and the most positive image of a student, drawn
by the same participant. While some PSTs admitted not liking math in their comments, they
also stated that they wanted their students to enjoy math. However, unless the PSTs are able
to change their attitude, a tension could exist between their hopes for their students and reality
as research seems to indicate that teachers transfer beliefs about math to students (e.g.,
Mewborn & Cross, 2007).

That the students mirrored the mathematicians in an enjoyment of math seemed to
support the idea that students can be mathematicians in their own way, at their own level of
beginning mathematics. After all, according to PSTs, mathematicians enjoy doing math
(Wescoatt, 2016). A PST even commented, “My picture ... shows the student doing math on
her level just like the pictures of the mathematician doing math.” However, PSTs appeared to
not have this view of themselves as potential mathematicians, seemingly resigned to their fate
of never liking math. Chick and Stacey’s view of teachers of math as applied mathematicians
would seemingly never apply to PSTs with this negative view. This inability to identify with
mathematicians was also evidenced by the PSTs drawing themselves as students; they did not
yet identify themselves as a teacher.

Mathematics within the pictures adhered to the stereotype of being a solo endeavor, as
long as the actor was an adult. Only one image of a mathematician or a PST included more
than one person. In contrast, 13 images of students did. Of these images, 8 contained solely
children, with 4 of these showing the children actually interacting with each other. Of the 5
images containing children and adults, 4 images were of a teacher in the classroom asking a
student a question. Thus, relatively few images actually depicted people engaging in
mathematics together. That the same equations appeared in several images (E = mc? and a® +
b? = ¢?), the setting was largely a classroom, the mathematician was a teacher, and
mathematics was being done mostly as a solitary endeavor seemed to indicate that due to an

immature understanding of what mathematics is, the PSTs resorted to stereotypes of
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mathematics as they had experienced it up to that point in their school careers. That is, they
were drawing what they knew.
Implications

In their study of images, Picker and Berry (2000) saw a similar reliance on stereotypes
by the students in their study. They hypothesized that many of these stereotypes were
acquired from teachers and went unchallenged by an alternate view of mathematics. In order
for PSTs to not pass on stereotyped views to their future students, their views need to be
challenged. Such an intervention could be accomplished by having PSTs share in the analysis
of their drawings as in this study. To challenge beliefs of high school students, Latterell and
Wilson (2012) brought graduate students in mathematics to the class to discuss what they did
with mathematics. Perhaps a similar tact could be taken with PSTs. Based on the pictures and
comments, PSTs have high goals for their students, as reflected by the comment, “I want all of
my students to learn to love math, and hopefully some of them will grow up to be
mathematicians.” Whether or not the PSTs could actually help their future students realize
these goals may depend on interventions to help them better appreciate math, view it in a
more positive way, and see themselves as mathematicians in their own right.
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EXPLORING THE EFFECTS OF FOUR YEARS OF A MATH CIRCLE ON MIDDLE SCHOOL AND

HIGH SCHOOL STUDENTS’ MATHEMATICAL TASK VALUE

Brandy Wiegers Yvonne Lai Diana White
Central Washington University — University of Nebraska-Lincoln University of Colorado-Denver

Math Circles are a form of informal education where mathematics professionals share their
passion for mathematics with K-12 students, combining significant content with an atmosphere
that encourages a sense of discovery and excitement about mathematics through problem solving
and interactive exploration. Ideal problems offer a variety of entry points and can be approached
with minimal mathematical background, but lead to deep mathematical concepts and can be
connected to advanced mathematics. We present details on one local model aimed at
underserved urban youth, sharing impacts from four years of quantitative data on their
mathematical value and expectancy.

Introduction and Objectives of the Study

One national initiative aimed at educating children in mathematical problem solving is
that of Math Circles — informal learning environments, often facilitated after school, whose
primary goal is to engage students in sustained and participatory ways. This initiative has
grown dramatically; in 2006, there were 30 identified Math Circle sites in the US, and as of
2016, there are 180 sites. This proliferation suggests that Math Circles meet a national need,
and furthermore reaffirms a growing public recognition of the importance of self-efficacy,
problem solving, and perseverance in mathematical success (e.g., Noguchi, 2015, March;
Bajaj, 2013, December).

We examined the effects of one Math Circle on its participants, who were urban middle
and high school students, across four years of the program. The main objective of this study
was to address: What is the impact of the Math Circle program on students’ mathematical task
value and expectancy? Our study was motivated by findings that mathematical task value and
expectancy have been shown to have broad effects on students’ mathematical success. Our
study leverages Eccles and colleagues’ psychological model of expectancy-value and activity
choice (Eccles et al., 1983). Using this model as a theoretical framework, we developed an
instrument to assess impact on participants’ value and expectancy. In this paper, we review
Eccles’ and colleagues model, describe the development of the study, and conclude with

findings from the study and their implications.
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Theoretical Framework
Expectancy-Value Theory

Expectancy is conceptualized as a person’s perceived probability of success at that
task. Achievement task value is a person’s desire to engage in that task. Eccles and colleagues
constructed and empirically validated a psychological model of how achievement task value
and expectancy impact achievement (Eccles et al., 1983). In short, they found that an
individual’s achievement at an activity — particularly in terms of performance, persistence, and
choice — can be explained by the extent to which an individual values that activity and
believes they will succeed at that activity. Expectancy-value theory is also consistent with
course-enrollment trends in elementary and college levels (Eccles et al., 1983; Ellis, Fosdick,
and Rasmussen, 2016).

These results underscore the important role of expectancy and achievement task value
in supporting mathematical success. Our study will examine effects of participation on these
values.

Components of expectancy and achievement task value

To operationalize the constructs of expectancy and achievement task value, we used
the decomposition proposed by Eccles et al. (1983), where expectancy has two components,
and value has four components. The two components of expectancy are: current expectancy,
and future expectancy. Current expectancy is how much a person expects at the moment that
they will succeed at an activity. Future expectancy is expectation of success in the future at
that activity. However, because our final instrument only contained one question for each, we
treated expectancy as one component in the final analysis. Value has four components:
attainment value, interest or intrinsic value, utility value, and cost. Attainment value is the
importance of success to the individual; it involves an individual’s identity because it is tied to
ways of confirming or expressing aspects important to self. Interest value is enjoyment gained,;
enjoyment is linked to persistence. Interest value is measured for specific tasks or activities,
such as “math assignments”. Utility value is usefulness to future plans such as career plans or
course requirements; it is extrinsic compared to intrinsic or interest value. Cost is sacrifice for a
given task or activity, including emotional cost, other activities one might give up for the sake

of the task, and expected effort.
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Methodology
Site of Study

We examined six different San Francisco Math Circle sites over four years. As stated to
instructors and students, these sites all aimed for students to gain mathematical confidence
and lifelong engagement in mathematical exploration; to provide a safe mathematical
community in which students gain an understanding of mathematics as a discipline of inquiry,
increase their mathematical and problem solving competency, increase their mathematical
persistence, and increase their likelihood to choose to explore harder mathematical tasks. Site
locations were local schools; sites sessions occurred once per week during the academic year.
Students met within grade-band of middle or high school. Mathematicians and mathematics
graduate students led sessions by facilitating groups of four to six students in solving
problems, generally spending six weeks on a chosen mathematical theme. Facilitators
designed problems so as to be “low-threshold and high-ceiling”; that is, they offered a variety
of entry points requiring little to no mathematical background, while also having the potential to
lead to ideas from fields of advanced mathematics (e.g., abstract algebra, topology), and at
times, to mathematics research problems in those fields.

Instrument development

The first two authors designed a survey examining achievement task value and
expectancy based on the instruments used by Wigfield and Eccles (2000) and Karabenick and
Maehr (2003), resulting in more than sixty questions in the initial survey tool, a total of ten
printed pages.

To validate the survey tool, in Spring 2010, a sample survey was given to two different
groups of student participants and their teachers. The resulting comments were analyzed. A
majority of the feedback from teachers focused on the need for questions that could be
answered by students without needing teacher support for vocabulary or context. Populations
of participating schools included many English language learners. As such, questions that
required no additional explanation were selected over those that required clarification. After
removing these questions, we reviewed questions to ensure they consistently measured similar
values in one component (such as attainment) for individual students. Inconsistent questions
were also removed from the final survey tool, resulting in the final survey tool consisting of
thirty-one questions that could be printed as two-columns on a single double-sided piece of

paper. Questions were a combination of binary response (scaled as a 0 or 1), Likert scale
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(scaled between 1 and 5), and short-answer. We focus here on nine questions measuring
achievement task values and expectancy.
Classifying instrument responses and sample

This study involved administering pre-post surveys to a total of 2480 students from
grades 6-12 over the course of the four academic years from 2010 to 2014. The surveys were
collected during program sessions, as well as from the classrooms of teachers at local school
sites who were participating in a grant program aimed at placing mathematics graduate
students into K-12 classrooms. These settings allowed data to be collected from two student
populations: students who had previously participated in the program and a comparison group
of students from the same schools who had not participated previously in the program. We
recognize that the comparison group of students may not be a typical comparison group, as
their classrooms did have the additional support of a mathematics graduate student.
Nonetheless, we use this comparison group to provide a starting point to analyze the impact of
the program; our logic was that if we did find differences, then the differences could be more
attributed to Math Circle-specific design rather than simply the presence of a professional in
mathematics. Teachers were instructed to not give the survey twice to any students who both
were in their classroom and had attended Math Circle.

Completed surveys were separated into three groups using program identification
questions: Math Circle participants (participants), non-Math Circle participants (non-
participants), and unidentifiable. For the post-survey, participants were identified from those
who indicated regular attendance in Math Circle in the last year. For the pre-survey, returning
participants were identified from those who both took the survey at a Math Circle site and
identified as having regularly attended the previous year’s Math Circle, meaning more than half
the sessions. Unidentifiable surveys, from students who could not be classified as either
participants or non-participants, were removed, as were incomplete surveys. Matched pair-
analysis of pre- and post-surveys was not completed due to a flaw in matching code that was
discovered later in the data-analysis.

After separation, our sample consisted of 737 from non-participants and 122 pre-survey
responses from returning participants, for a total of 859; and 336 from non-participants with 90
post-survey responses from participants, for a total of 426.

Results and Discussion
Data analysis was completed with a two-sample t-test via Minitab. Pre- and post-

survey analysis indicated nearly all the values had significant differences for participants, with
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the exception of attainment. Similar patterns were seen when comparing program participant
with non-program participant surveys, where all but one survey item had a statistically
significant difference between the two groups (p < 0.008). To examine this further, we studied
the pre- and post-survey results of the non-participants, comparing the results with the post-
survey and returning pre-surveys results of the participants. These results are reported in Table
1 and discussed in context for each component.

In looking at the pre- and post-surveys, similar patterns as with the entire group were
seen in the results of non-participants, who showed a statistically significant change over the
course of the academic year in all task values but attainment. One limitation of these results
comes from the definition of non-participants. In our classification strategy, students who took
the survey at a Math Circle site but did not indicate regular attendance in the past year were
counted as non-participants. Consequently, non-participants included for the pre-survey
included first-time Math Circle students, along with students who not attending Math Circle
that year. At this time we believe that the results of the returning participants, which are
statistically significant different when compared to non-participants, indicate that students who
returned from previous program participation maintained high values in their pre-survey
attitudinal assessment, which may suggest potential long-term program impact.

Table 1

Pre- and post-survey achievement task value averages for participants and non-participants.
Difference compares survey to pre-non-participant surveys.

Task Value Non-Participants Participants ~ Returned Participants
Pre Post Difference Post Difference Pre Difference

Attainment Item 1 0.82 0.77 -0.05 0.90 0.08* 0.89 0.07*
Item 2 0.94 0.94 0.00 0.94 0.01 0.93 -0.01

Item 3 3.62 3.65 0.03 4.00 0.38%#* 3.89 0.27%*

Interest Item 1 3.20 3.40 0.21%* 4.09 0.89##* 3.96 0.75%%*
Item 2 0.53 0.64 0.12%%* 0.74 (0.22%%* 0.81 0.28%**

Utility Item 1 0.90 0.86 -0.05* 0.97 0.06** 0.93 0.03
Item 2 0.84 0.84 0.00 0.94 0.1 1%k 0.87 0.03

Cost Item 1 0.33 0.45 0.12%%* 0.57 0.24#%* 0.54 (0.22%%*

Item 2° 0.51 0.43 -0.08* 0.27 -0.24%%k* 0.35 -0.16%+*

2 Cost Item 2 decreasing is a positive result. See narrative for details.
*p < 0.05, ¥*p < 0.01, ¥**p < 0.001

Attainment
For three of the four years, Math Circle students were the only group that improved
their value related to attainment over the course of the academic year. In looking more closely

at the measured items, Item 1 and ltem 3 provided the most insight. ltem 1 showed a
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statistically significant difference between the two groups (p < .001). Non-participants do not
have significant difference in the pre- vs post-survey (p = 0.090) while the participant group
maintained high attainment values over the year. Note that the average attainment value for the
non-participants went from 0.82 to 0.77 while participants increase from 0.88 to 0.90 over the
course of the academic year. In ltem 3 the two groups did not show significant difference in
their pre- and post-survey responses but there is a significant difference between the
participants and non-participants (p < 0.001) with the participants pre-survey mean of 3.89 and
non participant pre-survey of 3.62. This is maintained in the post-survey with participant mean
of 4.00 and nonparticipant mean of 3.65.
Interest

Results indicate students in the Math Circle have higher interest in mathematics. There
is a significant difference between participants and non-participants for both items (o < 0.001),
combined with a significant difference between pre- and post-surveys on both items (both p <
0.001). The non-participants increased significantly on both items (p < 0.01 and p < 0.001) and
while the participants did have significant change on the pre- versus post-surveys, the program
participant average is much larger for both. In looking at Item 1, the pre-survey average for
non-participants is 3.20 and ends at 3.41 in the post-survey. This compares to the pre-survey
of Math Circle participants, which begins at 3.95 and ends at 4.09. Similar patterns occur for
Item 2 although ltem 2 sees a decrease in participant values. This item measured fear
associated with doing mathematical tasks, which should measure as smaller for someone with
high mathematical task value. In further discussion with the Math Circle students about these
responses it was discovered that these students were frustrated by their in-class experience
when compared to their Circle experience, which is addresses in Interest ltem 2..
Utility

Math Circle participants rank higher than non-participants in the task value of utility.
They increased their value related to problem-solving skills, with the significant difference on
both items between participants and non-participants (o = 0.001 and p = 0.0083, respectively).
Students who returned to the Circle in the fall maintained a high task value in the pre-survey,
indicating a maintained value of the utility of mathematics. In the last year of the study, this
value ranked highest in values for participants, thereby supporting that the program is having a
lasting impact on the mathematical attitudes of the students involved.
Cost
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Students in the Math Circle demonstrated increases for the cost task value, with a
significant difference between participants and non-participants (p < 0.001 on both items) and
between pre and post-surveys (p < 0.001 and p = 0.0025, respectively on the two items).
Specifically, program students had a reduced negative impact from their participation in math
over the course of the year (increasing on Item 1 from 0.54 to 0.57 and decreasing on item 2,
as expected, from 0.35 to 0.27). This compares to the other non-program students who did not
have the same improvement in regards to cost value (increasing from 0.33 to 0.45 on Iltem 1
and decreasing from 0.51 to 0.43 on Item 2). Cost ltem 2 differs from the other survey items
because cost value decreasing over the year aligns with desired program outcomes. There is a
significant difference between the participants and non-participants (o < 0.001), with a mean
value of .31 of for participants and .49 of non-participants. Looking more carefully, the initial
mean of the participants was 0.35, dropping to 0.26, while the non-participants start at 0.51
and end at 0.43. For the non-participants this is a significant change (p = 0.02). Note that the
mean of the pre-survey for the participants is higher than the post-survey for non-participants,
connecting to the idea that participants return to the program with a lower level of cost value
than non-participants have over the whole year.

Expectancy

Two survey items were used to study this aspect of Math Circle program impact on
students, and both items showed a statistically significant difference between participants and
non-participants (o < 0.001 for both). There was also a significant difference between the pre-
and post-survey results for both items (p < 0.001 and p = 0.051, respectively). As previously,
we then divided the analysis into pre- and post-survey results for participants and non-
participants, as seen in Table 2.

Table 2

Pre- and post-survey expectancy averages for participants/ non-participants. Difference
compares survey to pre-non-participant surveys.

Expectancy Non-Participants Participants ~ Returned Participants
Pre Post Difference Post Difference Pre Difference

Ttem 1 3.21 3.39 0.19* 3.77 0.56+** 3.54 0.34**
Ttem 2 3.91 3.77 -0.14* 411 0.20* 4.25 (.33

*p < 0.05, **p < 0.01, ¥*p < 0.001
We observe that Math Circle participants end and return with a higher expectancy

value. Looking specifically at ltem 1, non-participants start at 3.21 and end at 3.39. This



106

compares to participants who end at 3.77 and return at 3.54. For ltem 2, we see a decrease in
both groups when looking at the post-survey.
Implications

We compared the pre- and post- achievement task value and expectancy of Math
Circle students with students who had not participated or who had not yet participated in a
Math Circle. We found differences across all components of achievement task value and
expectancy. In particular, we found that Math Circle participants’ post-attainment and post-
utility is higher than non-participants’, and that, moreover, non-participants’ post-attainment
and post-utility is actually lower than their pre-attainment and pre-utility, whereas participant’s
post-attainment and post-utility is higher than their pre-attainment and pre-utility. To put this
result in terms of the “average” participant and non-participant, our findings suggest that if Kim
is a long-term regular Math Circle participant, then she is more likely to increase how much she
wants to do well at math for both intrinsic (attainment) and extrinsic (utility) reasons, and that
this effect may accumulate over time. In contrast, non-participants are likely to slightly
decrease over time in wanting to do well in math, and this effect may also accumulate over
time.

One limitation of this study is due the classification of first-time Math Circle student as
non-participants and the lack of matched survey responses. We were thus unable to analyze
impacts of Math Circle on individuals beginning in their first year of participation. A second
limitation of this study is its scope. Although the Math Circle initiative is certainly consistent
with the aim of increase achievement task value and expectancy of its students, the method in
which it accomplishes this is indirect. In this paper, we focused on closed-ended survey results
on task value and expectancy, and did not address how a Math Circle shapes students’
conception of mathematics and mathematical professionals. Initial analyses of an open-ended
survey response indicate that participants enjoy the program and are provided with an
opportunity to think broadly and expand their problem solving skills. They value the social
aspect and appreciate the chance to interact with mathematicians and other peers who are
passionate about mathematics. In addition, these participants diversified their descriptions of
mathematicians to include tattoos, women, and more people with an outward appearance
similar to the students.

This study indicates that participating in Math Circle may have impacts that accumulate

over time, in traits that may well impact students’ career decisions. Directions suggested by
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this study include how Math Circles impact students at the individual level and by years of
participation, and how these effects are related to students’ conception of mathematics.
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