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The scientific way of knowing, which results in tremendous advancements in our
society, heavily depends on the use of mathematics. Given that math touches nearly
every aspect of peoples’ lives in different ways, it is critical that today’s students and
tomorrow’s citizens have a solid understanding of math. Unfortunately, a sizeable
percentage of the population experiences math anxiety, leading to math avoidance in
different ways throughout their lives. Students often avoid taking higher-level math
classes in high school. Once in college, many students avoid majors with higher math
class requirements. Math avoidance can impact career paths. Those who do choose
careers related to math can feel underprepared and can avoid math-related tasks
within their jobs. For many people, the beginnings of their math anxiety can be traced
back to their elementary school years. Math avoidance and math anxiety have a
cyclical relationship. A large percentage of elementary school teachers have math
anxiety themselves. Studies have shown that not only can teacher math anxiety
negatively impact students’ math education but it can also contribute to the
development of math anxiety in students. Given these facts, it is important to examine
ways to reduce elementary teacher math anxiety. The current studies addressed a gap
in the research by exploring the use of a brief intervention with teachers with aboveaverage levels of math anxiety. The studies within this dissertation examined two
questions: (a) “What is the impact of a brief expressive writing intervention on

teacher math anxiety?” and (b) “What is the impact of a brief expressive writing
intervention on the amount of math instructional time provided by teachers?” Each
study examined a different early-career teacher group: preservice elementary teachers
completing their student teaching and first-year elementary teachers. The method
used for both studies was a single-subject, multiple-probe, concurrent multiplebaseline design. The independent variable was the brief expressive writing
intervention, delivered over three 10-min sessions. The two dependent variables were
the levels of teacher math anxiety and the number of minutes that teachers engage in
math instruction. Each study had three participants. Visual analysis was used to
examine trend, level, and stability; effect size was calculated using nonoverlap of all
pairs (NAP). Results did not indicate a significant difference in either variable. Still,
there were slight improvements in levels of math anxiety overall. Given the past
positive results of studies utilizing an expressive writing intervention, along with the
intervention’s ease of administration, it is important that future studies continue to
explore the use of expressive writing as a potential way to positively impact teacher
math anxiety and math instructional time.
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Chapter 1
General Introduction
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Perhaps as long as there has been math, there has also been math anxiety. A centuries-old
rhyme declares, “Multiplication is vexation . . . and practice drives me mad.” Math anxiety has
been a subject of research since at least the 1950s (Gough, 1954; Dowker, Sarkar, & Looi, 2016).
Math anxiety is described as “feelings of tension and anxiety that interfere with the manipulation
of numbers and the solving of mathematical problems in a wide variety of ordinary life and
academic situations” (Richardson & Suinn, 1972, p. 551). The prevalence of math anxiety differs
among populations, but estimates of those experiencing high levels of math anxiety range from a
low of 17% across the general population (Ashcraft & Moore, 2009) to a high of 86% for
students enrolled in remedial college math courses (Perry, 2004). The personal impacts of math
anxiety include everything from difficulty with reading receipts or doing simple subtraction
(Alexander & Martray, 1989) to avoiding careers of interest simply because the careers involve
some degree of math (Hembree, 1990; Kyttälä & Björn, 2010). Societal impacts include a less
math-capable workforce, which diminishes the resource base available that can work on solving
math-, science-, and technology-based problems (Hembree, 1990). More studies are beginning to
examine ways to prevent math anxiety and to reduce or reverse its impacts once it has developed.
For many reasons, elementary schools are logical places to focus math-anxiety prevention and
intervention efforts.
While math anxiety can develop at any point in a person’s life, many people first
experience math anxiety during their elementary school years (Ramirez, Gunderson, Levine, &
Beilock, 2013; Wu, Barth, Amin, Malcarne, & Menon, 2012). When reflecting on their first
negative math experiences, people often mention ways their teachers may have contributed to
their current math anxiety. Some describe teachers responding impatiently or angrily when asked
for clarification; others feel that some teachers may have avoided much direct teaching of math
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because the teachers themselves were intimidated by math (Bekdemir, 2010; Jackson &
Leffingwell, 1999; O’Leary, Fitzpatrick, & Hallett, 2017; Trice & Ogden, 1986).
For many elementary teachers, anxiety seems to be the reason for avoiding direct
teaching of math. Several studies have shown that elementary teachers and preservice teachers
have high rates of math anxiety (Hembree, 1990; Isiksal, Curran, Koc, & Askun, 2009; Kelly &
Tomhave, 1985). This anxiety can influence some people to avoid the profession altogether or to
restrict their teaching careers to certain subjects or grades (Hadley & Dorward, 2011; Hembree,
1990). Some teachers choose elementary school grades primarily out of fear of having to teach
the more advanced math concepts in middle or high schools. One preservice teacher shared,
“When I think about teaching older grades, I get a little nervous sometimes, thinking about, gosh,
you know, when they ask me questions, how, what if I can’t answer them?” (Stoehr, 2017, p.
131). It is understandable to wonder how these anxieties and attitudes may end up impacting
their own students’ learning and development.
An important focus of research relates to examining how teachers’ math anxiety may
affect student learning. Numerous studies have explored this question from different angles.
Several researchers over the past few decades have looked at the relationship between teachers’
math anxiety and their students’ math achievement (Hadley & Dorward, 2011; Mizala et al.,
2015). Trice and Ogden (1986) studied the impact math anxiety has on the amount of
instructional time delivered to students and found that teachers with higher levels of math
anxiety provided less math instruction. Instructional time is known to be positively correlated
with student knowledge integration and performance (Berliner, 1990; Cattaneo, Oggenfuss, &
Wolter, 2017; Clark & Linn, 2003). One team of researchers found that preservice teachers with
higher levels of math anxiety were more likely to recommend students struggling in math for
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special education evaluation (Mizala et al., 2015). Other studies have explored math-anxiety
development in relation to factors such as the teacher’s attitude toward math and the presence of
gender stereotypes (Beilock et al., 2010; Haciomeroglu, 2013; Isiksal et al., 2009). These studies
add to the existing literature addressing the impacts of relational factors on teaching and
learning. Several studies have examined how teachers with math anxiety may end up passing
math anxiety along to their students (Beilock et al., 2010; Mizala et al., 2015; Sloan, 2010).
Other negative effects on students relate to low teacher math efficacy and lowered achievement
expectations (Gonzalez-DeHass, Furner, Vásquez-Colina, & Morris, 2017; Mizala, Martínez, &
Martínez, 2015; Swars, Daane, & Giesen, 2006). Because of the links between teacher math
anxiety and negative student outcomes, it is that much more important to consider math-anxiety
interventions that, through their impacts on the teacher, may also prevent or reduce math anxiety
in students.
More studies are examining the use of specific math-anxiety interventions with teachers
and preservice teachers. Some research has focused on interventions related to the reduction of
math anxiety by directly increasing preservice teachers’ math content knowledge (Plaisance,
2009; Rayner, Pitsolantis, & Osana, 2009). Other studies have approached math-anxiety
reduction through the learning and application of math methods and pedagogical practices,
including the use of math manipulatives (Battista, 1986; Gresham, 2007; Sloan, Vinson, Haynes,
& Gresham, 1997; Vinson, 2001). While interventions such as these have shown positive results,
they can often take weeks or longer to complete.
Numerous other math-anxiety interventions have been utilized successfully with different
populations and may prove beneficial for use with elementary school teachers as well. Some of
these interventions include cognitive tutoring (Supekar, 2015), cognitive reappraisal and
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reframing (Lyons & Beilock, 2012), focused breathing (Brunyé et al., 2013), mindfulness
(Bellinger, DeCaro, & Ralston, 2015), acceptance and commitment therapy (Zettle, 2003), and
even the use of neuropsychological treatments such as transcranial electrical stimulation
(Dowker et al., 2016). Interventions that are brief and straightforward to implement would be
particularly useful within schools and teacher education programs. One such intervention,
expressive writing, shows promise for use with teachers and preservice teachers.
Self-disclosure has long been regarded as a way to confront and assimilate past traumas
(Jourard, 1971). As Purves and Erwin (2004) said, “Self-disclosure is the sine qua non of most
psychological interventions” (p. 23). Self-disclosure can occur through different methods, such
as talking with other people, disclosure through writing, and expression through acts of prayer
(Bennett & Elliott, 2013). Pennebaker and Beall are credited with developing the first expressive
writing paradigm used to examine the impacts of self-disclosure within a laboratory setting
(Bennett & Elliott, 2013; Pennebaker & Beall, 1986). Since then, researchers have examined
aspects of self-disclosure ranging from the differences between handwritten and typed content
(Brewin & Lennard, 1999) to the relationship between the degree of disclosure and the pathology
of trauma (Amir, Stafford, Freshman, & Foa, 1998). Additional written disclosure protocols have
emerged over time, such as the Guided Written Disclosure Protocol (Duncan et al., 2007).
Hundreds of research studies over the past 30 years have been conducted using
expressive writing as an intervention, with a wide variety of positive outcomes. Some of the
benefits shown range from improved immune response (Pennebaker & Beall, 1986) and reduced
impact of intrusive thoughts on depressive symptoms (Lepore, 1997) to improved grade point
averages (Cameron & Nicholls, 1998) and increased working-memory capacity (Klein & Boals,
2001).
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The mechanism by which expressive writing works is not fully known. Many have
theorized that repression is an unhealthy defense mechanism that results in poorer health
outcomes (Denollet et al., 1996; Pennebaker & O’Heeron, 1984). There is some evidence to
suggest that the act of putting experiences into language may be part of what is helpful
(Pennebaker, 2000). Expressing thoughts and feelings through language may also help organize a
more coherent narrative of the trauma or even adjust one’s interpretation of the meaning and
impact of the trauma (Pennebaker & Beall, 1986). It may also help loosen or release the “hold”
the trauma may have on the individual, serving a cathartic role (Pennebaker, 2000; Pennebaker &
Beall, 1986). Some speculate that the mechanism by which expressive writing works may be the
same as with flooding and exposure therapy (Foa & Kozak, 1986; Pennebaker, 2004). More
likely is that the positive impacts of expressive writing interventions are due to a host of complex
and overlapping psychological and social processes (Pennebaker, 2004; Smyth & Pennebaker,
2008).
While expressive writing has been shown to produce positive results in many cases, there
are a few exceptions and conflicting results. Some studies showed no reduction in symptoms
when examining for potential impacts of asthma (Harris et al., 2005), grief (Range et al., 2000),
suicidal ideas (Antal & Range, 2005), and (for some studies) anxiety and depression (Antal &
Range, 2005). In a handful of research studies, there were mixed or sometimes even negative
effects. For example, one study involving participants with post-traumatic stress disorder
indicated significant symptom reduction (Bragdon & Lombardo, 2012), while another study
found an increase in health clinic visits after the intervention (Gidron et al., 1996). In a study
examining the effects of an expressive writing intervention with men undergoing transurethral
prostate resection (Solano et al., 2007), results differed based on the level of surgical risk for
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individual participants. A study by Gallagher and Maclachlan (2002) examined the impacts of an
expressive writing intervention with lower-limb amputees and found that, although there was an
increase in positive affect after the intervention, there was also a decrease in the participants’
satisfaction with their prostheses. More research needs to be done to understand and explain
these differing results.
Expressive writing was chosen as the intervention for the current studies for several
reasons. First, expressive writing has been used in some studies exploring similar (yet different)
variables. Ramirez and Beilock, (2011) conducted a study examining an expressive writing
activity’s impact on performance during a high-pressure test for ninth-grade students with test
anxiety. Immediately before an exam, students in the control condition were given a 10-min
expressive writing assignment. The more highly test-anxious students in the expressive writing
condition experienced improvements in their exam scores as compared to less anxious students
and those in the control condition. In 2014, researchers conducted a study to evaluate the effect
of expressive writing on math performance for university students with varying levels of math
anxiety (Park, Ramirez, & Beilock, 2014). Students completed a 7-min expressive writing
prompt immediately after completing a practice math exam and just before taking the actual
math exam. Results showed a positive impact on math performance for those participants
assigned to the expressive writing group. Both studies used an expressive writing prompt similar
to Pennebaker and Beall’s (1986), asking participants to write openly and deeply about their
thoughts and feelings about the upcoming test. Given its positive results with similar variables,
expressive writing seemed to be a good fit for the current studies. A second reason the expressive
writing intervention was chosen was for its accessibility. Interventions that can be easily
implemented with minimal costs are more accessible to individuals and organizations with
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limited resources. In some ways, identifying accessible interventions becomes a social justice
imperative, as access to effective care is, unfortunately, more frequently dictated by financial and
other resources than it is by need.
The two studies conducted as part of this dissertation help to address a gap in the existing
literature regarding both math-anxiety interventions and impacts of math anxiety on instructional
time provided to students. Prior to this research, no studies had examined the use of an
expressive writing intervention with elementary teachers or preservice teachers who experience
math anxiety. While a few recent studies have examined the use of expressive writing on testrelated variables, no studies have explored its impact on the levels of math anxiety and amount
of math instructional time provided. Furthermore, it has been over 30 years since any study has
examined the relationship between teacher math anxiety and math instructional time provided to
students.
Several areas of existing research provide important background and inform the two
studies in this dissertation. These areas include (a) the impact of math anxiety on people’s lives
and careers, (b) the differences between math anxiety and math ability, (c) the high rates of math
anxiety in teachers and preservice teachers, (d) the impact of teacher instructional time on
student academic outcomes, and (e) the use of expressive writing as an intervention. Findings
from the existing research literature are presented and discussed below.
Math anxiety can lead to restricting one’s academic and personal choices throughout
one’s life. The relationship and often cyclical nature of math anxiety and math avoidance, poor
math self-efficacy, and negative math attitudes can influence academic and career decisions.
Consistent with Bandura’s self-efficacy theory (1986), studies have found relationships between
poor academic performance in math, lower self-efficacy, and career-outcome expectations
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(Campbell & Hackett, 1986; Lent, Lopez, & Bieschke, 1991; Rottinghaus, Larson, & Borgen,
2003). Students who experience math anxiety often avoid taking math classes beyond the
minimum requirements to graduate from high school (Ashcraft, 2002). Outside of the academic
realm, some studies have found that higher levels of math anxiety can impact financial decisions
in negative ways due to the misunderstanding of product price-labeling schemes (Jones,
Childers, & Jiang, 2012; Suri, Monroe, & Koc, 2013). In college, students with math anxiety
may avoid majors and career paths solely on the basis of the number of math-related
requirements. In a study by Chipman, Krantz, and Silver (1992), entering freshmen were asked
to respond to the following item on a survey: “The desire to avoid mathematics is affecting my
career choice” (p. 295). Over 25% marked “Agree” or “Strongly Agree” on the 5-point Likert
scale. Another study that same year found that college students with math anxiety avoided
majors that had at least moderate levels of math requirements (Lefevre, Kulak, & Heymans,
1992). In research with students who were pursuing a career teaching elementary school, nearly
half of the participants who had higher levels of math anxiety believed that they would not be
effective in teaching math (Bursal & Paznokas, 2006). These beliefs carry long-term negative
consequences for the individual and our society as a whole.
Many people with math anxiety are actually quite capable at math but avoid related
majors and careers after assuming their math anxiety equates to lower innate math ability.
However, the correlation between math anxiety, math ability, and math performance is not as
clear as one might presume. While it is true that math anxiety can adversely affect math
performance (Ramirez et al., 2013), it appears possible to reduce this effect through the use of
certain rudimentary math problem-solving and memory-based strategies (Ramirez et al., 2016).
Other researchers suggest that math performance might be improved through activities to build
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self-confidence, regardless of the level of math anxiety (Erturan & Jansen, 2015). Yet other
studies examine the frequent cause-and-effect cycle of math avoidance that then impacts math
performance, which in turn causes higher math anxiety and yet more avoidance (Ashcraft &
Kirk, 2001; Hembree, 1990). These studies indicate that math anxiety in and of itself may not be
a reliable predictor of math ability and potential. Knowing that math anxiety and math ability are
not directly connected can empower individuals to make more accurate conclusions regarding
coursework and career possibilities. This knowledge can also help inform approaches to both
teacher-preparation programs and counselor therapeutic approaches when helping teachers,
students, and clients with math anxiety.
While common in the general population, math anxiety can be even more prevalent in
teachers and future teachers. In a study by Kelly and Tomhave (1985), the researchers assessed
the levels of math anxiety in different groups of college students thought to consist of “math
avoiders” (p. 51). Of the seven different groups in the study, elementary education subgroups
scored higher on math anxiety than any other groups, except the group of students enrolled in a
workshop for math-anxious students. When compared with normative percentiles, the only two
groups that scored above the 50th percentile were female elementary education majors and those
in the math-anxiety workshop. Finlayson (2014) conducted a study with 70 preservice teachers
enrolled in math methodology courses required to complete their degree program. Participants’
math backgrounds varied from math-related undergraduate degrees to only one or two
undergraduate math classes taken. All but two of the participants indicated they had experienced
math anxiety at some point. An earlier study found that preservice teachers may even have rates
of math anxiety upward of 85% (Jackson & Leffingwell, 1999). Within the existing math-anxiety
literature, there are many more studies examining preservice teachers than there are in-service
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teachers. One study by Bush (1989) examined the levels of math anxiety in upper elementary
school teachers and did not find the mean scores to be substantially less than those in preservice
teachers. It is important to consider the potential impacts that teacher math anxiety may have on
student outcomes. One factor that has been shown to impact student outcomes and that may be
affected by teacher math anxiety is the amount of math instructional time that teachers engage in
with students.
Instructional time has been shown to be positively correlated with student achievement.
Lavy (2010) conducted a study in which the results indicated a significant, positive correlation
between instructional time and test scores in math, language, and science. Rivkin and Schiman
(2015) found similar results. In 2014, a meta-analysis concluded that instructional time is a way
to improve academic achievement for students at risk of failure (Kidron & Lindsay, 2014). Given
the many studies that have indicated that math anxiety can lead to math avoidance, it is important
to examine whether teacher math anxiety might negatively impact the amount of math
instructional time they provide to their students. A study by Trice and Ogden (1986) found
differences in the amount of time spent in math instruction between teachers with lower and
higher levels of math anxiety. Their findings showed that teachers with higher levels of math
anxiety spent less time in math instruction, and students in those teachers’ classes were up to 15
weeks behind their peers in their math curriculum. Instructional time is only one of the variables
that can be negatively impacted by teacher math anxiety. As researchers continue to learn more
about the presence and development of math anxiety in teachers and students, examining ways to
reduce math anxiety remains a priority.
Expressive writing interventions have been used to successfully aid in the management of
health problems ranging from asthma to arthritis (Pennebaker, 2000; Smyth et al., 1999) and to
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cope with mental health issues including posttraumatic stress and loss (Bragdon & Lombardo,
2012; Sloan et al., 2011). Expressive writing has even been demonstrated to positively impact
immune functioning (Frattaroli, 2006; Pennebaker, 1989). Some studies have indicated that
expressive writing may help free up working memory resources that are absorbed by math
anxiety (Dowker et al., 2016; Klein & Boals, 2001; Yogo & Fujihara, 2008). Researchers in
more recent years have found that expressive writing may help reduce test anxiety and increase
performance on tests (Doherty & Wenderoth, 2017; Ramirez & Beilock, 2011).
Studies have just begun to examine the use of expressive writing activities with math
anxiety. Park et al. (2014) examined whether expressive writing could be used to combat the
impact of math anxiety on the math performance of university students; results indicated that
after just a single writing intervention, math performance increased. Though the exact
mechanisms by which expressive writing interventions work are not known (Pennebaker, 2004),
expressive writing has proven effective with many varying conditions. If it can be shown to be
effective with math anxiety, its ease of administration would make it ideal for use in schools and
universities where math anxiety may be particularly prevalent.
During the course of the present studies, two proposed changes to the protocol were
approved by the Institutional Review Board (IRB) of Oregon State University. The first change
was made after it became apparent that it would not be possible to achieve baseline stability for
the math instructional time variable, as the measured times varied greatly. The modification
allowing for the use of the Perone (1991) fixed-time interval procedures was appropriate for a
field-based research setting where establishing baseline stability may require the baseline phase
to continue far longer than anticipated or than is possible. The second change was a project
revision related to the recruitment of participants for the second study. To allow for the
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possibility of more than three participants, the total number of participants allowed across both
studies was increased from 6 to 9. A greater number of participants was desired in order to
increase the future generalizability of the second study’s outcomes; it would also allow for the
completion of the study should one of the participants unexpectedly need to withdraw from the
study before its conclusion. In addition to increasing the number of allowed participants, a small
financial incentive was added. When used properly, small incentives are ethical (Grant &
Sugarman, 2004) and can help recognize the time and effort people make when they volunteer
for a study. Details of the financial incentive can be found in the informed consent document
presented in Appendix E. The final change in the second revision broadened the scope of grades
to include grades K-2 along with grades 3-5. This change was implemented in order to increase
the chances of successful recruitment of enough participants and to also explore math anxiety in
preservice teachers in the primary and intermediate elementary grades. Approval of these
changes is documented in Appendices B and C.
Study 1: Mathematics Anxiety and Math Instructional Time in First-Year Elementary
School Teachers
The first manuscript, Chapter 2, describes the use of a brief expressive writing
intervention with three first-year elementary teachers. The study sought to answer two questions:
(a) What is the impact of a brief expressive writing intervention on first-year elementary school
teachers with math anxiety? (b) What is the impact of a brief expressive writing intervention on
math instructional time provided by first-year elementary school teachers with math anxiety?
The study addresses a gap in the research related to brief interventions for teachers who are
impacted by math anxiety.
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The study was constructed as a single-subject, multiple-baseline multiple-probe design
(Christ, 2007; Horner & Baer, 1978). The independent variable was the expressive writing
intervention, and the dependent variables were levels of math anxiety and minutes of math
instructional time provided. All 36 first-year elementary school teachers in a large suburban
school district were identified by district officials, given information about the study, and invited
to participate. Eight teachers expressed interest in the study and were assessed for qualifying
levels of math anxiety. Seven of the eight scored above the mean for preservice teachers on the
Abbreviated Math Anxiety Scale (Hopko, Mahadevan, Bare, & Hunt, 2003; Isiksal, Curran, Koc,
& Askun, 2009) and thus qualified for inclusion in the study. Of those seven, four chose not to
continue after taking the screener. The remaining three respondents were included in the study
and were randomly assigned differing baseline lengths. In single-case research design, random
assignment of baseline lengths improves validity and helps control for confounding variables
such as the possibility of participation bias (Ferron & Sentovich, 2002; Kratchowill et al., 2013;
Rhoda, Murray, Andridge, Pennell, & Hade, 2011). Staggering baselines helps control for threats
to internal validity due to maturation, history, and testing effects (Gast & Spriggs, 2010). Data
was collected over a 6-week period in the spring of 2017. The impacts of the intervention were
determined using visual analysis techniques within and across conditions (Lane & Gast, 2014;
Vannest & Ninci, 2015). The effect size was analyzed through the calculation of nonoverlap of
all pairs (Vannest, Parker, & Gonen, 2011).
The target journal for this study is the Journal for Research in Mathematics Education.
As an official journal of the National Council of Teachers of Mathematics, it highlights research
of interest to teachers and researchers of mathematics education from preschool through college.
It publishes research reports that “include, but are not limited to, various genres and designs of
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empirical research; philosophical, methodological, and historical studies in mathematics
education; and literature reviews, syntheses, and theoretical analyses of research in mathematics
education” (http://www.nctm.org). The current study examines phenomena that impact the
teaching and learning of math, with the hopes that the results may help inform teacher-education
programs and professional-development offerings to early-career teachers. These goals align
with the purpose and content of the journal.
According to the SCImago Journal and Country Rank, the journal has an H index of 61; it
ranks 22 of 372 journals related to miscellaneous math subjects and 25 of 1,066 in education
journals (SCImago, 2017). Recent articles include an examination of teachers’ mathematical
knowledge and beliefs, the lasting impacts of math approaches on adults’ lives, and the
development of positive mathematical identities in students. The journal’s focus on research
related to teaching approaches and student outcomes makes it a good match for this study.
Study 2: Mathematics Anxiety and Math Instructional Time in Preservice Elementary
School Teachers
The second manuscript, Chapter 3, aligns with the first manuscript in design and method
but focuses on a different population. The study addresses two research questions: (a) What is
the impact of a brief expressive writing activity on preservice-elementary-teacher math anxiety?
and (b) What is the impact of a brief expressive writing intervention on math instructional time
provided by preservice elementary school teachers with math anxiety? The study fills a gap in
research by examining a brief intervention for preservice teachers who are impacted by math
anxiety.
As with the first study, the research design is a concurrent, single-subject, multiplebaseline multiple-probe design (Christ, 2007; Horner & Baer, 1978). The independent variable is
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an expressive writing intervention (Pennebaker, 1989), and the dependent variables are levels of
math anxiety and minutes of math instructional time provided. Participants were three preservice
teachers enrolled in a master’s-level teacher-education program in Oregon and were currently
completing their student teaching in local elementary schools. The 27 students in the program
were provided information about the study during a class session and were invited to participate;
nine students chose to complete the Abbreviated Math Anxiety Scale, or AMAS (Hopko,
Mahadevan, Bare, & Hunt, 2003) to assess for qualifying levels of math anxiety. Eight of the
nine had qualifying levels of math anxiety. Of the eight, four expressed interest in completing the
study. Before the start of the study, one of the four declined participation in the study due to
unforeseen scheduling conflicts. The remaining three students were included in the study and
were randomly assigned differing baseline lengths. Data was collected over a 5-week period in
the fall through the use of Qualtrics (2016) and Harvest (http://www.getharvest.com) software
online. Visual-analysis techniques were used to examine data and results within and across
conditions (Lane & Gast, 2014; Vannest & Ninci, 2015). Nonoverlap of all pairs (NAP) was
used (Vannest, Parker, & Gonen, 2011) to analyze effect size.
The target journal for this study is the Journal of Mathematics Teacher Education,
published by Springer Netherlands. This journal focuses on the improvement of the education of
mathematics teachers and on the development of more effective math-teaching methods. It
highlights research related to professional development for both math teachers and teacher
educators. One recently published article examines a narrative analysis of an elementary
teacher’s experience with her own math education and math anxiety. Another article explored
math-teacher identity development.
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The Journal of Mathematics Teacher Education has an H index of 26, with a SCImago
Journal Rank indicator (SJR) of 1.041 (Q1). The journal is ranked 77 out of 374 mathematics
journals and 126th out of 1,066 education journals (SCImago Lab, 2017). The study is a good fit
for this journal due to its focus on exploring both the pedagogical and personal factors involved
in effective mathematics-teacher education.
Glossary of Specialized Terms


academic buoyancy: Academic buoyancy is a certain form of resilience, defined as
“students’ capacity to successfully overcome setbacks and challenges that are typical
of the ordinary course of everyday academic life” (Martin, Colmar, Davey, & Marsh,
2010)



AMAS: The AMAS is an acronym for the Abbreviated Math Anxiety Scale.



expressive writing: This term describes the act of engaging in personal and
emotional writing about a stressor, without regard to form or other writing
conventions like spelling and punctuation.



FS-ANX: The FS-ANX is the Anxiety subscale of the revised Fennema-Sherman
Mathematics Anxiety Scale.



math anxiety: Math anxiety is defined as “feelings of tension and anxiety that
interfere with the manipulation of numbers and the solving of mathematical problems
in a wide variety of ordinary life and academic situations” (Richardson & Suinn,
1972, p. 551).



preservice teacher: A preservice teacher is a college student in a teachercertification program who is actively involved in a school-based experience (i.e.,
student teaching experience). Under the supervision of a cooperating teacher,
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preservice teachers gain experience preparing and delivering classroom lessons and
measuring student performance.


STEM: STEM is an acronym for Science, Technology, Engineering, and Math.
Thematic Links Between the Studies

The two manuscripts are thematically linked through their examination of the use of a
brief expressive writing intervention with early-career teachers in elementary school settings.
Both manuscripts measure the same two dependent variables: math anxiety and math
instructional time. Exploring the impacts of a practical, brief intervention with preservice and
first-year elementary school teachers provides insights that can be used to inform and improve
teacher-education programs and the delivery of math instruction. Additionally, the results of both
studies provide valuable information that school counselors and administrators can consider
when implementing math-anxiety prevention and intervention activities within school systems.
Organization of the Dissertation
This document contains four distinct chapters. The first chapter offers an overview of the
dissertation, the rationale for the studies, and a review of the current literature and knowledge
related to the research topic. Chapter 2 of this dissertation consists of the study involving firstyear elementary school teachers. Chapter 3 contains the study focusing on preservice elementary
school teachers. Chapter 4 provides a summary of the two studies and includes results and
general conclusions. The final chapter is followed by the References section and appendices. The
appendices contain the measures used in the study as well as the recruitment and consent forms
provided to the participants.
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Chapter 2
Mathematics Anxiety and Math Instructional Time in First-Year Elementary School
Teachers
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Abstract
Math anxiety is a pervasive problem that negatively impacts both children and adults.
Teachers with math anxiety can unintentionally pass this anxiety on to their students; in addition,
past studies have shown that these teachers may also end up spending less time engaged in math
instruction. Both of these results can negatively impact their students for years to come. The
present study examines the impact of a brief expressive writing intervention on three first-year
elementary school teachers with math anxiety. Expressive writing interventions have been shown
to have positive impacts on variables ranging from test anxiety to math performance. This
multiple-baseline, multiple-probe, single-case research design examined the impacts of three 10min expressive writing interventions on two variables: levels of math anxiety (as measured by
the FS-ANX subscale of the Fennema-Sherman Mathematics Anxiety Scale) and the number of
minutes engaged in math instruction. Results for both variables were mixed. Implications and
recommendations for future research are discussed.
Keywords: math anxiety, expressive writing intervention, instructional time, first-year
teachers, elementary school, math instruction
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Mathematics Anxiety and Math Instructional Time in First-Year Teachers
Math anxiety can crush career aspirations and impede many other life opportunities.
People who experience math anxiety tend to avoid advanced math classes and math-related
careers. This avoidance limits their professional and personal opportunities and also deprives our
nation and the world of people who might otherwise have contributed solutions to STEM-related
social, medical, and economic problems. A large percentage of math-anxious students first
experience math anxiety in the early elementary grades. Many schoolteachers themselves are
math-anxious and may end up passing math anxiety on to their students. Interestingly,
elementary schoolteachers have higher math anxiety rates than other teachers.
Results of a previous study (Trice & Ogden, 1986) showed a reduction in math
instructional time provided by teachers with higher levels of math anxiety. This reduction in
instructional time can negatively impact student learning. It has been 30 years since the Trice and
Ogden study was first published. In that time, much has changed in the field of math pedagogy
as well as our understanding of math anxiety. In addition, a number of brief interventions have
been shown to hold promise for reducing math anxiety in adults. It is unknown if teacher math
anxiety can be reduced by using a brief expressive writing intervention; it is also unknown if this
brief intervention might have an impact on the time these teachers spend delivering math
instruction in the classroom. Therefore, the purpose of this study is twofold: (a) to explore the
impact of a brief writing intervention on the levels of math anxiety in first-year elementary
school teachers and (b) to examine the potential impacts of the intervention on math instructional
time delivered by first-year elementary school teachers.
A review of the literature on teacher math anxiety and teacher behavior revealed five key
points that relate to this study: (a) elementary school teachers and preservice teachers have high
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levels of math anxiety, (b) math anxiety negatively impacts career and personal outcomes, (c)
math anxiety has been shown to develop in early elementary years, (d) teacher time-on-task
influences student outcomes, and (e) expressive writing interventions show promise for reducing
the impacts of math anxiety. After the literature on the aforementioned points is reviewed, the
research question for the current study will be presented.
Richardson and Suinn (1972) have described math anxiety as “feelings of tension and
anxiety that interfere with the manipulation of numbers and the solving of mathematical
problems in a wide variety of ordinary life and academic situations” (p. 551). Math anxiety is
extremely pervasive; some estimates indicate that it may impact the majority of the general
population and upward of 85% of future teachers (Finlayson, 2014; Jackson & Leffingwell,
1999; Perry, 2004). Interestingly, elementary school teachers have particularly high levels of
math anxiety (Battista, 1986; Bush, 1989). Kelly and Tomhave (1985) reported that female
elementary education majors’ anxiety levels were the highest compared to four other mathanxious college groups. This anxiety has serious negative consequences for teachers and
students.
Math anxiety negatively impacts career and personal outcomes and has been linked with
lower math achievement (Ashcraft & Moore, 2009; Hembree, 1990; Ma, 1999). Many students
avoid math-related careers or nonrequired math classes in high school due to the belief that they
are just “bad at math” (Metje, Frank, & Croft, 2007; Shapka et al., 2006). Math anxiety can
persist 20 years or more (Jackson & Leffingwell, 1999), continuing to impact major life
decisions related to additional education and career choices, as well as daily life (Richardson &
Suinn, 1972; Shapka et al., 2006; Suri, Monroe, & Koc, 2013). According to Ashcraft (2002),
math-anxious people “tend to avoid college majors and career paths that depend heavily on math
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or quantitative skills, with obvious and unfortunate consequences” (p. 182). This math avoidance
is not only personally tragic for those who may unnecessarily limit their career choices; it also
hinders social and scientific advances through the loss of knowledge and human capital (Lyons
& Beilock, 2012). Hembree (1990) noted that “when otherwise capable students avoid the study
of mathematics, their options regarding careers are reduced, eroding the country’s resource base
in science and technology.” Due to these significant adverse outcomes, it is crucial to examine
and address factors that may cause or increase math anxiety in students. For many students, this
journey begins in the early years of their schooling.
Math anxiety has been shown to develop in early elementary years. Ramirez, Gunderson,
Levine, and Beilock (2013) found that in children as early as first and second grade, math
anxiety is already associated with reduced math achievement. Researchers Jackson and
Leffingwell (1999) explored the types of instructor behaviors that caused math anxiety in
students ranging in grades from kindergarten through college. Participants were 157 preservice
elementary teachers. Within this sample group, 93% (n = 146) reported problems that resulted in
the development of math anxiety. Of those who did report problems, 16% had their first
traumatic encounter as early as Grades 3 and 4. A phenomenological study that same year
focused on five highly math-anxious elementary preservice teachers; four of the five participants
traced the roots of their struggles with math anxiety back to their own elementary school
experiences (Hadfield & Trujillo, 1999). These examples underscore the importance of
examining factors during the early years of formal education, which could be causing or
contributing to the development of math anxiety. One of those factors is the amount of time
elementary school teachers spend teaching math.
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Teacher time-on-task influences student learning outcomes. Many research studies have
found that spending more time on instruction improves learning (Brown & Saks, 1986; Silva,
2007; Young, 1980). One oft-cited study examined 40 first-year elementary school teachers and
found that teachers with higher levels of math anxiety spent up to 30% less time providing math
instruction than those with lower or no math anxiety (Trice & Ogden, 1986). These same
teachers were 10 to 15 lessons behind their peers with their curriculum delivery. In a different
study, Young (1980) found “there was a significant correlation (p < .05) between the percentage
of teacher time spent on academic tasks and students’ reading achievement gains. Of all
classroom process variables, time on task was the only one significantly affecting student
performance.” Another study found that both reading and mathematics test scores are
significantly related to allocated instructional time (Brown & Saks, 1986). Lavy’s (2010) study
found the following:
The effect of instructional time can be considered moderate or even large relative to other
school level interventions for which we have reliable evidence. In the OECD sample, one
additional hour of instruction increases on average test scores by about 0.15 of the within
pupil standard deviation in test scores and by about 0.07 standard deviation of the
between pupil standard deviation (p. 23–24).
Because of the consequences of instructional time on achievement and the demonstrated impact
of math anxiety on math instructional time provided to students, it is important to examine
potential interventions that could either reduce teacher math anxiety or mitigate the impacts of
teacher math anxiety on math instructional time, or both.
Expressive writing interventions show promise for reducing the impacts of math anxiety.
Sometimes referred to as written disclosure (WD) or written emotional disclosure (WED),

26

expressive writing has been found to be an effective intervention for coping with many
conditions and experiences, including trauma and loss (Bragdon & Lombardo, 2012;
Pennebaker, 2000; Pennebaker & Beall, 1986; Sloan, Marx, & Greenberg, 2011). Some studies
have revealed increased health benefits such as improved management of chronic pain, asthma,
and arthritis (Pennebaker, 2000; Smyth, Stone, Hurewitz, & Kaell, 1999) and improved immune
functioning (Frattaroli, 2006; Pennebaker, 1989). Expressive writing interventions are said to be
similar to traditional exposure therapy as far as the mechanism of therapeutic impact (Sloan et
al., 2011).
A recent study was conducted to examine whether an expressive writing activity would
improve the academic performance of high school students with test anxiety. The premise was
that an expressive writing activity would “help to alleviate the intrusive thoughts that testanxious students experience and thus would free up their working memory resources for the
upcoming test” (Maloney, Sattizahn, & Beilock, 2014, p. 408). Those who participated in the
expressive writing intervention had higher overall scores than those who did not. Also of interest
was that the students who were most text-anxious were the ones who benefitted the most from
the intervention. Another study found that it was expressive writing in particular (versus writing
about a prompt unrelated to the thoughts and feelings of the upcoming test) that accounted for
the improved exam scores (Ramirez & Beilock, 2011). Although test anxiety is a separate
construct from math anxiety, these two forms of anxiety share many similarities, including their
impacts on working memory and resulting performance tasks (Mavilidi, Hoogerheide, & Paas,
2014; Morsanyi, Busdraghi, & Primi, 2014; Suárez-Pellicioni, Núñez-Peña, & Colomé, 2015).
Another study focused on the use of expressive writing as an intervention specifically for
students with math anxiety (Park, Ramirez, & Beilock, 2014). Results indicated a significant
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reduction in math anxiety and improved math performance after a single 7-min session of
expressive writing directly preceding a test. These studies indicate that an expressive writing
intervention can be a successful, efficient, and cost-effective way to mitigate the impacts of math
anxiety and increase math performance.
Given the importance of a workforce and individuals with strong math and math-related
skills, it is critical to examine ways to both reduce math anxiety and increase math instructional
time. Therefore, the purpose of this study is to address two research questions: (a) What is the
impact of a brief expressive writing intervention on first-year elementary school teachers with
math anxiety? (b) What is the impact of a brief expressive writing intervention on math
instructional time provided by first-year elementary school teachers with math anxiety?
Method
Design
To address the research questions guiding this study, the researchers used a single-subject
(also known as single-case), multiple baseline, multiple probe design (Christ, 2007; Heppner,
Wampold, & Kivlighan, 2008; Horner & Baer, 1978). The principal researcher used an online
random number generator (https://www.random.org/) to assign baseline lengths of 3, 5, and 7
days respectively for Participants A, B, and C. Baseline stability was determined using criteria
by Gast and Spriggs (2010) and Perone (1991). The stability envelope criteria used was that 80%
of the data points needed to fall within 20% of the median score within the phase for the baseline
to be considered stable. If baseline stability was not reached by the assigned amount of baseline
data points, baseline measurements continued until either baseline stability as defined by Gast
and Spriggs (2010) was evident or Perone’s (1991) fixed time-interval stability criteria were met.
The independent variable was an expressive writing intervention following a protocol similar to
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that used by Pennebaker (1989). The dependent variables were (a) math instructional time
provided to students by the teacher and (b) teacher math anxiety.
Participants
The participants were three first-year teachers in Grades 3 and 5 within three different
elementary schools in a large, suburban school district in the state of Washington. Participants
were recruited via an e-mail sent to all first-year second-to-fifth-grade elementary school
teachers throughout the district, as identified by district officials. Selection of participants was
based on the following criteria: the first three interested first-year elementary teachers in Grades
2 to 5 who had a score of 22.9 or above on the screening instrument (Abbreviated Mathematics
Anxiety Scale) and consented to participate in the study.
Participant A. Participant A was a 25-year-old Caucasian female third-grade teacher in a
K–6 elementary school. Her AMAS score was 25, indicating a moderate level of math anxiety.
She shared that she had struggled with math from elementary school through college, having
difficulties understanding the concepts and feeling like there was little support—either cognitive
or affective—to help her become more proficient and comfortable with math.
Participant B. Participant B was a 23-year-old Caucasian female third-grade teacher in a
large K–6 elementary school located in the suburban outskirts of the school district. She shared
that her first negative experience with math was in the second grade. She has developed more
confidence with basic math as an adult, though she still experiences a lot of anxiety about both
completing math problems and teaching math. Her initial AMAS score was a 24, the lowest of
the three participants.
Participant C. Participant C was a 50-year-old Caucasian female fifth-grade teacher in a
K–6 elementary school. She reported that while she had never really enjoyed math, her
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difficulties in understanding math began during sixth grade and with fractions, and she
remembered encountering a lot of difficulty with math classes in high school. Her initial AMAS
score was a 27, indicating a high-moderate level of math anxiety.
Measures
Abbreviated Mathematics Anxiety Scale (AMAS). To screen potential participants for
qualifying levels of math anxiety, the AMAS was administered to respondents interested in
participating in the study. The AMAS has only nine items and requires students to rate their
responses using a fully anchored 5-point Likert scale, ranging from 1 (low anxiety) to 5 (high
anxiety). The total score represents the level of math anxiety; high scores indicate high levels of
math anxiety. Isiksal, Curran, Koc, and Askun (2009) found in a large sample of U.S. preservice
elementary school teachers a mean of 22.9 (SD = 5.7). Total scores were calculated for each
participant, and the results are shared in the Findings and Conclusion sections. Respondents with
an AMAS score at or above 22.9 (based on cutoff scores as classified by Morsanyi et al., 2014)
were considered to have met math-anxiety criteria for inclusion in the study. The AMAS shows
excellent internal consistency (Cronbach’s α = .90) and test–retest reliability (r = .85 over a 2week period); there is also strong evidence of convergent validity through correlation with a
well-established math anxiety measure, the Math Anxiety Rating Scale – Revised (r = .85)
(Hopko, Mahadevan, Bare, & Hunt, 2003). Due to its psychometric soundness and its convenient
nine-item scale, “the AMAS appears to be the test of choice for future work on math anxiety”
(Ashcraft & Ridley, 2005, as cited in Eden, Heine, & Jacobs, 2013).
Fennema-Sherman Mathematics Anxiety Scale—Revised: anxiety subscale (FSANX). Participants completed the anxiety subscale (FS-ANX) of the FMAS-R to measure levels
of math anxiety throughout the baseline and intervention phases. The FSMAS-R is a nine-item,
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two-factor scale designed to measure math anxiety in classroom-based settings (Lim &
Chapman, 2013; Ren, Green, & Smith, 2016). The FSMAS-R has two subscales: EASE (four
items related to feelings of ease with mathematics) and ANX (five items related to anxiety with
mathematics). Psychometric properties of the FSMAS-R have been shown to be favorable, with
the subscales displaying good internal consistencies and satisfactory test–retest reliability over a
1-month period. Correlations between the subscales and between theoretically related constructs
support the construct validity of the FSMAS-R (Lim & Chapman, 2013). FS-ANX scores were
calculated for each data point in both Phase A and B and are included in the results section.
Apparatus
Harvest. Participants tracked their time engaged in actual math instruction by using the
Harvest time-tracking software application, which was made available to participants at no cost.
As participants logged their time, the recorded logs were available immediately to the
researchers. The Harvest application was chosen for its ease of use, its cross-platform
availability, its reputation for stability, and its ability to encrypt, verify, and automatically store
collected data.
Qualtrics. To complete the AMAS screening assessment, the FS-ANX assessments
during baseline and intervention phases, and the expressive writing interventions, participants
utilized the online survey platform Qualtrics (2016). For each item of both the AMAS and the
FS-ANX, the participant selected the radio button option that best described his or her answer.
For the expressive writing interventions, participants typed within a text box for the allotted 10min period. The software program was configured to save their text answers and close the text
box after 10 min of writing had elapsed.
Intervention
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Throughout the baseline period, participants recorded their levels of math anxiety by
completing the FS-ANX via Qualtrics and also tracked math instructional time using the Harvest
application. Baseline stability was determined using both variables. Once the minimum assigned
baseline days had been completed, baseline stability was assessed, and determinations were
made as to when participants could move into the intervention phase.
The intervention consisted of three brief expressive writing sessions. Three times over the
course of two weeks (typically on Mondays and Thursdays), participants navigated to the
Qualtrics survey online and responded to the following writing prompt:
Please take the next 10 minutes to write as openly as possible about your deepest
thoughts and feelings regarding math. Thinking about math—whether it is completing
math problems, taking math classes, teaching math to students, or recalling past
experiences in your own math classes—can evoke many different feelings and responses.
The important thing is that you really let go and dig down to your very deepest emotions
and thoughts and explore them in your writing.
For the second and third interventions, the following statement was added as the secondto-last sentence in the prompt: “You can write about the same topic or event as you did the
previous week, exploring it further, or you can write about a different topic or event.” At the end
of the 10 min, the text box closed, and participants’ responses were saved within Qualtrics.
Procedures. Participants were instructed to complete the FS-ANX online twice each
week during both the baseline and intervention phases, as well as record their time spent giving
math instruction that same day. These data collection days were scheduled to take place either on
Mondays and Thursdays or Tuesdays and Fridays, depending on which option worked best for
each participant. For the intervention phase, the expressive writing prompts were scheduled
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during the evenings before the designated data-collection days. E-mails and text-message
reminders were sent to participants 30 min before the start of the writing interventions as well as
the mornings of data-collection days.
Intervention fidelity. To ensure a greater degree of fidelity to the intervention and with
data collection, several processes were employed. First, participants were given written
instructions outlining the data-collection process and how to use Harvest and Qualtrics.
Participants had the opportunity to practice tracking their math instructional time for a week
before the start of the study; they were also offered individual sessions with the student
researcher to clarify any questions they may have had about the study and the process. This
process helped ensure that participants knew how to access and use the apparatus and that they
could incorporate the use of the application within their work setting and work routines. Second,
math instructional time was explicitly defined for participants as the number of minutes per day
that the teacher was actively engaged with students in either direct whole-group math instruction
(e.g., lecturing on a mathematical concept or lesson) or otherwise actively facilitating learning
opportunities (checking for understanding or facilitating individual-, group-, or classroom-level
mathematics-learning opportunities). Time students spent independently working on
mathematical problems without direct and active teacher engagement (e.g., students completing
math problems or a worksheet while the teacher was engaged in a different task) was not counted
as math instructional time. Third, participants were instructed to complete the writing
intervention within a 2-hr window in the evenings of the chosen intervention dates. Fourth, the
intervention writing response time was limited to 10 min for all sessions and participants. Fifth,
participants were reminded to complete the writing intervention with fidelity and with minimal
distractions.
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Data Analysis
Data analysis was conducted through both visual analysis and nonoverlap of all pairs
(NAP). Lane and Gast’s (2014) protocol was utilized for visual analysis to examine levels,
trends, and stability within and across conditions. NAP analysis was conducted through the use
of an online NAP calculator (Vannest, Parker, & Gonen, 2011). The alpha level for all NAP
analyses was set at .05.
Results
Participants completed the study in the spring of 2017. Graphical representation of the
results can be found in Figures 1 and 2.
Math Anxiety
Visual analysis of the data for Participant A reflected no changes in level of math anxiety
both within and between phases, (𝑥𝑥̅ = 20, SD = 0, for both phases). All data points in the baseline
and intervention phases fell within the calculated stability envelope. NAP analysis resulted in a
NAP calculation of 0.50, with a p-value of 1.0.
For Participant B, visual analysis indicated a slight decrease in the FS-ANX scores from
baseline during the intervention phase (𝑥𝑥̅ = 16.00, SD = 0 in intervention phase vs. 𝑥𝑥̅ = 16.83, SD

= 0.75 in baseline phase). Between-condition analysis shows a change from a decreasing trend in
the baseline phase to a flat, stable trend in the intervention phase. The NAP calculation was 0.17,
with a p-value of 0.12.
Data for Participant C showed a trend of decreasing levels of math anxiety over the three
points in the intervention phase. However, the mean level of math anxiety in the intervention
phase (𝑥𝑥̅ = 15.0, SD = 1.0) was higher than that in the baseline phase (𝑥𝑥̅ = 14.6, SD = 1.52). The
calculated NAP score for FS-ANX data was 0.57, with a p-value of 0.77.
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Math Instructional Time
The trend lines for Participant A shows an increase in math instructional time during the
baseline phase (𝑥𝑥̅ = 55.50 min, SD = 11.50) and a decrease during the intervention phase (𝑥𝑥̅ =
26.3 min, SD = 5.51). NAP analysis calculation was 0.00, with a p-value of 0.02.
For Participant B, data for teacher time engaged in math instruction showed a decrease in
time spent in math instruction during the intervention phase (𝑥𝑥̅ = 48.33, SD = 10.41) as compared
to the baseline phase (𝑥𝑥̅ = 60, SD = 16.73). The NAP calculation was 0.28, with a p-value of
0.30.
Data for Participant C showed an increase in teacher instructional time during the
intervention phase (𝑥𝑥̅ = 37.67, SD = 6.81) as compared to the baseline phase (𝑥𝑥̅ =35.60, SD =
5.37). NAP analysis resulted in a NAP calculation of 0.53, with a p-value of 0.88.
Discussion
The purpose of this study was to answer two questions: (a) What is the impact of a brief
expressive writing intervention on first-year elementary school teachers with math anxiety? (b)
What is the impact of a brief expressive writing intervention on math instructional time provided
by first-year elementary school teachers with math anxiety?
Math Anxiety
Overall, between-phase scores on the FS-ANX reflected mixed results, ranging from no
change to slight reductions in math anxiety. Within-phase analysis during the intervention phase
indicated no changes for two participants and an improving, decreasing trend for the third
participant. Intervention phase level data for the third participant showed an initial increase at the
start of the intervention phase, with decreasing levels in the remainder of the phase.
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Participant A’s FS-ANX scores reflected no variability across time. This data may
potentially indicate a response bias or even a type of ceiling effect, given that her FS-ANX
scores were the highest of the three participants. Each of the 13 combined scores in the study was
a score of 20. Even when examining differences within individual item scores, there are only two
exceptions, both of which occurred during the first week. During this week, the participant
marked a 5 (Strongly Agree) on one item and a 3 (Neither Agree nor Disagree) on another. At all
other times throughout the study, every item-level response was a 4 on the 5-point scale.
However, the mean survey-completion time throughout the study (33 s) was quite similar for all
three participants when obvious outliers were excluded, which may not support the hypothesis of
response bias for Participant A.
Participant B’s levels of math anxiety showed a declining trend within the baseline phase.
Because anxiety levels were already decreasing before the intervention began, any reduction in
anxiety levels postintervention cannot safely be attributed solely to the intervention. There may
be the possibility of subject effects here. In particular, the participant may be responding to the
test conditions, indicating a potential Hawthorne effect (Vogt, Johnson, & Burke, 2016).
Participant C was the only participant whose scores reflected changes in both variables in
the expected directions. However, in general, the levels of math anxiety were higher than during
the intervention phase, which was not expected. It is possible that the levels may continue to
drop postintervention as more time passes, as discussed in following sections.
Math Instructional Time
The results for the math instructional time variable were unexpected. All three
participants’ data varied widely throughout both phases of the study. Trend lines for Participants
A and B showed increasing time in the baseline phase and decreasing time spent during the
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intervention phase, while trend lines for Participant B showed the opposite. The researchers have
some hypotheses as to why the data may have been so variable; these hypotheses are discussed
further in the Limitations section.
A question to consider is whether the expressive writing interventions were too short in
duration or number to make a noticeable change in levels of math anxiety. While Pennebaker’s
earlier studies included expressive writing interventions that were 15–20 min each in duration
over three consecutive days (Pennebaker, 1989, 1990), more recent studies have seen positive
results in reducing math and test anxiety after a single expressive writing session as short as 5–10
min (Doherty & Wenderoth, 2017; Park et al., 2014; Ramirez & Beilock, 2011). It is possible
that the number or length (dosage) of the intervention sessions was not sufficient to produce
change. While some conditions have changed after a single brief intervention session (Greenberg
et al., 1996, as cited in Smyth & Pennebaker, 2008), the nature and persistence of anxiety-related
conditions (American Psychiatric Association, 2013) might require more expressive writing time
or sessions than were used in the present study.
Multiple scheduling conflicts were experienced by the participants throughout the study,
resulting in changes to their initially planned data collection days. Most of these related to
changes in their teaching schedules because of unanticipated conflicting tasks, trainings, and
demands related to the end of the school year, including the several-week-long mandatory state
testing window. The authors hypothesize that the decrease in math instructional time during the
intervention phase for Participants A and B may reflect the time of year the study was conducted
rather than reflecting the impacts of the expressive writing intervention.
Limitations
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There are several limitations to the study. First, the study was conducted with only three
participants, often considered the minimum acceptable number for single-case research to
demonstrate experimental control (Ray, 2015; Horner et al., 2005). In addition, the participants
were not selected randomly but were instead based on volunteers in a specific geographical area
who expressed interest in participating. The lack of random selection increases the likelihood
that the sample might be biased. For example, participants may have been motivated by the
desire to help specific individuals, such as the researcher or one or more of their current students
struggling in math. The sample could have also inadvertently reflected individual differences
within local teacher education programs, or any number of differences that are not controlled for
when using a convenience sample. Second, there were numerous challenges related to the field
research setting that may have introduced extraneous variables or otherwise impacted fidelity to
the initially designed protocol. These challenges are discussed in the following pages. Third, the
study relied on self-reported data for teacher math instructional time. With self-reported data,
there is always the risk that the data could be biased due to factors such as selective memory (for
those times when participants failed to use the Harvest timer and instead relied on their
recollections at the end of the collection day) as well as potential response bias. Fourth, it is
unknown whether the participants adhered to the definition of math instructional time throughout
the study when recording their time. Fifth, the data for math instructional time was based on
single days during the workweek. Sixth, it is possible that the time between the series of
interventions and the measured variables was insufficient to demonstrate potential change.
Seventh, it is unknown whether completing the intervention the evening prior to measuring math
anxiety and instructional time could have impacted the results. Several previous expressive
writing studies have administered the intervention immediately prior to a performance task.
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Eighth, it is strongly suspected that the timing of the study impacted results and the ability to
measure the effects of the intervention accurately. The end of the school year is a challenging
and hectic time, complicating the ability to control for unintended influences on the study. These
influences may have impacted both the adherence to the protocol and the accuracy of the data
collected. Some of these limitations are discussed in greater detail below.
Procedural fidelity. Despite attempts to control for confounding variables, there were
differences between the planned and actual data-collection processes during the study. Many of
these differences can be attributed to the vicissitudes of field research (as compared to research
in more controlled settings, such as a lab). The impact of these differences on the results of the
study is unknown; however, some of the differences may have increased threats to validity and
reliability. The differences included unanticipated teacher/staff-training days, required statetesting timelines, reversed order of data collection, and changes in the time between the
expressive writing intervention and the FS-ANX completion. The study took place during a
particularly challenging time of year, as teachers were approaching the end of the school year
and facing numerous schedule changes and deadlines.
Adhering to the planned timing of the interventions and data-collection days appeared to
be problematic for all three participants within their field settings. All three participants
requested and received both e-mail and text-message reminders at the designated writingintervention times and data-collection times. Despite receiving these reminders, Participants A
and C diverged from the planned timing for completing the intervention for all three sessions.
The original intent was for participants to complete the intervention the evening before
measuring math anxiety and instructional time, to allow for some separation. However,
Participants A and C completed the interventions the day after they received the reminders (in
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other words, on the same days they reported FS-ANX and time data), with the mean time
between completing the intervention and taking the FS-ANX being less than 7 min. Only
Participant B completed the interventions the evening before data collection as planned, and that
was true only of the first and third interventions; for the second intervention, Participant B
reversed the order and recorded FS-ANX and time data the day before she completed the
intervention. The reasons for these divergences are unknown. It is suspected that at least on some
of these occasions, participants may have forgotten until the data-collection reminders the next
day. It is unknown if following the suggested protocol would have impacted the resulting FSANX scores and instructional times recorded.
Participant B deviated from the planned twice-per-week data-collection schedule,
sometimes taking the FS-ANX up to four times in a single week. To try and match the rates of
collection with the other two participants and with the original protocol, only data from the two
originally chosen data-collection days per week were included in the data analysis. For this
reason, the results for Participant B are more vulnerable to threats to reliability such as memory
effect. Though the Perone (1991) protocol for progressing from the baseline phase would have
allowed participants to begin the intervention at an earlier point in time than occurred during the
study, additional baseline points were collected in the hopes that a stable baseline for both
dependent variables could be established before beginning the intervention phase. Baseline
stability for math instructional time was difficult to establish for Participants A and C due to the
widely varying data reported for time engaged in math instruction. After additional baseline
points were collected for Participants A and B and stability (as defined using Gast and Spriggs’
2010 protocol) still did not emerge for the math instructional time variable, the researchers
decided to proceed with the intervention phase per the Perone (1991) protocol.

40

There were two occasions when participants did not track their math instructional time
live using the Harvest timer and instead calculated a time estimate at the end of their day. It is
unknown whether these time figures were as accurate as those tracked using the Harvest timer.
Also unknown is the actual conditions under which the participants completed the
expressive writing interventions. In previously mentioned studies based on expressive writing
(Pennebaker, 1989; Pennebaker & Beall, 1986; Pennebaker et al., 1990), the conditions during
the intervention were carefully controlled in settings with conditions more similar to those in a
laboratory. While the current study instructed participants to complete the intervention during a
time in the evening, outside their regular workday, and with minimal distractions, it is unknown
under what conditions the participants actually completed the intervention.
Participants. Participants were selected for inclusion in the study based on their initial
AMAS scores, with 22.9 being the minimum qualifying score. Participant scores for the current
study were 25, 24, and 27. Given that the range of possible scores for the AMAS is 0 to 45, it is
possible that recruitment of participants with higher scores and thus higher levels of math anxiety
may have resulted in more noticeable differences between baseline and intervention stages.
The sample population consisted of three Caucasian women in a single suburban
geographical area within the state of Washington. It is unknown whether sample populations
with different demographics, geographic locations, and school settings would have impacted the
results.
Implications for Future Research
The researchers offer several suggestions should a similar study be conducted in the
future. While there are inevitable complications when conducting field research, examining
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additional ways to reduce the likelihood of these confounding factors would be strongly
recommended for replication studies in the future.
One factor that introduced a number of confounding variables was the time of year during
which the study was conducted. There were numerous daily and weekly changes to schedules
and routines during the busy end of the school year. At the very least, avoiding the time of year
when the mandatory annual state achievement tests are administered would eliminate many of
these scheduling impacts in future studies.
A poststudy review of the fidelity to the research protocol would have helped examine
whether participants adhered to the definition for the variable of math instructional time as
outlined in the original instructions, potentially impacting the data reported. Also, a more
representative figure for math instructional time may have resulted if the mean daily time over
the course of several days or a full workweek was used for each data point as opposed to data
collected from a single day at a time. Arranging a time to connect and check in with participants
after the first or second day of data collection may have also resulted in more frequent adherence
to the protocol and timing of data collection.
Math-instructional-time data was collected through the use of teacher self-reports. While
commonly used in the social sciences, self-reported data can be fallible (Schwarz, 1999).
Employing the use of observers to collect this data, or video or audio recording and analyzing
classroom instructional time, could improve the reliability of the results.
One question for future research is whether more time may need to pass after the
intervention is completed before measurable positive impacts occur. Unlike with typical
mechanisms of catharsis, expressive writing prompts may not produce an immediate sense of
improved affect. In a previous study by Pennebaker (1989), self-reports indicated increased
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feelings of sadness after completing expressive writing prompts, yet when queried 4 months
later, participants indicated improvements in symptoms, that the studies had been valuable and
meaningful to them, and 93%–98% indicated they would participate again (p. 218). In another
study, Pennebaker found positive effects for those in the experimental (expressive writing
intervention) group as compared to those in the control group as measured five or more months
after the intervention (Pennebaker, Colder, & Sharp, 1990). With the present study, of note in the
results is that Participant C showed a steadily decreasing trend in levels of math anxiety during
the intervention phase, yet overall level of math anxiety was higher during this phase than the
baseline phase. These results might be similar to what Pennebaker found regarding increased
initial symptoms with improvement demonstrated over a more extended period of time.
Participant B also showed a decreasing trend; it would be interesting to see where participants’
levels of math anxiety were 4 months or more after the intervention. Still, some studies have
shown immediate impacts directly following an expressive writing intervention. However, these
studies focused on variables other than levels of math anxiety, such as math performance (Park et
al., 2014; Ramirez & Beilock, 2011), test anxiety (Doherty & Wenderoth, 2017), and number of
illness visits to a health clinic (Pennebaker, Colder, & Sharp, 1990). More research is needed to
determine if positive results may occur after a similar protocol used in the present study but after
more time passes after the intervention concludes. For future studies, follow-up measurements of
both math anxiety and math instructional time are recommended at 4- and 6-month intervals after
the intervention period. This action would help examine the possibility of a delayed treatment
effect as has sometimes been seen with other expressive writing intervention studies.
It is recommended that there be more than three participants in future studies to
strengthen experimental control. Future studies might include samples from other genders as
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well as from other parts of the country. It would also be interesting to examine additional
participant factors, such as the graduate program through which the teachers received their
training, engagement in first-year teacher-mentor support programs, and the reported initial onset
of math anxiety.
Within the sample population, there is the opportunity for history effects to play a role in
the outcomes. First-year teachers experience a rapid learning curve and tremendous professional
growth during the school year. Although the researchers do not suspect that history effects
played a part in the results of the current study, the potential for history effects should be kept in
mind when conducting replication studies or related studies with first-year teachers.
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Figure 1. FS-ANX results.
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Figure 2. Teacher math-instructional-time results.
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Abstract
Math anxiety is a common problem that has numerous adverse impacts, including the avoidance
of math-related tasks, classes, and careers. Past studies have shown that teachers with math
anxiety may spend less time engaged in math instruction in their classrooms. Reduced
instructional time can result in students lagging behind their peers in math skills acquisition. The
present study examines the impact of a brief expressive writing intervention on three preservice
elementary school teachers with math anxiety. Expressive writing interventions have been
successfully used to reduce a wide variety of negative symptoms and also to improve math
performance. Through the use of a multiple-baseline, multiple-probe, single-case research design
study, the current researchers examined the impacts of three 10-min expressive writing
interventions on two variables: levels of math anxiety (as measured by the FS-ANX subscale of
the Fennema-Sherman Mathematics Anxiety Scale) and the number of minutes engaged in math
instruction. Though results for math anxiety were somewhat encouraging, results for teacher
instructional time were mixed. Implications and recommendations for future research are
discussed.
Keywords: math anxiety, instructional time, pre-service teachers, elementary school,
math instruction
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Mathematics Anxiety and Math Instructional Time in Preservice Teachers
Math anxiety is a widespread phenomenon that can severely restrict people’s lives.
Individuals who experience math anxiety often avoid advanced math classes and math-related
careers. As a result, math anxiety’s negative impact extends far beyond individuals; it also robs
our nation and world of future contributors to solutions for STEM-related social, medical, and
economic problems. For many people, math anxiety begins to develop during their elementary
school years. Many schoolteachers themselves are math anxious and can unintentionally pass it
on to their students. Interestingly, elementary school teachers have higher math anxiety rates
than other teachers.
Recent research has provided tremendous insights related to the practice of teaching and
the process of learning. Much more is now known about how knowledge acquisition and
retention are impacted by both cognitive and affective factors. Some of these factors include
working memory, stereotype threat, past trauma, and self-efficacy beliefs. One phenomenon
influenced by all of these elements is the potentially debilitating experience of math anxiety.
This equal-opportunity problem can be detrimental to children and adults alike, making teachers
as susceptible as their students to its negative impacts. Given this, it is essential to look for
potential differences in math instruction provided by teachers with varying degrees of math
anxiety.
A review of the literature shows six research areas that are key to understanding the basis
for the current study: (a) math anxiety negatively impacts people’s lives and career options; (b)
many people with math anxiety are actually quite math capable but avoid math classes and
related careers after erroneously assuming they are just bad at math; (c) preservice teachers have
high rates of math anxiety; (d) teacher math instructional time can impact student academic
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performance and other outcomes; (e) there is a lack of current research that explores the
relationship between preservice teachers’ levels of math anxiety and the time they spend on
classroom math instruction; and (f) expressive writing interventions show promise for reducing
the impacts of math anxiety. After the literature on the aforementioned points is reviewed, the
research questions for the current study will be presented.
A number of researchers have examined the negative impacts math anxiety may have on
career choice. The National Council of Teachers of Mathematics (2000) noted that “those who
understand and can do mathematics will have significantly enhanced opportunities and options
for shaping their futures” (p. 5). Unfortunately, people who are math anxious avoid college
majors and careers that rely heavily on math skills (Ashcraft, 2002; Ashcraft & Moore, 2009;
Kyttälä & Björn, 2010). The impact of math anxiety on career choice also has consequences
beyond the individual; as Hembree (1990) notes: “These suggestions have national import; when
otherwise capable students avoid the study of mathematics, their options regarding careers are
reduced, eroding the country’s resource base in science and technology” (p. 34). This impact is
unfortunate, especially given the lack of a direct connection between math anxiety and actual
math ability (Ramirez, Gunderson, Levine, & Beilock, 2013).
Many people with math anxiety are actually quite math capable. A recent study found that math
anxiety and math performance were not significantly related after controlling for perceived math
competence (Erturan & Jansen, 2015). Other studies found that the association between math anxiety
and math achievement was not universal and that math anxiety’s impact on working memory can cause
temporary retrieval interference during problem solving (Ramirez, Gunderson, Levine, & Beilock, 2013;
Suárez-Pellicioni, Núñez-Peña, & Colomé, 2015). Based on these and related studies (Barrouillet &
Lépine, 2005; Beilock & DeCaro, 2007; Ma & Xu, 2004), it is reasonable to hypothesize that many
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people with math anxiety have mistakenly concluded they are less capable at math, not realizing that
their math learning and performance could very well improve if their math anxiety were successfully
addressed. This information could potentially be life changing for those who suffer from math anxiety.
Preservice teachers frequently have high levels and rates of math anxiety, especially
those who plan on teaching at the elementary school level. Gresham (2007) found that in the
United States and Australia, preservice teachers experience higher levels of mathematics anxiety
than other undergraduate students. Results of an earlier study found that elementary education
majors had the highest levels of math anxiety when compared to other college majors (Hembree,
1990). More recently, a study found that nearly all of the 70 preservice math teachers in the
sample had experienced math anxiety at some point (Finlayson, 2014). Researchers Kelly and
Tomhave (1985) found that female elementary preservice teachers with math anxiety avoided
math at a higher rate than other college seniors. This tendency for math avoidance by those with
math anxiety raises the question of whether math anxiety may cause teachers to avoid or reduce
the math instructional time they provide to their students. This information could have important
implications, given the clear relationship between the amount of instructional time offered and
educational outcomes.
The amount of time that teachers engage in the delivery of direct math instruction
impacts student academic outcomes. A study in 2010 revealed a positive and highly significant
relationship between weekly instructional time and test scores in math, science, and language
(Lavy, 2010). The relationship was consistent across primary and middle school levels.
Increasing math instructional time also positively impacted math scores in an elementary school
in Texas (Shafer, 1998) and resulted in reading achievement gains in secondary school students
in Michigan and Indiana (Young, 1980). Findings from a more recent meta-analysis supported
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increased learning time as a way to improve both the academic achievement and the socialemotional skill development of students at risk of academic failure (Kidron & Lindsay, 2014).
Rivkin and Schiman (2015) conducted an empirical analysis examining the impact of
instructional time on student performance and found substantial evidence that additional
instructional time improves student performance. These research results lead to further questions,
and they highlight the need to examine the potential impacts of preservice teacher math anxiety
on the amount of time these teachers spend engaging in math instruction.
There is a lack of current research exploring the relationship between preservice teachers’
levels of math anxiety and the time spent engaged in math instruction. Most of the existing
studies have focused on elementary and first-year teachers. Two earlier studies of note have
explored math instructional time and elementary teachers with math anxiety (Bush, 1989; Trice
& Ogden, 1986). Bush (1989) found that elementary teachers who were math anxious spent less
time fielding student questions than they did providing whole-class math instruction. Trice and
Ogden (1986) conducted a study with first-year elementary teachers and found a negative
correlation between the level of teacher math anxiety and the amount of math instructional time
they provided each week. Perhaps of even greater importance, they found that students who were
in the classrooms with more math-anxious teachers were up to 15 lessons behind their peers in
other classes. Though the implications of these studies are large, these studies occurred over 25
years ago and were conducted with in-service teachers, not preservice teachers. Only one study
has addressed math anxiety and math instructional time delivered by preservice teachers, and that
study was completed decades ago (Trice & Ogden, 1985). Equally sparse are studies examining
brief interventions that may help reduce math anxiety in preservice teachers. Because of the
importance of instructional time on academic achievement and the previously demonstrated
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impact of math anxiety on math instructional time provided to students, it is critical to examine
interventions that could potentially reduce preservice teacher math anxiety or mitigate the
impacts of math anxiety on preservice teachers’ time spent engaging in math instruction.
Expressive writing interventions show promise as a way of reducing the impacts of math
anxiety. Expressive writing interventions are thought to have a mechanism of therapeutic impact
that is similar to traditional exposure therapy (Sloan, Marx, & Greenberg, 2011). Sometimes
referred to as written disclosure (WD) or written emotional disclosure (WED), expressive
writing has been effectively applied as an intervention for coping with trauma and loss in
numerous settings (Bragdon & Lombardo, 2012; Pennebaker, 2000; Pennebaker & Beall, 1986;
Sloan et al., 2011). Other studies have revealed the positive impacts of expressive writing
activities on such diverse health issues as the management of chronic pain, asthma, and arthritis
(Pennebaker, 2000; Smyth, Stone, Hurewitz, & Kaell, 1999) and the improvement of immune
functioning (Frattaroli, 2006; Pennebaker, 1989).
A study was conducted in 2011 to examine whether an expressive writing activity would
improve the academic performance of high school students with test anxiety. The hypothesis was
that an expressive writing activity would reduce “intrusive thoughts and worries,” thus freeing up
working memory resources and resulting in increased performance on an upcoming test
(Ramirez & Beilock, 2011, p. 212). Those who participated in the expressive writing
intervention had higher overall test scores compared to those in the control group. Also of
interest was that the students who were most text anxious were the ones who benefited the most
from the intervention. The study found that it was expressive writing in particular, not writing in
general, that accounted for the improved exam scores (Ramirez & Beilock, 2011). Though test
anxiety and math anxiety are distinctively different constructs, they share many similarities,
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including the impact of the anxiety on working memory and resulting performance tasks
(Mavilidi, Hoogerheide, & Paas, 2014; Morsanyi, Busdraghi, & Primi, 2014; Suárez-Pellicioni,
Núñez-Peña, & Colomé, 2015).
A study in 2014 examined the use of expressive writing as an intervention for university
students with math anxiety (Park, Ramirez, & Beilock, 2014). Results indicated improved math
performance after just a single 7-min session of expressive writing directly preceding a test.
Taken as a whole, these studies above indicate that an expressive writing intervention can be a
successful, efficient, and cost-effective way to reduce math anxiety and increase math
performance.
Given the importance of a workforce consisting of individuals with strong math and
math-related skills, it is critical to examine how math anxiety in preservice teachers may impact
their instructional delivery and thus their future students’ learning and life opportunities. It is
also important to explore promising interventions for reducing math anxiety in future teachers,
especially those who plan to teach students in the foundational elementary school years. The
purpose of this study is to address two research questions: (a) What is the impact of a brief
expressive writing activity on preservice elementary teacher math anxiety? and (b) What is the
impact of a brief expressive writing intervention on math instructional time provided by
preservice elementary school teachers with math anxiety?
Method
Design
To address the research questions guiding this study, a single-subject multiple-baseline,
multiple-probe design was utilized (Christ, 2007; Horner & Baer, 1978). The principal researcher
used an online random number generator (http://www.random.org) to randomly assign baseline
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lengths of 3, 5, and 7 days, respectively, for Participants A, B, and C. Baseline stability criteria
were established by the use of guidelines set forth by Gast and Spriggs (2010) and Perone
(1991). The stability envelope criterion was defined as follows: 80% of the baseline data points
needed to fall within 20% of the median in order for the baseline to be considered stable. If
baseline stability was not reached by the assigned number of baseline data points, the baseline
phase continued until either baseline stability as defined by Gast and Spriggs (2010) was evident
or until Perone’s (1991) fixed time-interval stability criteria were met. The independent variable
was an expressive writing intervention following protocols similar to those established by
Pennebaker (1989). The dependent variables were (a) math instructional time provided to
students by the teacher and (b) teacher math anxiety.
Participants
The participants were three preservice elementary school teachers completing their
student teaching in Grades 3 through 5 in schools within central Oregon. Participants were
recruited within a teacher education program at a large research university in Oregon. The
student researcher contacted an instructor at the university and arranged a time to visit and speak
to potential participants during a class session. Of the 27 students in the class, nine expressed an
initial interest in participating in the study and completed the AMAS (Abbreviated Mathematics
Anxiety Scale) screener. Those participants with an AMAS score of 22.9 or above were eligible
to participate. Of the nine, all but one qualified for the study, and four agreed to participate.
Before the start of the study, one participant withdrew due to scheduling conflicts, leaving a final
count of three participants. The study was completed in the fall of 2017.
Participant A. Participant A was a 21-year-old Caucasian female who was student
teaching in a fourth-grade classroom. Her AMAS score was a 25, the lowest of the three
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participants. She shared that teaching math was a constant stressor for her and sometimes caused
increased heartbeat and sweaty palms. She wanted to do what she could to help her students not
develop math anxiety.
Participant B. Participant B was a 23-year-old Caucasian female completing her student
teaching in a third-grade classroom. Her AMAS score was a 29. She shared that her anxiety
increased throughout her school years as the math concepts got more complex over time. She
stated that algebra made sense to her, but geometry was more difficult.
Participant C. Participant C was a 26-year-old Caucasian female who was completing
her student teaching in a fifth-grade classroom. She believed her math anxiety and avoidance had
begun in the third grade when she was struggling with learning multiplication tables. When
talking about her relationship to math, she said, “I hate math,” that it “makes me feel stupid and
incompetent,” and that she almost decided not to pursue teaching because of her math anxiety.
Her AMAS score was a 30, the highest score of the three participants.
Measures
Abbreviated Mathematics Anxiety Scale (AMAS). The AMAS was used to screen
potential participants for qualifying levels of math anxiety for the study. The AMAS is a nineitem, fully anchored, 5-point Likert scale, with response items ranging from 1 (low anxiety) to 5
(high anxiety). The combined score results can range from 9 to 45, with higher scores indicating
higher levels of math anxiety. In a large sample of U.S. preservice elementary school teachers,
Isiksal, Curran, Koc, and Askun (2009) found a mean AMAS score of 22.9 (SD = 5.7). The
researchers considered that data, along with information from Morsanyi et al. (2014), and selected
22.9 as the cutoff score for inclusion in the study. There is strong evidence of validity for the
AMAS through correlation with a well-established math anxiety measure (r = .85; Hopko,
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Mahadevan, Bare, & Hunt, 2003); it also demonstrates excellent internal consistency (Cronbach’s
α = .90) and test–retest reliability (r = .85 over a 2-week period). The AMAS is well-regarded due
to its psychometric soundness and ease of use due to its succinct nine-item scale (Ashcraft &
Ridley, 2005, as cited in Eden et al., 2013).
Fennema-Sherman Mathematics Anxiety Scale—Revised: anxiety subscale (FSANX). Participants’ levels of math anxiety throughout the baseline and intervention phases were
measured using the anxiety subscale (FS-ANX) of the FMAS-R. The FSMAS-R is a nine-item,
two-factor scale designed for use in classroom-based settings as a way to measure math anxiety
(Lim & Chapman, 2013; Ren, Green, & Smith, 2016). The FSMAS-R includes two subscales:
EASE (four items related to feelings of ease with mathematics) and ANX (five items related to
anxiety with mathematics). Psychometric data for the FSMAS-R is favorable, with subscales
displaying good internal consistencies (α = .90) as well as satisfactory test–retest reliability over
a 1-month period (rxx' = .81, p < .01). Correlations between the subscales as well as between
theoretically related constructs support the construct validity of the FSMAS-R (Lim & Chapman,
2013). FS-ANX scores were collected for each data point during both phases and are presented
in Figures 1 and 2.
Apparatus
Harvest. To track their time engaged in actual math instruction, participants used the
Harvest time-tracking software application (http://www.getharvest.com) throughout both phases
of the study. The Harvest application was chosen for its ease of use, its cross-platform
availability, its reputation for stability, and its ability to encrypt, verify, and automatically store
collected data. Participants were able to log their time online, and the results were immediately
available to the researchers.
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Qualtrics. The web-based survey tool Qualtrics (2016) was used to collect participant
data for the AMAS screening assessment, the FS-ANX assessments during baseline and
intervention phases, and the expressive writing interventions. For each item of both the AMAS
and the FS-ANX, participants selected the radio button option that best described their answer.
For the expressive writing interventions, participants entered their responses into a text box. The
software program was configured to save their text answers and close the text box after 10 min
had elapsed.
Procedures
Baseline. Twice each week (typically on Mondays and Thursdays), participants
completed the FS-ANX online before the start of their student-teaching workday and tracked
their math instructional time during the school day. Baseline stability was determined using the
participants’ FS-ANX score. Once the minimum assigned baseline days had been completed and
baseline stability had been determined, participants proceeded to the intervention phase. The
staggered baselines are shown in Figure 1. Information regarding baseline stability procedures is
presented in the Data Analysis section.
Intervention. The intervention consisted of three brief expressive writing sessions. Three
times over the course of two weeks, participants used Qualtrics and responded to the following
writing prompt:
Please take the next 10 minutes to write as openly as possible about your deepest
thoughts and feelings regarding math. Thinking about math—whether it is completing
math problems, taking math classes, teaching math to students, or recalling past
experiences in your own math classes—can evoke many different feelings and responses.
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The important thing is that you really let go and dig down to your very deepest emotions
and thoughts and explore them in your writing.
For the second and third intervention sessions, the following statement was added near the end of
the prompt: “You can write about the same topic or event as you did the previous week,
exploring it further, or you can write about a different topic or event.” At the end of 10 min,
Qualtrics was configured to save the response and close the text box.
As with baseline, twice each week during the intervention phase (typically on Mondays
and Thursdays), participants completed the FS-ANX online prior to the start of their studentteaching workday and tracked their math instructional time during the school day. Expressive
writing prompts were scheduled to be completed the evening before the data collection days.
Text-message reminders were sent to participants in the mornings of the data-collection days and
in the early evenings of the intervention days.
Intervention fidelity. Several processes were employed to ensure a greater degree of
procedural fidelity throughout the intervention and data collection. First, participants received
written instructions and were offered training on Qualtrics and Harvest. Participants were given
time to practice using the Harvest application and to ask any questions about the data-collection
apparatuses before the start of the study. This process helped ensure that participants knew how
to access and use the programs and had an opportunity to set the programs up for easy access
within their work settings and routines. Second, math instructional time was operationally
defined for participants as the number of minutes per day that the participant was actively
engaged with students in either direct whole-group math instruction (e.g., lecturing on a
mathematical concept or lesson) or otherwise actively facilitating learning opportunities
(checking for understanding or facilitating individual-, group-, or classroom-level mathematics-
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learning opportunities). Time students spent independently working on mathematical problems
without direct and active teacher engagement (e.g., students completing math problems or a
worksheet while the teacher was engaged in a different task) was not counted as math
instructional time. Third, participants were instructed to complete the writing intervention within
a 2-hr window in the evenings of the chosen intervention dates; the intervention writing response
time was limited to 10 min. Fourth, participants were asked to adhere to the directions listed in
the weekly writing prompt to the best of their ability and with minimal distractions.
Data Analysis
Data analysis was conducted through visual analysis methods to examine trend, level, and
stability of data; nonoverlap of all pairs (NAP) was used to determine effect size. For the visual
analysis, Lane and Gast’s (2014) protocol was used. NAP analysis was conducted using an
online NAP calculator (Vannest, Parker, & Gonen, 2011). The alpha level for all NAP analyses
was set at .05.
Results
Results for each variable are presented below. Graphical representation of the results can
be found in Figures 1 and 2.
Math Anxiety
Visual analysis of the data for Participant A reflected a slight decrease in the FS-ANX
scores across conditions from the baseline during the intervention phase (𝑥𝑥̅ = 17.67, SD = 2.52 in
intervention phase vs. 𝑥𝑥̅ = 18.00, SD = 1.00 in baseline phase). Within-condition analysis
indicated a stable decelerating, improving trend in the baseline phase and a decelerating,

improving trend in the intervention phase. The NAP calculation was 0.5, with a p-value of 1.0.
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For Participant B, visual analysis indicated a between-condition decrease in math anxiety
(𝑥𝑥̅ = 17.33, SD = 2.08 in intervention phase vs. 𝑥𝑥̅ = 20.25, SD = 1.50 in baseline phase). As with
Participant A, within-condition analysis showed a stable decelerating, improving trend in the
baseline phase and a decelerating, improving trend in the intervention phase. The NAP
calculation was 0.08, with a p-value of 0.08.
Visual analysis for Participant C also indicated a between-condition decrease in math
anxiety (𝑥𝑥̅ = 20.33, SD = 1.53 in intervention phase vs. 𝑥𝑥̅ = 22.25, SD = 0.96 in baseline phase).

Within-condition analysis showed decelerating trends for both conditions. The NAP calculation
was 0.13, with a p-value of 0.11.
Teacher Math Instructional Time
For Participant A, between-condition visual analysis of math instructional time indicated
no changes in median and mean levels (𝑥𝑥̅ = 80.0 min, SD = 0 for baseline and 𝑥𝑥̅ = 80.0 min, SD

= 20 for intervention phase); however, there was an improving positive change in trend direction
and effect. Within-condition analysis showed a flat trend with no relative or absolute change in
level during the baseline phase. During the intervention phase, there was an improving positive
change in trend, with a relative level change of 20 and absolute level change of 40. NAP analysis
calculation was 0.50, with a p-value of 1.0.
For Participant B, between-condition analysis showed a very slight improvement in the
level of math instructional time (𝑥𝑥̅ = 56.50 min, SD = 1.73 for baseline phase and 𝑥𝑥̅ = 57.00 min,
SD = 0.0 for intervention phase). Trends for both conditions were stable, with a slight

accelerating, improving trend during the intervention phase. Within-condition analysis shows
multiple paths within trend during the baseline phase, with an overall trend line indicating a
slight decelerating, deteriorating trend. Within the intervention phase, there was no change in
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level, reflecting a stable, unchanging trend. There was a slight decrease in absolute level change
during baseline (−3) but no change in relative level. During the intervention phase, there were no
within-condition changes in level or trend direction. The NAP analysis calculation was 0.50,
with a p-value of 1.0.
Between-condition visual analysis for Participant C indicated decelerating, deteriorating
levels and trends for math instructional time across phases (𝑥𝑥̅ = 58.33 min, SD = 7.64 for
intervention phase and 𝑥𝑥̅ = 70.50 min, SD = 4.20 for baseline phase). Between-condition relative

level changes showed deteriorating levels for both relative (−3.5) and absolute (−7) changes.

Within-condition analysis indicated multiple paths within trend during the baseline phase, with
the overall trend being decelerating, deteriorating, and stable. There was a slightly decelerating,
deteriorating variable trend during the intervention phase. Relative level change within condition
was −4 during baseline and −15 during the intervention phase; absolute level changes were −3
during baseline and −15 during the intervention phase. NAP analysis resulted in a NAP figure of
0.04, with a p-value of 0.05.
Discussion
This study sought to explore two questions: (a) What is the impact of a brief expressive
writing activity on preservice elementary teacher math anxiety? and (b) What is the impact of a
brief expressive writing intervention on math instructional time provided by preservice
elementary school teachers with math anxiety?
Math Anxiety
For all three participants, results showed decreasing math-anxiety levels overall within
both phases, to various degrees. These decreases were more pronounced in the intervention
phases as compared to the baseline phases. Still, visual analysis, combined with NAP results,
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suggests that the reductions in levels of math anxiety were relatively minor. Interestingly, the
level of math anxiety for Participant A increased to 20 at the start of the intervention phase from
a previous level of 17 at the end of the baseline phase. In some ways, this result is not
unexpected. As Pennebaker and Beall (1986) found, there can be short-term increases in
physiological arousal when writing about past traumatic experiences. However, they found that
longer-term results typically show a decrease in problematic symptoms. Data for Participant A
shows a similar pattern over the course of the intervention phase; after the third intervention, the
level of math anxiety was the lowest score recorded during the study. For Participant B, mathanxiety levels improved (decreased) during the intervention phase. Within the baseline phase,
there were multiple paths within trend but the changes in direction were relatively minor and the
overall trend line was nearly flat. Results for Participant C showed multiple paths within trends
in both phases, though overall results indicated a slight decelerating (improving) trend during the
intervention phase. Though all three participants showed improving trends during the
intervention phase, with the multiple trends and relatively minor level changes, it is difficult to
draw definitive conclusions from this data. Still, when taking into account the combined results
from all three participants, these math-anxiety results may suggest possible positive effects for
some of the participants.
Math Instructional Time
For math instructional time, no clear trend emerged. Trend lines for Participants A, B,
and C showed accelerating, flat, and decelerating trends, respectively. For Participant A, math
instructional time increased. Although the trend went from flat to improving, the mean and
median levels for both phases were identical. The collection of additional responses after the
conclusion of the intervention phase would have helped examine for potential delayed treatment
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effects. For Participant B, there was little to no between-condition level change, and the withincondition trend was flat. Participant C, however, showed a decelerating trend; this result was the
opposite of the theorized direction. Without additional information from the participant, it is
difficult to speculate what may have been the cause of this downward trend in math instructional
time. The results for Participant C had the lowest proportion of overlap for all pairs for both
variables in the study.
When considering the findings overall, three potential explanations for the obtained
results stand out for consideration. First, it is possible that the measurement time frame was too
short to demonstrate an impact of the intervention on the dependent variables. A second
explanation for the results is that the number or length (dosage) of the interventions was not
sufficient to produce change. A third possible explanation for the results is that the intervention
simply does not impact either of the dependent variables. A fourth possible explanation is that
this particular preservice teacher sample—or even the overall teacher population—may not
respond to an expressive writing intervention.
Of the three potential explanations above, the first explanation is the most probable for
several reasons. A promising finding was that all three participants showed downward
(improving) trends in levels of math anxiety during the intervention phase. Although one
participant’s level of math anxiety initially increased at the start of the phase, a temporary
increase is relatively common for expressive writing interventions (Pennebaker, 1989). Also,
positive effects of expressive writing interventions can take place weeks after the conclusion of
the intervention (Pennebaker, 2004; Pennebaker, 1989; Pennebaker, Colder, & Sharp, 1990). For
the present study, data were not collected beyond the intervention phase, and the intervention
phase itself was less than two weeks long, resulting in a limited time frame in which to examine
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the impacts of the intervention. Given the factors mentioned above, it seems likely that
improvements in one or both variables might have become more apparent if additional data had
been collected beyond the 10-day intervention phase.
The second explanation could also be a reason for the limited changes between the
baseline and intervention phases. It is possible that there needed to be more than three
intervention sessions or that the sessions needed to be longer than 10 min, or both. Although
some studies have shown that even a single writing time can be effective (Greenberg et al., 1996,
as cited in Smyth & Pennebaker, 2008), anxiety-related conditions can prove to be persistent
(American Psychiatric Association, 2013) and might require a larger dose of the intervention
than was utilized in the present study.
The third and fourth possible explanations make less sense than the first and second
explanations. Expressive writing interventions have been shown to have positive effects more
times than not in studies that address a tremendously diverse range of variables (Frattaroli,
2006). Some of these studies have examined variables closely related to one or both of the
dependent variables in the current study (Doherty & Wenderoth, 2017; Park et al., 2014).
Similarly, expressive writing has been shown to be effective with a multitude of different
populations, including college students pursuing a wide variety of majors (Doherty &
Wenderoth, 2017; Harris, 2006; Pachankis & Goldfried, 2010; Park et al., 2014; Yogo &
Fujihara, 2008). While it is possible that expressive writing is ineffective with these particular
variables or with this population for reasons yet unknown, it is more likely that additional data
collection beyond the conclusion of the intervention phase may have shown a positive effect on
one or both dependent variables given the results of past studies.
Limitations
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There are several limitations to the study. One limitation is that the study was conducted
with only three participants, considered by some to be the minimum acceptable number for
single-case research to demonstrate experimental control (Horner et al., 2005; Ray, 2015).
Also, participants were not based on a random sample, therefore increasing the potential for
sampling bias. The study relied on self-reported data, which has the potential to increase the
likelihood of response bias (Schwarz, 1999). The data for math instructional time was measured
on individual days; calculating the mean over multiple days may have yielded more
representative results. Another limitation is the lack of follow-up data after the intervention
phase concluded. As mentioned above, some expressive-writing-intervention studies have found
that positive gains may become more evident a few months after the intervention has occurred.
In addition, the time interval between intervention and measurement may have influenced the
results. Several previous expressive writing studies have administered the intervention directly
prior to a performance task; it is unknown whether completing the intervention the evening prior
to measuring math anxiety and instructional time could have impacted the results. Finally, the
sample was very limited, consisting only of young Caucasian females in a single geographical
location.
Implications for Future Research
The researchers of this study offer several suggestions to those considering conducting
similar studies in the future. Scheduling a midstudy check-in with participants would allow for
the opportunity to collect valuable information related to any unexpected changes in the data that
may arise during the study. Such discussions would help researchers examine whether these
changes may be related to the intervention or to extraneous variables that may increase threats to
validity (such as history and temporal effects). Also, collecting data several weeks to several
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months after the conclusion of the intervention phase would help to explore the possibility of a
delayed treatment effect for one or both variables. Collecting instructional time data through the
use of other means in addition to self-reported data would improve the reliability of the results.
For example, one or more observers could record the amount of instructional time delivered, or
videos of class sessions could be recorded and analyzed to identify and measure instructional
time. In single-subject research design, experimental control can be improved by including at
least four participants. Similarly, replication of the present study and including participants of
different genders, ethnicities, and age groups would yield valuable data that, over time, could be
used alongside this and other future studies to examine the potential of the generalizability of the
results across populations (Byiers, Reichle, & Symons, 2012).
Past studies have shown that expressive writing interventions are effective in helping
with numerous conditions and symptoms. In addition to their effectiveness, part of their appeal is
that they can be implemented easily and with little to no financial expense. While the current
study showed mixed results for math instructional time, the math-anxiety variable showed
downward trends for all three participants. Still, further research is needed before more
conclusive statements can be made regarding its effectiveness as an intervention for preservice
teachers with math anxiety.
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Figure 1. FS-ANX results.
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Figure 2. Math-instructional-time results.
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Chapter 4
Conclusion
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Math anxiety is a widespread phenomenon experienced by children and adults alike.
Some negative consequences related to math anxiety can be short-term, such as poor
performance on individual math exams or assignments, but other consequences can carry over
into adulthood and impede career and lifestyle opportunities. Many people first experience math
anxiety during their elementary school years and frequently associate their first negative math
experiences to encounters with teachers. Elementary school teachers experience high rates of
math anxiety themselves, and teachers who have math anxiety can end up contributing to the
development of math anxiety in their students in a number of ways. As math anxiety can result in
math avoidance, some teachers may avoid or limit math instructional time in relation to their less
math-anxious peers. For students, reduced exposure to math learning and practice may in turn
contribute to the development of their own math anxiety, continuing to perpetuate and propagate
math anxiety across generations. By addressing teacher math anxiety, we may be able to help
interrupt this process and help not only the teachers but also the many students with whom they
work. There is a well-established knowledge base related to the constructs, measures, experience,
and impacts of math anxiety; less common are studies examining math-anxiety interventions that
can be easily and effectively implemented. Therefore, the purpose of this research was to
examine the impact of an expressive writing activity on teacher math anxiety and math
instructional time.
Since the use of expressive writing interventions to treat math anxiety has just recently
begun to be explored, the current studies add to the existing knowledge in a number of ways.
Prior to these studies, research involving math anxiety and expressive writing interventions has
focused on populations involving high school and college students; no studies had explored the
use of expressive writing interventions with teachers. Furthermore, though some studies have
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focused on interrelated variables such as general test anxiety and math performance, no studies
had examined the impact of expressive writing on teacher levels of math anxiety and amount of
instructional time provided to students. Though neither of the present studies was able to
demonstrate statistically significant changes for either of these variables, the results still provide
valuable insights and directions for future exploration.
This chapter will begin by summarizing the results of the two research studies
individually. Then, similarities and differences between the studies and a synthesis of the results
will be presented. The chapter will also discuss how the studies contribute to the existing
knowledge regarding math anxiety. The chapter will conclude by presenting implications for
future research.
Summary of Findings
Study 1
The first study was conducted with three first-year elementary school teachers with math
anxiety. The study examined the impact of an expressive writing activity on levels of math
anxiety and the amount of math instructional time delivered to students. Data analysis was
conducted using visual analysis and nonoverlap of all pairs. Based on the analysis, no definitive
impact was shown on either variable. For the math-anxiety variable, only one of the three
participants showed a decreasing trend in anxiety levels during the intervention phase, though
there was an initial increase in level at the start of the phase; levels for the other two participants
remained flat and unchanging. Regarding math instructional time, data for all participants varied
so much that baseline stability could only be established for one participant prior to the start of
the intervention phase. For that participant, data over the intervention phase indicated a steady
increase in math instructional time provided—one of the desired outcomes of the study.
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There were several limitations to this study, many of which related to the particular
challenges faced when engaging in field research as opposed to the more controlled conditions of
a laboratory setting. There were diversions from the planned timing of the data for all three
participants, often due to unforeseen impacts related to state testing and trainings conducted
during the period of the study. Though participants were given reminders each data-collection
day, they were in charge of following through with the data collection and interventions both at
work and at home during the specified windows of time. It is unknown how these differences in
the timing of data collection may have impacted the results, but differences between laboratory
and field settings have been known to impact the fidelity of adherence to the expressive writing
instructions in some studies (Frattaroli, 2006; Smith et al., 2015). The time of year also limited
the researcher’s ability to further extend the baseline phase to attempt to achieve baseline
stability for the math-instructional-time variable prior to the start of the intervention phase. It is
recommended that for future studies, data collection take place during an earlier and less harried
time in the school year to increase the ability to adhere to the research protocol. Other limitations
to the study include the small number of participants, the small demographic range of
participants, and the lack of a procedure to collect follow-up data after the conclusion of the
study in order to explore potential delayed effects of the intervention.
Study 2
The second study was conducted with preservice elementary school teachers with math
anxiety and examined the same two variables as the first study: levels of math anxiety and
amount of time engaged in math instruction. As with the first study, data analysis was conducted
through visual analysis and through the calculation of nonoverlap of all pairs. Data for the mathanxiety variable showed improving, decelerating trends to varying degrees for all three
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participants, though the improvements were relatively minor and the level data for each
participant was less clear. The first participant showed an increase in the level of math anxiety at
the start of the intervention phase, with consistent decreases in levels throughout the remainder
of the phase. The second participant showed a stable, decreasing trend during intervention. The
third participant showed a mixed trend during the intervention phase; there was a decrease in
math anxiety after the second writing intervention and then a slight increase following the third
and final intervention. For math instructional time, the results varied greatly across participants.
While baseline trends for instructional time were relatively flat for all three participants, trends
for each participant during the intervention phase were increasing, stable, and decreasing,
respectively. It is unknown why the results varied so much across participants for math
instructional time during the intervention phase. Inclusion of follow-up data at least two weeks
postintervention would have allowed for the examination of delayed treatment effects.
Discussion
Synthesis of Findings
Examining both studies together reveals additional information that aids in understanding
the results as a whole. Of the two variables, math anxiety was the variable that changed more
consistently after the intervention phase began. These changes were typically in the desired
direction; however, the changes were relatively minor. When viewing math-anxiety data across
both studies, a relatively small but interesting difference was noted between the participant
groups. The preservice teachers reported higher levels of math anxiety than the in-service
teachers, both prior to and throughout the study. For the AMAS screener, preservice teachers’
scores were higher and more variable than the scores for in-service teachers (𝑥𝑥̅ = 28, SD = 2.65,
vs. 𝑥𝑥̅ = 25.33, SD = 1.53). FS-ANX data collected during the study differed in similar ways
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within and across the two phases of the study. The FS-ANX results show that preservice teachers
had higher mean levels of math anxiety than in-service teachers across both phases (baseline
phase, 𝑥𝑥̅ = 19.29, SD = 1.70 preservice vs. 𝑥𝑥̅ = 17.50, SD = 2.40 in-service; intervention phase, 𝑥𝑥̅

= 18.44, SD = 2.30 preservice vs. 𝑥𝑥̅ = 17.00, SD = 2.35 in-service). In part, these results could
indicate a maturation effect that occurs during the first year of teaching.

As when examining the math-instructional-time results of each individual study,
reviewing the combined results must be done with caution, particularly due to the great
variability in the data. Still, there are some interesting observations. When reviewing the overall
data for all participants, a noteworthy pattern emerged (see Appendix F). The overall means for
math instructional time for both phases was greater for preservice teachers than for the in-service
teachers. For the baseline phase, in-service teachers engaged in an average of 5 min less math
instruction, and there was greater variance in the data (𝑥𝑥̅ = 52.70, SD = 18.09, n = 20) than with
preservice teachers (𝑥𝑥̅ = 65.11, SD = 15.48, n = 11). There are a number of potential explanations
for these differences. In-service teachers typically have more autonomy regarding their
classroom schedules than do preservice teachers. Preservice teachers may feel more internal and
external pressure to stick to a more consistent schedule. It could also be that preservice teachers
had less direct control over their schedules, as their instructional time was in part determined by
their educational-program requirements and their cooperating host teachers. Perhaps there were
also fewer disruptions within their school day, due to the time of year during which each study
was conducted. Another reason could simply be the variance in individual school and district
norms, guidelines, and cultures, as the two samples were from different states, and there are not
clear standards for the structure of school days and instructional delivery across districts and
states.
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Limitations
There are several limitations that apply to both studies. One limitation previously noted is
a lack of follow-up data after the intervention phases were completed. Scheduling one or more
follow-ups for a few weeks or months after the intervention would have allowed for the
examination of the possibility of delayed treatment effects. Delayed treatment effects are not
uncommon with expressive writing interventions (Gidron et al., 1996; Lepore, 1997). It is also
possible that the timing of the intervention in relation to the dependent variables measurement
timing could have impacted the results. Several previous expressive writing studies have
administered the intervention immediately prior to a performance task rather than having the
intervention delivered the day prior to measuring the dependent variables. Another limitation is
the small number of participants. Each study had three participants, which is considered by many
to be the minimum acceptable for single-case research to demonstrate experimental control
(Horner et al., 2005; Ray, 2015). Random sampling procedures were not used when selecting
participants. The lack of random sampling increased the possibility of sample bias and
introduced a threat to the study’s external validity. Additionally, all participants for both studies
were female and Caucasian. National statistics for the 2011–2012 school year indicated that 86%
of elementary teachers were female, and 82% of all public school teachers were White
(Goldring, Gray, & Bitterman, 2013). While the participant demographics for the present studies
reflect those majorities, they do not allow for the examination of how other population groups
may be impacted by the intervention. Also, expressive writing interventions may have different
results for women than for men (Stickney, 2010), so future math anxiety studies should examine
potential intervention efficacy differences by gender.
Recommendations for Future Research
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More research needs to be conducted to more fully assess the effectiveness of expressive
writing interventions with teacher math anxiety. Researchers embarking on similar studies in the
future might consider the following suggestions. Although it is impossible to control for all
potential confounding variables when conducting research in the field, researchers should
continue to look for ways to control for and minimize factors that may impact the validity and
thus the generalizations they can conclude from their results. These efforts could include the
careful selection of the time of year to conduct the study, more controlled settings under which
the data is collected, and regular check-ins with participants throughout the course of the study to
check for unanticipated elements that could impact the reliability of the data being collected.
Future single-subject replication studies should include a wider variety of participants in regard
to demographic factors that may be more representative of the teaching population as a whole.
Including one or more scheduled follow-ups a few weeks to a few months after the intervention
has been completed would allow for greater examination of potential delayed treatment effects. It
is possible that the intervention dosage (amount of time per session or number of sessions) might
be necessary to create an impact on one or more of the dependent variables. Future researchers
might consider adding intervention sessions or increasing the length of each session for this
reason. Increasing the number of participants would also help to strengthen experimental control.
In the present studies, self-reporting methods were used to gather data on the math
instructional time variable. While self-reports are frequently used in the social sciences, context,
wording, and format can affect the results (Schwarz, 1999). Collecting instructional time data
through the use of other means (observers or video recordings) might improve the reliability of
the results.
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Math instructional time, at least with in-service teachers, may prove to be too variable to
establish baseline stability within the parameters set for the current study. Including more data
points during the baseline phase might allow for baseline stability to be reached over time with
all participants for the math-instructional-time variable. However, it may also be that the stability
envelope parameter may need to be adjusted to a more realistic figure. For example, instead of
the points being required to fall within 20% of the median, setting the criteria to 25% might
prove to be more practical and appropriate (Gast & Spriggs, 2010). Another approach may be to
average math instructional time over a few consecutive days for each data point, rather than
determine baseline stability from data taken on single days. Alternately, selecting a more
observable dependent variable in addition to (or in lieu of) math instructional time could be
considered. For example, focusing more on a variable related to the results of reduced
instructional time, such as a reduced lesson pace as shown by the number of pages or units
covered within the math textbook or curriculum, would be another approach to examining
potential math avoidance by teachers and its impacts on students.
Hundreds of past research studies have demonstrated the effectiveness of expressive
writing interventions with numerous phenomena. Although further research is needed related to
its usefulness in combating math anxiety, the current studies suggest it could be of some benefit
within education—particularly with preservice teachers’ levels of math anxiety. The simplicity,
minimal cost, and ease of administration of expressive writing interventions make pursuing
further research well worth the effort. If additional research can establish its effectiveness in the
reduction of math anxiety and its negative consequences, expressive writing interventions would
be likely to be employed by educators and counselors in a number of ways to assist the
populations with whom they work. Teacher educators could administer the intervention to
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aspiring teachers as part of their teacher-preparation programs, possibly reducing the negative
impacts of math anxiety within the classroom. Math teachers themselves could consider
engaging the students in their classes in brief expressive writing activities at the beginning of
their courses or prior to engaging in math exams. School counselors could provide a similar
option to their school’s staff, either during an in-service training or on an individual basis.
School counselors could also consider using the intervention with students who indicate higher
levels of math anxiety. Expressive writing as an intervention for teacher math anxiety continues
to hold great promise and be worthy of additional attention.
How This Dissertation Process Has Informed/Shaped My Future Research Agenda
Two areas related to the present studies that are of particular interest to the researcher
include the prevention of math anxiety and the reduction of the impacts of math anxiety on
career choices. As a veteran school counselor, the researcher understands that school counselors
are in a perfect position to be able to assist students in both of these areas. Future research can
provide important information to help guide these efforts. Social cognitive theory and social
cognitive career theory can provide frameworks for further study in both of these areas.
As researchers continue to explore ways to reduce math anxiety, an area of at least equal
importance is the prevention of math anxiety in the first place. One of the ways math anxiety
develops is through the cycle of repetitions of poor math performance, which increases the fear
of failure and causes math avoidance (Finlayson, 2014). Over time, this cycle reduces a student’s
sense of self-efficacy (Campbell & Hackett, 1986). The relationship between self-efficacy and
achievement has been well-documented (Bandura, 1997; Villavicencio & Bernardo, 2016;
Zimmerman, 2000). In fact, studies have shown that self-efficacy beliefs can be used as a
predictor and a moderator of math anxiety (Erdogan & Kesici, 2009; Galla & Wood, 2012). If
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self-efficacy beliefs can predict math anxiety, interventions to strengthen self-efficacy beliefs
might help prevent math anxiety. One study has shown that emotional self-efficacy can help
protect against the negative performance impacts caused by math anxiety (Galla & Wood, 2012).
Future longitudinal studies can examine whether these impacts are primarily short-term or may
have long-term, lasting benefits on math anxiety, math performance, and self-efficacy.
Bandura (1994) describes four sources of self-efficacy: mastery experiences, vicarious
experiences, social persuasion, and physiological and emotional states. It has been difficult to
operationalize these sources of self-efficacy within an academic setting, but researchers have
begun to develop promising instruments in this area (Usher & Pajares, 2009). Reliable
instruments can help improve the validity of future academic self-efficacy research.
It may very well be that some of the work currently being done in schools, particularly
the activities often used by school counselors in relation to social-emotional learning and
development, may already be making a positive impact on levels of student self-efficacy.
Schools and school counselors have long been involved in addressing so-called “non-cognitive
factors” related to academic learning and success, including the fostering of self-efficacy
(American School Counseling Association, 2014; Osher et al., 2016). Future research related to
math-anxiety interventions and academic self-efficacy would strengthen the already substantial
argument for the importance of including social-emotional learning standards and activities
within K–12 schools.
More research is needed related to math anxiety’s impacts on career trajectories. Some of
the existing literature indicates that math anxiety can cause avoidance of certain career paths
(Espino, Pereda, Recon, Perculeza, & Umali, 2017.; Hembree, 1990); other articles seem to
contradict this or at least point to exceptions and provide examples of people who have pursued
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math-related careers in spite of math anxiety (Kyttälä & Björn, 2010). Self-efficacy may play a
role in explaining these discrepant results. It is possible that people with math anxiety may be
more likely to avoid math-related academic and career choices earlier in their lives, but as selfefficacy increases, people are less likely to let their related fears be obstacles that would result in
career avoidance. More research related to self-efficacy and math anxiety, along with the
longitudinal studies described above, may provide insights into how to prevent math anxiety
from developing and how to mitigate its impacts on careers.
Because of these research needs, the researcher would like to conduct or initiate the
following studies in the next 5 years. One study will follow the basic single-subject, multiplebaseline research design of the preservice teacher study conducted in this manuscript,
incorporating the recommendations from the initial study. However, it will be a longitudinal
study over 6 years and will incorporate additional quantitative and qualitative analyses. The
longitudinal components include the collection of postintervention data once every 2 weeks for 3
months to allow for the examination of delayed treatment effects. In addition, the participants
will complete the FS-ANX and record math instructional time once annually for 5 years
following the intervention. This process will help assess the trajectory of math anxiety over the
early years of participants’ careers. Each participant will also be interviewed at three points
throughout the study: at the beginning of the study, 2 months after the intervention, and at the
very end of the study. Data analysis will expand to include thematic coding and analysis of the
interviews as well as a content analysis of participants’ responses to the expressive writing
prompts. Through this study, the researcher hopes to answer the initial two research questions as
well as establish a grounded theory based on a third research question: What is the process of
early career teachers as they seek to overcome math anxiety?
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The researcher plans to conduct additional math-anxiety studies with K–12 student
populations. To examine the impacts of expressive writing intervention with middle and high
school students, a study will be conducted with students in Grades 7 and 9 and will utilize a
similar research design and intervention as the current studies. This study will also be
longitudinal, examining changes in math anxiety and career goals over time, measured once per
year for 10 years. This time span will allow for the examination of career interests, selection of
college majors (for those who attend college), and actual career choice. Previous studies that
have explored the impact of math anxiety on career choice have typically focused on its impact
on the selection of a college major. This study will help examine the effects of an expressive
writing intervention on levels of math anxiety and actual career choice beyond graduation from
high school or college.
A third study will focus on math-anxiety prevention through the use of the Second Step
social-emotional learning curriculum (http://www.cfchildren.org/programs/social-emotionallearning/). Students in Grades 3 through 5 will complete assessments related to math anxiety,
academic self-efficacy, and academic buoyancy (Martin, Colmar, Davey, & Marsh, 2010; Miller,
Connolly, & Maguire, 2013) at the beginning and end of the school year. Data will be compared
between schools that implement the Second Step curriculum and those that do not.

A final study will also focus math-anxiety prevention efforts but will examine the
difference between groups that receive only a classroom-based intervention and those that also
receive an individual intervention. The researcher will work in conjunction with local school
districts that use the Second Step social-emotional learning curriculum in Grades 3 through 5.
Lessons that specifically target motivation, anxiety, and self-efficacy will be given within the
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classrooms. Experimental and control groups will be established based on those students with
higher levels of math anxiety. In addition to the classroom lessons, the experimental group will
also receive a 12-week small-group cognitive-behavioral intervention based on the Unified
Protocol (Barlow, Farchione, & Fairholme, 2010). Data analyses will examine the differences
between levels of math anxiety in the control and experimental groups at the end of the
intervention.
Longitudinal studies related to math anxiety are quite rare. Studies that examine mathanxiety prevention and intervention in K–12 schools are also scarce. Studies that have explored
the impact of math anxiety on career choice have typically been conducted before students
actually entered their chosen careers. The research studies outlined above will help address these
gaps in the literature and will make significant contributions toward our knowledge of the
interventions and processes involved in preventing and overcoming math anxiety.
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Figure 1. FS-ANX results; mean scores for all participants in both studies.
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Figure 2. Math-instructional-time results; mean scores for all participants in both studies.

