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ABSTRACT

VIDAL ELIZABETH OLIVARES
DOES THE APPLE FALL FAR FROM THE TREE? A MIXED METHODS STUDY
ON THE INTERGENERATIONAL TRANSMISSION OF MATHEMATICS
ATTITUDES
Under the direction of ROBERT J. CEGLIE, Ph.D.

Cold sweats, head shakes, and memories of hardship are the common reactions
when adults are introduced to a high school mathematics teacher. Observations show that
few adults enjoyed mathematics in their youth. This study aimed to investigate the ways
in which students internalize the mathematics attitudes of their parents. Additionally it
examined the students' adoption or rejection of their parents' attitudes and investigated
differences due to gender, level of mathematics course taken, and socioeconomic status.
Instruments measuring self-efficacy beliefs in mathematics, as well as value placed on
learning the content were administered to all juniors, seniors, and their parents in a
suburban school district. In addition to offering parents an opportunity to provide further
insight concerning the sources of their children's mathematics self-efficacy beliefs,
interviews provided an additional layer of information to provide context and expanded
upon the quantitative data. Results reveal that the relationship between a parent and
child's belief systems is a complex one and varies according to student mathematics
level, parent's level of mathematics attitudes and socioeconomic status.
Keywords: self-efficacy, expectancy-value theory, parental beliefs, mathematics
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Does the Apple Fall Far From the Tree? A Mixed Methods Study of the Intergenerational
Transmission of Mathematics Attitudes

CHAPTER 1
INTRODUCTION

Background
While I was always encouraged to do my best in school, I have numerous vivid
memories of my mom recounting her struggle in mathematics. By the time I was in
algebra, she could no longer help me with my homework and jokingly told me that the
answer to every question was four. She readily admitted to cheating her way through
mathematics in high school. I am not sure if it was my self-inflicted identity as the family
'brain' or 'bookworm' or the horror of becoming like my mom, but by ninth grade, I was
determined to excel in mathematics. While it was not always an easy feat, I successfully
navigated my way through trigonometry by the time I graduated high school.
Throughout this process, I was always called upon to assist my peers, which led to my
decision to pursue mathematics education. Ultimately, I found that my passion was to
help teenagers overcome their fear of mathematics.
Fast forward thirteen years and I am living the life of a secondary mathematics
teacher. While I love my job, I am not certain that I am alleviating the mathematics
anxiety within my students, which I believe is half the battle of learning the content.
Knowing that this can be a daunting task for one woman, I looked toward parents for
1
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assistance. In this search, I realized that many of my students are experiencing the same
negativity towards mathematics at home that I faced growing up. I hear from students and
parents alike that they find upper level mathematics irrelevant to their daily lives. I find it
troubling when the first words out of a parent's mouth are "I have always been terrible at
math, and tell [my child] not to ask me questions." "I hated and barely passed Algebra."
"We never learned the things the kids do now." "Thank goodness my job doesn't require
math." If a parent is so willing to speak these things to me, the teacher, I cannot even
imagine what is said at home.
Research Questions
Because of my mother's struggles, I realized at an early age how fortunate I was
that mathematics ability is not hereditary or solely for the White males, as is typically
found in the stereotyped image of mathematicians. Had I struggled more in school, would
I have followed in her footsteps and simply accepted the fact that mathematics was not
for me? The current study aimed to address the following questions:
1) Which of the four sources of self-efficacy beliefs do students use to develop
their own self-efficacy beliefs?
2) In what ways do parents' a) self-efficacy and b) subjective task value placed
on mathematics relate to the mathematics attitudes adopted by students?
3) How does the intergenerational transmission of math attitudes differ according
to gender, level of mathematics course taken in late high school, and
socioeconomic status?
4) What insights can parents provide about the sources of their children's
mathematics attitudes?
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Conceptual Underpinnings for the Study
A number of variables, such as socioeconomic status (SES) (Crosnoe & Huston,
2007), parental involvement (Bong, 2008; Epstein, 1992; Hoover-Dempsey & Sandler,
1995), and competence beliefs (Bouchey & Harter, 2005; Pietsch, Walker, & Chapman,
2003) have been found to affect the level of achievement which students experience in
mathematics. Because achievement is at the center of today's accountability movement,
an exploration of the effects of the aforementioned factors on student motivation is of
vital importance to educators (Elliot & Dweck, 2005; Schunk, Pintrich, & Meece, 2008).
Since the disposition a person has towards mathematics is often difficult to reverse,
educators and parents must examine the implications of their words and actions (Boaler,
2008). This study investigates the phenomenon of the potential transmission of
mathematics attitudes through the lens of social cognitive theory and expectancy-value
theory. These two theories have been chosen because they are closely related to
DiMartino and Zan's (2010) tripartite model of attitude which identifies three interrelated
components: a) emotional dimension, b) perceived competence, and c) one's vision of
mathematics. The emotional component refers to one's positive or negative disposition
towards mathematics. This disposition is conceptualized by Bandura (1997) as one source
of self-efficacy beliefs, physiological state, and by Eccles et al. (1983) as subjective task
value. The perceived competence or perceived behavioral control refers to beliefs with
regards to one's ability to accomplish a task, which, in this study, will be equated to one's
self-efficacy beliefs and expectancy beliefs (Ajzen, 1991). Finally, the vision of
mathematics is the belief that success in mathematics is relational or instrumental to
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one's efforts, conceptualized as one's task choices (DiMartino & Zan, 2010; Wigfield &
Eccles, 2002).
Social Cognitive Theory
Albert Bandura's social cognitive theory is the conceptual framework at the heart
of this study. This theory allows researchers to understand the developmental changes
that transform individuals across their life span; including the beliefs they have about
their capabilities to successfully accomplish a given task (Bandura, 2006a). These beliefs,
known as self-efficacy beliefs, affect whether a person will be motivated to attempt or
complete a task in the face of difficulties (Schunk & Pajares, 2002). Self-efficacy beliefs
are influenced by four sources, identified as a) mastery experiences, b) vicarious
experiences, c) social persuasions, and d) physiological and emotional states (Maddux &
Gosselin, 2003). Vicarious experiences are observations of a behavior exhibited by others
and the consequences of that behavior (Bandura, 1977). The effects of vicarious
experiences depend primarily on the similarities between the observer and the person
being observed (Maddux & Gosselin, 2003). These experiences, manifested in the form
of parent-child mathematically related interactions, are one facet of self-efficacy beliefs
under scrutiny. The second source of self-efficacy beliefs studied is social persuasion
which refers to the suggestion from others that one can or cannot successfully accomplish
a task (Bandura, 2006a). Finally, the physiological arousals students face when learning
mathematics were explored.
Expectancy-Value Theory
Expectancy-value theory refers to one's expectations for doing well on a task, in
combination with the value placed on doing well. Combined, these factors affect the
effort put forth in performing the task (Bouchey & Harter, 2005; Dweck, 2006; Eccles et
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al., 1983). A student's perspective on the effect increased efforts will have on the
outcome is also an important aspect of this theory. Dweck (2006) uses the terms "fixed
mindset" and "growth mindset" to distinguish between the two ends of this spectrum.
Statement of the Problem
Parents who discuss school with their children are often led to share their own
high school experiences. Sometimes these experiences are positive ones, other times they
are not. There is a lack of research exploring the possible transmission of competence
beliefs from parents to their children. Studies have been conducted to demonstrate the
links between parental involvement and mathematics achievement (Urdan, Solek, &
Schoenfelder, 2007; Yan & Lin, 2005), perceived achievement goals of parents and
mathematics achievement motivation (Ames & Archer, 1987; Bong, 2008; Gonzalez &
Wolters, 2006), and perceived parental academic ability and student achievement
(Bleeker & Jacobs, 2004; Bouchey & Harter, 2005; Pomerantz, Grolnick, & Price, 2005).
There is a lack of research on how a parent's personal mathematics attitude directly
relates to the level of parental involvement or to the competence beliefs of their children,
specifically in the area of mathematics. Additionally, despite the numerous publications
devoted to social cognitive theory (Maddux & Gosselin, 2003; Pajares & Urdan, 2006;
Wigfield & Eccles, 2002) and the predictive nature of mastery experiences (Bong, 2008;
Pietsch, Walker, & Chapman, 2003; Ryan et al., 2007), the predictive nature of the
remaining three sources of self-efficacy beliefs (vicarious experiences, social
persuasions, and physiological states) have been underrepresented and inconsistent
(Usher, 2009). There is also a lack of qualitative research in the area of self-efficacy
beliefs. Qualitative research provides opportunities to scrutinize the intricacies of how
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one's competence beliefs are developed (Zeldin & Pajares, 2000; Zeldin, Britner, &
Pajares, 2008).
According to Moses (2001), math instruction is a means to separate people so that
those who remain amount "to a priesthood, masters of the arcane secrets of math through
what appears to be some God-given talent or magic" (pp. 9-10). Students are no longer
ashamed to scrape by with the minimum passing grade; in fact, it is the oddball in the
class who excels in mathematics. Times are changing as the current state of the economy
is in flux and unemployment has been high. It is no longer acceptable to be completely
mathematically illiterate. For Moses (2001) this means that all students, particularly
disadvantaged youth, will need to graduate from high school having taken higher levels
of mathematics to be prepared for college level mathematics. For me, mathematically
literate students are better able to reason through any of life's problems and then access
the tools necessary to find a solution. While this may sound simplistic or achievable
without a background in mathematics, the skills developed when becoming fluent in
mathematics are the same ones called upon when facing any challenge.
Purpose of the Study
The current study aimed to determine whether there is a relationship between the
attitudes parents have regarding their mathematics ability and those of their children.
There is a large body of literature examining the relationship between one's competence
beliefs and academic achievement (Bouchey & Harter, 2005; Pietsch, Walker, &
Chapman, 2003). In addition, there have been several studies concerning the influence
that parental involvement has on a student's achievement (Bong, 2008; Hoover-Dempsey
& Sandler, 1995; Yan & Lin, 2005). However, there is a lack of research discussing how
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a parent's mathematics beliefs relate to the beliefs of their children with respect to
mathematics ability. The primary focus of this study was to investigate the explicit and
implicit messages students receive from their parents concerning the ease and value of
learning mathematics. Gaining insight on the role which vicarious experiences and social
persuasions have on the development of self-efficacy beliefs of students in mathematics
was also of special interest.
Hypotheses
I hypothesized that parents, who remember struggling in mathematics as
teenagers, will have children with lower competence beliefs in their own mathematics
ability. I believed that these parents will recount their negative experiences to their
children, who in turn take any failure as proof that they are not meant to be successful in
mathematics. Additionally I anticipated that parents who rarely utilize mathematics in
their daily lives will have children who do not place high value in learning mathematics,
seeing this as a rationale for not finding mathematics important. The study also addressed
the hypothesis that students whose parents have a higher mathematics attitude will be
enrolled in high levels of mathematics during high school; as students with a higher sense
of self-efficacy beliefs in mathematics will be willing to attempt the more rigorous math
class. The independent variable in the study was the mathematics attitudes of parents,
while the dependent variables were the mathematics attitudes of students and the level of
mathematics taken during the student's high school years. The null hypothesis was that
the mathematics attitudes of parents will have no impact on the disposition students have
toward mathematics or the level of mathematics class taken in high school.
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Rationale
The effects of self-efficacy beliefs and parental involvement on student
motivation hold personal, practical, and intellectual interest to me. I have observed that
teachers will be the first to attest that it does not matter what occurs in the classroom if
students are not motivated to put forth the effort necessary in learning the material.
Unfortunately, teachers and students do not hold the sole responsibility to the
development of a student's academic motivation, yet they are the parties who take most
of the blame. Motivation is difficult to assess, but it is an important issue to investigate in
today's world of academic accountability because of the implications motivational
practices have on academic achievement. Because the field of motivation theory is so
large, encompassing self-efficacy and competence beliefs, attributions and control
beliefs, interest and intrinsic motivation, expectancy and utility value, and goal
orientations (Pintrich, 2003) it is vital to explore the idea of a common thread within
these aspects. Parent beliefs have a larger impact on students continuing in mathematics
than teacher beliefs (Eccles & Jacobs, 1986), thus parental influence on student
motivation as related to mathematics attitude was investigated.
Significance
While there are many components to student motivation, this study aimed to
address the gap in the literature concerning parent perceptions of their own mathematics
abilities and whether their children internalize these beliefs. Determining whether there is
an intergenerational transmission of competence beliefs will inform parents and teachers
of the consequences of negative mathematics talk at home. As Eccles (2009) points out,
"parents, teachers, and peers tell people what they are good at or not good at, often with
very little information on which to base such conclusions" (p. 85). The students many
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teachers encounter are afraid to try a problem because they are certain that they will get
the answer wrong. An attempt to develop a classroom environment where it is acceptable
to be wrong is one way to establish a safe haven. This is favorable as long as it promotes
a better understanding of the underlying mathematical concepts. Many mathematics
teachers believe that fear of failure is too common in these classrooms and worry that
parents may even transmit this fear to their children (Elliot & Thrash, 2004). This
phenomenological study falls in line with recommendation of Elliot and Thrash (2004)
for additional research to investigate the intergenerational transmission of other
motivational constructs. The relationship an adult has with mathematics is a social and
complex one that is generally fixed and unyielding (Coben, FitzSimons, & O'Donoghue,
2000). Additional research is needed to explore how this phenomenon is reproduced in
future generations so that mathematics does not continue serving the role of the ogre of
academic subjects. Because the problem of parents speaking negatively about school
experiences is not isolated to mathematics, findings also have the potential to inform
educators about motivational factors in other content areas.
Research Design
Data were collected from students and their parents in a suburban school district.
This sample is one of convenience, as the researcher teaches in this school. Packets
including a letter of explanation about the study, letters of consent for both parents and
students, the Mathematics Motivation Questionnaire for parents, and an answer document
were sent home with all students enrolled in a junior or senior level mathematics course.
Upon return of the answer document and appropriate consent forms students,
were administered the Mathematics Motivation Questionnaire, (an adaptation of the
Science Motivation Questionnaire designed and validated by Glynn and Koballa (2006))
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as well as the Sources of Self-Efficacy Beliefs Scale (developed by Usher (2007) and
validated by Usher and Pajares (2009)). Once data from the surveys were collected and
tabulated, parent volunteers were purposefully selected for a 30 to 45 minute interview.
This study aimed to explore how parent beliefs differ from student beliefs, thus four
categories of parent-student pairs were chosen to represent the different combinations of
self-efficacy and personal relevance beliefs for learning mathematics.
After the adult interview participants were chosen, the child of each parent was
also interviewed. Interviews were conducted of a sample of parent/ child matches. These
pairs were constructed using only the parent data. First, the mean score for the two
subscales: a) self-efficacy beliefs and assessment anxiety and b) intrinsic motivation and
personal relevance were calculated. The mean scores for the first subscale divided parents
into three groups: a) low self-efficacy in mathematics, b) high self-efficacy in
mathematics, and c) moderate self-efficacy in mathematics. The divisions were created
by taking 67% of one standard deviation above and below the median. This increment
was used as it allowed the three groups to be relatively evenly dispersed with 34
participants in each group, plus or minus two. The mean scores for the second subscale
were used in a similar manner to divide the parents into three groups: a) low personal
relevance, b) high personal relevance, and c) moderate personal relevance. Finally, the
results of these two separate divisions were used to create four groups to study. Parents
who identified themselves as moderate in either subgroup were not considered for
interviews, while the remaining parents were categorized as a) high self-efficacy / high
personal relevance, b) low self-efficacy / high personal relevance, c) low self-efficacy /
low personal relevance, and d) high self-efficacy / low personal relevance. These
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categories are depicted in Figure 1. The participants were contacted via email to establish
a meeting time and location for the interview. All parents who responded to the email
were interviewed as well as their child. This resulted in 16 interviews (8 parent/ child
pairs). These interviews were used to add depth to the survey data, and offer insight to the
constructs which influence the development of self-efficacy beliefs (Zeldin & Pajares,
2000; Zeldin, Britner, & Pajares, 2008).

High Personal

Relevance
All Parents

Low SelfEfficacy

High Personal
Relevance
Low Personal
Relevance

Figure I. Parent subgroups for interviews.

Methods
Both students and parents were given a self-reported Likert-type attitude scale
measuring self-efficacy beliefs and value placed on learning mathematics (Glynn &
Koballa, 2006; Usher, 2007; Usher & Pajares 2009). The responses were reported on a
five-point scale, ranging from "Never" to "Always." Additionally, the parent and child
questionnaires each gathered general background information, the mathematics course
taken by the student, and annual household income of the parent. Parents and students
were both asked questions concerning their early school experiences, experiences in
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mathematics, and future goals using semi-structured interviews (Seidman, 2006). In
addition, parents were asked about their perceptions of their children's school
experiences.
Delimitations, Limitations, and Assumptions
This study was not able to answer all questions regarding the effects of parental
influences on student motivation. The first delimitation occurred because the researcher
only investigated mathematics attitudes, which is simply one facet of motivational
sciences. This is due to self-imposed time constraints and manageability. Because there is
currently a large body of literature on the effects of parental influences on achievement
goal orientation (Bong, 2008; Gonzalez & Wolters, 2006) and attribution and control
beliefs (Bong, 2008; Crosnoe & Hutson, 2007; Urdan, Solek, & Schoenfelder, 2007),
these factors were not explored in the current study. A second delimitation was that
mastery experiences were excluded from the focus of self-efficacy beliefs, as this source
has been thoroughly investigated. A final delimitation is that this study was limited to one
high school in a suburban school district. It is possible that results could be affected by a
change in school demographics.
The use of self-reported questionnaires, in addition to interviewing parents and
students regarding their mathematical experiences, immediately brought potential bias
into the study. Experience in mathematics classes and the ensuing attitudes towards
mathematics may be a sensitive matter to an individual. Because the researcher is also a
mathematics teacher, it is possible that parents could have been embarrassed or worried
about blame being placed on them for their child's struggles. This may have tempted
them to downplay their own negative experiences or the content of their discussions of
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school at home. The research was limited to the responses, truthful or not, which were
provided. This study assumed that participants would be truthful and would not adjust
their answers in attempts to provide what they thought the researcher wanted to hear. It
was also a concern that knowing the focus of the current study could cause participants to
adjust their responses in order to avoid any potential responsibility. This was the biggest
potential threat involved in the study because it is assumed that parents and students
would have a strong positive or negative relationship with mathematics and that they
would discuss school experiences at home.
The passion about the topic of parents' beliefs and their effect on their children's
beliefs was a personal bias brought to the study. As a mathematics educator of many
apathetic seniors, this researcher refuses to believe that she carries all of the blame for the
students' lack of motivation. Because the researcher believes that there are other social
and familial factors that influence student motivation, every effort was made to examine
and monitor word choice and tone when the interviews were conducted. If parents
interpreted her questions as placing culpability on them for their child's mathematics
identity, then they may have been defensive in their responses. It was important that
participants understood that the researcher was not trying to place blame, but instead gain
understanding of a phenomenon. Another underlying assumption was that interview data
would contribute to the quantitative results from the parent and student surveys and that
by selecting the interview participants from the four groups formed from the
questionnaire responses ensured that all four perspectives of mathematics related beliefs
were heard.
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Definition of Key Terms
There are many self-theories people use to describe the beliefs they have about
themselves (Dweck, 2000). Because these terms are commonly confused with each other,
the following is a clarification on how each self-theory will be defined throughout the
current study.
.Self-efficacy beliefs are the "conviction that one can successfully execute the
behavior required to produce the [desired] outcomes" (Bandura, 1977, p. 193). In other
words, self-efficacy beliefs are "beliefs (accurate or not) about one's competencies and
one's ability to exercise this competencies in certain domains and situations" (Maddux &
Gosselin, 2003, p. 219).
Self-concept beliefs describe one's beliefs concerning what other people believe
about abilities of the individual or how a person compares to others (Pietsch, Walker, &
Chapman, 2003).
Both of these beliefs differ from self-esteem which describes how a person feels
about what he believes about himself as a judgment of self-value (Maddux & Gosselin,
2003; Pajares, 2000).
None of these terms should be confused with the catchword, confidence.
Confidence "refers to the strength of belief but does not necessarily specify what the
certainty is about" (Bandura, 1997, p. 383).
Competence beliefs refer to the collection of beliefs individuals have regarding
their self-efficacy and self-concept to learn mathematics.
For the purposes of this study, the word parent(s) refer to the adult(s) with whom
the student lives.
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Mathematics attitude refers to the relatively stable disposition, positive or
negative, that one has towards mathematics (Hemmings, Grootenboer, & Kay, 2011).
This is comprised of one's self-efficacy beliefs and the value placed on learning
mathematics.
Mathematics identity describes the beliefs a) which students hold about their
ability to perform within a mathematical situation, b) the importance of acquiring
mathematics knowledge, c) the limitations and opportunities presented within
mathematical contexts, and d) the motivational strategies used as a result of these beliefs
(Martin, 2000).
Mathematics socialization refers to experiences which shape mathematics
identity. These experiences can occur in sociohistorical, community, school, and
intrapersonal contexts (Martin, 2000).
Summary
This phenomenological study examined the beliefs parents had about their
mathematics abilities and explored whether or not there was a relationship with the
beliefs their children have about their own mathematics abilities. Due to the findings that
women in science, technology, engineering, and mathematics (STEM) careers attribute
their self-efficacy beliefs to vicarious experiences and social persuasion (Zeldin &
Pajares, 2000), while men in these same fields cite mastery experiences as the root of
their self-efficacy beliefs (Zeldin, Britner, & Pajares, 2008), it was anticipated that
females in higher mathematics classes will have parents who are strong in mathematics.
It was also anticipated that males in high levels of mathematics would not only have high
self-efficacy beliefs, but would also view these abilities as naturally occurring and

unrelated to their parents (Usher, 2009). Findings were expected to show that students
who come from lower socioeconomic homes will fall on one end of the spectrum or the
other. Some of these students may struggle in mathematics as their parents did, while
others may persist in order to overcome this fate of social reproduction. Students from
higher socioeconomic homes were believed to align with the beliefs of their parents,
especially if their parents struggled in mathematics.

CHAPTER 2
REVIEW OF RELATED LITERATURE

"For most people, mathematics is more than a subject. It is a relationship between
themselves and a discipline purported to be 'hard' and reserved only for an elite and
powerful few" (Tobias, 1993, p. 1)

According to a survey of Kansas parents there was no pressing reason for parents
to fight, on a local or national level, for better results on math, science, and technology
assessments because they did not believe that these courses were vital to personal
opportunity (Kadlec & Friedman, 2007). It is a concern that when students hear horror
stories spoken by their mathematically challenged parents, they maybe implicitly be
receiving messages that mathematics is simply an obstacle to overcome in order to
graduate high school. Some students may even grow to believe that because their parents
had difficulties in mathematics, then they are destined to struggle as well. Additionally
the fear is that low self-efficacy beliefs concerning mathematics by parents will further
reproduce this cycle of trepidation, which will prevent their children from exploring the
level of mathematics required for the technological innovations of the next decade. This
phenomenological study aimed to investigate the ways in which students internalize the
self-efficacy beliefs and subjective task value of their parents in regards to mathematics.
Specifically, this study planned to explore whether these beliefs are transmitted
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intergenerationally. Thus, does the apple fall far from the tree? Additionally, this
potential intergenerational transmission was examined for differences associated with
gender, level of high school mathematics course, and socioeconomic status.
Before the theoretical framework is discussed it is necessary to understand what is
meant by the word internalized and why it is utilized in the current study. Described by
Vygotsky (1978), internalization consists of a series of three transformations. First an
external activity (i.e., one's parent's mathematics skills/ beliefs) is reconstructed and
begins to occur internally. Then, this activity appears on the social level (i.e.,
conversations between parent and child) and then on the intrapersonal level (i.e.,
conscious and unconscious reflection of the conversations). Finally, a transformation of
the activity is solely identified on the intrapersonal level (i.e., student adopting similar
beliefs). Cole (1985) conceptualized internalization as a situation where an individual,
"through participation in interpersonal interaction in which cultural ways of thinking are
demonstrated in action, is able to appropriate them so they become transformed from
being social phenomena to being part of his or her own intrapersonal mental functioning"
(p. 193). This concept is important to the current study because it describes a
transmission of beliefs in which the child interprets his parent's schema and then
formulates his own meaning to how it influences his own beliefs. Eccles (2009) discusses
in expectancy-value theory that this socialization can be either on the conscious or
subconscious level. This chapter reviews literature pertaining to social cognitive theory
and the Eccles et al. (1983) modern expectancy-value theory both of which frame the
current study. In addition to the fundamentals of each theory, the ways in which these
conceptual frameworks relate to mathematics, parental expectations, and various
motivation constructs are explored.
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Social Cognitive Theory
When investigating the factors which work together to form a person's motivation
in school, it is important to explore social cognitive theory. Social cognitive theory, first
conceptualized by Albert Bandura (1977), describes three continuous and interactive
dynamics during the learning process: a) cognition, b) behavior, and c) environment. As
demonstrated by Figure 2, Bandura posits that individuals are not driven solely by inner
demands, nor are they controlled by external stimuli, but instead behavior can be
explained by the reciprocal interaction between each aspect (Bandura, 1986). Each of the
three components operate for and because of each other and thus work together to
influence human functioning. Humans are able to evaluate their environment and then
make behavioral decisions based on these observations. Through introspection and selfinfluence, individuals simultaneously act as an agent of change and an object of change
(Schunk & Pajares, 2005). Social cognitive theory views the evolution of individuals as
an exercise of personal agency which means that one must learn how to "originate and
direct actions for given purposes" (Zimmerman & Cleary, 2006, p. 45). Through
intentionality, forethought, self-regulation, and self-examining, individuals can first
decide on a course of action, and then pursue it (Bandura, 1997). Each of these four
aspects describe how a person exhibits self-influence before accomplishing any task.
Self-reflection of these aspects allows one to make adjustments to his course of action if
necessary. A person's self-efficacy is one component of social cognitive theory which
influences how individuals view their potential to make these adjustments.
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Figure 2. The relationship between the three classes of determinants in triadic reciprocal
causation. (Bandura, 1986)

Bandura (1977) discusses how psychological components influence one's
personal efficacy expectations and outcome expectations. These expectations differ in
that personal efficacy expectations describe the belief that one is capable of
accomplishing the required actions needed to achieve a desired outcome, while outcome
expectations describe one's anticipation of a behavior leading to the end result. For
example, assume that an athlete knows that with rigorous training it is possible to
successfully run a marathon. If the athlete believes that he is capable of completing the
training but has doubts that his training will allow him to finish the marathon, then this
athlete would be considered to have high personal efficacy expectations, but low outcome
expectations. Social cognitive theory suggests that if this athlete has doubts about the
training plan leading to his personal success, then he will be less likely to even begin the
training. Bandura (1977) succinctly demonstrates this difference in Figure 3.
Person

*• Behavior
L
Efficacy
Expectations

-• Outcome

Outcome
Expectations

Figure 3. Diagrammatic representation of the difference between efficacy expectations
and outcome expectations. (Bandura, 1977)
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Self-efficacy beliefs are those regarding one's perception of being capable of
organizing and implementing strategies required to produce a desired result (Maddux &
Gosselin, 2003). Self-efficacy beliefs also refer to the opinion one has on whether success
in a certain activity is attainable. These beliefs affect one's behavior and are developed
by four primary sources: a) mastery experiences, b) vicarious experiences, c) social
persuasion, and d) physiological arousal (Maddux & Gosselin, 2003). Mastery
experiences describe the level of success an individual has encountered when previously
attempting a given or similar task. For example, being able to successfully work one math
problem enables a student to attempt a second problem. Vicarious experiences occur
when an individual witnesses others successfully completing a task. If this same student
identifies closely with a classmate, he will be encouraged to attempt the assignment after
seeing the classmate get the correct answer. Social persuasion describes both the
encouragement by others to attempt a task, such as the teacher softly prodding the student
to try the problem, as well as the feedback received during and after the activity. Finally,
emotional states, also known as physiological arousal, include the emotional anxiety or
physical reactions conveyed naturally by one's body. If a student feels nauseous at the
sight of a math problem, it is going to take more than a little encouragement to convince
his brain that a correct answer is probable while his stomach is telling him otherwise.
Because many terms are incorrectly interchanged when discussing self-efficacy
beliefs, it is important to distinguish between these terms. Self-efficacy beliefs describe
the perception of one's capacity to achieve a specific goal and focus on what individuals
believe can be accomplished with the skills possessed (Bong & Skaalvik, 2003;
Zimmerman & Cleary, 2006). These ideas may or may not be accurate portrayals of a
person's actual capabilities (Maddux & Gosselin, 2003). Self-concept beliefs, which are
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more general, are the collection of beliefs a person has about oneself (Maddux &
Gosselin, 2003; Zimmerman & Cleary, 2006). Self-concept beliefs also include an
evaluation of ranking within a social group. For example, a student may have a high selfefficacy belief in mathematics, but have low self-concept when placed in a competition
with students of a higher mathematics class. Self-efficacy and self-concept are different
in important ways. First, self-concept beliefs of whether a student can perform a task
successfully are based on past experiences, while self-efficacy beliefs are based on a
given situation regardless of past experiences (Bong, 2005). Also, while self-efficacy
beliefs are an important component of self-concept, they are not the only element, as
feelings of self-worth are also included. Both self-efficacy and self-concept differ from
one's self-esteem, which refers to how a person feels about the beliefs held about oneself.
Self-esteem can also illustrate the assessment of one's self-value (Maddux & Gosselin,
2003; Pajares, 2000). There is no reported relationship between a person's perceived selfefficacy and the level of self-esteem (Pajares, 2000). An individual may have low selfefficacy in one's capacity to run a marathon but still have a high self-esteem if the ability
to run 26.2 miles is not an important factor on the yardstick used to measure self-worth.
Self-efficacy beliefs are not stagnant and may change because of experience
(Bandura, 1977). They may also vary when considering different types of tasks. As
mentioned earlier, one may have low self-efficacy in running a marathon, but have high
self-efficacy in the ability to solve calculus problems. It is feasible that this person may
have even struggled with calculus as a college freshman and had low self-efficacy at the
time, but has a new self-perception after years of practice and mastery of the concept.
Not only do self-efficacy beliefs vary with respect to the activity, but there are many
types of efficacy beliefs depending on the agents involved in the task, such as parental
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efficacy, teacher efficacy, and collective efficacy (Pajares & Urdan, 2006). In order to
begin the exploration of self-efficacy beliefs within a particular domain, it is important to
conduct a more thorough review of the four sources of self-efficacy beliefs: a) mastery
expectations, b) vicarious experiences, c) social persuasions, and d) physiological
arousal.
Mastery Experiences
Mastery experiences have been found to be the most influential and consistent
source of efficacy beliefs (Usher, 2009). By engaging in tasks individuals assess the
outcomes of their efforts, and use this assessment to develop their perceptions of whether
they are capable of performing the activity again in the future (Schunk & Pajares, 2005).
Because individuals are able to see evidence of their capacity to accomplish a task, they
will be more efficacious the next time a similar challenge is presented. As a person
becomes more successful, their self-efficacy grows. If failure precedes the formation of a
positive self-efficacy belief, it can be especially detrimental (Schunk & Meece, 2006) and
prevent students from ever feeling efficacious. Once individuals establish their selfefficacy beliefs, repeated success will continue to strengthen their high self-efficacy,
while repeated failure will work to solidify low self-efficacy beliefs. Although one
incident of failure or success will not change an established high or low belief,
experiencing sporadic failures, while continuing to improve over time, may raise efficacy
more than initially succeeding and seeing a leveling off of progress (Schunk & Pajares,
2005). Because the evidence of mastery experiences is tangible in nature, students rely on
them more often than the remaining three sources.
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Vicarious Experiences
While mastery experiences have been found to have the most influence on the
development of self-efficacy beliefs (Usher & Pajares, 2008), it is only one of four
sources found to contribute to the development of self-efficacy beliefs. Vicarious
experiences, formed by the witnessing of others attempting a test and the eventual
outcome, take into account the environmental aspect of social cognitive theory. If
individuals observe others trying a challenging activity and succeeding, then they are
likely to believe it may not be an impossible feat (Bandura, 1977). This source is also
useful when an individual does not have previous experience with a task. In these
instances, the only source available to form one's beliefs is the experience of others
(Schunk & Pajares, 2005).
Vicarious experiences rely heavily on assumptions made from social
comparisons. For example, a student may only believe that he is capable after seeing a
perceived weaker student achieve success in a task. These experiences are a less
dependable and a more inconsistent source of self-efficacy beliefs, as they are more
vulnerable to change (Schunk & Meece, 2006; Usher, 2009). The variability of the results
relies on the degree to which the individual identifies with the person modeling the
behavior (Schunk & Pajares, 2005). When individuals identify closely with the model,
negative self-efficacy beliefs have the propensity to form more rapidly (Schunk &
Pajares, 2002). For example, when a person with low self-efficacy sees a similar
classmate fail, it only confirms (to the individual) failure is inevitable for him as well.
On the other hand, if individuals of varying abilities are able to succeed then observers
can safely increase their own sense of self-efficacy (Bandura, 1977).

There are four sub-processes which govern observational learning, or learning by
way of vicarious experience: a) attentional processes, b) retention processes, c)
production processes, and d) motivational processes (Bandura, 1997). These processes
represent the events that a person selects to observe, remember, and translate into a
course of action, and the motivation to carry out the action. Attentional processes
describe the preconceptions, preferences, and interest the observer has regarding the
modeled behavior. Retention processes are vital, as one cannot replicate behavior which
one does not remember. Production processes refer to the ways in which the observer
forms a plan of action. Finally, motivation processes are the reasons observers decide to
attempt a task. These reasons are closely related to the observed success of others and the
sense of self-worth attributed to accomplishing the same task. Viewing vicarious
experiences as a multifaceted process can explain why there have been inconsistencies in
the research (Bandura, 1997). For example, Zeldin and Pajares (2000) found that women
strongly credit vicarious experiences for their pursuit of a science, technology,
engineering or mathematics (STEM) career, in comparison to men who attribute their
STEM career choice on mastery experiences (Zeldin, Britner, & Pajares, 2008). On the
other hand, Lent, Lopez, and Bieschke (1991) found that while men and women did
differ in previous mathematics performance, their perceptions of the influence of
vicarious learning were similar in regards to their science-based career choices. In their
study, the four sources attributed to the development of self-efficacy beliefs, vicarious
learning was the only one that was not found to be significantly interrelated to the other
sources. While research shows that vicarious experiences have varied attributional
effects, this source should not be dismissed because there are situations in which
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individuals do not have direct knowledge of their capabilities and can only rely on the
experiences of others.
Social Persuasions
Mastery experiences are not only the most influential source of self-efficacy
beliefs, but they are also the most frequently researched, while social persuasions are
largely underrepresented in the literature (Usher, 2009). Social (or verbal) persuasions do
not only describe the words of encouragement given to an individual prior to a task, but
also to the feedback given after a task. Almost everyone can remember a time when a
parent, teacher, coach, or friend uttered the words, "Come on, you can do it. I know you
can." This is an example of verbal persuasion. If this prodding leads to success, then
one's self-efficacy beliefs will grow. If the encouragement leads to a person's failure,
then it will have less of an encouraging effect the next time. This is why it is important
when using persuasive language that the activity is an appropriate goal for the person
(Bandura, 1997). Social persuasion has the best success when used on people who are
given some reason to believe the encouragement reflects an accomplishment which is
only slightly beyond the person's capabilities (Alderman, 2004). This idea is
conceptualized in the theory of scaffolding in which students are met at their current
ability level, and tasks progressively get more difficult while adults offer less assistance
(Wood, Bruner, & Ross, 1976). Scaffolding provides students with the resources to
strengthen their self-efficacy beliefs. Social persuasion can also take the form of feedback
provided after a task has been completed. It is important to note that the feedback must be
genuine in nature in order to shape a person's self-efficacy beliefs. False praise can be
more detrimental than helpful if the individual does not value the source or cause of
praise (Schunk & Pajares, 2005).
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Physiological Arousal
The final source of self-efficacy beliefs is physiological and emotional states.
Many can identify with the aching feeling in the pit of the stomach before giving a speech
in front of a large crowd. This nervousness is the body's way of suggesting to the brain
that it does not have confidence in the ability to speak in public. Part of the self-influence
aspect of social cognitive theory is to examine these signals from the body and
intentionally choose to ignore them in order to attempt the task. These signals are not
always an automatic response to the prospect of an activity. Another example of
physiological states leading to self-doubt is feeling fatigue earlier than one's exercise
partner. The weaker individual may interpret his fatigue as physical inefficacy. The
presence of these physical cues is not the only important aspect of this source of selfefficacy beliefs. It is also necessary to examine how different individuals react to them
(Bandura, 1997). An efficacious student will interpret these signals and react by
increasing his efforts, while an inefficacious student may use the same signals as an
excuse to quit. On the positive side, because individuals can control how they think and
react to a situation, this source of self-efficacy beliefs can be altered and physical wellbeing can be improved (Schunk & Pajares, 2005).
Summary of the Sources of Self-efficacy Beliefs
The development of self-efficacy beliefs has been attributed to four different
factors. The strongest of the four, mastery experiences, describes how individuals make
judgments of their abilities based on how successful they have been on similar activities
in the past. The most inconsistent of the four sources, vicarious experiences, suggests that
by observing others successfully completing a task, individuals begin to form opinions on
whether or not they will be as likely to achieve the same level of success. This source has
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been found to be the weakest as it depends on how much the individual relates to the
model. The third source of self-efficacy beliefs, social persuasions, describes the
feedback people receive prior to or immediately following a task. This feedback has the
potential to greatly influence one's beliefs of success or failure if it aligns with the
individual's previous experiences. The final source, physiological arousal, describes the
body's emotional response to facing an impending activity. Negative signals from the
body act as a cue that success is improbable. Together these four sources work to
convince individuals that they can or cannot complete an activity successfully. Since selfefficacy beliefs vary according to academic domain (Schunk & Pajares, 2002), it is
important to explore the effects of self-efficacy beliefs in mathematics (Lent, Brown, &
Gore, 1997).
Self-Efficacy Beliefs in Mathematics
Over that last fifteen years, numerous studies have investigated how: a) selfefficacy beliefs in mathematics are developed (Anderson & Bentz, 2001; Usher &
Pajares, 2008; Usher, 2009), b) the relationship these beliefs have with a student's
academic achievement (Pajares & Graham, 1999; Pietsch, Walker, & Chapman, 2003;
Williams & Williams, 2010), and c) the effects on career trajectory (Lopez, Lent, Brown,
& Gore, 1997; Zeldin & Pajares, 2000; Zeldin, Britner, & Pajares, 2008). These themes
are reviewed below.
Sources of Self-efficacy Beliefs in Mathematics
The four sources which contribute to the development of one's self-efficacy
beliefs are: a) mastery experiences, b) vicarious experience, c) social persuasions, and d)
emotional states. In 2008, Usher and Pajares embarked on a critical review of the
literature concerning the four sources of self-efficacy beliefs. Their review was meant to
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serve three purposes: a) to explain and describe the four sources of self-efficacy beliefs,
b) to review and critique findings of the current literature, and c) to offer suggestions and
future directions for researchers wanting to explore the four sources. After this critical
review, Usher (2009) conducted a qualitative study on these self-efficacy sources.
Usher and Pajares (2008) began their review of the four sources of self-efficacy
beliefs by reporting the correlations between the four sources for 21 different studies.
Some of the studies disaggregated their data according to gender, mathematics level, or
race, and thus provided multiple data points. Overall, it was found that the correlation
coefficients ranged: a) from .29 to .67 for mastery experiences (median r = .58), b) from
.09 to .58 for vicarious experiences (median r = .34), c) from -.05 to .62 for social
persuasions (median r = .39), and d) from -.08 to -.57 for emotional and physiological
states (median r = .33). Thus, these studies reported a wide range of correlations which
make it difficult to make generalizations about race, gender, and socioeconomic status.
The only source of self-efficacy beliefs consistently predict self-efficacy beliefs was
mastery experiences, which coincides with Bandura's (1997) assertions. Vicarious
experiences were found to be the least consistent source for predicting beliefs. Further
research needs to be conducted to establish whether the studies which did find vicarious
experiences to be influential did so because of the sample or the domain under
investigation (Usher & Pajares, 2008). The variation in the findings for social persuasions
was explained by Usher and Pajares as resulting from inadequate measures of the
sources. They suggest that because this source refers to the evaluative feedback students
receive, questions addressing the frequency students are encouraged in class is not an
accurate measure. The researchers caution against interpreting the emotional states source
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without close inspection, as some of the studies utilized only learning disabled students,
did not have large enough sample sizes, and/or only tested a limited number of items.
In their own work, Usher and Pajares (2008) did find that there was a strong
correlation amongst the sources, reporting that mastery experiences correlated with all
three of the other sources: vicarious experiences (median r = .42), social persuasion
(median r = .63), and emotional states (median r = .59). This indicates that no one source,
even mastery experiences, is enough of a contributing factor for self-efficacy beliefs
when taken in isolation. Finally, it was found that further work needs to be done to create
a tool that adequately and consistently measures the sources of self-efficacy beliefs,
paying particular attention to ensure that each item only measures one source. Usher and
Pajares recommended increasing the use of qualitative studies for investigating the four
sources, as they "have the potential to describe the heuristic techniques students use to
attend to, weigh, and appraise the degree of influence the sources have on their selfefficacy" (p. 784). Usher and Pajares (2009) and Usher (2009) worked to address these
concerns in their future research.
First, Usher and Pajares (2009) addressed the need for a reliable tool for
measuring the sources of self-efficacy beliefs. They designed an instrument specifically
for mathematics beliefs. The three phase process resulted in the 24-item scale which was
used in the current study. Their validation study on the instrument began with an 84 item
instrument, which was administered to 1,111 middle grades students. After the first round
of analysis, 23 items were identified as not having a high enough item-total correlation.
The second phase of the study involved 824 middle grades students, who were given an
86 item scale. This scale was constructed after adjustments and additions were made from
phase one. The analysis from this phase used the same criteria from phase one and
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revealed that there were 35 items which had low item-total correlations. An exploratory
factor analysis was then conducted on the remaining 51 items. This analysis resulted in a
39-item model which the researchers chose to modify again before using it in phase three.
The third phase utilized a 73-item instrument and was given to 803 middle grades
students. A third instrument was initiated because Usher and Pajares felt that there was
some redundancy in items and could benefit from further modification. Additionally,
Usher and Pajares communicated with Albert Bandura, Barry Zimmerman, and Dale
Schunk, known experts in the field of social cognitive theory to get their feedback on the
theoretical soundness of each item. With the use of rigorous psychometric criteria, 34 of
the items were discarded, as well as five redundant questions. This deletion left 34 items,
of which 24 items were chosen for a confirmatory factor analysis. The final model
consisted of six items measuring each of the four sources (24 total items), each having a
Cronbach's alpha coefficient greater than .80 with: a) .88 for mastery experiences, b) .84
for vicarious experiences, c) .88 for social persuasions, and d) .87 for emotional states.
Additionally, all factor loadings showed to have a significance level at a = .05, ranging in
magnitude from .61 to .83. The intercorrelations among the factors ranged in magnitude
from -.45 (vicarious experiences and emotional states) to .83 (mastery experiences and
social persuasions), which is consistent with the findings from their critical literature
review (2008).
In addition to collaborating with her advisor on the validation study discussed
above, Usher (2009) investigated the four sources of self-efficacy beliefs in mathematics
with middle grades students incorporating a qualitative approach. This directly addresses
the recommendation made by Usher and Pajares (2008) to include an interview
component when exploring self-efficacy beliefs. Instead of relying solely on survey
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instruments, she interviewed eight students (all of which had participated in phase three
of the above study) of diverse ethnicities, representing both ends of the self-efficacy
spectrum. Usher also interviewed the parents and teachers of these students to see if they
could add insight in the sources of self-efficacy beliefs. Utilizing a semi-structured
interview protocol, students, parents, and teachers were asked similar questions regarding
the self-efficacy beliefs of the students but allowed the researchers the flexibility to
change the order in an attempt to maintain the natural flow of the conversation.
Mirroring her theoretical framework and research questions, Usher created a list of initial
codes and then created additional codes as themes emerged. Participants were also given
the opportunity to member check the transcriptions.
Through the interview data, Usher (2009) found that students with low
mathematics self-efficacy reported struggling in mathematics and recounted their poor
performance more frequently than the highly efficacious students. Because Usher utilized
a phenomenological approach, she was able to determine that students also rely on
vicarious experiences to help form their beliefs in their mathematics abilities. Finally, the
students in Usher's study demonstrated that physiological states helped to motivate the
highly efficacious students, while debilitating the students with low self-efficacy.
Self-Efficacy Beliefs and Mathematics Achievement
Interested in exploring the relationship between self-efficacy beliefs, one's selfconcept, and mathematics performance, Pietsch, Walker, and Chapman (2003) surveyed
416 secondary students in Sydney, Australia. All freshman and sophomore students
within one school participated in the study, thus the study was strengthened because
students of mixed abilities and different socioeconomic statuses were included. The
questionnaire administered contained ten items from the Self-Description Questionnaire-
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II (Marsh, 1992) which measured self-concept beliefs in mathematics, nine parallel
questions to measure self-concept beliefs in solving percentage problems, five statements
measuring each self-efficacy beliefs in mathematics and solving percentage problems,
and six questions measuring social comparison (three each for mathematics and
percentages). Additionally, the students' scores from their end-of-course exams were
collected to measure student performance. While Marsh's scale would be ideal for a
study measuring the self-concept beliefs of students, it was not appropriate to use in the
current study because it does not measure the sources of one's self-efficacy beliefs.
Data were initially analyzed using a confirmatory factor analysis and structural
equation modeling to compare the multiple constructs examined. Fourteen cases were
found to be multivariate outliers and removed from further analyses as were five cases for
which data was missing. Results from these analyses suggest that while the competence
component of self-concept and self-efficacy are different measures, they both measure
the same underlying construct. It is important to remember that self-concept refers to a
student's sense of being, while self-efficacy beliefs refer to a student's perception of
ability: 'I am a good math student' versus 'I can do this math problem' (Pietsch, Walker,
& Chapman, 2003). The results from this study imply that there are no significant
differences between one's self-concept and self-efficacy beliefs within the domain of
mathematics with early secondary school students. Further, the similarities between selfconcept and self-efficacy lie only with the competence component of self-concept beliefs;
it is the affective component (how one's perception of math ability makes one feel) which
differentiates the two self-theories. Taking this into account, findings in this study reveal
that self-efficacy measures are better predictors of future mathematics performance. This
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was found on both the subject-specific level (mathematics) and the problem-specific level
(percentages).
In Lopez, Lent, Brown, and Gore's (1997) study of approximately 300
Midwestern high school students, the researchers aimed to expand upon social cognitive
theory in attempt to further understand academic motivation and achievement. Because
mathematics serves as a gateway into a wide range of science and technical degrees, it
was recognized that a vital link between educational and vocational psychology lies in
self-efficacy beliefs held in the area of mathematics. The researchers investigated the
relationship between mathematics self-efficacy, the four sources of self-efficacy beliefs,
and outcome expectations. They also measured mathematics self-efficacy within specific
courses. In addition to collecting grade-equivalent scores on the Stanford 7 Plus
Achievement Test from the sophomores and juniors in their study, Lopez and colleagues
(1997) administered instruments which measured their sources of mathematics selfefficacy (38 items), mathematics self-efficacy (10 items), outcome expectations (10
items), and mathematics-related interests (20 items). Participants were chosen from one
of two mathematics courses: a) geometry, a required mathematics course, or b) advanced
algebra, an elective mathematics course, in order to investigate the stability and
generalizability of results.
Their findings, consistent with Bandura's assertions, support the view that past
performances were the most influential source of self-efficacy beliefs in both geometry
and advanced algebra (Lopez, Lent, Brown, & Gore, 1997). These findings contribute to
the research which demonstrates that students primarily use mastery experiences when
developing self-efficacy beliefs. Findings show that social (verbal) persuasion also served
as a significant source of self-efficacy beliefs for the advanced algebra group, but not the
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geometry students. One possible explanation provided by the researchers was that
because advanced algebra was considered an elective, unlike geometry, students in
advanced algebra were expected to be more mathematical efficacious. In summary,
findings from this study demonstrate that mathematics ability relates to self-efficacy
beliefs which are mediated by the outcome expectations and influence the interest
individuals have in learning mathematics.
Pajares and Graham (1999) also aimed to explore the ways in which self-efficacy
beliefs in mathematics predict mathematics performance in their study of 273 middle
grades students. The pair also investigated the extent to which self-efficacy beliefs
changed in mathematics over the course of the first year in middle school. Finally, the
effects gender and track placement had on these beliefs were examined. The variables
under review in this study were mathematics self-efficacy (9 items), mathematics selfconcept (6 items), self-efficacy for self-regulated learning styles (7 items), value of
mathematics (7 items), engagement (3 items), and previous mathematics achievement
(obtained from two sources: a standardized test score in mathematics and combined grade
point average for all terms during grades five and six).
Through multiple regression analyses, Pajares and Graham (1999) found that of
the many motivational constructs explored, mathematics self-efficacy was the only one
that was able to predict mathematics performance at both the beginning and the end of
the school year. This was attributed to the specificity of the questions regarding a
particular skill set. They believed that as tasks grow more general, additional
motivational constructs may increase in predictability. Findings also showed that as the
school year progressed, this particular group of students found mathematics less valuable,
exerted less effort, and persisted less in face of obstacles. While no gender differences
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were identified, student beliefs did differ according to track placement. Students on the
regular education track consistently had lower mathematics self-efficacy beliefs, as well
as lower performance and lower self-concept. The implication of this study is that it is
important for researchers and educators to examine student beliefs of their mathematics
abilities, as they are strongly related to academic achievement. While this study did not
show a gender effect, it reminds researchers to continue to examine gender as a potential
variable in self-efficacy beliefs.
In a more recent study, Williams and Williams (2010) developed a model to
reflect the hypothesized reciprocal influence between mathematics self-efficacy and
mathematics performance. This model was then used to explore the triadic relationship
between behavior, cognition, and environment for 15-year-olds in 30 nations, using
composite scores from the 2003 PISA Mathematics Achievement Test. This achievement
test was deemed appropriate as the PISA official reports include descriptive statistics on
eight items measuring the relationship between self-efficacy beliefs in mathematics and
performance (OECD, 2004). This study differs from those before it, as Williams and
Williams were not only examining the ways in which self-efficacy beliefs predict
mathematics performance, but they also explored the ways in which performance predicts
one's self-efficacy beliefs. Findings show that all but four of the nations supported the
reciprocal determinism of mathematics self-efficacy and achievement. This indicates that
the motivational construct of self-efficacy beliefs can be applied internationally, although
this relationship does not appear to be exactly the same in all nations. It is especially
important to note that girls universally had lower self-efficacy beliefs in mathematics
than their male counterparts. The implication for this finding is that teachers and parents
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need to take special care to encourage girls in mathematics while highlighting their
positive achievements.
Summary
Self-efficacy beliefs are domain specific and require individual investigations
according to content area. Aside from the work of Pajares and Usher, studies exploring
self-efficacy beliefs in mathematics have been limited to the effects these beliefs have on
achievement or other motivational constructs. Findings show that self-efficacy beliefs are
strongly related to success in mathematics and that once beliefs are established, they are
difficult to reverse. Self-efficacy beliefs in mathematics have also been found to have a
direct link to the likelihood of the student pursuing a mathematics-related career. The
relationships between self-efficacy beliefs and career choice will be further explored in
the next section.
Self-Efficacy Beliefs viewed as a Career Trajectory
One application of social cognitive theory has been in the area of career choice.
The cognitive aspect of social cognitive theory manifests as the self-efficacy beliefs,
outcome expectations, and goals set by an individual. These factors are influenced by
one's social environment and influence the career decisions made, as well as the
persistence an individual has in the face of obstacles (Lent, Lopez, & Bieschke, 1991;
Navarro, Flores, & Worthington, 2007). Realizing the connection between Bandura's
triadic theory and the paths people take regarding their careers, Lent and colleagues have
expanded social cognitive theory to include career trajectories in their social cognitive
career theory (Lent, Lopez, & Bieschke, 1991; Lopez, Lent, Brown, & Gore, 1997;
Navarro, Flores, & Worthington, 2007). Self-efficacy beliefs are impacted by mastery
experiences, which combined with outcome expectations predict behavior. Social
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cognitive career theory proposes that these variables interact to strengthen or weaken an
individual's interest which is reflected in the career paths chosen. Self-efficacy beliefs
reconcile the effects of previous experiences on interests, and interest mediates the
consequences of self-efficacy on career aspirations (Lent, Lopez, & Bieschke, 1991).
In a series of studies, Zeldin and colleagues (2000, 2008) explored the different
ways in which the four sources of self-efficacy beliefs influence the academic and career
choices in men and women. In the first study, Zeldin and Pajares (2000) collected the
narratives of fifteen women who fought the odds and found success in the fields of
mathematics, science, and technology. The ages of the women ranged from 26 years to
53 years and included professors, engineers, software programmers, and chemists among
other related careers. Semi-structured interviews were conducted using a field tested
protocol and contained questions eliciting conversations of the participants' academic and
career histories and self-beliefs. The researchers were careful not to specifically
emphasize self-efficacy beliefs, so that any emergent themes were naturally found. The
hour-long interviews were audio recorded, transcribed verbatim, and subsequently coded
according to question and theme.
Results of the primary study revealed two emergent themes (Zeldin & Pajares,
2000). The first theme was the prevalence of noted vicarious experiences and verbal
persuasions. The women in the study cited family as a critical source of their self-efficacy
beliefs. Ten of the women discussed family members who had mathematics-related
careers or modeled mathematics-related skills on a regular basis. The participants also
shared that the encouragement they received from their family members to pursue the
male-dominated world of mathematics-related careers was integral to their choice.
Findings also revealed that women valued the vicarious experiences and verbal
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persuasions from both male and female teachers. These experiences were especially
influential because of the enthusiasm the teachers exuded about their content areas and
the drive to encourage women to strive in these male dominated domains. Another source
of vicarious experiences and verbal persuasions was that of the participants' peers. While
peers were considered influential to the career paths chosen by the women, they were
cited less frequently than teachers and family. The participants did remark how the
camaraderie with other women aided in their ability to maintain their confidence.
Finally, the supervisors of several of the women were mentioned as providers of verbal
persuasion and vicarious experiences. In summary, it was not enough that the women
believed in themselves but that others believed in them.
The second theme found in the initial study conducted by Zeldin and Pajares
(2000) was that the participants functioned so that their self-efficacy beliefs allowed them
to be resilient in the face of obstacles. The participants recounted stories of encountering
obstacles and were self-described as persistent. They viewed setbacks as temporary but
not debilitating. These women were able to prevent negative verbal persuasions from
deterring them from achieving their goals. Giving up was not an option for these
participants and many expressed the desire to act as a role model for future generations of
women interested in mathematics-related fields.
The follow-up study conducted by Zeldin, Britner, and Pajares (2008) aimed to
explore the sources of self-efficacy beliefs of men in mathematics, science, and technical
careers. The participants in this study consisted of ten Caucasian men, ranging in age
from 24 years to 64 years, who worked as mathematics and science professors, engineers,
or software designers. The same semi-structured interview protocol used in the first study
was utilized with the male participants. Data was also collected and analyzed consistent
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with the initial study. Once the data from the men was analyzed, the researchers then
utilized a cross case comparison method to compare the results of the two studies.
The cross case comparison revealed that men developed their self-efficacy beliefs
in different ways than the women. First, men reported a strong reliance on mastery
experiences in their development of high self-efficacy beliefs in mathematics-related
activities. Many discussed having a natural ability for mathematics, science, and
technology. Second, while many men spoke of influential family members, teachers, and
peers, they internalized the actions of those around them in a passive manner. The male
participants viewed those around them as models for their entry into their future career
paths, but did not recollect the same encouragement and nurturing ways reported from the
women. Likewise, male participants remembered having enthusiastic teachers, but only
half gave credit to teachers as an influence to pursue mathematics. While the men did not
report facing obstacles like their female counterparts, their strong sense of self-efficacy
allowed them to view any difficulties as challenges to overcome. These challenges were
not recalled by the men as threats to their academic goals, as they could not fathom that
they would be unsuccessful.
The men in this study (Zeldin, Britner, & Pajares, 2008) each shared an
unwavering sense of self-efficacy beliefs in mathematics-related areas which encouraged
them, more than any other source, to pursue their chosen career path. They did not rely
on the perceptions others had of their abilities as the women in the first study did. The
researchers in both studies found that men and women are influenced differently by the
four sources of self-efficacy beliefs. These self-efficacy beliefs worked to influence the
career paths chosen by both the male and female participants, as well as highlighted the
role family members play in career choice.
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Summary
Bandura's inception of social cognitive theory in 1977 has paved the way for
many researchers to begin understanding the constructs which influence a student's
academic motivation. This theory was designed to "explain how people acquire
competencies, attitudes, values, styles of behavior, and how they motivate and regulate
their level of functioning" (Bandura, 2006b, p.54). The triad describes how one's
environment, cognition, and behavior work together in a reciprocal manner to influence
the decisions individuals make in their daily lives. The beliefs people have regarding their
capabilities to successfully complete a given task are known as self-efficacy beliefs.
Self-efficacy beliefs are developed by four sources: a) mastery experiences, b) vicarious
experiences, c) social persuasions, and d) physiological states. While these sources vary
in their influential strength, with mastery experiences being the strongest and vicarious
experiences the most inconsistent, each of the four intertwine and serve as a vital
component of one's self-perceptions. Self-efficacy beliefs have been shown to be an
accurate predictor in both academic success and career trajectory chosen. While selfefficacy beliefs are a large contributing factor for students' academic motivation, social
cognitive theory fails to consider the value students place on learning. Because
researchers have shown that subjective task value and utility value are important, Eccles
and colleagues' (1983) expectancy-value theory was also used as a theoretical framework
for the current study. The similarities and differences between the two theories on
motivation will be discussed in the following section.
Modern Expectancy-Value Theory
Atkinson (1957) was one of the first researchers to recognize the relationship
between achievement motivation and a person's needs, expectancies, and values. He
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proposed that motives (approaching success or avoiding failure), probability for success,
and incentive value served as three components of behavior and when multiplied could
predict how likely it was that one would engage in a task (Schunk, Pintrich, & Meece,
2008). Early research on expectancy of success and the different types of value placed on
learning developed the understanding that each of these constructs has an important role
in influencing one's motivation to attempt a task.
Modern expectancy-value theory continues this work and explains how these
factors also predict one's performance, persistence, and task choice (Schunk, Pintrich,
Meece, 2008; Wigfield, 1994). Additionally the Eccies et ql. (1983) model of expectancyvalue theory differs from Atkinson's work in that the modern version does not stop with
the cognitive beliefs people have, but also includes a socio-cultural lens which examines
the place from which individual differences in these beliefs originate (Bembenutty,
2008). Another difference between the classic version and the modern version of
expectancy-value theory is that, in Atkinson's model, values are completely shaped by
expectations for success and do not incorporate external factors such as family
expectations (Bembenutty, 2008). Atkinson also believed that expectancies and task
value are related inversely, meaning that success on an easy task is seen as less valuable
than success on a more difficult one (Schunk & Pajares, 2005), while Eccies et al. view
the relationship as positive. Because the current study includes a social cognitive
framework, the modern expectancy-value theory developed by Eccies and colleagues was
utilized in this research.
The fundamental difference between expectancy-value theory as seen by
Atkinson and the modern version penned by Eccies et al. (1983) is the addition of the
socialization component. Early in her career Eccies, with assistance from colleagues,

highlighted that social and attitudinal factors influenced adolescents' grade and
mathematics course enrollment in a greater capacity than their mathematical aptitude
(Eccles, Adler, & Kaczala, 1982; Eccles & Jacobs, 1986; Frome & Eccles, 1998).
In fact, their research, followed by others (Baker & Entwisle, 1987; Bleeker & Jacobs,
2004), indicated that the gender gap in mathematics achievement could be attributed to
gender differences in math anxiety, gendered-stereotyped beliefs of parents, and the value
students attached to mathematics. Eccles et al. (1983) opine that it is not reality, in the
form of grades, which determines one's expectancy for success, but instead their
perception of that reality.
Modern expectancy-value theory posits that achievement-related choices are
influenced by two components, a psychological component and a developmental one.
The first construct is more cognitive in nature and includes the expectations one has on
being successful and the value placed on completing a task (Eccles et al., 1983). If a
person identifies an activity as valuable to their future, it is more likely that the individual
will attempt the task, even if it he does not expect it to be an easy mission. These
components, as well as cultural norms, are vital elements in the development of one's
personal efficacy expectations (Bembenutty, 2008). The second facet of the theory
focuses on the factors which influence the choices that are made. It is also important to
note that this model recognizes that not all choices are made consciously, as beliefs may
be culturally ingrained in a student so that students do not even realize other options exist
(Eccles, 2005). The viable options perceived by students, taken in part with their beliefs
that success is a possibility and the personal value held by the students, all work in
conjunction when students make any school related decision. Finally, Eccles et al.
consider competence beliefs as broad beliefs about ability in a given domain, while self-
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efficacy beliefs are task specific (Wigfield, 1994). The Eccles et al. model of expectancyvalue theory is depicted in Figure 4.
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Figure 4. The Eccles et al. expectancy-value model of achievement. (Eccles et al., 1983)

While closely related to social cognitive theory, expectancy-value theory adds the
component of one's subjective task value, which aids the individual in persisting in the
face of obstacles. Subjective task value is the importance an individual personally places
on completing a task. This subjective task value is influenced by four components: a)
intrinsic interest in, and enjoyment of, the task, b) the utility of the task in assisting one in
achieving long-term goals, or helping a person receive immediate or long-term external
rewards, c) attainment value or the value a task has in maintaining one's self-image or
identity, and d) the financial and emotional costs associated with engaging in the activity
(Eccles, 2009). Another important difference between social cognitive theory and modern
expectancy-value is that Bandura considers both outcome and personal efficacy
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expectations, while Eccles et al. do not formally incorporate outcome expectations in
their model (Wigfield, 1994).
The Psychological Component: Expectancies and Task Value
The essential difference between expectancy-value theory and other theories of
motivation is the importance of the interaction between cognition and one's socialization.
The first aspect distinguishes between one's personal efficacy for success and the
subjective task value the individual places on the task and the alternative options
available. These factors are influenced by a person's short and long term goals, personal
identity, cultural role schema, and the cost associated with opting in or out of the task
(Eccles, 2008). Eccles et al. (1983) defines task value as "the degree to which the task is
able to fulfill needs, facilitate reaching goals, or affirm personal values" (p. 89) and is
determined by three components: a) the attainment value, b) the intrinsic or interest
value, and c) the utility value of the task for future goals. A fourth component was later
identified as the perceived cost for participating (or not) in the task. This cost can be
social, emotional, psychological, or financial in nature. For example, engaging in a
difficult task could damage one's self-concept, or a student could opt out of completing
mathematics homework in order to have time to attend a sporting event. The influence of
expectancies and task value on the development of socialized behavior can be found in
the following sections.
The Developmental Component: Socialization
As discussed with self-efficacy beliefs, teachers, parents, and peers have all been
shown to affect students' beliefs about their abilities (Urdan, Solek, & Schoenfelder,
2007; Zeldin, Britner, & Pajares, 2008). Eccles et al. (1983) further explored the
internalization of others' beliefs by an individual and recognized three emergent

46

mechanisms: a) role modeling, b) parent and teacher expectations, and c) evaluative
feedback. These three mechanisms relate very closely to Bandura's concepts of vicarious
learning and social persuasion. The ways in which parents and teachers socialize with
male and female students differently is, according to Eccles and her colleagues, the
reason for the gender gap in mathematics (Eccles et al., 1983; Eccles & Jacobs, 1986;
Bleeker & Jacobs, 2004). As the current study is aimed at investigating parent beliefs and
their influence on student beliefs, the following literature review will be limited to studies
related to parental influences.
Summary
While there are some fundamental similarities between social cognitive theory
and expectancy-value theory, both theories were chosen in the current study because of
their important differences. The vital keys in expectancy-value theory, which Bandura's
theory lacks, are the effects value and socialization have on one's expectations for
success. Eccles and her colleagues recognize that belief of success is not the only
important component contributing to one's motivation to attempt a task. The subjective
task value, comprised of one's attainment value, utility value, intrinsic motivation, and
personal cost is an essential driving factor for individuals in their decision on whether or
not to attempt an activity. The belief that success is possible is only one facet of that
decision, as success is only possible if a person actually pursues it. Socialization, the
second component added by Eccles et al. (1983), describes the explicit and implicit ways
in which parents, teachers, and society alike treat individuals differently according to
factors such as gender, race, and socioeconomic status. Messages sent on the importance
of certain skills for some individuals and not others attribute to a person's decision on
whether or not a task is worth the effort. It is important for parents and teachers to
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evaluate the messages that they may be unintentionally sending to their children on which
activities are suitable for them.
Parental Influences on Motivation
Studies have been conducted to demonstrate the links between parental
involvement and mathematics achievement (Urdan, Solek, & Schoenfelder, 2007; Yan &
Lin, 2005), perceived achievement goals of parents and motivation in mathematics
(Ames & Archer, 1987; Bong, 2008; Gonzalez & Wolters, 2006), and perceived beliefs
of academic ability by parents and student achievement (Bouchey & Harter, 2005;
Pomerantz, Grolnick, & Price, 2005). Before discussing the effects parents have on
student motivation, it is important to distinguish between parental involvement and
parental perceptions (Pomerantz, Grolnick, & Price, 2005). Parental involvement
includes explicit actions from parents and can include assisting students with homework,
meeting with teachers, and ensuring students get extra assistance when needed. The
perception parents have on student abilities or achievement goals are more implicit than
parental involvement (Hoover-Dempsey & Sandler, 1995). Parents do not have to
actually tell their children that they believe the student will or will not be successful in a
task for the student to make an inference on what the parent believes (Eccles, 1993).
Both of these forms of parental influence are important to the transmission of beliefs and
will be explored in the following sections.
Parental Involvement
Epstein (1992) developed the most recognized models for parental involvement,
which she defines as having six levels of school-related opportunities for parents. They
are as follows: a) providing children with basic health and safety needs, b)
communicating with schools concern student progress, c) being involved at school, d)
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being involved in learning activities at home, e) being involved in decision making at
school, and f) collaborating with community organizations. Parental involvement
describes the resources parents provide which affect the academic behavior of their
children. These resources may be tangible in nature, such as buying educational resources
for parents and students to work with together, or, they may come in the form of extra
support and encouragement for students to pursue their interests.
Using Epstein's (1992) model to frame their own work, Hoover-Dempsey and
Sandler (1995) suggest that parents choose whether or not to become involved according
to their self-perceived skills and knowledge, the amount of time devoted to other familial
and work obligations, and the frequency of invitations extended by the school. Of
particular relevance to the current study is the idea that parents become involved in
school matters because they themselves have a sense of personal efficacy for being able
to assist their child find success. This sense of personal efficacy demonstrates parents'
beliefs that they have the skills required to help their child learn or have the knowledge to
seek additional resources if necessary. One's sense of personal efficacy can vary across
domain beliefs, such as mathematics, where parents choose which tasks to help their
child with that are consistent with their own efficacy beliefs. Hoover-Dempsey and
Sandler continue to suggest that parental involvement contributes directly to the sense of
self-efficacy the child then has for succeeding in school.
Parental involvement is thought to positively influence educational outcomes
through three mechanisms: modeling, reinforcement, and direct instruction (HooverDempsey & Sandler, 1995). These mechanisms are recognized as contributors to the
student's educational success, but are not necessary or sufficient conditions for success.
Modeling, similar to vicarious learning, is a way parents can demonstrate that school
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related activities are worthwhile uses of time for adults. This parent-child time provides
students with encouragement to model the school-focused attitude and behavior of
parents. Reinforcement in the form of rewards, attention, or praise can also work to
encourage students to continue finding academic success. However, the corollary is also
true, where lack of involvement or negativity toward the work can lead some away from
academic success. Parents can use the method of positive direct instruction to promote
higher levels of thinking skills in students which in turn leads to affirmative advances in
school. Possibly the most significant outcome of increased parental involvement is the
development of the student's sense of efficacy for academic achievement (HooverDempsey & Sandler, 1995).
The various facets of parental involvement comprise each of the four sources of
self-efficacy beliefs, as well as the developmental component of expectancy-value theory.
The praise parents offer students contributes to the feeling of mastery experiences
(Bandura, 1997). But if this praise is only given to one child, the slighted child may
perceive that the parent does not expect the child to do well (Eccles et al., 1983). When
parents take time out to help with homework, students are provided with vicarious
experiences of the importance of school (Schunk & Pajares, 2002; Eccles et al., 1983).
When parents urge students to try their best, they are offering words of verbal persuasion
(Alderman, 2004). Finally, by making their expectations clear (or not), parents contribute
to the student's physiological state (Eccles et al., 1983). In sum, by choosing to become
involved in their child's schooling, parents are actively contributing to the development
of the student's sense of self-efficacy and the importance the child places on academic
achievement.

50

Parents can also influence their child's beliefs by their style of parenting. In their
study of 140 Algebra I students, Gonzalez and Wolters (2006) found that parenting style,
as perceived by students, is related to academic motivation. Authoritative parents are
those who nurture exploration and individuality, while permissive parents are more laid
back in regards to rules and education. On the other hand, authoritarian parents stress
conformity and rule following (Gonzalez & Wolters, 2006). The type of parental
involvement also plays a role in the effect it has on student motivation, namely the
achievement goals adopted and one's self-determination orientation. In this study,
parental involvement took the form of attending school functions, assisting with
homework, and showing interest in the student's school day. Students completed a 76
item survey which measured the students' perceptions of parenting styles (15 items),
parental involvement (23 items), goal orientations (14 items), and relative autonomy (16
items). Results from the study demonstrate that student perceptions of parenting styles
are related to their academic motivation. Students who viewed their parents as
authoritative were more likely to adopt goals which reflect intrinsic motivation and thus
viewed their efforts to achieve in school as a result of choices that they made personally.
Permissive parents fostered students who are less focused on improvement and do not
tend to persist in the face of challenges. These students, as well as those with perceived
authoritarian parents were also more focused on performance approach goals, which
emphasize out-performing others as the primary reason for learning. Findings indicate
that increased parental involvement was not associated with the adoption of mastery
goals, which involve learning for the sake of gaining knowledge. The implication of this
study to the current study is the existence of a link between parental involvement, which
is associated with a parent's sense of efficacy (Hoover-Dempsey & Sandler, 1995), and
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its impact on a student's motivational constructs. While achievement goal theory and
self-determination theory are not under review in the current study, they are related to
one's sense of self-efficacy (Schunk & Pajares, 2002; Wolters & Pintrich, 1998) and
demonstrate the need to explore the relationship between parental involvement and a
student's self-efficacy beliefs more closely.
Parental Perceptions of Competence and the Gender Gap in Mathematics
The second avenue of research concerning parental influence on student
achievement and motivational constructs investigates the effects of parents' perception of
a student's ability on achievement and motivation. A large body of this literature,
especially the work of Eccles and colleagues, focuses on the difference of perceived skills
in males and females, which is used to explain the gender gap in mathematics and science
achievement and course choice (e.g., Eccles & Jacobs, 1986; Frome & Eccles, 1998;
Bleeker & Jacobs, 2004).
In 1978, Eccles (then Parsons), Adler, and Kaczala (1982) began their work
towards a theory which accounted for the socialization of achievement attitudes and
beliefs. A fundamental component of this was the idea that parents act as role models
who exhibit behaviors which are eventually adopted by their children. This idea coincides
with the vicarious learning element of self-efficacy beliefs. In addition to the behavior
modeled by parents, implicit messages to students can also affect the future behavior of
children. These implicit messages can come when fathers and mothers hold different
beliefs about their own mathematics abilities. In their study of 22 fifth through eleventh
grade classrooms, both parents and students responded to a questionnaire regarding
perceptions of mathematics use and ability. The student questionnaire measured the
child's perception of each parent's use of and enjoyment of mathematics, the child's
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perception of their parents' individual beliefs of the child's ability, and expectancy for
mathematics performance. The parent questionnaire contained items assessing the
parents' perceptions of their own past experiences and current attitudes towards
mathematics, parental perceptions of their child's mathematics attitude, and parental
perceptions of their child's mathematics ability. Results of their analyses of variance
indicate that the modeling of mathematical skills by parents did not have a strong
influence on their child's self-perceptions, task perceptions, performance, or future
course plans. On the other hand, the analyses on whether parents act as expectancy
socializers did demonstrate that that the self-concept of students was more directly related
to the perceptions their parents had of their abilities than actual past performance or
gender. Additionally, the research indicates that parents had differing opinions for how
hard girls had to work to be successful in mathematics as compared to equally capable
boys.
In a two year longitudinal study of 250 seventh through ninth graders, their
parents and their mathematics teachers, Eccles and Jacobs (1986) found that student
beliefs in mathematics are most strongly related to their mothers' beliefs on how difficult
mathematics is for their children. Student beliefs were also predicted by the parents'
estimates of the value of mathematics courses for their child. Finally, student grades
affect the choice a student makes on whether to take future mathematics courses, but are
only affected to the extent that both parents and students base their perceptions of student
ability on these grades. These findings have direct implications for the current study as it
is important to determine how much a parent's belief about their child is related to the
beliefs they hold about themselves with regard to mathematics ability and the importance
of mathematics.
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In the following years, other researchers (e.g., Baker & Entwisle, 1987; Phillips,
1987) soon began examining the idea that parents serve as socializers for their children's
competence beliefs and the disparities that exist between males and females. Baker and
Entwisle's (1987) study focused on the perceptions parents had of their elementary aged
student's abilities and their effect on student competence beliefs. Their research,
consisting of a sample of students from two Baltimore elementary schools (n = 1,161),
surveyed the students and their mothers on the child's end of term grade expectation, the
mother's expected grade for their child, and the mother's estimation of her child's
ranking amongst his peers. This data was then disaggregated according to the child's
gender and the mother's socioeconomic status to explore any potential differences in the
results. Their analyses demonstrated that a mother's expectations were more influential
for boys than girls, and this finding was significantly increased in middle class families.
In her smaller study, Phillips (1987) studied 81 highly competent third graders and their
parents. The participants were administered multiple questionnaires measuring the
children's competence beliefs as well as their perceptions of their parents' ability levels
and expectations for the child. The parent questionnaires measured their attitudes towards
school and the expectations held for their children. Similar to Eccles and colleagues,
Phillips (1987) found that student perceptions of competence are strongly related to their
parents' beliefs about student ability, and are influenced more by this perception than
their own previous achievement in mathematics. Together, these studies provide evidence
for the need to explore the effects of parental perceptions with older students as well as
the need to continue to explore gender differences.
The exploration of parental perception of ability and the effect this has on student
self-efficacy beliefs continued over the next twenty years, with heightened focus on the
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gender gap in mathematics and science achievement and course enrollment. Using data
from the Michigan Study of Adolescent Life Transitions, Frome and Eccles (1998) again
found that parents' perceptions of student ability predicted student self and task
perception in mathematics and were more influential than student grades. Additionally,
the research showed that parental perceptions were also related to student self-concept
and the belief that a task is difficult. This study revealed that while gender does impact
student perceptions of their mathematics ability, this effect was not the result of parental
influences on student perceptions.
Tenenbaum and Leaper (2003) found consistent results in their study of the
socialization of students in science. While much smaller in scale, consisting of 26 sixthgraders and 26 eighth-graders and both mothers and fathers, this study explored parent
ratings of student scientific interest and ability, science self-efficacy beliefs, interests, and
aspirations of students, as well as teacher reports of student grades. Their study differed
from other studies as it also included a qualitative aspect as parents and students were
provided with learning activities for the families to work on together. These tasks
included biology, physics, and computer technology teaching tasks and were videotaped
and later transcribed. Similar to the studies focused on mathematics, Tenenbaum and
Leaper found that parents held gender-stereotyped beliefs on their child's ability and
interest in science. This was evident in both their questionnaires and in the cognitively
demanding language used (or not) during the teaching tasks. The alarming aspect of this
study is that while there were no gender differences between girls and boys in ability or
interest, there was a strong indication of differential treatment from the parents. This is
relevant to the current study, as the importance parents place on learning mathematics is
of upmost concern.
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The previously reviewed studies have strong implications for the research
conducted by Bleeker and Jacobs (2004), in which the participants, as well as their
mothers, from the Michigan Study of Adolescent Life Transitions, were followed for
twelve years and re-questioned five times on the students' mathematics and science
related abilities. Bleeker and Jacobs sought to extend the work of earlier researchers in
the area of the relationship between parents' beliefs of their child's abilities and the selfefficacy beliefs students have regarding their mathematics and sciences skills. This study
aimed to shine light on the gender discrepancies within these content areas by utilizing a
longitudinal study approach. The researchers were able to collect data from students
during their sixth grade, seventh grade, and tenth grade years, as well as two years after
high school and finally, when the students were 24-25 years old. Data were collected
from the students' mothers during the first two waves of study. This study only included
participants who participated in the final wave and had maternal data from sixth grade (n
= 1,007). The different scales included: a) adolescent's self-perception of math ability, b)
adolescent's science and math career self-efficacy, c) adolescent's occupation or career
(one item asked during the final wave), d) mother's gender stereotype, e) mother's
prediction of child's success in math career (one item), f) teacher's rating of child's math
ability (only used during the sixth grade year). Questionnaires were mailed to the mothers
and to the students after they graduated, but students completed the instrument during
mathematics class while they were enrolled in school. Occupations were coded as life
science-business, physical science-computing, or non-science careers.
Results indicated that mothers who had higher perceptions of their child's selfefficacy in mathematics had children who reported high mathematics and science career
self-efficacy beliefs. The research also showed that a mother's perception of abilities
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were indirectly related the students' math-science career self-efficacy beliefs as
sophomores in high school. These beliefs had a direct effect on the student's later career
decisions. The results of.the study also presented evidence of stereotyped beliefs of skills
according to gender, in that females tended to choose life-science and business careers,
while males gravitated towards physical science and computing. In summary, the
researchers found that there was a relationship between a mother's perceptions of her
child's abilities in mathematics and science and the achievement beliefs and career
choices the child eventually had (Bleeker & Jacobs, 2004). Combined with the results
above, parent perceptions of ability affect both students' short term and the long term
self-efficacy beliefs. Again, this demonstrates the urgency in understanding how parents
come to their perspectives on their child's abilities, as the effects can last a lifetime.
Other Societal Factors on Student Expectations and Task Value
As demonstrated by both studies conducted by Zeldin and colleagues (2000,
2008), students are influenced daily by parents, teachers, and peers in the formation of
their self-efficacy beliefs. It is important to consider if these different groups carry
distinct reflected appraisals. Bouchey and Harter (2005) investigated whether students'
opinions of what others think about competence, support, and importance of a content
area (reflected appraisals) are transferred to their own self-perceptions. This study
included 378 students from two public middle schools and was almost evenly split
between males and females (47% and 53%, respectively). The researchers administered
surveys to the students in their scheduled mathematics/ science or English/ social studies
classrooms. The questionnaire contained positively and negatively worded statements and
used various Likert-type scales. In attempts to maximize accurate ratings, students did not
respond to questions which measured reflected appraisals and self-perceptions of the
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same construct within the same assessment, instead they were asked these questions on
independent surveys. School records were collected to gather data on academic
performance and previous achievement.
The three components of reflected appraisals consisted of students' perceived
importance of math/ science to others, support for math/ science schoolwork by others,
and beliefs about the students' competence in math/ science by others. The selfperceptions construct was then measured in the following categories: a) importance of
math/ science school work, b) scholastic behavior, and c) perceived competence.
Academic achievement was then evaluated utilizing the students' current grades, as well
as their achievement test scores from the previous school year. Because a majority of the
students surveyed lived with their mothers (89%), the education level achieved by
mothers was used as an index of socioeconomic status.
The results demonstrated that student perceptions of what adults believe regarding
their competence in mathematics and science predicted the students' perceptions of the
subject, as well as their academic performance. Bouchey and Harter (2005) also found
that reflected appraisals were linked to students' own perceived importance of the task,
the effort put forth in class, and their perceived competence. While these results were less
evident when considering the opinions of the students' peers, student behavior was
positively influenced by perceived support from them. Significant relationships between
perceived support from others and the students' perception of the importance of math and
science were also found. There was also a strong relationship found between students'
reflected appraisals of competence by every significant group and their own perceived
competence ratings. Finally, it was found that students put in more time and effort into
class work when they felt that the course was important. This allowed them to feel more
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competent in math and science, which led to higher grades in the courses. In summary,
not only do the reflected appraisals by students affect their self-concept, but evidence also
suggests that their perceived support from others can influence the utility value placed on
mathematics (Bouchey & Harter, 2005). These findings support the use of expectancyvalue theory in the current study, as reflected appraisals confirm the importance of
perception on student beliefs.
Summary of Parental Influences
Parents can influence the academic success of students in various ways. First, by
getting actively involved in the student's education through communication with the
school, collaborating with the community, and demonstrating that school is a priority at
home, parents can begin modeling the importance of academics to children at an early
age. Parents need to be mindful that explicit actions are not the only influences that they
exert. The perceptions that parents have on student ability, even if they are only implicit,
can have lasting effects on a student's sense of self-efficacy, interest in learning a subject,
and the eventual career path chosen. Students have been found to rely on their parents',
teachers', and peers' appraisals of their abilities in a greater capacity than evidence
provided by their own grades and academic achievement. It is critical that parents and
teachers alike are made aware of this, as their misconceptions of a student's ability can
have a lasting detrimental effect on the student's competence beliefs.
Summary
Research illustrates that there is a need to continue investigating the phenomena
of how students internalize the beliefs of others to form their own self-beliefs, especially
using a qualitative lens. It is vital that researchers begin exploring how parents come to
the conclusions they have about their children's ability. One possibility is that parents
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form ideas about their children's competence based on their own experiences and
attitudes towards academics. It is especially important to continue investigating the
differing opinions that parents have for their sons than for their daughters, and that
society as a whole has on students of lower socioeconomic statuses. Students use these
appraisals to form their self-efficacy beliefs, as well as influence the value students give
on learning a particular concept.
Through observations, students are valuing and striving in upper level
mathematics at alarmingly low rates and continued research needs to explore why this is
the case. A social cognitive theoretical lens would suggest that a student's previous
experiences, as well as messages sent from the body, may demonstrate to the individual
that success is out of reach. If the student's peers are also struggling, and parents are at
home telling the student that the material is too difficult for them to help, the beliefs of
inability are only cemented deeper into their psyche. Viewing this phenomenon through
an expectancy-value theoretical lens suggests that in addition to students not expecting
themselves to do well, if they do not believe that the material is relevant to their future
success (utility value) then they will not be encouraged to seek the resources to find aid in
success. Students will also be hindered in this process if they believe that learning
requires: a) too much effort (cost), b) is not important for immediate goals (attainment
value), or c) lack intrinsic motivation. Finally, parents, teachers, and peers act as
socializers in the students' lives who send explicit and implicit messages on the overall
importance of learning mathematics, as well as messages on whether the material is
appropriate for certain individuals. Combined, these two theories have been used to form
the research questions, hypotheses, and the methodology, all of which will be explored in
the following chapter.

CHAPTER 3
RESEARCH DESIGN AND METHODOLOGY

This study aimed to investigate the intergenerational transmission of mathematics
attitudes. Parents' mathematics attitudes were measured on a Likert-type scale and
analyzed for differences due to gender, level of mathematics course, and socioeconomic
status. It is proposed that parents who remember struggling in mathematics as students
raise children with lower competence beliefs in their own mathematics ability.
Additionally, the parents who do not frequently use mathematics in their daily lives raise
children who are more prone to low self-efficacy beliefs and subjective task value in
learning mathematics. The researcher also sought to investigate the hypothesis that highly
efficacious parents and parents who place a greater value on learning mathematics will
have children who enroll in higher levels of mathematics during their late high school
years.
Using a mixed methods design, instruments which measure self-efficacy beliefs in
mathematics and personal relevance for the content were administered to all juniors,
seniors, and their parents in a suburban school. Interviews were conducted to offer
parents an opportunity to provide further insight concerning the sources of their
children's mathematics self-efficacy beliefs. Interviews with students also provided an
additional source of data to add to the understanding, context, and to expand upon the
quantitative data.
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Problem and Purposes Overview
Numerous studies have been conducted which highlight the positive influences
parental involvement can have on student academic achievement and motivation (Bong,
2008; Hoover-Dempsey & Sandler, 1997). Other studies demonstrate the negative effects
low parental expectations can have on student competence beliefs (Frome & Eccles,
1998; Geist, 2010), especially gender related stereotypes (Eccles, Adler, & Kaczala,
1982; Jacobs & Eccles, 1992). While some researchers have investigated how a parent's
personal competence beliefs directly relate to the level of parental involvement (HooverDempsey & Sandler, 1997; Davis-Kean, 2005), these studies only discuss the parent's
general sense of efficacy for helping children succeed in school. In addition, studies have
been conducted to investigate the links between parental involvement and mathematics
achievement (Urdan, Solek, & Schoenfelder, 2007; Yan & Lin, 2005), perceived
achievement goals of parents and mathematics achievement motivation (Bong, 2008;
Gonzalez & Wolters, 2006), and perceived parental academic ability and student
achievement (Bleeker & Jacobs, 2004; Bouchey & Harter, 2005). Despite the connection
of these studies to the research topic at hand, there has been a lack of research concerning
how one's sense of self-efficacy relates to the competence beliefs of children in any
academic domain. The current study is different because the focus is on the perceptions
parents have about their own mathematical abilities and does not explore their beliefs
regarding their parenting abilities or their child's academic abilities.
Despite numerous publications devoted to social cognitive theory (Maddux &
Gosselin, 2003; Pajares & Urdan, 2006; Wigfield & Eccles, 2002) and the predictive
nature of mastery experiences (Bong, 2008; Pietsch, Walker, & Chapman, 2003; Ryan,
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Ryan, Arbuthnot, & Samuels, 2007), the predictive nature of the remaining three sources
attributed to self-efficacy beliefs (vicarious experiences, social persuasions, and
physiological states) have been underrepresented and inconsistent (Usher, 2009). While
Bandura explains that there are four sources of self-efficacy (mastery experiences,
vicarious experiences, social persuasion, and physiological arousal); a majority of the
literature on self-efficacy beliefs focuses on the effects these beliefs have on behavior
while significantly fewer have investigated the development of these sources (Usher &
Pajares, 2008). There is also a lack of qualitative research in the area of self-efficacy
beliefs. Qualitative research provides opportunities to scrutinize the intricacies of how
one's competence beliefs are developed (Zeldin & Pajares, 2000; Zeldin, Britner &
Pajares, 2008).
Research Questions
The current study aimed to address the following questions:
1) Which of the four sources of self-efficacy beliefs do students use to develop their
own self-efficacy beliefs?
2) In what ways do parents' a) self-efficacy and b) subjective task value placed on
mathematics relate to the mathematics attitudes adopted by students?
3) How does the intergenerational transmission of math attitudes differ according to
gender, level of mathematics taken during the students' late high school years, and
socioeconomic status?
4) What insights can parents provide about the sources of their children's
mathematics attitudes?
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Research Hypotheses
The hypothesis was that parents, who struggled in mathematics in high school,
will have children with lower competence beliefs in their own mathematics ability
because their parents will feel less able to assist their children at home (Hoover-Dempsey
& Sandler, 1995). The study also aimed to address the belief that students whose parents
have higher mathematics attitudes will take higher levels of mathematics during their
high school years. The independent variable in the study was the mathematics attitudes of
parents, while the dependent variables were the mathematics attitudes of students and the
level of mathematics taken during the student's high school years. The null hypothesis
was that the mathematics attitudes of parents has no impact on the disposition students
have towards mathematics or the level of mathematics class taken in high school.
Population and Sample
Students in a Southeastern state are in the midst of a major curriculum reform in
mathematics. The previous curriculum in this state was a very traditional, shallow, and
wide curriculum. A majority of college preparatory students took the requirement of four
mathematics classes in the following sequence: Algebra I, Geometry, Algebra II, and
Trigonometry. Only the advanced students who had taken Algebra I in middle school had
the opportunity to enroll in Advanced Placement (AP) Calculus or AP Statistics.
Struggling students also had the option of diverging from the traditional route, as they
could take Algebra III instead of Trigonometry during their senior year. In 2006, the
mathematics curriculum was overhauled in attempts to increase the depth of knowledge.
This reform resulted in a K-12 standards-based curriculum. This modern curriculum was
a drastic adjustment for all stakeholders in the state. Teachers were teaching higher level
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concepts to students at a younger age, textbooks and assignments were written utilizing a
discovery approach, and many parents felt even more inept to help their struggling
students at home.
This study focuses on students in a suburban town in a fast growing county that is
located twenty miles south of a major metropolitan city. According to city-data.com
(2011), in 2009, the town had almost 20,000 residents, a 138% increase over the previous
nine years. The median household income was $48,577, with 20.2% of households
earning less than $20,000 and 10.9% earning more than $100,000 annually. Seventeen
percent of the residents also worked in the town. Educational services, construction,
health care, public administration, air transportation, and finance/ insurance were
reported to be the top six industries within the city, for a combined 40.7% of the
employment (City-data, 2011). Twelve years ago there were three high schools in the
county, while today there are nine high schools and one alternative school in the system
serving approximately 40,000 students. The school in this study was selected out of
convenience as it is the school in which the researcher currently teaches and in the city in
which she resides.
Ross High School (a pseudonym) was established in 2006 and has maintained a
consistent staff. The students who attend Ross High School came from three different
school clusters when it first opened in 2006. The three schools differed drastically in
demographic population, socioeconomic status, and reputation within the county. Since
its inaugural year, another high school has opened and a large population of Ross
students was redistricted to attend that school. This background is important because,
while the students at Ross High School have been 'pure Ross' students since their sixth
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grade year, there has been a large amount of transition within the student body over the
last five years. According to the state department of education website, when this junior
class was enrolled as freshmen, there were 1581students in the school (State Department
of Education, 2011). Approximately three-fourths of the school was identified as White,
19% as African-American, and the remaining five percent Asian or Hispanic. A quarter
of the school qualified for free or reduced lunch. This is not a representative sample of
the county, as the county demographics are more evenly distributed between AfricanAmerican students (45%) and White students (41%). The system also has 43% of
students qualifying for free or reduced lunch.
Research Design
This mixed methods study collected information on parents' perceptions of, and
value of, mathematics ability using a Likert-type survey (Glynn & Koballa, 2006; Usher,
2007; Usher & Pajares, 2009). In addition to collecting data on parent beliefs, students'
competence beliefs and the sources of those attitudes was assessed. After the survey data
were collected, parents and students were asked to volunteer for interviews. The
qualitative aspect of the study utilized a phenomenological approach (Moustakas, 1994),
as this study aimed to gain an understanding of the mathematics related experiences of
parents and how they may be transmitted to their children. Utilizing a phenomenological
research lens, in combination with social cognitive theory and expectancy- value theory,
allowed the researcher to explore how the attitudes of parental participants compare to
the mathematics attitudes of their child. Eight parents and eight students were
interviewed using semi-structured interviews in attempts to represent each combination
of self-efficacy beliefs versus subjective task value as depicted in Figure 5.

LowSE/ I LowSE/
Low

I

High

Value

I

Value

Figure 5. The combinations of self-efficacy beliefs and subjective task value.

Because the quantitative data were used to choose the interview participants, the
two methodologies are said to interact with each other and have a quantitative priority, as
opposed to working in isolation (Creswell & Piano Clark, 2011). Thus, parents and
students first completed the questionnaire. Then data were analyzed and parent
participants were divided into the groups depicted above according to their self-efficacy
beliefs and subjective task value. An email was sent to all parent volunteers from each
group to be interviewed. After the parents were chosen, their children were also
interviewed. This was important so that a parent/ student combination from each of the
four quadrants was represented. The current study used sequential timing instead of
concurrent timing, as the data was gathered at different times during the data collection
process. This combination of factors is identified as the explanatory sequential design by
Creswell and Piano Clark (2011). An explanatory sequential design is necessary for this
study because interviewing random participants prior to quantitative analysis (an
exploratory sequential design) could have resulted in an uneven distribution of interview
participants. The quantitative portion of this study was the dominant paradigm, as the
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qualitative data served a supporting role in this study (Johnson & Onwuegbuzie, 2004).
The choice to include interviews in this study was three-fold as it was used: a) as a
method of triangulation, b) to provide any clarity needed from the quantitative data, and
c) to elaborate the findings from the questionnaires.
A mixed methods approach is appropriate because the current study aimed to gain
a clearer understanding for how vicarious experiences of parents factor into the
development of a student's self-efficacy beliefs. This source of self-efficacy beliefs has
proven to be the most inconsistent source and has been identified as needing further
exploration (Usher, 2009; Usher & Pajares, 2008). Creswell and Piano Clark (2011)
suggest using a mixed methods approach when there is a need in the literature to explain
results in detail or when little is known about factors which contribute to inconsistent
results. First, a quantitative approach of collecting data through two surveys allowed the
researcher to investigate the actual self-efficacy beliefs and value placed on learning
mathematics. With the exception of Zeldin and colleagues (2000, 2008) and Usher (2009)
who utilized interviews, the use of surveys and questionnaires has traditionally been the
chosen form of measuring various motivation constructs, such as self-efficacy beliefs and
utility value (Pajares & Urdan, 2008; Pintrich, 2003; Usher & Pajares, 2008). While
surveys provided valuable information on the beliefs individuals have regarding their
self-efficacy beliefs in and value of mathematics education, interviews with both parents
and students provided insight for the development of these beliefs.
The qualitative aspect, using a phenomenological lens, provided a look at the past
experiences of parents in mathematics and how they have shaped their self-efficacy
beliefs. Additionally, the interviews with both parents and students explored how these
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experiences are internalized by their children. For this study, phenomenology is used to
describe a methodology, as opposed to a philosophy (van Manen, 1990), as this research
is interested in exploring the lived experiences of individuals and the effects these
experiences have when they take on a certain personal significance (Smith, Flowers, &
Larkin, 2009). When using a phenomenological lens, it is vital for the researcher to
intimately connect with the area of inquiry, focusing on the appearance of experiences,
and examine them from many perspectives in order to find meaning through intuition and
self-reflection (Moustakas, 1994). This perspective also "encourages a certain attentive
awareness to the details and seemingly trivial dimensions of our everyday educational
lives," (van Manen, 1990, p. 8) such as the choice a student makes on whether or not to
seek assistance from a parent on homework. Because the current study sought to
investigate the perceptions individuals have regarding their own mathematics abilities
and phenomenological practices are meditative in nature, it seemed natural to investigate
the human experience of secondary mathematics phenomenologically (vein Manen,
2002). Usher (2009) also recognized the value in using a phenomenological approach
when examining the sources of self-efficacy beliefs in her qualitative study of middle
grades mathematics students. By intentionally asking parents and students to focus their
thoughts on mathematics experiences, a process of facing the structures (or essences) of
one's consciousness is instigated (Laverty, 2003). An essential aspect in this reflection
process is for the researcher to recognize any existing prejudices and biases and then
work to ensure that they do not prevent the researcher from conducting a reliable study.
Parents were selected based on their survey results to examine how their beliefs differ
from their child's belief. Parent beliefs are thought to have been long established and
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therefore more difficult to change (Tobias, 1993). Thus, this study sought to investigate
any potential transmission of mathematics attitudes from parent to child.
Data Collection and Instrumentation
The first part of the study involved the administration of two survey instruments
to the junior and senior classes at a suburban high school and their parents. All students
enrolled in a junior and senior level mathematics class (approximately 500 students) were
recruited to complete the survey. These students were given a packet to take home which
included an invitation letter, a letter of consent for their parents, a letter of consent for the
child, and the parent survey instrument (see Appendices B and D). Using the automatic
phone and email system of the school, an initial message explaining the study was issued,
as well as a reminder to return the materials after one week. An announcement was
included on the daily announcements and posted in all junior and senior level
mathematics and English classrooms, reminding students to bring back the materials from
their parents. Parents were provided with a self-addressed envelope in which to return the
two letters of consent and questionnaire. Parents were given four weeks to return their
packets.
After the letters of consent for the students were returned, the students were
issued their letters of assent and the survey. Students had thirty-five minutes during their
biweekly advisement period to complete the student survey. They returned all completed
materials to their advisement teacher at the end of the period. Advisement teachers were
trained by the researcher on the purpose of the study and how to administer the survey
prior to the session. Students who were absent on the day of administration were issued
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an invitation to participate through their mathematics teacher and given an opportunity to
complete the questionnaire during their study hall periods later that same week.
The instrument the students completed is a combination of the Sources of Selfefficacy Beliefs scale developed and validated by Usher and Pajares (2009) and the
portions of the Science Motivation Questionnaire measuring: a) intrinsic motivation and
personal relevance, and b) self-efficacy and assessment anxiety. The Science Motivation
Questionnaire was developed and validated by Glynn & Koballa (2006) and has been
adjusted to reflect mathematics motivation (see Appendix C). The only change was to
replace the word science with mathematics. Thus, it has been renamed the Mathematics
Motivation Questionnaire for the duration of this study. There are 24 items on the
Sources of Self-efficacy Beliefs scale and a combined 18 items from the Mathematics
Motivation Questionnaire.
While students completed all portions of the instrument, parents only took the
Mathematics Motivation Questionnaire (see Appendix D). Figure 6 illustrates which
surveys were completed by each group. The questionnaire for the students has 42
questions, while the parent questionnaire has 18 questions. The Sources of Self-efficacy
Beliefs questions were not included on the parent questionnaire because this study does
not aim to investigate how parents came to have the mathematics beliefs that they have
adopted, only which beliefs they do have. Additionally, the parent questionnaire collected
background information on their gender, average annual income, highest education level,
and the highest mathematics class they completed. Finally, following the survey
collection, each family was assigned a code number so that child and parent data could be

71

compared at a later time. Appendix H illustrates the breakdown of how each instrument
was used to answer the research questions.

Sources of Selfefficacy Beliefs
Student

Yes

MMQ- Intrinsic motivation
and Personal relevance
Subscale
Yes

Parent

No

Yes

MMQ- Self-efficacy and
Assessment anxiety
Subscale
Yes
Yes

Figure 6: A breakdown of which participants will complete each section of the survey
instrument.

The Sources of Self-efficacy Beliefs instrument measures the influence of each of
the four sources of self-efficacy beliefs and showed adequate internal consistency with
Cronbach's alpha coefficients as follows: a) a = .88 for mastery experiences, b) a = .84
for vicarious experiences, c) a = .88 for social persuasions, and d) a = .87 for
physiological state (Usher & Pajares, 2009). These values are considered satisfactory for
survey items (Salkind, 2008). As evidence for the criterion validity of the sources
subscales, Usher and Pajares (2009) looked at the magnitude of the zero-order
correlations between the sources subscales and the four self-efficacy outcomes. It was
found that all correlations were statistically significant (p < .001) and ranged from an
absolute value of .32 to .77. Although the Science Motivation Questionnaire items were
reworded to reflect mathematics, the intrinsic motivation and personal relevance subscale
has a = .91, while the self-efficacy and assessment anxiety subscale has a = .88, both
which demonstrate satisfactory consistency. When testing for validity of the Science

72

Motivation Questionnaire, it was determined that the students' total scores on the original
30 item instrument "correlated significantly with their reported high school preparation in
science (r = .58, p < .001), college science GPA (r = .61, p < .001), and the relevance of
science to their careers (r = .50, p < .001) providing evidence of criterion related validity"
(Glynn, Taasoobshirazi, & Brickman, 2009, p. 132). Versions of the Science Motivation
Questionnaire have been written and validated for the constructs of biology, chemistry,
and physics, and therefore the substitution of the word "mathematics" for the word
"science", is not expected to affect the level of validity of this instrument (Glynn,
Taasoobshirazi, & Brickman, 2009).
The mean score on the Mathematics Motivation Questionnaire was found for the
two subscales: a) self-efficacy beliefs and assessment anxiety, and b) intrinsic motivation
and personal relevance. The mean scores for the first subscale were then used to divide
parents into two groups. The mean scores for the second subscale further divided those
groups, so that a total of four different groups emerged: a) high personal relevance/ high
self-efficacy, b) high personal relevance/ low self-efficacy, c) low personal relevance/
high self-efficacy, and d) low personal relevance/ low self-efficacy. The four groups are
depicted in Figure 7.
High Personal
High Self Efficacy

Relevance
Low Personal
Relevance

All Parents
High Personal
Relevance
Low SelfEfficacy

Low Personal
Relevance

Figure 7. A visual representation of how parents were divided into four groups.
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As a means for triangulating data, a mixed methods research design was utilized
in this study. It is believed that interview data increased the confidence in the quantitative
data, provided richer data, and uncovered underlying contradictions which appeared
(Johnson, Onwuegbuzie, & Turner, 2007). Once data from the surveys were collected and
tabulated, parents volunteers were purposefully selected, "emphasiz[ing] sampling for
information-rich cases" (Merriam, 2002, p. 166), and guaranteeing that each of the four
combinations of self-efficacy beliefs versus subjective task value were represented.
When the adult interview participants were selected, their children were also chosen for
an interview. The only participants contacted for interviews were those in which both the
student and parent indicated that they were willing to be interviewed. All eligible
participants were contacted and all parties were interviewed. This resulted in three pairs
each from the low self-efficacy/ low value group and the high self-efficacy/ high value
group. Because of the low number of pairs in each of the other two combinations, only
one pair from each was interviewed. Thus, eight parent-child matches were interviewed
in total.
The parent interview protocol contained questions regarding their personal selfefficacy beliefs, utility value placed on learning mathematics, and the personal
mathematics history of the parent and the child (see Appendix F). The interview protocol
was developed after reviewing studies of a similar nature to this one (Urdan, Solek, &
Schoenfelder, 2007; Usher, 2009). The questions chosen were field tested in those studies
and were picked for this research because they captured the essence of the research
questions. The semi-structured format of the interviews allowed the researcher the
flexibility of adjusting the order of questions to flow with the conversation and encourage
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the participants to reconstruct their mathematical experiences (Moustakas, 1994;
Seidman, 2006). Less structured interviews are also useful in uncovering the processes
which led to specific outcomes (Maxwell, 2005).
Parents were contacted via email to arrange a convenient location for the
interview to take place. Smith, Flowers, and Larkin (2009) stress the importance of the
site when conducting a phenomenological study as comfort and familiarity are essential
for gaining access on one's lived experiences. That being said, it is also vital that the
location was quiet and free of interruptions. While all parents were encouraged to choose
a location most convenient to them, with the exception of two, all parents chose to come
to the school for the interview. The interviews at school were conducted in an empty
conference room, the classroom of the researcher, or the parent's classroom (as two
parents are also teachers at the school). The two interviews which were not conducted at
school were completed at a local coffee shop at the request of the parent. This location
did not seem to affect the interview process, as these two interviews in particular were
rich in content and personal experiences. The parent interview protocol (see Appendix F)
began with general questions about the child's background in school as a means of
building a relationship embodied in safety and trust and to create the comfortable
atmosphere required of phenomenological studies (Laverty, 2003; Moustakas, 1994).
Following the child-related questions, parents were asked to describe their personal
experiences with mathematics, both as a student and now as an adult. The parent
interviews lasted approximately thirty minutes.
Student interviews were conducted at the students' school during a bi-weekly
advisement and extra-curricular period which are specifically used for meetings,
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housekeeping items, and student enrichment activities. These periods were ideal as
students did not miss any instructional time and were able to participate without worry of
missing afterschool practices. The student protocol contained questions concerning the
sources of their self-efficacy beliefs and their mathematics attitude, as well as their
mathematical interactions with their parents and others (see Appendix E). The interviews
lasted approximately thirty minutes.
Data Analysis
Quantitative Analysis
Quantitative data from the Likert-type surveys were recorded on a bubble sheet by
the participants. These answer documents were scanned and results were imported into an
Excel spreadsheet. Once the data were placed in Excel, descriptive statistics were
calculated for each construct: a) self-efficacy beliefs (both parents and students), b)
intrinsic motivation and value (parents and students), and c) each of the four sources of
self-efficacy beliefs (students only). Data were sorted individually by parent gender,
student gender, student grade level, student mathematics level, parent education level,
and socioeconomic status. T-tests for independent samples were calculated to compare
the parent and student self-efficacy beliefs for each cross section, as well as the parent
and student value of mathematics. A correlation matrix was also created for each cross
section to explore any possible relationships between each of the motivation constructs
mentioned above: a) self-efficacy beliefs (both parents and students), b) intrinsic
motivation and value (parents and students), c) mastery experiences, d) vicarious
experiences, e) social persuasions, and f) physiological arousal. In addition, the data
collected from the students from the Sources of Self-efficacy Beliefs Survey were
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analyzed separately and compared with the qualitative data as a form of methodological
triangulation (Mathison, 1988). This was done by calculating the descriptive statistics and
by calculating a t-test for dependent samples to observe the amount of variation which
can be accounted by each of the four sources of self-efficacy beliefs. Finally, multiple ttests for independent samples were conducted to see how gender, level of mathematics
course, and socioeconomic status contributed to student beliefs.
Qualitative Analysis
Transcription.
Using the groups established with the Mathematics Motivation Questionnaire,
eight parents and eight students were interviewed using a shortened version of the
interview protocol established and used by Usher (2009) (see Appendices E & F).
Questions concerning the student's school environment, mathematics teacher, and
learning styles have been omitted from Usher's (2009) protocol, as these factors were not
within the scope of the current study. Parents were interviewed for 20 - 40 minutes at the
child's school or at a local coffee shop. Students were interviewed at school during noninstructional time and also lasted between 20 and 40 minutes. All interviews were
digitally recorded, transcribed verbatim, and field notes were taken to record non-verbal
cues such as facial expressions and shifts in body language (Smith, Flowers, & Larkin,
2009). Transcripts were also read by the researcher while re-listening to the recording to
ensure accuracy. Finally, member checking was conducted as all interview participants
were given a copy of their transcription to ensure accuracy and clarity. This entire
process is valuable, as it is the process of transcription, not simply the product, where
analysis occurs and understandings are constructed (Bird, 2005; Lapadat & Lindsay,
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1999). Notes on non-verbal responses served as an additional form of data triangulation
(Mathison, 1988). Memoing is an important source of data as phenomenological research
aims to understand the lived experiences of individuals and body language is a window
into that experience (Groenewald, 2004).
Coding.
Once transcriptions were completed, they were reread while listening to the
interview to initially examine the data. While maintaining an open mind, anything of
interest was noted. The researcher made descriptive comments regarding the text and
linguistic comments focusing on the participant's word choice and inflection (Smith,
Flowers, & Larkin, 2009). Maintaining the ideals of a phenomenological study, this step
provides the opportunity to become more familiar with the data.
As the interviews were transcribed, the data from each parent were color coded to
help with the organization, and each family was thus assigned a certain hue. To assist
with comparing the parent and student data, the data from the parent were bolded in a
color, while student data were italicized in that same color. Interviews were heuristically
coded using pre-established codes used by Usher (2007). In addition to the four sources
of self-efficacy beliefs, Usher included codes relating to siblings, heroes, self-talk, help
availability, future plans, and curiosity (see Appendix G, for a full list). With heuristic
coding, code words simply point to things within the data and help open "the data to
further intensive analysis and inspection" (Seidel, 1998, p. 14). The purpose of these
codes is to facilitate the investigation of the data and serve as the primary path to analysis
(Seidel, 1998). Because the interview protocol was adapted from Usher's (2007) work, it
was logical to use her initial codes. In accordance with the heuristic approach to coding,
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where code words can change and evolve during the analysis process, additional codes
were added when the need arose (Seidel, 1998). Then a separate document was created
for emergent themes and individual narratives were copied into the appropriate
document. This strategy allowed the researcher to consider how the different factors
worked together to shape a student's self-efficacy beliefs, as well as the similarities
between individual parents and their child.
Because this is a phenomenological study, the researcher needed to be attuned to
comments relating to the experience of being in a mathematics class or any other relevant
lived experience, and technology cannot be relied upon to do this (van Manen, 1990).
When meaning making involves an individual's lived experiences, this understanding can
be described as "a process of insightful invention, discovery, or disclosure... [and] is not
a rule-bound process but a free act of 'seeing' meaning" (van Manen, 1990, p. 79).
Phenomenology, as a method of inquiry also requires the researcher to view the data as
not only a whole, but also as a whole comprised of many individually working pieces,
and that both of these perspectives are vital to gaining an understanding of an experience
(Smith, Flowers, & Larkin, 2009).
Once emergent themes were identified, they were re-examined for connections in
attempts to combine themes under a larger umbrella. Attride-Stirling (2001) describes
this process as creating thematic networks, which "aim to explore the understanding of an
issue or the signification of an idea, rather than try to reconcile conflicting definitions of a
problem" (p. 387). This method was repeated for each of the interviews. Finally, patterns
were identified across the eight cases of parents, the eight student cases, and then the
eight parent-student combinations.
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Mixed Methods Analysis
The results from the student and parent survey instruments and interviews were
compared with the data collected from the Sources of Self-efficacy Beliefs instrument.
The choice to include interviews in this study was three-fold. First, the qualitative data
served as a method of triangulation. Second, the interviews provided any clarity needed
from the quantitative data. Thirdly, the qualitative data helped to elaborate the findings
from the questionnaires.
Assumptions
As with any research study there are certain underlying assumptions which cannot
be avoided. The following is an outline of the researcher's assumptions made at the start
of this study which work together to influence the interview questions and data analysis.
1. Parents and students would have a strong positive or negative relationship
with mathematics.
2. Parents discuss school experiences at home.
3. Interview data would contribute to and help explain the quantitative results
from the parent and student surveys.
4. Selecting the interview participants from the four groups formed from the
questionnaire responses ensured that all four perspectives of mathematics
related beliefs were heard.
5. The researcher's position as a secondary mathematics teacher did not force
participants to avoid the truth of the phenomenon. It was assumed that all
participants gave open and honest answers.
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Validity and Reliability
Quantitative Data
Because the current study utilized a mixed methods approach, validity needed to
be established for both the quantitative and qualitative data. Creswell and Piano Clark
(2011) discuss the validity issues of quantitative research on two levels: the quality of the
scores from the instruments used and the quality of the conclusions drawn from the
analyses. The quantitative validity of the instruments was previously outlined for each
scale used in the study, as both instruments were found to be valid indicators of the
construct measured. The Sources of Self-efficacy Beliefs instrument measures the
influence of each of the four sources of self-efficacy beliefs and showed adequate internal
consistency with Cronbach's alpha coefficients as follows: a) a = .88 for mastery
experiences, b) a = .84 for vicarious experiences, c) a = .88 for social persuasions, and d)
a = .87 for physiological state (Usher, 2009). Although the Sources of Self-efficacy
Beliefs scale was administered to secondary students, as opposed to the middle grades
participants in Usher's (2009) study, the validity was expected to be maintained.
Versions of the Science Motivation Questionnaire have been written and validated
for the constructs of biology, chemistry, and physics, and therefore the substitution of the
word "mathematics" for the word "science" was not expected to affect the level of
validity of this instrument. The intrinsic motivation and personal relevance subscale has a
= .91, while the self-efficacy and assessment anxiety subscale has a = .88, both which
demonstrate satisfactory consistency.
The second level of validity concerns the conclusions drawn from the data
collected. In order to do this, researchers must ensure that internal and external validity is
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maintained. Internal validity was established by providing access to the survey instrument
to all participants. This was done by sending hard copies of the surveys to each
participant. The parent participants each received the questionnaire via their child and it
was posted on the school website after an automated-call went home to the parents to
inform them of the study. Student participants completed the questionnaire at school
during a thirty minute advisement period designated for meetings and housekeeping type
issues. Advisement is divided by grade level so all junior and senior level advisement
teachers were trained on how to administer the survey and issued it to their students.
Additionally, Glynn and Koballa (2006) provided translated versions of their Science
Motivation Questionnaire in a number of different languages, in case there were
participants who were not native English speakers.
External validity was maintained by including all students taking a junior-level
and senior-level mathematics class in the study. This ensured that students from all
ethnicities, socioeconomic status levels, gender, and giftedness were included. While
each of the previously mentioned subgroups was included in the current study, they were
not included in equal proportions. This can limit the generalizability of the results to
populations different from that of Ross High School. Comparing the results to those
found in Usher's (2009) and Glynn and Koballa's (2006) studies will help to verify the
reliability of the results.
Qualitative Data
By investigating the shared experience of feeling competent or not in
mathematics, this study aimed to explore similarities in consecutive generations of family
members. This has been accomplished by collecting data using open-ended questions,
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and then analyzing the data using the process outlined by Moustakas (1994). Following
these steps enabled the researcher to completely relay the experiences of the participants,
while forcing reflective thought throughout the process.
According to Creswell and Piano Clark (2011), qualitative validation means that
data must be assessed for accuracy. Any disconfirming evidence or data contrary to the
quantitative findings were presented and explored. The final aspect of establishing
validity is the process of triangulation which is to use multiple methods, data sources, and
researchers (Mathison, 1988). This process allows the researcher to view the data from
multiple perspectives. The data in this study were triangulated on multiple levels. First,
data has been collected quantitatively and qualitatively. Second, students completed a
survey regarding the sources of their self-efficacy beliefs which was then compared to
their interview responses. Thirdly, all interview participants were given an opportunity to
read the transcript from their interview and elaborate or clarify as needed. Responses
were received from six of the sixteen participants with approval of the transcripts.
Finally, the data collected have been analyzed and viewed through the lens of multiple
theoretical frameworks, which is known as theoretical triangulation (Mathison, 1988) and
assisted in a thorough and complete explanation of the findings (Pitney & Parker, 2009).
Limitations
While this study was not able to answer all questions regarding the effects of
parental influences on student motivation, it aimed to gain a clearer understanding on the
role parents play in the learning philosophies adopted by their students in mathematics.
Due to self-imposed time constraints and manageability, the current study was limited to
investigating competence beliefs, which is only one facet of motivational sciences. For
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these same reasons, this study was limited to one high school in a suburban school district
and it is possible that results could be affected by a change in school demographics. A
sample of convenience at a school which is slightly more affluent than the neighboring
schools can be considered a limitation, yet this decision was made for reasons due to
accessibility. While this choice may limit the generalizability of the results to all schools
within the county, it is believed that this study could be replicated at any school
concerning any content area. Additionally, it was important to conduct the interviews
with parents and students who knew the researcher, or was at least familiar with the
name, so that rapport, an essential component in phenomenological studies, could quickly
be established in the one interview. Due to budgetary concerns, the surveys could not be
mailed home to parents and may have limited the return rate. Students could have failed
to take the packet home or bring it back to school once their parent completed it.
Because the researcher is a mathematics teacher and there was an assumption that
experiences in mathematics and the ensuing competence beliefs would possibly be a
sensitive matter to an individual, it was possible that parents were embarrassed by their
math history. While some parents seemed shy to admit that they struggled in
mathematics, once the conversation started flowing, this hesitation quickly went away. It
was also a concern that parents may have been worried or defensive that blame would be
placed on them for their child's struggle. This did not seem to be the case with any parent
interviewed. The researcher feared these two thoughts might tempt participants to
downplay their own negative experiences or exaggerate their positive ones. Truthful or
not, the researcher was limited to the responses provided. It was assumed that participants
were truthful and forthright. It was also assumed that participants did not simply provide
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the responses that they thought the researcher was seeking. It was also a concern that
knowing the focus of the current study would cause participants to adjust their responses
in order to avoid any potential responsibility. This was an important threat to consider in
the current study because it is assumed that parents and students would have a strong
positive or negative relationship with mathematics and that they discuss school
experiences at home. While the focus of the study was not shielded from the participants,
as they were made aware that the issue under investigation was the mathematics attitudes
of parents and those of students, the search for a connection between the two was not
explicitly mentioned to the participants.
Passion about the topic of parent beliefs and their effect on their child's beliefs
was a personal bias the researcher brought to the study. As a mathematics educator of
many apathetic seniors, it was believed that teachers are not the sole entities responsible
for the students' lack of motivation. Coming from the frame of mind that other social and
familial factors attribute to student motivation, it was vital to evaluate how the wording
and tone were interpreted in the interview questions. If parents interpreted questions as
placing blame on them for their child's mathematics attitude, this could have caused them
to be defensive or give inaccurate responses to protect their feelings. It was important that
participants understood that the researcher was not trying to place blame, but instead gain
understanding of a phenomenon. None of the parents interviewed responded in a guarded
way and acted honest and unthreatened. The parents who struggled in mathematics were
upfront with the information while the parents who excelled were not overly boastful.
This understanding was established at the beginning of the interviews by making the
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participants aware that their opinions were valued and an understanding of their
experiences was the primary goal of the interview (Smith, Flowers, & Larkin, 2009).
Summary
The current mixed methods study aimed to investigate the transfer of competence
beliefs and subjective task value of mathematics from one generation to the next. Using
the Mathematics Motivation Questionnaire, two motivational factors were assessed for
parents and students in a suburban high school. In addition, students completed the
Sources of Self-efficacy Beliefs Scale to provide quantitative evidence of how their selfefficacy beliefs were formed. The qualitative aspect of the study incorporated a
phenomenological lens, in the investigation of parent and student attitudes concerning
mathematics. Quantitative data were analyzed using t-tests to see if there were
differences between parent responses and student responses. Additionally t-tests were
calculated to compare the parent beliefs with the student attitudes according to a
combination of factors including gender, socioeconomic status, mathematics level of the
student, and education level of the parent. The interview data were transcribed and coded
according to the initial codes provided by Usher (2007). Then the transcriptions were
analyzed for emergent themes. A thematic network was created to organize the interview
data to explore whether the qualitative data coincided with or worked against the
quantitative data.

CHAPTER 4
ANALYSIS OF DATA

Introduction
There is an alarming trend occurring in many high schools across the nation;
many students are no longer ashamed to scrape by with the minimum passing grade in
mathematics. In fact, through observation, it is the oddball in the class who excels in most
mathematics courses at the high school level. As the United States continues to lag
behind other countries in mathematics achievement, this laissez faire attitude by students
must be deterred. With the current state of the economy in flux, it can no longer be
acceptable for educated citizens to be completely mathematically illiterate. When and
where do students first develop this frame of mind?
The current study aimed to determine whether there is a relationship between the
attitudes parents have regarding their mathematics ability and those of their children. The
primary focus of this study was to investigate the explicit and implicit messages students
receive from their parents concerning the ease and value of learning mathematics.
Gaining insight on the role which vicarious experiences and social persuasions have on
the development of self-efficacy beliefs of students in mathematics was of special
interest. The relationship an adult has with mathematics is a social and complex one that
is generally fixed and unyielding (Coben, FitzSimons, & O'Donoghue, 2000).
Additional research is needed to explore how this phenomenon is reproduced in future
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generations so that mathematics is no longer viewed as the irrelevant, impossible, and
boring obstacle to overcome before graduation. Parents and educators must begin
understanding how students come to believe as they do and explore options of how to
increase interest and achievement in mathematics.
This study utilized a mixed methods approach as both students and parents were
given a self-reported Likert-type attitude scale measuring self-efficacy beliefs and value
place on learning mathematics (Glynn & Koballa, 2006; Usher, 2007; Usher & Pajares
2009). The survey responses were all reported on a five point scale, ranging from
"Never" to "Always." Both parents and students were administered the Mathematics
Motivation Questionnaire, an adaptation of the Science Motivation Questionnaire
designed and validated by Glynn and Koballa (2006). Students completed an additional
survey, the Sources of Self-Efficacy Beliefs Scale developed by Usher (2007) and
validated by Usher and Pajares (2009), which helped provide an understanding of how
their self-efficacy beliefs were formed.
Once data from the surveys were collected and tabulated, parent and student
volunteers were purposefully selected for individual 30 to 45 minute interviews. During
the interviews, parents and students were both asked questions concerning their early
school experiences, experiences in mathematics, and future goals. In addition, parents
were asked about their perceptions of their children's school experiences. Since this study
aimed to understand how parent beliefs differ from student beliefs, four categories of
parent-student pairs were chosen to represent the different combinations of self-efficacy
beliefs and subjective task value placed on learning mathematics: a) high personal
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relevance/ high self-efficacy, b) high personal relevance/ low self-efficacy, c) low
personal relevance/ high self-efficacy, and d) low personal relevance/ low self-efficacy.
The qualitative aspect of the study used a phenomenological approach
(Moustakas, 1994), as this study intended to gain an understanding of the mathematics
related experiences of parents and how they may be transmitted to their children.
Utilizing a phenomenological research lens, in combination with social cognitive theory
and expectancy-value theory, allowed the researcher to explore how the attitudes of
parental participants compare to the mathematics attitudes of their child. Parent beliefs
are thought to have been long established and therefore more difficult to change (Tobias,
1993). Thus, this study explored any potential transmission of mathematics attitudes from
parent to child.
This chapter is divided into multiple sections. First, the methods of analyses for
the entire study are discussed in general terms. After a presentation of the demographics
of the survey respondents, the four research questions and their corresponding hypotheses
are presented. Each question is individually presented, along with the specific data
sources, statistical tests used to answer the question, and the results obtained from the
analyses. The quantitative data is presented first, as it takes priority in this study. The
qualitative data analyses are discussed at the conclusion of each section.
Organization of Data Analysis
The instruments created by Glynn and Koballa (2006) and Usher (2009) provided
the researcher with a plethora of information which could be analyzed in countless ways.
In order to answer the research questions gearing this study, the primary statistical tools
used in this study were t-tests for independent samples, t-tests for dependent samples,

correlations, and regressions. T-tests for independent samples were chosen because they
allow two means from two different groups (parents and students) to be compared, while
t-tests for dependent samples were used to compare means from the same sample (i.e.,
students) using two different factors (Salkind, 2008). Correlation matrices were computed
to examine the relationships between two continuous factors (i.e., mastery experiences
and student self-efficacy beliefs), as each factor had a score between 1 and 5 (Salkind,
2008).
Descriptive Characteristics of Respondents
After providing surveys to all juniors and seniors at a suburban high school, 123
parents responded. The children of these participants were then issued the student survey
packet, of which 106 completed their portion. Only complete pairs of parent and child
were used in the data analyses (n = 106). Juniors comprised 38.7% (n = 41) of the student
respondents, with 80.4% of their mothers completing the parent survey (n = 33). Of the
65 seniors surveyed, 76.9% of their mothers (n = 50) responded. Students were asked to
indicate which level of mathematics they were currently enrolled. As depicted in Figure
8, students from three different academic levels were represented in the student sample.
Eighteen students were classified as accelerated or enrolled in above grade level
mathematics (17%), 53 as on level (51%), and 35 students were taking support
mathematics or were behind grade level (32%). These are state designated categories, as
students can be on one of three tracks in high school. The students on the accelerated
track complete the 'regular' curriculum in three years in order to make room for AP
Calculus or Statistics, while the support track students take the 'regular' curriculum and
an additional mathematics support class each semester. Students are classified as support
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students if they score in the lower 10th percentile on the state standardized test at the end
of middle school. Any student who failed a previous mathematics course and was
enrolled in the mathematics courses a year behind his peers was also classified as a
support student for the purposes of this study.

Student Mathematics Level
Support
Vo
Accel.

32%,

Figure 8. The percentage of students in each mathematics level.

The parent surveys asked for background information including their average
annual income, highest level of education completed, and the mathematics courses taken
in their schooling. While parents had eight options for their income level, groups were
collapsed to form three levels of socioeconomic status as shown in Figure 9. This was
done to provide fewer groups and give more statistical power for the data analysis.
Because the median income of the entire community was reported by city-data.com to be
$48,577, this amount was used to determine the partitions of the levels. Upper class
(40%) was deemed to be households earning greater than $90,000, middle class (35.2%)
residents earned between $45,000 and $89,999, and lower class (21.9%) was classified as
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households earning less than $45,000 annually as depicted in Figure 10. While an annual
salary of $45,000 may not be considered lower class in many of the nation's
communities, this was determined to be the cut-off point to maintain a balanced sample
within the three levels of socioeconomic status.

Annual Household Income
30
25
w 20

0>

E 15
1

10
5

0

M
?
Ukn

Ill I ll
A>105

A>90

Upper SES

A>75

A>60

A>45

A>30

Middle SES

Income (dollars)

Figure 9. The number of respondents in each income bracket.
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Figure 10. The percentage of respondents in each income bracket.
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As depicted in Figure 11, parents supplied their highest level of education
completed. Twenty-three respondents completed graduate school (21.7%), 24 have
obtained a Bachelor's degree (22.6%), 32 parents completed some college (30.2%), 22
have a high school diploma (20.8%), and 4 have only some high school experience
(3.8%).

Parent Education Level
Some High
School

_Unknow
Unknown

1%

4%
Graduate
High School

22%

21%

Bachelors
Some College

23%

29%

Figure 11. The percentage of respondents and the highest level of education completed.

For the interview portion of this study, participants were solicited from the survey
respondents who provided their email addresses and indicated their interest. Fifty-eight of
the 121 parents provided their email addresses, of which 25 met the criteria as scoring
either high or low on both the self-efficacy and personal relevance scales. Emails were
sent to all 25 parents and their children to seek volunteers for the interviews. Sixteen
families responded to arrange a meeting time and place. Table 1 provides the pseudonym
chosen for the students, their grade level, mathematics class, and socioeconomic status,
classified as described above. Parent beliefs, as determined using the methods described
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in chapter three, and parent level of education are also provided in Table 1. This is given
to provide context and serve as an introduction of the interview participants. Of the
students, Harry was the only male, while Tori's and Katie's fathers were the only male
parents who volunteered for the interview. Libby was the only student in the junior class.

Table 1
Descriptions of the Interview Participants
Student

Grade, Math Class, SES

Name

Status

Lauren

Senior, Math IV, Mid SES

Parent Beliefs

Parent Level of
Education

Low Self-efficacy

Bachelor's Degree

Low Personal Relevance

Harry

Jackie

Tori

Senior, AP Calculus, High

High Self-efficacy

SES

High Personal Relevance

Senior, Math IV, Low

High Self-efficacy

SES

High Personal Relevance

Senior, Math IV, Mid SES

Low Self-efficacy
High Personal Relevance

Graduate Degree

Some College

Some College
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Research Questions and Associated Hypotheses
The current study addressed the following questions:
1) Which of the four sources of self-efficacy beliefs do students use to develop their own
self-efficacy beliefs?
2) In what ways do parents' a) self-efficacy and b) subjective task value placed on
mathematics relate to the mathematics attitudes adopted by students?
3) How does the intergenerational transmission of math attitudes differ according to
gender, level of mathematics taken during the students' late high school years, and
socioeconomic status?
4) What insights can parents provide about the sources of their children's mathematics
attitudes?
The hypothesis was that parents who struggled in mathematics in high school,
have children with lower competence beliefs in their own mathematics ability because
these parents feel less capable to assist their children at home (Hoover-Dempsey &
Sandler, 1995). The study also aimed to address the belief that students whose parents
have higher competence beliefs in mathematics will take higher levels of mathematics
during their high school years. It was believed that as parents' socioeconomic status
decreases, the relationship between their beliefs and their child's would be stronger.
Additionally, it was thought that as parent education level increases student beliefs would
be more aligned to those of their parents. The independent variable was the mathematics
attitudes of parents, while the dependent variables were the mathematics attitudes of
students and the level of mathematics taken during the student's high school years. The
null hypothesis was that the mathematics attitudes of parents has no impact on the
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disposition students have towards mathematics or the level of mathematics class taken in
high school.
Analysis of Data
In the following section, each research question is presented with the null and
alternative hypotheses, where appropriate. The methods of analysis are discussed for each
research question. All data were entered into a Microsoft Excel (v. 2010) spreadsheet and
the data analysis tool was utilized for all statistical tests. The quantitative data for each
research question are discussed first. Following the quantitative analyses, the results of
the qualitative analyses are presented. Finally, the results of each analysis are combined
and the relationships between the two are addressed.
Research Question One
Which of the four sources of self-efficacy beliefs do students use to develop their own
self-efficacy beliefs?
This question was explored with the student data collected with both the
Mathematics Motivation Questionnaire and the Sources of Self-efficacy Beliefs
instrument. T-tests for dependent samples were used to explore any relationship with the
students' self-efficacy beliefs and each of the four sources of self-efficacy beliefs. Data
were then separated according to the level of self-efficacy beliefs to investigate if
students with low self-efficacy beliefs in mathematics use the four sources differently
than their more efficacious peers.
Hypothesis I
It was hypothesized that the students in this study use the four sources of selfefficacy beliefs in the same ways as found in the studies conducted by Usher (2009) and
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evaluated by Usher and Pajares (2008). It was expected that mastery experiences would
continue to have the strongest effect on shaping self-efficacy beliefs in mathematics,
while vicarious experiences would have the weakest effect. The null hypothesis was that
there will be no difference in these four sources for students as a whole and with students
disaggregated according to their self-efficacy level.
Data Analyses
Quantitative Analysis.
The first step in answering this research question with the data collected was to
compare the consistency between the two different instruments used in the study. Since
both Glynn and Koballa's instrument and Usher's instrument measured self-efficacy
beliefs on a five-point Likert-type scale, the mean scores for self-efficacy beliefs were
calculated. As Usher's tool did not provide a collective self-efficacy score, the mean
scores for each source were averaged to indicate the total self-efficacy score. A t-test for
dependent samples was then calculated in Microsoft Excel to investigate the relationship
between the self-efficacy scores from each instrument as depicted in Table 2. The results
for the comparison of the two instruments show t (io5)= -2.93, p < .05. Thus, as expected
based on prior research, the tests demonstrate a significant relationship between the two
surveys and this provided confidence in the reliability of any results found when
comparing the components of the two instruments.
T-tests for dependent samples were then computed to explore the relationship
between the student's self-efficacy score obtained from the Mathematics Motivation
Questionnaire and the individual scores for each component on the Sources of Selfefficacy Questionnaire. The t-tests were done individually for each of the four sources of
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self-efficacy beliefs: a) mastery experiences, b) vicarious experiences, c) social
persuasion, and d) physiological arousal. The results of each t-test are found below in
Tables 3 through 6. The results from the individual t-tests of the four sources and overall
student self-efficacy beliefs are as follows, respectively: a) t(ios) = -3.45, p < .05, b) t(ios)
= -.06, p >.05, c) t(io5) = 1.44, p > .05, and d) t(ios)= -6.01, p < .05. These results indicate
that the hypothesis of the results being consistent with those of Ushers (2009) can be
accepted, as mastery experience and physiological arousal are significant sources of the
self-efficacy beliefs of these students, while vicarious experiences and social persuasions
were not significant sources of self-efficacy beliefs with these students. It was
unexpected the extent to which physiological arousal is relied upon within this group of
juniors and seniors.

Table 2
T-Test for Dependent Samples for Students: The Two Self-efficacy Belief Scores given by
the instruments by Glynn and Koballa (2006) and Usher (2009)

Table 2
Mean
Variance
Df
t Stat
P(T<=t) two-tail
t Critical two-tail

Student SelfEfficacy
(Glynn & Koballa)
2.995732255
0.729335894
105
-2.928113005
0.004182444
1.982815274

Students SelfEfficacy
(Usher)
3.151474057
0.518423752
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Table 3
t-Test: Student Self-Efficacy vs. Mastery Experiences
Table 3
Student Self-Efficacy
2.995732255
Mean
0.729335894
Variance
-3.453274405
t Stat
P(T<=t) two-tail
0.000799663
1.982815274
t Critical two-tail

Mastery Experiences
3.210691824
0.701471898

Table 4
t-Test: Student Self-Efficacy vs. Vicarious Experiences
Table 4
Mean
Variance
t Stat
P(T<=t) two-tail
t Critical two-tail

Student Self-Efficacy
2.995732255
0.729335894
-0.060244171
0.952075681
1.982815274

Student Vicarious
Experiences
3.000786164
0.610382974

Table 5
t-Test: Student Self-Efficacy vs. Social Persuasion
Table 5
Student Self-Efficacy
2.995732255
Mean
0.729335894
Variance
1.438647146
t Stat
P(T<=t) two-tail
0.15322469
1.982815274
t Critical two-tail

Social Persuasion
2.890330189
0.973131916

Table 6
t-Test: Student Self-Efficacy vs. Physiological Arousal
Student Self-Efficacy
Table 6
2.995732255
Mean
0.729335894
Variance
-6.609462463
t Stat
P(T<=t) two-tail
1.64219E-09
1.982815274
t Critical two-tail

Physiological Arousal
3.50408805
0.941961965
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Students were then grouped according to their self-efficacy beliefs to explore
whether students of varying levels of self-efficacy beliefs rely on the four sources of selfefficacy beliefs in the same ways. The groups were created by arranging the students in
ascending order according to their self-efficacy beliefs and partitioning the data into three
groups. T-tests for dependent samples were then calculated for each of the three groups
comparing their overall self-efficacy beliefs with each of the four sources of self-efficacy
belief. The test statistic and degrees of freedom are reported below in Table 7.
Additionally, the sources of self-efficacy beliefs found to have a significant relationship
with the students' overall self-efficacy beliefs are noted. This test allows the researcher to
explore, not only which of the four sources students use to develop their self-efficacy
beliefs, but also whether low, middle, and high efficacious students use the sources to the
same degree.

Table 7
Test Statistics for the Four Sources of Self-efficacy Beliefs according to Self-efficacy
Level of the Student
Student
SE Level

Df

Medium

35

Mastery
Experiences

Vicarious
Experiences

Social
Persuasions

Physiological
Arousal
•2.3617*

* t Statistic, p < .05

The analysis illustrates that students with different levels of self-efficacy beliefs
utilize the four sources differently. According to these data, students with low self-
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efficacy utilize mastery experiences, vicarious experiences, and physiological arousal as
the key negative contributors to their low levels of self-efficacy. For those students with a
moderate level of self-efficacy beliefs, only physiological arousal was a negative factor
for their self-efficacy level. Finally, for those students with a high level of self-efficacy
vicarious experiences and social persuasion were positive contributors and physiological
arousal was a negative factor.
These results are inconsistent with previous claims that mastery experiences are
the most significant source and that vicarious experiences have little significance. For this
group of students, separated according to level of self-efficacy beliefs, there is a
significant relationship between vicarious experiences and one's self-efficacy beliefs
when considering the lower and upper extreme students. Physiological arousal is a
significant source of self-efficacy beliefs, regardless of level of beliefs by the students.
Additionally, the lower efficacious students were the only students in this study who used
mastery experiences as a significant source for the development of their self-efficacy
beliefs.
Qualitative Analyses.
Questions implicitly assessing the four sources of self-efficacy beliefs were asked
of all student interview participants. Students of all academic levels were interviewed and
the transcripts were coded according to the themes found in Appendix G. The codes used
in the analysis for the first research question include: self-efficacy beliefs, mastery
experiences, vicarious experiences, social persuasions, and physiological arousal. Aside
from mastery experiences, the remaining three sources of self-efficacy beliefs were
further divided to differentiate between: a) the vicarious experiences of parents, peers,
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and teachers, b) the social persuasions from parents, peers, teachers, and others, and c)
the physiological signals given in mathematics class and at the start of a mathematics test.
From sixteen verbatim transcripts, 73 significant statements were extracted and classified
as follows: a) mastery experiences (13 statements), b) vicarious experiences (13
statements), c) social persuasion (36 statements), and d) physiological arousal (11
statements). Table 8 includes examples of significant statements of each source, the
corresponding code, and the classification of the participant as a) high self-efficacy or b)
low self-efficacy beliefs. Note that there are only two categories, as opposed to the four
categories originally created with the quantitative data because there were so few
interview volunteers in the 'mixed quadrants' (i.e., high self-efficacy/ low personal
relevance). The significant statements chosen are those which reflect the essence of likeminded peers.
The interview participants reiterated the importance of mastery experiences and
physiological arousal on the development of a student's self-efficacy beliefs. All of the
lower efficacious students mentioned how recent success had encouraged them in
mathematics and the desire to continue performing at or above their current level. This
was also evident in the parent interviews, as many of the parents mentioned that the
student was doing better in mathematics and was more confident than in years past.
Lauren's mother commented how her daughter was "on top of the world. She has so
much confidence you know, in this math, except for statistics she said, and she's on top
of the world with her math now."
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Table 8
Selected Examples of Significant Statements of the Sources of Self-efficacy Beliefs

Significant Statement

Code

Just me feeling like I understand it, even minimally will make
me feel better. Because if I get the minimum then that kind of
makes me think well if I can get it at such a basic level, then
there's probably a chance that I can get it at a more complex
level.
I don't ever ask my mom [for help] because she is not good at
math. I think I got her math abilities. I ask my dad sometimes,
but most of the time it doesn't really help.
I would love to get a five [on the AP Calculus Exam]. I know
my friend took it last year and he got a three and he said it was
extremely hard but I think that I could definitely probably
make a four just because I don't know, I think I can.
My dad didn't want me taking AP Calc.. .But I guess he knows
my work habits and so he knew that taking Calc I would have
to practice a lot to actually maintain it enough to do well on the
test...So he figured with the practicing Statistics would be
easier. But I think if I would have taken Calculus I would have
to practice but I think it would have been easier for me...
They were like good job [on earning an 80 on a test] that was
awesome. Okay, well I know Raquel was like, "Oh my God
I'm so proud of you,".. .and a lot of people were like 'wow you
made an 80' and.. .it was good to hear like positive...and I
think that and like actually seeing a good grade on a test for the
first actually made me want to do more and that's why I got
such a good grade last semester.
She [math teacher] had told me to take AP Stat and I wanted
to, I wanted to change out [of AP Calculus] but then I found
out that that would interfere with another class. And so I told
myself - she said that if I worked really hard she could see me
making it. And so I'm like well if she saw it, working really
hard, me making it, then I'd be able to take it.
Kind of excited sometimes, because especially what we are
doing now cause I like doing problems and getting them right.
It's kind of like a puzzle for me. I don't dread doing homework.
It's relaxing to me. I want to get to the bottom of it...
Just mentioning that test. I get nervous. I usually get nervous
when I hear the word math test...I want to keep my grades up
in there and if I don't know the material well enough to do
good on the test, then I really don't want to take the test.

Mastery Exp.

Low or
High
beliefs?
Low
(Tabby)

Vicarious
Low
Exp.(Parents) (Lynn)
Vicarious
Exp. (Peers)

High
(Harry)

Social
Persuasion
(Parents)

High
(Katie)

Social
Persuasion
(Peers)

Low
(Tori)

Social
Persuasion
(Teachers)

Low
(Tabby)

Physiological
Arousal (new
topic)

High
(Libby)

Physiological
Arousal
(testing)

Low
(Lynn)
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The highly efficacious students, on the other hand, only commented how math
had always "clicked" with them. Students with historically lower self-efficacy beliefs all
recounted memories of crying or feeling "physically ill", during mathematics class or on
mathematics tests. "Like that's strange to say that a piece of paper can make me feel so
nauseous" (Tabby). Consistent with previous research and the quantitative results on
vicarious experiences, students did not recount many vicarious experiences of their
parents. This could be due to the fact that only two parents were currently enrolled in a
mathematics class. Of those two families, the student (Jackie) with high self-efficacy
beliefs only discussed her mom's love for mathematics, "My mom is in college and is
taking a math course right now... she likes when I bring home my materials. She looks
over it and it helps her understand it more." She did not mention her acting as a
motivator. The second student (Tabby) did not relate to her mother's negative
experiences in a college remedial mathematics class, as she felt that her mother should
know the mathematics as an adult, "And even with the basics, it's difficult for her. So
seeing her struggle, I can understand what's going on but I can't quite empathize because
it's still so basic."
Students of both levels mentioned social persuasions from peers, parents, and
teachers. Parents and teachers appeared to be important socializers to these students as
their encouragement made the students feel "smart" (Lynn) and motivated them "to try
[their] best" (Tori and Lauren). While peers often turned to the student participants for
extra help because they "think I'm pretty good" (Libby), the students did not discuss how
this influenced their self-efficacy beliefs or motivation to continue pursuing mathematics.
The interview data regarding the sources of self-efficacy beliefs were complimentary to
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the quantitative data. It was unexpected that students reacted similarly to social
persuasions, regardless of the level of their self-efficacy beliefs. It is also important to
note how students who had historically negative experiences in mathematics at the onset
of high school were so encouraged by one semester's worth of positive experiences in
mathematics. Even if these successes were found intermittently students remarked how
they felt that they had the potential to do well. This was evidenced in Lauren who recalls
how she felt at the end of the first semester in her senior level mathematics class.
I felt good first semester when I came out of [the] class with a 90.1
was.. .1 felt real good. You know my mom was like 'What? You got a 90
in math? You better keep it up!' I was like 'I know' because I've never
had an A in math before. I mean that's always been my weak subject.
Summary
Research question one aimed to explore which of the four sources of self-efficacy
beliefs students in this study use to form their competence beliefs. T-tests for dependent
samples were conducted to establish reliability between the two instruments used in the
study. The Mathematics Motivation Questionnaire (Glynn & Koballa, 2006) and the
Sources of Self-efficacy Beliefs (Usher, 2009) were shown to be significantly related,
thus the researcher was comfortable comparing results between the two scales.
Additional t-tests for dependent samples were calculated between the self-efficacy score
obtained from the Mathematics Motivation Questionnaire and each of the four sources of
self-efficacy beliefs measured by Usher (2009). Interviews were conducted with eight
students of varying levels of self-efficacy beliefs and asked about their mathematics
experiences. When considering the students as a whole, it was found in both data sets that
mastery experiences were a significant factor in establishing one's self-efficacy beliefs,
while vicarious beliefs were not a significant source. Social persuasions were also found
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to be not significant within the quantitative data, yet this source was mentioned the most
frequently and in the most positive light in the qualitative data. Physiological arousal had
a very significant relationship with the beliefs developed in both data sets. Now that a
clearer understanding of how students develop their self-efficacy beliefs, it is important
to explore the ways in which student beliefs are like those of their parents.
Research Question Two
In what ways do parents' a) self-efficacy and b) subjective task value placed on
mathematics relate to the mathematics attitudes adopted by students?
This research question was addressed using the data collected from the
Mathematics Motivation Questionnaire given to both parents and students. T-tests for
independent samples were calculated for this analysis, as the computed means being
compared were from two different groups (Salkind, 2008). First, parent self-efficacy
scores were compared to their child's. Then, the same test was conducted, using the
scores from the personal relevance portion of the Mathematics Motivation
Questionnaires. The two tests were then calculated for three groups divided according to
the level of the parent's self-efficacy beliefs.
Hypothesis II
The hypothesis was that parents, who struggled in mathematics in high school,
would have children with lower mathematics attitudes. It was hypothesized that this
occurs because the parents feel less able to assist their children at home (HooverDempsey & Sandler, 1995). It was also hypothesized that students with low value in
mathematics directly relate to the beliefs of parents. The null hypothesis was that the

106

mathematics attitudes of parents have no impact on the disposition students have towards
mathematics.
Data Analysis
Quantitative Analyses.
A t-test for independent samples was the analysis conducted to address this
research question. This test was the appropriate choice because the self-efficacy and
personal relevance mean scores from two different populations (parents and students)
were being compared (Salkind, 2008). Four tests were calculated for each construct.
First, all parents were compared to all students. Second, the parents were divided into
three groups according to their self-efficacy beliefs as low, medium, and high selfefficacy and the t-tests for independent samples were recalculated. Finally, three t-tests
for independent samples were also calculated for the personal relevance factor, as parents
were again divided according to their level of relevance.
Results for the self-efficacy beliefs comparison, t(21o>= -1.74, p > .05,
demonstrated that for the whole population, parent self-efficacy beliefs in mathematics
did not have a significant relationship with those of their child as depicted in Table 9.
Similar results were found when comparing the personal relevance that mathematics has
for parents and student, as the t- test for independent samples indicated that, t(2io)= -1.53,
p > .05 and is depicted in Table 10. These results indicate that student self-efficacy
beliefs and personal relevance beliefs were not related to those of their parents. To
explore this finding further, parent data were disaggregated according their level of selfefficacy beliefs and the t-tests were recalculated for the three levels of parent beliefs.
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This process was repeated by dividing parents according to their level of personal
relevance.

Table 9
t-Test: Parent Self-Efficacy Beliefs vs. Student Self-Efficacy Beliefs

Mean
Variance
Observations
Df
t Stat
P(T<=t) two-tail
t Critical two-tail

Parent Self-Efficacy
2.9957
0.7293
106
210
-1.7445
0.0825
1.9713

Student Self-Efficacy
3.198
0.6972
106

Table 10
t-Test: Parent Personal Relevance vs. Student Personal Relevance

Mean
Variance
Observations
Df
t Stat
P(T<=t) two-tail
t Critical two-tail

Parent Personal
Relevance
3.0266
0.5341
106
210
-1.5355
0.1261
1.9713

Student Personal
Relevance
3.1802
0.5273
106

The results for the six disaggregated tests are found in Table 11. Data from both
constructs demonstrated that student beliefs were related to their parent's beliefs if the
parent's self-efficacy beliefs or personal relevance score lay either on the low or the high
end of the spectrum. This relationship was not significant in students with parents who
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have moderate self-efficacy or personal relevance beliefs score. This relationship was
furthered explored with the qualitative data and will be addressed after the quantitative
analysis.

Table 11
Test Statistics for the Student's Self-Efficacy and Personal Relevance Beliefs according
to Self-Efficacy and Personal Relevance Level of the Parent
Parent level of SE Beliefs

t Statistic

Middle

-0.1692

Parent level of PR
Middle

-0.47 2

* p < .05

While parent self-efficacy beliefs did not have a significant relationship with the
beliefs of their child when considering the collective whole, these results were not
consistent when parents were divided into three groups based on their level of selfefficacy beliefs. The relationship between a parent's self-efficacy beliefs and those
adopted by their child were statistically significant for parents with either low or high
self-efficacy. This was not the case for parents with a moderate level of self-efficacy
beliefs. Like self-efficacy beliefs, personal relevance beliefs of parents and their children
were not significantly related when considering all participants. This did not hold true
when disaggregating the parents according to their level of personal relevance beliefs.
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Parent beliefs which were considered either low or high in personal relevance showed a
significant relationship to the beliefs of their children.
These findings suggest that parents who have low self-efficacy beliefs in their
mathematics abilities will have children who also have low self-efficacy beliefs in their
own mathematics abilities. Likewise, parents with high self-efficacy beliefs in
mathematics also have children with high self-efficacy beliefs. This is not to imply that a
student's self-efficacy beliefs are with low or high because of their parent's beliefs, only
that there is a relationship between the two. These findings also suggest that parents who
feel a low or high sense of personal relevance also have children with similar beliefs.
Again, this is not to imply that a student's personal relevance beliefs are low or high
because of their parent's beliefs, only that there is a relationship between the two.
Qualitative Analysis.
Throughout the coding process, special attention was made to any comment
referencing the similarities or differences between parent and child abilities or beliefs.
Since the second research question aimed to investigate the ways in which parent beliefs
are internalized by their children, any comparison between the two was deemed to be
relevant. Both parent and student interview data were used to answer this research
question. Because the only parents interviewed were those who scored as either having
high or low mathematics attitudes, there were no interviews from which to explain the
quantitative finding that the beliefs of parents who scored midlevel on the self-efficacy or
personal relevance scale were not related to those of their children. Within the 16
interviews, there were 22 instances where the student either referenced his/her parent's
mathematics abilities/ beliefs or where the parent compared him/ herself to his/her child.
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In the case of parents with low beliefs in their mathematics abilities, all of their
children made a reference to their parent's beliefs. Lauren recounted how her mother told
her "you know, we're just not good in math," when she was having a particularly difficult
year learning the mathematics. Lynn mentioned how she never asks her mother for help
with her homework "because she is not good at math," and even asserted that she
"thinkfs] [she] got her math abilities." Tori had similar experiences at home with both of
her parents.
My mom still to this day hates math. [She] is just like 'Don't ask me to
help with your homework because I don't know'...even now when I would
show my dad.. .he is just like 'What are you all doing? I don't understand.'
Tabby was the most adamant that her mother could not help her, as she recalled
I would come home maybe from kindergarten or first grade and I'd have
the basics of 1+2 or maybe in second grade, where they're trying to teach
you algebra, like giving you like, 'What does a equal?' and it's like 1+1.
My father would be able to help me with that but my mother would sit
down and.. .just nod her head in encouragement.
The parents of these girls each affirmed their daughter's perceptions that they also
struggled in mathematics. Lauren's mother confessed that "math has always been an
issue with all of us, me, my husband, and my son...we all have struggled in
math...[Lauren] didn't [always] struggle but ever since high school we've had to get a
tutor.. .but only in math." Tori's father echoed Lynn's concern of heredity when he
described how he does not "think math is one of [Tori's] strong suits, it wasn't mine.. .1
don't know if I passed down a bad gene or what."
The comparison between child and parent was limited to those families with low
mathematics attitudes. Each pair referenced their own ability, as well as the ability of the
other person, as demonstrated in Table 12. This provides evidence that parents with low
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self-efficacy beliefs do transfer those beliefs to their students. Students may not believe
that they are unsuccessful because of their parents, but it does give them justification for
their struggles.

Table 12
Qualitative Evidence of the Transmission of Mathematics Attitudes
Parent Statement
"I've told her you've got to ask for help as
much as you can get because I can't help
you. This is the way it was for me."
(Lynn's Mother)
"I do see similarities that she struggled
with, just like I did. I don't know if I
passed down a bad gene or what." (Tori's
Father)

" When she found out [that] math is a little
struggle for all of us, that kinda made her a
little bit more, relaxed, 'Well they'll
understand if I made this grade', you
know." (Lauren's Mother)

Student Statement
"Idon't ever ask my mom [for help]
because she is not good at math. I think I
got her math abilities(Lynn)
"When I would show my dad even though
he was pretty decent in math he is just like
'What are you all doing, like I don't
understand.' And I'm like 'Thank you. So,
don't be mad at me when I make a bad
grade because I don't understand either.'"
(Tori)
"I mean that's always been my weak
subject and it was the same way for her too
when she was younger and she was like
'You know we are just not good in math.'"
(Lauren)

In contrast to what was found in children of parents with low self-efficacy beliefs,
none of the students whose parents were more efficacious mentioned their parent's ability
when asked about the types of things their parents told them about math. Their
comments, on the other hand, all referenced the social persuasions they received to
persist in their mathematics classes when facing obstacles. This confirms the findings of
research question one in that students with high self-efficacy beliefs rely on social
persuasions at a significant level. Harry commented, "If I get frustrated [my mom]
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always tells me, 'You've always been good at math, just give it another chance, it'll
click.'" Libby's mother relates to her daughter mathematically because they "both agree
with math there is always a right answer. It's not like history where it can be any millions
of years." Three of the four students mentioned working with their parents on
mathematics assignments at home. Katie remembers a time when she became so
frustrated in her math class that she gave up and put her head down on her desk. "I went
home and I asked my dad about it. I was trying to blame the teacher saying she's
explaining it wrong but he explained it the same way.. .then I actually started going
through problems and asking for help." Harry asserted that "my mom has always said I'd
be good in math." His mother, a secondary mathematics teacher, remarked how Harry
will ask her for help in all of his classes.
Because I'm a math teacher, he thinks I'm supposed to know
everything.. .He's much more likely to ask me for help than he is to go to
his teacher. And that's across any subject. He thinks I'm supposed to be
able to teach him everything. Sometimes I'll have to remind them, I'm just
one person.
The interview data supports the finding of the quantitative data in that the
mathematics attitudes of parents with low self-efficacy beliefs were related to those of
their child's. This was evident in the conversations with both the students and their
parents. The interesting finding in the data is that even though some of the students felt
that their parents influenced how they feel about mathematics, they did not blame
genetics for their struggles. As Lynn noted, "My mom hates math and she makes it pretty
obvious that she hates math and it has kind of rubbed off on me a little bit. I'm not
blaming her for it but, yeah." Additionally, while the interview data did not explicitly
suggest that the beliefs of the highly efficacious parents were related to those of their
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child's; the interviews did show that for these four families, both the parents and the
students cited mathematics as their favorite and best subject in school.
Summary.
Research question two aimed to explore the relationship between a parent's
mathematics attitude and that of their child. When examining the quantitative data, there
was not a significant relationship between the beliefs of parents and those of their child's.
Further analyses required the data to be disaggregated according to the level of selfefficacy and personal relevance beliefs of the parents. With the use of multiple t-tests for
independent samples, the results indicate that when parents have either high or low
beliefs in their abilities or the value mathematics has to their daily lives, students have the
tendency to follow in their parent's views. This is not the case when a parent only has
moderate self-efficacy or personal relevance beliefs.
The data collected during the interview process supported the findings of the
multiple t-tests. The students whose parents had low mathematics attitudes all explicitly
noted their parent's beliefs, as well as related to their parents (with one exception)
because of them. This demonstrates that there is a link between the beliefs of students and
those of their parents. The higher efficacious parents also had children with moderate to
high self-efficacy and personal relevance beliefs. While these students did not note their
parent's ability in terms of inheriting their parent's abilities, there were multiple mentions
of turning to their parents for help in mathematics. The following research question will
disaggregate the data even further, and explore how this transmission of beliefs varies
according to student gender, mathematics level, and socioeconomic status.
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Research Question Three
How does the intergenerational transmission of math attitudes differ according to gender,
level of mathematics taken during the students' late high school years, and
socioeconomic status?
This research question was addressed using the data collected from the
Mathematics Motivation Questionnaire completed by both parents and students. Using
the background information provided by the participants, the data were disaggregated and
the t-tests for independent samples were recalculated for each individual cross section of
the sample. Various arrangements were constructed to examine the potential relationships
between the groups as described in the methods section. Participants were grouped
according to gender (male or female), level of mathematics class taken by the student
(accelerated, regular, or support), and socioeconomic status (upper, middle, and lower).
Additionally, parents were grouped according to their highest level of education
completed, as this has also been used in research to signify socioeconomic status (Schunk
& Meece, 2006). For the remainder of this study, the parents will be referred to as
mothers and fathers and the students as daughters and sons, as an attempt to distinguish
gender and age group. A correlation matrix was also calculated to explore the
relationships between the individual sources of self-efficacy beliefs used by students and
their parents' self-efficacy and personal relevance beliefs. This study also aimed to
address the belief that parents' self-efficacy and personal relevance beliefs in
mathematics relates to the mathematics courses children take during their high school
years. Thus a correlation matrix was calculated for each of the three levels of
mathematics courses to understand the relationship between the factors according to the
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academic level of the student. Finally, a correlation matrix with parents' education level
was also constructed to investigate the role that education level has when exploring
student self-efficacy beliefs and the sources contributing to those beliefs.
Hypothesis III
It was hypothesized that the relationship between a parent's self-efficacy and
personal relevance beliefs and those of their child would vary according to gender.
Parent beliefs were also conjectured to have an effect on the level of mathematics in
which a student enrolls. It was expected that males would have higher self-efficacy
beliefs in mathematics. It was also believed that as parents' socioeconomic status
decreases, the relationship between their beliefs and their child's would be stronger.
Additionally, it was proposed that as parent education level increases student beliefs
would be more aligned to those of their parents. The null hypothesis was that gender,
socioeconomic status, and mathematics level would not change the degree to which a
student adopted his parents' mathematics attitudes.
Data Analysis
Quantitative Analyses.
To address the first part of the research question, students were placed into two
groups according to gender, and the t-tests for independent samples were calculated for
both self-efficacy beliefs and personal relevance beliefs. This same procedure was
repeated after separating parents into groups according to gender. The test statistics
calculated for the relationship between a parent's self-efficacy beliefs and their child's
self-efficacy beliefs for each of four different groups (daughters, sons, mothers, and
fathers) are shown in Table 12. The test statistics computed for the relationships between
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the parents' and students' personal relevance for these same groups are also presented in
Table 13. Results indicate that the mathematics attitudes of daughters, significantly more
than sons, were negatively related to those of their parents. This indicates that daughters
did not internalize the attitudes of their parents and actually formed opposite beliefs
instead. Similar results were found when the data were analyzed for the fathers. Fathers'
beliefs showed a significantly negative relationship with those of their children. These
findings are important in light of the historical gender gaps in mathematics because if
men are traditionally the ones in STEM careers and their children form opposite beliefs
as their fathers, especially their daughters, then there will continue to be an
underrepresentation of women in STEM careers for years to come.

Table 13
Relationship between Parent and Student Beliefs according Gender
Participants

Df

t Statistic
(Self-Efficacy)

t Statistic
(Personal
Relevance

Sons

76

0.2448

0.2087

Fathers

44

-3.7085*

-2.8524*

* p < .05

Data were also disaggregated according to the level of mathematics course in
which the student was enrolled. When exploring the relationship between parent and
student beliefs according to the child's mathematics course (accelerated, regular, or
support) there was only one significant relationship found, t(io4>= -2.09, p < .05 for
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personal relevance beliefs when considering regular education students. This means that
students who were on grade level did not internalize the personal relevance beliefs of
their parents and formed subjective task values which were negatively related to those of
their parents. This is an important finding for parents and educators to consider as a
majority of students are classified as regular education. If parents and teachers are
sending messages to students that mathematics is important, and these students are then
forming the belief that it is not important for them personally, new strategies must be
incorporated at home and in the classroom to deter this mindset.
In the next step, participants were grouped according to the parents'
socioeconomic status; upper class (households earning greater than $90,000), middle
class (between $45,000 and $89,999), and lower class (less than $45,000 annually). The
same t-tests were calculated. Similar to mathematics level, socioeconomic status was not
a significant factor on the relationships between parent and student self-efficacy and
personal relevance beliefs. To examine if these results remained consistent when
considering parent education level, t-tests were calculated for both competence beliefs
after separating the parents and students into groups according to education level.
Results of this t-test illustrate that parent beliefs of those with a Bachelor's degree had a
significant negative relationship with their child's but only when considering personal
relevance beliefs, t(44) = -2.20, p < .05. Like students enrolled in the on-level mathematics
class, the children of college educated adults formed their beliefs without regard to their
parent's beliefs. It is vital that parents think about the messages they send to their
children about mathematics, as these comments could have a detrimental effect.
Similarly, parents with only some high school education also showed a significant

118

negative relationship (t<6> = -2.54, p < .05) between their personal relevance beliefs and
those of their child. This is a satisfying finding, as parents who are undereducated also
have low mathematics attitudes and it is encouraging that their children are trying to
avoid their parent's fate.
After conducting numerous t-tests for independent samples and analyzing the
cross sections of the participants when grouped according to gender, mathematics level,
socioeconomic status, and the highest level of education completed by the parents, some
significant relationships emerged. First, gender affected the relationship between parents'
and students' mathematics attitudes in a significantly negative manner. This indicates that
as parents' mathematics attitude increased, the attitude of their daughter decreased. This
is also the case when looking at the data for the fathers. Secondly, students enrolled in a
regular education mathematics class also showed a negative relationship between their
beliefs as their parents. Third, children of parents with either a Bachelor's degree or only
some high school experience continued the trend of having a significantly negative
relationship with their mathematics attitudes and those of their parents. To try to gain a
better understanding of these data, correlation matrices were calculated to explore the
relationships between the individual beliefs of students and those of their parents. Tables
14 through 18 show the correlation matrices in which there were strong to very strong
relationships. Although, these are only a sample of the matrices calculated, the following
tables contain the significant findings. According to Salkind (2008), a very strong relation
has a correlation coefficient greater than or equal to 0.8, and a strong relationship is
determined by a correlation coefficient greater than or equal to 0.6 but less than 0.8. The
significant cross sections found were accelerated students, socioeconomic status, parents
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with Bachelor's degree, and parents with only some high school education. With the
exception of the accelerated students, these factors were consistent with those found
using the t-tests.

Table 14
Correlation Matrix of the Self-efficacy Beliefs and Personal Relevance Beliefs of
Accelerated Students and their Parents

Accelerated

Student Selfefficacy

Student
Personal
Relevance

Parent Selfefficacy

Student Personal
Relevance

0.648403*

1

Parent Personal
Relevance

0.221907

0.368901

Parent
Personal
Relevance

0.714922*

1

* = strong correlation

Table 15
Correlation Matrix of the Self-efficacy Beliefs and Personal Relevance Beliefs of Upper
SES Students and their Parents

Upper SES

Student Selfefficacy

Student
Personal
Relevance

Parent Selfefficacy

Student Personal
Relevance

0.6123114*

1

Parent Personal
Relevance

0.1226776

0.098349

* = strong correlation

0.723773*

Parent
Personal
Relevance

1
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Table 16
Correlation Matrix of the Self-efficacy Beliefs and Personal Relevance Beliefs of Lower
SES Students and their Parents

Low SES

Student Personal
Relevance

Student
Self-efficacy

Parent
Selfefficacy

Parent
Personal
Relevance

0.621788*

Parent Personal
Relevance
*=

Student
Personal
Relevance

-0.12322

0.210047

0.519372

strong correlation

Table 17
Correlation Matrix of the Self-efficacy Beliefs and Personal Relevance Beliefs of Parents
who earned a Bachelor's Degree and their Children

Bachelor's Degree

Student Selfefficacy

Student Personal
Relevance

0.682599*

Parent Personal
Relevance

0.090001

* = strong correlation
** = very strong correlation

Student
Personal
Relevance

0.054133

Parent
Selfefficacy

0.804166**

Parent Personal
Relevance
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Table 18
Correlation Matrix of the Self-efficacy Beliefs and Personal Relevance Beliefs of Parents
with Some High School Education and their Children

Some High School

Student Selfefficacy

Student
Personal
Relevance

Parent
Selfefficacy

Student Personal
Relevance

0.507741

1

Parent Personal
Relevance

-0.63135*

-0.9784**

Parent Personal
Relevance

0.306862

* = strong correlation
** = very strong correlation

Findings indicate that a student's self-efficacy beliefs had a strong relationship
with their personal relevance beliefs for students in accelerated mathematics, students
whose parents attained a Bachelor's degree, and students who were classified as either
the upper or lower socioeconomics. This suggests that for these students, one's selfefficacy beliefs could be attributed to their subjective task value, or vice versa. The more
importance that was placed on a task, the greater the effect success or failure had on their
self-efficacy beliefs. These findings are consistent for the relationship between parent
self-efficacy beliefs and personal relevance beliefs for these same groups. This is
important because when considering the entire sample population, parent self-efficacy
beliefs had a strong relationship with personal relevance beliefs, but did not hold true for
the students. The only groups of students who showed a strong relationship between the
two factors are those which are shown in Tables 13 through 17. For the students whose

1
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parents only had some high school education, there was a very strong negative
relationship between the students' personal relevance and the beliefs of their parents.
This demonstrates that these students judge the value of a task in the opposite manner as
their parents. For example, parents who deemed mathematics to be irrelevant to their
lives would generally have children who highly valued mathematics. This finding is
relieving as it would be detrimental if students whose parents are uneducated adopt the
same personal relevance beliefs as their parents.
Qualitative Analysis.
The final facet of this research question was to investigate the relationship
between a parent's self-efficacy and personal relevance beliefs and the mathematics
course in which their child was enrolled. The interview participants consisted of four
parents with low mathematics attitudes and four with high mathematics attitudes. Of the
students whose parents were on the lower end of the scale, one student was in math
support, one in AP Calculus, and two were in regular senior math (a course equivalent to
trigonometry in a traditional curriculum). For the students whose parents were on the
upper end of the spectrum, one student was in regular mathematics and the other three
students were on the accelerated level (one in AP Calculus, one in AP Statistics, and one
junior who is enrolled in both Accelerated Math III and AP Statistics). This information
is given to provide a piece of evidence of the relationship between a student's level of
mathematics and their parent's mathematics attitudes. While this is not definitive proof
that the higher a parent's mathematics beliefs are then the more likely a student will be in
advanced level mathematics, nonetheless this does demonstrate the trend within the
interview participants in this study.
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The students and parents in the first group all cited mathematics as their least
favorite and/ or their worst class. Tabby described math as "a cinder block taped to [her]
foot right now," while Tori passionately answered, "My least favorite class I have ever
taken is math.. .just because the first three years of high school was just, awful because I
just, I hated it. I didn't want to do it." Lauren's mother seemed embarrassed to confess
that math was her worst subject, laughing as she replied, "math.. .math was. That was my
worst. I came out with B's but it was a struggle, and I had to go back later on and get
help." Other students and parents in this group offered similar thoughts. Tabby's mother
also assessed mathematics to be her worst subject in school. In fact, she did not even
recall ever taken algebra, as is evidenced when she admitted,
I really don't remember a whole lot because I don't remember taking the
Algebra. They had a class you could take, but I just kept with the basic
math. They didn't have AP and Honors back in those days. And they had
Algebra; I just stayed with the basic because I didn't have anybody to say
'you need to go' and pushing me to try to go further.
The experiences of Tabby's mother may explain why Tabby is in AP Calculus, despite
her struggles in recent years.
The parents who struggled in mathematics each referenced telling their daughters
about their struggles. For example, Lynn's mother said that she did this to encourage
Lynn, "She knows because she struggled with [math] and I've told her you've got to ask
for help as much as you can get because I can't help you. This is the way it was for me."
Lauren's mother, on the other hand regretted telling her daughter about her struggles,
I kinda hate that we told her that, you know that math was a struggle for
us, because, to me, I think that she could push herself a little bit harder.
But when she found out [that] math is a little struggle for all of us, that
kinda made her a little bit more, relaxed, 'well they'll understand if I made
this grade', you know.
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Although Harry's mother did not struggle in mathematics, her husband does.
I've been very forceful with my husband about, 'Don't say that you're not
good at it because it portrays this inferiority, or it's not important,
especially to our kids. It's different if you want to say that to other adults
but not in front of our kids.' I don't think he's ever said it in front of any of
our kids that he's not good at math.
The positive, or rather lack of negative math talk was consistent in all of the homes of
parents with high self-efficacy beliefs in math. In addition, there seemed to be an effort
for parents to avoid negative talk so that their children would not be deterred from
mathematics or give the students justification for not achieving to their potential.
Libby's mother, who has high mathematics attitudes, shared a story about her
four-year-old daughter who "got out the math flash cards the other day and asked,
'what's this?' I told her 'Those are math flash cards, honey' and she said 'I want to read
them. 0 + 0 is 0.'" Jackie's mother also fostered a home full of conversations about
mathematics. "My son and I love do to math together. When he has homework I'll ask
him and I'll copy his problems and I'll do his problems to see if I understand them."
Katie, whose parents both have high self-efficacy beliefs, boasted, "If we watch
NUMB3RS, we get into a kind of heated discussions, especially my dad and my
grandfather." None of the students from home where the parents struggled in
mathematics mentioned any mathematical experiences at home that were not related to
student grades. The discussions students have or do not have at home with their parents
appeared to be a significant factor in student's interest in mathematics.
Because of the limited sample of male students in the interview participants, there
were not enough qualitative data to properly address the effect gender had on the
internalization of parent beliefs. Within the data collected, no student or parent mentioned
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mathematics abilities as related to gender roles. Socioeconomic status was also
eliminated from the qualitative analyses. Although there was a balanced sample of the
three socioeconomic levels, there were no questions in the interview protocol regarding
finances and none of the participants mentioned money concerns. These questions were
purposefully left out of the protocol because money matters are an uncomfortable topic of
conversation between strangers. Since a phenomenological study relies on a participant's
comfort level and the rapport built, the choice was made to address this portion of the
question quantitatively.
Summary
The third research question in this study aimed to investigate the ways in which
gender, academic level, and socioeconomic status changed how students internalize the
explicit and implicit message they received at home. The quantitative data revealed that
the mathematics attitudes of female students were significantly related to those of their
parents. In addition, the beliefs of fathers, more so than mothers, were significantly
related to those of their children. The second portion of the research question, which
addressed the level of mathematics class taken by the student, was addressed with the
qualitative data. The interviews with the 16 participants exposed the importance of
positive mathematical experiences at home. The students who noted conversations with
their parents regarding mathematical ideas were also the students who demonstrated an
increased interest in mathematics and higher self-efficacy beliefs. These students were
also the students enrolled in the accelerated mathematics classes. One could try to argue
that these conversations occurred at home because of the student's interest in
mathematics, but discussions with the parents showed that these math experiences
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occurred with the students at an early age and are being continued with the younger
siblings of the students.
The final factor mentioned in the research question was socioeconomic status,
which was addressed quantitatively. Findings revealed that the self-efficacy beliefs of
students from homes of higher or lower socioeconomic status were positively related to
their personal relevance beliefs, but not necessarily those of their parents. This is
important to note because the parents in these same families also showed that their selfefficacy beliefs were related to their own personal relevance beliefs. This finding was not
consistent with middle class students or parents. This shows that for the participants in
this study, a family's finances did have an effect on a student's belief system, but not on
the internalization of their parents' beliefs. Another important finding is that the children
of parents with minimal education did not internalize the beliefs of their parents but
instead, adopted mathematics attitudes which were the complete opposite of their parents.
Research Question Four
What insights can parents provide about the sources of their children's mathematics
attitudes?
The aim of the fourth research questions was to explore parent data for their
perceptions of their child's strengths and weaknesses, as well as possible explanations for
their beliefs. This question will be addressed with the parent interview data. During the
coding process, any references to the four sources of self-efficacy beliefs or the students'
values were noted. This included any discussion of how mathematics may be related to
the student's current or future plans.
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Data Analyses
To start the coding process, each of the 16 interviews was analyzed for any
reference to mastery experiences, vicarious experiences, social persuasions, and
physiological arousal. These excerpts were then grouped by whether they improved,
confirmed or worsened mathematics self-efficacy beliefs in the students. Social
comparisons between students and their peer and teachers were also noted. During the
interviews, parents were also asked if they had any additional thoughts regarding
mathematics beliefs of ability and motivation. These responses will also be discussed.
Mastery Experiences.
Parents across all levels discussed mastery experiences as a source of the child's
self-efficacy beliefs in mathematics. Many mentioned how math was not their child's
"thing" (Tori's father), or how their child has always "struggled" in math (Lynn's
mother). Without prompting, most of the parents of the students with low self-efficacy
beliefs referenced tenth grade as a particular time period when their child began having
difficulties. For Lauren, 10th grade brought "a change in attitude. Somewhat like, 'I don't
get it.' You know, kinda like a giving up, but not a bad attitude change" (Lauren's
mother). Tenth grade was the same year in which Lynn "would just everyday beg, 'Get
me out of this class. I can't make it' and she would be in tears." Tori's father recalled how
when "high school started, [Tori] was still doing pretty good and then around 9th or 10th
grade, and she knew what to do, but had a lot of stuff going on and maybe she just got
sidetracked." Tenth grade seemed to be a difficult year for these students and created a
sense of failure for them. The students with a higher sense of self-efficacy in their
mathematics beliefs were able to navigate the increased rigor brought on by right triangle

128

trigonometry, the properties of circles and arc measures, and normal distributions. Even
Harry admitted that when learning logarithms, he "just kind of shut it down [when he]
couldn't figure it out." Libby, who struggled with circles, recalled that
There has never been a time where I felt completely lost- probably
anything relating to circles in geometry is kind of my weak spot. I would
go to tutoring in the morning or talk to my teacher to see when I could
meet up with her. I also have been to study groups outside of school and
then I find that reading the textbook helps a lot because it's like getting
another lesson.
The difference between Libby and Harry and the students with low self-efficacy
beliefs is that they have developed coping skills and were described by their parents as
"independent" (Harry's mother) and "very self-driven and self-motivated" (Libby's
mother). These characteristics may have prevented struggles from damaging their selfefficacy beliefs. "If [Harry] doesn't do as well as he would like, he would [say], 'Mom,
this is what happened. What do I need to do? I've got to get it fixed.' It's all on him. I
never have to do anything. He's taken ownership," affirmed Harry's mother.
Social Persuasions.
The most prevalent source of self-efficacy beliefs mentioned by the parents was
the role the teacher played in aiding the development of their child's beliefs. This was
true for parents on both ends of the mathematics attitudes scale. Libby's mother recalled
how Libby's middle school teacher was a "yeller" and her daughter would come home
"saying 'I can't do it, I just can't do math.' She got a new teacher and it turned her
around and she said 'I figured it out I can do it now.'" Katie's father confirmed the
importance of a teacher's classroom management style in that, "You need to not give her
[Katie] an inch. The classes that she really does well in are classes where either it's very
lax or classes where she knows she can't mess up in." Lynn's mother recounted that while

129

Lynn had always struggled, "she didn't feel like she just couldn't do it. But I think a lot of
her that year, feeling like she just couldn't do it, was kind of made to feel like 'I'm not
smart enough'" which she attributed to the way a certain teacher "made her feel dumb by
asking questions. She actually got in trouble. She says she got in trouble a few times for
asking questions." Lauren mother told of many conversations she had with her daughter
the year she really began struggling in mathematics.
[One] math teacher had students in his class that were friends of hers and
she was in this math class. She's struggling and [saying] 'I know I can do
better in math than such-n-such can. They got an A in this class. I know
that I can pass it in this math class, because he's teaching it a certain way
where they understand it and she's teaching it another way.'
It is evident that for the students in this study, parents felt that teachers were a large
contributing factor to their child's success. Parents did not make any reference to social
persuasions from peers or other individuals. They only mentioned their own
encouragement and feedback to indicate that they remind their child to "Do your best,"
(Tabby's mother), "Let me call the tutor" (Lauren's mother) and "Just keep trying, keep
working at it" (Libby's mother).
Subjective-task Value.
Finding success in a mathematics class seemed to change the struggling students'
self-efficacy beliefs and work habits. As evidenced by Lauren's mother who mentioned
that Lauren once proclaimed, "I don't think I'll ever use this math, I don't see the
significance of taking this hard math. I'm never gonna use it," but ever since she started
"understanding [math] better, she's putting forth more effort than before." Lynn also
attributed her grades on her effort as she realized that she "could do better in math if [she]
tried harder." When asked about her future career goals and if she had confidence to
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succeed in college level mathematics, she bashfully admitted that "It depends on the type
of math it had in it. If it had what we're doing now, I could definitely do that. I have fun
doing that. I feel like a nerd saying that, but I have fun." By observation, Lynn is not the
only student who believes that only nerds can think math is fun.
Tori's dad excused her lack of effort in mathematics, "She has a lot out going
with the extracurricular stuff, so I think she just needs a little bit more applying to
everything." Theater is where Tori's interests lie (she aspires to be on Broadway) so
mathematics was not her top priority. Katie's father, on the other hand, was discouraged
by his daughter's lack of effort, "She doesn't practice because for a lot of times, it has
come easy for her without practice, so she has some experience where, without the
practice, she is able to be successful." He blamed these early, effortless successes for her
lack of work ethic now. As Katie took more difficult mathematics classes she found that
she was "not going to be ready for the test when it's time for the test" because she did not
practice. This has been detrimental to her self-efficacy beliefs, which is evident when she
answered hesitantly, "I would say math [is my best subject] but I've struggled with math
in recent years." Her father worries about Katie's success in college, despite her high
ability, because "she doesn't really have the love and that's why I worry for her, because
she likes the concepts but she doesn't want to dig deeper." Finally, Libby's mother
articulated the importance of family on task value in her final remarks of the interview,
I really think that having a family that values math makes it easier to see
the importance of it. I mean you are not in your everyday life going to
have to do calculus equations, but I think [the kids] are just so used to just
getting the answer rather than having to think through it that it's become a
'I just want the answer' kind of thing.
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Parents and students in this study expressed the importance of career goals, family
values, and passion as contributors to the student's work ethic. These are some of the
same factors which encompass expectancy-value theory.
Summary
Parent interviews provided a rich data source for the ways in which their children
used mastery experiences and social persuasions to form their self-efficacy beliefs, as
well as the importance that subject task value had on one's work ethic in mathematics.
There was not a substantial amount of data to determine how students use vicarious
experiences and physiological arousal to develop their mathematics attitudes. Lynn's
mother was the sole participant to reference vicarious experiences as a source of selfefficacy beliefs, "She may say that she gets it from me that she inherited my math skills.
But I don't think she is doing it in an 'I can't do it because you can't do it' kind of thing."
While Lynn and her mother may not believe that Lynn truly attributes her abilities to her
mother's, it is this author's contention that there is a little truth in every internal thought.
Lynn may not "blame" her mother, but the evidence presented in this chapter
demonstrates that for some students, these types are statements are just enough of a seed
in their minds to grow into low self-efficacy beliefs.
Summary
The primary aim of this study was to understand the ways in which students
internalize the messages they receive about mathematics from their parents. Harry's
mothers echoes this researcher's motivation for conducting this study succinctly,
I think the one thing that I have noticed is when you have a parent or a
teacher tell a kid that they're not good at math, that attitude just permeates.
I think one of the big struggles that we have with the attitude is that people
think that it's okay to not be good because so many people say they're not
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good at math. So it's like this pervasive attitude, it has nothing to do with
ability. We've really had a battle about it at home, having one person that
is math-oriented and one person that isn't.
The evidence presented in this mixed method data analysis demonstrates that
there are some significant negative relationships between the beliefs of parents
and those of their children. These relationships become clearer as data were
disaggregated according to student mathematics level, gender of both the parents
and the students, socioeconomic status, and the highest level of education
completed by parents. Findings indicate that the beliefs of daughters and fathers
had a significantly negative relationship in that as when one's beliefs increase, the
other's decreases. Students of parents with a Bachelor's degree also demonstrated
this relationship. Additionally, consistent with the literature reviewed, mastery
experiences were a significant source of self-efficacy beliefs, while vicarious
experiences remained inconclusive. An unexpected finding was the extent to
which students in this study relied on physiological arousal. This was evident in
both the quantitative and qualitative data. Subjective task value also emerged as
an important factor on student work ethic in the interview data. The following
chapter will continue the discussion of the data, including the importance of the
results, the implications, and recommendations for future studies concerning the
transmission of mathematics attitudes from parents to their children.

CHAPTER 5
FINDINGS, IMPLICATIONS, AND DISCUSSION

Introduction
Having met many parents who claim to be terrible in mathematics and unable to
help their children at home has led this researcher to investigate the impact these
messages have on their children. Do the children of these struggling adults use their
parents' weakness in mathematics as justification to struggle as well? Gaining a clearer
understanding of the ways students internalize the mathematics attitudes of their parents
was the primary purpose of the current mixed methods study. Interest also lied in the
ways students develop their self-efficacy beliefs and the personal relevance they felt
towards mathematics. Another purpose of the current study was to explore whether
gender, level of mathematics class taken, and socioeconomic status affect the
transmission of these beliefs differently. Finally, this study interviewed parents to see
what insights they could provide on the development of their child's mathematics
attitudes.
Research Questions
1) Which of the four sources of self-efficacy beliefs do students use to develop their own
self-efficacy beliefs?
2) In what ways do parents' a) self-efficacy and b) subjective task value placed on
mathematics relate to the mathematics attitudes adopted by students?
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3) How does the intergenerational transmission of math attitudes differ according to
gender, level of mathematics taken during the students' late high school years, and
socioeconomic status?
4) What insights can parents provide about the sources of their children's mathematics
attitudes?
Social cognitive theory and expectancy-value theory worked in conjunction to
provide a theoretical framework for this study. The two theories were not chosen to
compete with each other, but to help fill the gaps left by the other. Social cognitive theory
explains how cognition, behavior, and environment interact in a reciprocal manner. This
means that individuals form ideas to guide their actions which are influenced by their
environment. In turn, their behavior shapes the individuals' beliefs which affect their
surroundings. A key component of social cognitive theory is self-efficacy, one's
assessment of whether or not success is a possibility for a certain activity. Self-efficacy
beliefs are important for the current study, as interests lie in what students believe about
their potential, as opposed to their actual achievement scores.
Expectancy-value theory was included to add another dimension to the
mathematics attitudes of students. While self-efficacy beliefs are important contributors
to one's motivation to pursue an activity, social cognitive theory does not take into
account the value one places on doing well. Expectancy-value theory incorporates one's
expectancy to do well, as well as the subjective task value placed on the activity.
Subjective task value is comprised of four components: a) attainment value, b) utility
value, c) task value, and d) cost. Attainment value is the importance one places on doing
well on a task. Utility value is the importance a task has for the individual's future goals.
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Task value describes the intrinsic importance placed on learning the concept, while cost
considers whether the students believes the effort necessary to do a task well is worth it.
The survey instruments and the interview protocol were all chosen with these two frame
works in mind as they capture the essence of a student's attitude towards mathematics.
One hundred-six parents and students from a suburban town were questioned on
their motivation to learn mathematics, paying special attention to their self-efficacy
beliefs and the personal relevance placed on doing well in mathematics. Students
completed an additional survey regarding the sources they used to develop their selfefficacy beliefs. The survey instruments chosen, the Mathematics Motivation
Questionnaire (Glynn & Koballa, 2006) and the Sources of Self-efficacy Beliefs Scale
(Usher, 2009), were utilized because they were each shown to be valid and reliable tools
and were written in a manner consistent with social cognitive theory and expectancyvalue theory. Interviews were later conducted with eight parents and their children. The
eight parents were chosen using the survey data which placed parents into four groups
according to their levels of self-efficacy beliefs and personal relevance. The participants
were all interviewed at either the child's high school or a local coffee shop. All
interviews were digitally recorded, transcribed, and provided to the interview participants
for member checking. The interview protocol used was adapted from Usher's (2007)
phenomenological study of middle grades students, their parents, their peers, and their
teachers.
The quantitative data were all entered into a Microsoft Excel spreadsheet and
statistical tests were calculated using the data analysis tool pack. T-tests for independent
samples were computed to compare student and parent data, while t-tests for dependent

samples were calculated to explore the relationships between the students' sources of
self-efficacy beliefs and their overall self-efficacy score. Correlation matrices were also
calculated to investigate the relationships between student self-efficacy beliefs and
personal relevance, as well as the relationship with the beliefs of their parents.
The qualitative data were color coordinated according to the level of the parent's
self-efficacy beliefs. Codes were established using Usher's (2007) coding framework as a
starting point. Statements corresponding with the aims of this study were classified as
relating to self-efficacy beliefs or subjective task value, and then later narrowed down
into smaller groups, such as one of the four sources of self-efficacy beliefs, or comments
relating to parents, peers, or teachers. These smaller categories were then analyzed for
emergent themes. The following section discusses the results, the implications of the
findings, and suggestions for future research.
Discussion of Findings
Research Question One
Multiple data sources were examined to address the first research question which
inquired about the sources students utilized to develop their self-efficacy beliefs. Both
quantitative and qualitative data were evaluated and results indicate that the students in
this study look to their mastery experiences and physiological arousal to provide cues that
they are or are not capable of successfully completing a task. While social persuasions
were not found to be a statistically significant source for the collective whole, the
feedback received referencing parents, teachers, and peers did prove to influence the
beliefs of children with low or high self-efficacy beliefs. This was evident in both the
statistical analysis and the interview data. Consistent with the literature reviewed in
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chapter two (Lent, Lopez, & Bieschke, 1991; Usher, 2009), vicarious experiences
continue to be the weakest source for the students' self-efficacy beliefs. One possible
explanation for this is that the students did not have the opportunity to observe their
parents taking a mathematics course, which is an essential component of modeling
behavior. Most of the students in this study had to base their judgments from what their
parents told them about their high school experiences. One surprising revelation was the
extent to which the students in this study cited physiological arousal as a source of their
self-efficacy beliefs. This could be due to the fact that juniors and seniors have had
eleven years of experience from which to base their opinions. Combined with the added
pressure of increasing one's GPA for college admission, students may place more
importance on their scores now than they did in previous years. Scholarship and college
applications were too far in the future for most freshmen and sophomores so it was easier
for them to let their grades slide during these years. On the other hand, juniors and
seniors in high school have to work hard to overcome any damage they did on their GPA,
while remembering how much they struggled in those earlier years. This can be a
daunting task considering the strength given to mastery experiences.
The analyses illustrate that students with varying levels of self-efficacy beliefs
utilize the four sources of self-efficacy beliefs differently, as shown in Figure 12.
According to these data, students with low self-efficacy interpret mastery experiences,
vicarious experiences, and physiological arousal as the key negative contributors to their
low levels of self-efficacy. For those students with an average level of self-efficacy
beliefs, only physiological arousal was a negative factor for their self-efficacy level.
Finally, for those students with a high level of self-efficacy, vicarious experiences and
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social persuasion were positive contributors and physiological arousal was a negative
factor. These findings demonstrate that for all students in this study, the signals sent from
the body to the brain can have a very detrimental effect on an individual's perception of
his ability. These results also show that while highly efficacious students are encouraged
by the successes of others, the students with low self-efficacy beliefs viewed those same
successes as evidence that they do not have the capability themselves. This analysis also
highlights that even though mastery experiences have a significant relationship with the
development of one's self-efficacy beliefs when considering all of the students, this
source does not maintain strength when disaggregating the data according to level of selfefficacy beliefs.

Low Self-efficacy:
All Students:
Mastery Experiences,
Physiological Arousal

Mastery Experiences,
Vicarious Experinces, and
Physiological Arousal
Moderate Self-efficacy:

High Self-efficacy:

Physiological Arousal

Vicarious Experiences,
Social Persuasions
High Self-efficacy:
Physiological Arousal

Figure 12. The Significant Relationships between Sources of Self-efficacy Beliefs and a
Student's Level of Self-efficacy

One possible difference between these two types of students is that the students
with high self-efficacy have some experience finding success in a mathematics class, so
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even when a more difficult problem is attempted, this student has the understanding that
failure is not the end of the world; whereas a student with low self-efficacy beliefs
probably has fewer examples of trying a more difficult problem and attaining the correct
solution. If these two students are in the same class, observing the lower efficacious
student answer a problem correctly will push the student with a higher sense of selfefficacy beliefs to continue working through the problem. On the other hand, if the higher
efficacious student arrives at the correct answer, while the other is struggling, this only
further proves to the weaker student that success is not as readily accessible for him. The
interesting question in this situation is how do the students with moderate self-efficacy
beliefs form their strategy to either push forward or give up. Will the middle level student
be encouraged if either the other students come to the right answer, or will the middle
student relate more with one end of the spectrum over the other? It is this author's
contention that the student with moderate self-efficacy beliefs will be encouraged when
either the student with low self-efficacy beliefs or high self-efficacy beliefs finds success,
given that the middle students has already had some mastery experiences.
The interview participants reiterated the importance of mastery experiences and
physiological arousal on the development of self-efficacy beliefs. All of the lower
efficacious students mentioned how recent success had encouraged them in mathematics
and the desire to continue performing at or above their current level. Even if these
successes were found intermittently, students remarked how they felt that they had the
potential to do well. This is consistent with Bandura's (1997) assertion that self-efficacy
beliefs are dynamic if students are given a reason to reevaluate their self-perceptions.
This further demonstrates that teachers should make a point of providing small successes
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throughout a course so that students can begin to understand that success is possible,
despite previous difficulties. This was also evident in the parent interviews, as many of
the parents mentioned that their child was doing better in mathematics and therefore more
confident than in years past.
Consistent with previous research (Ozyurek, 2005; Zeldin, Britner, & Pajares,
2008) and the quantitative results on vicarious experiences, students did not recount
many vicarious experiences of their parents. This could be due to the fact that only two
parents were currently enrolled in a mathematics class. Students of both levels mentioned
social persuasions from peers, parents, and teachers. Parents and teachers appeared to be
important socializers to these students as their encouragement made the students feel
smart and motivated them to try their best.
Research Question Two
The second research question in this study explored the ways in which the child's
beliefs were similar or different to those of their parents. Both quantitative and qualitative
data sets were incorporated in addressing this research question. More specifically, ttests for independent samples and correlation matrices were calculated to investigate the
relationship between a parent's mathematics attitudes and those of their child. Interview
data were then analyzed by coding statements which referenced any comparison between
the parents and the students.
Results indicated that student self-efficacy beliefs and personal relevance beliefs
were not related to those of their parents when considering the entire sample. However,
this was not consistent when parents were disaggregated according level of self-efficacy
or personal relevance beliefs. The t-tests were recalculated for the three levels of parent
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beliefs. Data from both the tests demonstrated that student beliefs were related to their
parent's beliefs if the parent's self-efficacy or personal relevance beliefs were classified
as either low or high. The relationship between student and parent beliefs was not
statistically significant when considering parents with midlevel self-efficacy or personal
relevance beliefs. It is possible that parents with moderate beliefs do not feel the need to
express them to their children, while parents whose beliefs are on the two extremes
discuss their distaste or appreciation for mathematics more often. Since the students are
not receiving positive or negative messages regarding the ease or importance of learning
mathematics they are less likely to form opinions similar to those of their parents.
These findings suggest that parents who have low mathematics attitudes are more
likely to have children who also have low mathematics attitudes. The interview data
supported the finding of the quantitative data that low mathematics attitudes of parents
were related to those of their child. This was evident in the conversations with both the
students and their parents. The interesting finding in the data is that even though some of
the students felt that their parents influenced their feelings about mathematics, they did
not blame genetics for their difficulties. These students offered no other explanation for
their feelings. It is clear that while the students may not actually blame heredity, they do
use their parent's beliefs as justification for their own views towards mathematics.
On the opposite end of the spectrum, parents with high mathematics attitudes also
have children with decreasing mathematics attitudes as there is a negative relationship
between the beliefs of these parents and students. While there could be a variety of
reasons for this decrease in mathematics attitudes, one cannot dismiss the ease at which
students in today's generation are able to find answers to their questions. If a student
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wants to know something, their phone can provide the answer in less than one second.
This ease of accessibility may cause students to feel frustrated when a mathematics
problem requires multiple steps, which in turn lowers the subjective task value and
eventually leads to a lower self-efficacy for the complex problems. It is an alarming trend
that the quantitative data revealed the negative relationship between parents with high
mathematics attitudes and those of their children, as it indicates that both groups of
students are forming negative attitudes about their abilities and the relevance of
mathematics to their future. Because this finding was contradictory to the qualitative data,
there is a need for further exploration of the relationship between the beliefs of parents
with high mathematics attitudes and those of their children.
The difference between the two groups of students is that none of the children of
highly efficacious parents mentioned their parent's ability during the interviews. Instead,
they all commented on the social persuasions they received to persist in their
mathematics classes when facing obstacles. This confirms the findings of research
question one in that students with high self-efficacy beliefs rely on social persuasions at a
significant level. While the interview data did not explicitly suggest that the beliefs of the
highly efficacious parents were related to those of their child, the interviews did show
that for these four families, both the parents and the students claim mathematics as their
favorite or best subject in school. This is an important trend as it suggests that there is a
relationship between the ways in which parents and students value mathematics.
While one cannot assume that the students chose their favorite or best subject
because it was also their parents, it does force one to question why this may be the case.
One possibility is that parents who enjoy mathematics make an effort to incorporate more
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mathematical experiences at home which in turn allow the student to grow comfortable
with the subject at an early age. Tenenbaum and Leaper (2003) observed this in their
study of parent-child conversations about science. Studies also show that when parents
are more involved in a child's education at home, the students have an increased sense of
personal efficacy for succeeding in school (Hoover-Dempsey & Sandler, 1995) and are
more focused on outperforming their peers in mathematics (Gonzalez & Wolters, 2006).
This in turn, creates a sense of competition with oneself and pressures higher achieving
students to push themselves to emulate their family members (Urdan, Solek, &
Schoenfelder, 2007).
Research Question Three
The third research question in this study investigated the ways in which gender,
mathematics level of the student, socioeconomic status, and parental education level
varied the relationship between a parent's mathematics attitude and their child's belief.
This question was also addressed using both the quantitative and qualitative data. T-tests
for independent samples and correlations were calculated to explore the relationships
between parent views and student views for each subgroup of the factors mentioned. The
interview data were only used to address the portion of the question regarding
mathematics level, as there was not a representative sample of boys in the interview
participants. Additionally it was believed that any questions regarding socioeconomic
status would have been detrimental to any rapport which was built during the interviews.
Fearing that financial discussions would make the parents uncomfortable, none of the
questions in the interview protocol reference socioeconomic status.
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Results show that the mathematics attitudes of daughters were negatively related
to those of their parents. This indicates that daughters did not internalize the attitudes of
their parents and actually formed opposite beliefs instead. Similar results were found
when the data were analyzed for the fathers. Fathers' beliefs proved to have a
significantly negative relationship with those of their children. This indicates that
students do not identify their fathers as a person who they can model their mathematics
attitudes after. These findings are important in light of the historical gender gaps in
mathematics. If men are traditionally the ones in STEM careers and their children,
especially their daughters, form their mathematics attitudes in opposite patterns, then
there will continue to be an underrepresentation of women in STEM careers. This is an
important finding in light of the work by Zeldin and Pajares (2002) who found that
women form their positive self-efficacy beliefs to pursue STEM through vicarious
experiences and social persuasion. It is vital that parents, regardless of gender, encourage
their daughters to pursue STEM career in order to overcome the negative relationship
between a daughter's beliefs and those of her parents.
When considering the quantitative data, the only students whose beliefs showed a
statistically significant relationship with those of their parent were the regular education,
on-level students. Students who were on grade level did not internalize the personal
relevance beliefs of their parents and instead formed subjective task values which were
negatively related to those of their parents. One possible reason why on level students
show this negative relationship with the beliefs of their parents is because these students
are more likely to experience a mixture of successes and failures and are not able to
develop a stable attitude towards mathematics. Mastery experiences have not proven their
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capabilities as strongly as those of their accelerated or below grade level peers. The
parents of on-level students may not pressure their children to excel and encourage them
to be satisfied with the minimum passing grade. This may prevent the on-level students
from internalizing their parents' beliefs. This is important for parents and educators to
consider as regular education students may require extra reinforcement in order to
develop positive self-efficacy beliefs. These students have the potential to be pushed
further or to slip through the cracks of public education, thus special effort must be made
to assist the on-level students to see the relevance in mathematics and develop a positive
disposition towards the content.
Similar to students enrolled in on-level mathematics classes, a negative
relationship was found between the children of college-educated adults and the views of
their parents. This negative relationship was also found in the families where the parent
respondent had only some high school education. Because parents who are undereducated
also have low mathematics attitudes, it is encouraging that their children are trying to
avoid their parent's fate. These results indicate that while these students may not adopt
the same beliefs as their parents, there is a significant relationship between a parent's
mathematics attitude and those of his/ her child.
Findings also indicate that for students in accelerated mathematics, students
whose parents attained a Bachelor's degree and students who were classified as either the
upper or lower socioeconomics, a student's self-efficacy beliefs had a strong relationship
with their personal relevance beliefs. This suggests that for these students, one's selfefficacy beliefs can be attributed to their subjective task value or vice versa. The more
importance that is placed on a task, the greater the effect success or failure has on their
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self-efficacy beliefs. This is important because students who have a low personal
relevance for mathematics will not be encouraged to put forth the effort necessary for
success, which will in turn lead to poor scores. For students who use mastery experiences
as a source for their self-efficacy beliefs, these bad grades will further damage the
relevance placed on mathematics. This cyclical relationship is demonstrated in Figure 13.
This relationship also exists for high personal relevance leading to increased effort, which
brings on success and helps develop high self-efficacy beliefs.
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Figure 13. The Cyclical Relationship between Personal Relevance and Self-efficacy
Beliefs

The parent findings for these same groups indicate a similar relationship between
parent self-efficacy and personal relevance beliefs. This is also important because when
considering the entire sample population, parent self-efficacy beliefs had a strong
relationship with personal relevance beliefs, while student beliefs did not. This could be
due to maturity on the part of the parents. Students may not believe that the content has a
personal relevance for them, thus their self-efficacy beliefs are not affected as greatly by
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success or failure. For the students whose parents only had some high school education,
there was a very strong negative relationship between the students' personal relevance
beliefs and the mathematics attitudes of their parents. This demonstrates that these
students judged the value of a task in the opposite manner as their parents. For example,
parents who deem mathematics to be irrelevant to their lives would generally have
children who highly valued mathematics. This finding is relieving as it would be
detrimental if students whose parents are uneducated adopt the same personal relevance
beliefs as their parents.
The qualitative data showed consistent results with the quantitative data, as
students demonstrated similar beliefs as their parents who were on the lower end of the
mathematics attitude scale. This could be attributed to the findings of Hoover-Dempsey
and Sandler (1995) in that parents' self-efficacy beliefs are related to how much help they
are able to provide at home. Students who are unable to receive mathematics help at
home may not seek assistance from their teacher or peers and then end up struggling and
doubting their own abilities. In light of the quantitative data, it was revealing that the
course distribution amongst the children of parents with low mathematics abilities was as
follows: one student in math support, one in AP Calculus, and two in regular senior math.
This distribution demonstrates the tendency for students whose parents have low
mathematics attitudes to enroll in on-level mathematics courses or courses below grade
level. It is important to note that the one AP Calculus student admitted in her interview
that the only reason she was in the class was because the alternative class conflicted with
orchestra. This context is necessary to show that Tabby is an exception, but not the norm.
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For the students whose parents were on the upper end of the spectrum, the course
breakdown showed that one student was in regular mathematics while the other three
students were on the accelerated level (one in AP Calculus, one in AP Statistics, and one
junior who was enrolled in both Accelerated Math III and AP Statistics). These
distributions provide one piece of evidence for the relationship between a student's level
of mathematics and their parent's mathematics attitudes. The higher a parent's
mathematics attitudes are, the more likely their child will have the self-efficacy and
intrinsic motivation to enroll in courses above grade level. This demonstrates that there is
a trend within the interview participants in this study, in that students enroll in
mathematics classes in ways which reflect their parents' mathematics attitudes.
Another trend which emerged during the interviews is that the students and
parents in the lower group all cited mathematics as their least favorite and/ or their worst
class, while three of the four children of the higher efficacious adults claimed
mathematics to be their favorite and/ or their best subject in school. One possible
explanation for this is that parents with a low personal relevance for mathematics may
have a higher relevance in another area and discuss the other area with their child, while
avoiding discussions of mathematics. Parents with higher mathematics attitudes may
integrate mathematics into their daily lives at home which allows students to see the
relevance or ease of learning mathematics.
A third emergent theme found in the interview data was that the parents who
struggled in mathematics each told their children about their struggles. Positive, or rather
lack of negative, math talk was consistent in all of the homes of parents with high selfefficacy beliefs in math. In addition, in these homes there seemed to be an effort for
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parents to avoid negative talk so that their children would not be deterred from
mathematics or give the students justification for not achieving to their potential.
When the data were disaggregated according to socioeconomic status, findings
revealed that the self-efficacy beliefs of students from homes of higher or lower
socioeconomic status were positively related to their own personal relevance beliefs, but
not those of their parents. This illustrates that for the participants in this study, a family's
finances did have an effect on a student's belief system, but not on the internalization of
their parents' beliefs. One possible explanation of this is that students who are afforded
certain luxuries may not understand what it took for the parents to be able to reach that
level of financial stability. For example, parents who struggled academically, but do not
struggle financially, demonstrate to their children that upper level mathematics is not that
important to living a comfortable lifestyle. The parents in these same families also
showed that their self-efficacy beliefs were related to their own personal relevance
beliefs, as demonstrated in Figure 14.
Neither middle class students, nor their parents, used their personal relevance
beliefs to contribute to their self-efficacy beliefs, or vice versa. The absence of a
relationship between the student's belief and their parent's beliefs could be explained by
the teenage mentality that the world is still theirs to grab. They may also be convinced
that their parents lived in a vastly different society growing up and therefore cannot relate
to their children. Some of the students interviewed did not think that their parents could
even compare their teenage experiences. This view has the potential to cause students to
rebel against their parents' advice regarding mathematics and could explain why upper
and lower class students have attitudes divergent of their parents' attitudes.
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Figure 14. The Groups showing a Positive Relationship between their own Self-efficacy
and Personal Relevance Beliefs

Research Question Four
The fourth and final research question sought the insights of parents on how their
child developed their self-efficacy beliefs. The interview data from the parents was the
sole data source used to address this question. The interviews with the eight parents
revealed that students' tenth grade mathematics class was particularly detrimental to the
students' mathematics attitudes. The most prevalent source of self-efficacy beliefs
mentioned by the parents was the important role the teacher played in aiding the
development of their child's beliefs. This was true for parents on both ends of the
mathematics attitudes scale. It is evident that for the students in this study, parents felt
that teachers were a large contributing factor to their child's success.
Additionally, the parents of students with a higher sense of self-efficacy each
provided examples of the coping skills their children had adopted when they encountered
an increase in rigor. These strategies included asking for help from the parent, teacher,
peers, or tutor, as well as visiting a website for instructional videos and referencing their
book. It is possible that parents with high self-efficacy beliefs in mathematics were better
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able to assist their child at home with homework, which in turn allowed the student to
feel successful in mathematics class the next day. Students who received help from home
also learned the importance of facing and overcoming obstacles instead of giving up.
This is an important component of self-regulation. By taking ownership of one's
education, students will have the tools necessary to persist when their less efficacious
peers would quit.
While the students with low mathematics attitudes also sought extra assistance in
their time of need, the additional help did not improve their self-efficacy beliefs to learn
the content. In fact, it seemed that because the students had to get a tutor, their selfefficacy beliefs were damaged. This is alarming for educators who encourage students to
seek the help of a tutor, peer, or parent. Students must be made to realized that asking for
help is not a sign of weakness, but instead a sign of responsibility. Finding success in a
mathematics class, on the other hand, seemed to have a positive effect on the struggling
students' self-efficacy beliefs and work habits. Parents and students in this study
expressed the importance of career goals, family values, and passion as contributors to
the student's work ethic.
Implications
The current study sought to investigate the concern of many mathematics teachers
that secondary students lack faith in their mathematics abilities and find the content in
upper level mathematics courses irrelevant to their future. One possible explanation for
this pessimistic mindset is that students received negative messages regarding the ease of
and importance of learning mathematics from their parents. It does not take an extensive
search in a room of adults or in the media to find instances of adults claiming to know
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nothing about mathematics, and not even feeling ashamed of this deficit. This study
aimed to explore the mathematics attitudes of parents and the ways in which their
children internalize these same attitudes. The findings of this study indicate that there is a
complex relationship between parents' beliefs and those of their child. The implications
of the findings for parents, educators, and students will be discussed, as well as the ways
in which the results support or contradict the current literature on self-efficacy beliefs and
subjective task value.
Parents
Findings of the current study indicate that there is a relationship with a parent's
beliefs and those of his/ her child. While it was hypothesized that the beliefs would be
similar, data analyses force this researcher to reject that hypothesis, as well as the null
hypothesis that there would be no relationship between their attitudes. Instead, the data
indicates that there is an inverse relationship between the mathematics attitudes of parents
and their children, in that as parents have higher beliefs, their children will have lower
beliefs, as depicted in Figure 15.

Student
Mathematics
Attitudes

Parent
Mathematics
Attitudes

Figure 15. The Inverse Relationship between Parent Attitudes and Student Attitudes
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This was not an expected finding and was not echoed in the qualitative data. The
interview data did demonstrate that when parents work with their students at home on
mathematics, whether or not that mathematics is directly related to course work, a
positive disposition towards the content is fostered. These positive mathematical
experiences may explain the discrepancies between the quantitative and qualitative data.
The implication of this result is that parents must consider the messages they are sending
their children and work to create an environment where there is more to mathematics than
a course grade. By focusing on the actual learning, as opposed to a grade, students will
begin to concentrate more on mastery goals and less on performance goals. This change
in focus has been shown to have a positive effect on a student's effort and persistence
(Schunk & Pajares, 2002).
Another trend exposed in this study, confirming an observation by HooverDempsey and Sandler (1995) is that parents' competence beliefs affect how much they
are willing to assist their child with their homework. It is understandable that a person
who struggled in mathematics while they were in school would not feel comfortable
assisting with upper level mathematics twenty years later. Parents can encourage
persistence in face of failure and lifelong learning by being willing to entertain a
discussion with their children about their math class. If students see that their parents are
willing to face their mathematics phobia by trying to help with homework, they may in
turn work through their own struggles instead of giving up or shutting down.
Unlike Baker and Entwisle (1987) who found that a mother's beliefs were
significantly influential on their son's competence beliefs, especially in middle class
families, the current study found that a father's beliefs were more significantly related to
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the beliefs of their children. This relationship was also found to be stronger in the
families classified as lower or upper class. Some possible explanations for these
differences are that the dichotomy at home has changed within the last 25 years or the
partitions of socioeconomic status between middle class and lower class were not a true
indication of social class. It is also important to realize that the sample in Baker and
Entwisle's study consisted of third graders, who were possibly more influenced by their
mothers than they would have been as seniors in high school. The point which parents
need to take away from this finding is that parents must have a united front on the
messages that they send their children regarding ability levels and the importance of
mathematics for their child's future. Their actions and words do influence the students,
especially daughters, so parents need to be cautious in their causal or even explicit
remarks regarding their own mathematics abilities and who can 'do math.' Parents must
make a special effort to debunk the myth that mathematics heavy professions are only for
nerds, boys, or are too hard. While students did not seem to blame their parents for their
mathematics abilities, many parents admitted to telling their children that "we aren't good
at math." This sends a negative message to the students about their own ability, and not
just their parents. This is an important realization in light of Frome and Eccles's (1998)
findings that a parent's perception was more influential on a student's mathematics
attitudes than their actual grades.
Together, the findings of this study demonstrate to parents that their mathematics
attitudes are observed by their children. Some students hear these messages and do not
use them form their own beliefs, while other students, especially girls, use their parents'
experiences to show them what not to do or believe. Social persuasions are positive
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contributors to the self-efficacy beliefs of highly efficacious students. Therefore, parents
must continue to encourage all students, but especially the students who have already
developed a high sense of self-efficacy and personal relevance for mathematics. Finally,
it is vital that parents who have low self-efficacy and personal relevance beliefs do
everything in their power to shield this information from their children, as students who
are already struggling in mathematics have shown to take this information and use it as
an excuse to not work to their full potential or to avoid asking for help.
Educators
Parents and students both commented on the importance of a patient teacher on a
student's self-efficacy beliefs and their comfort level to ask for extra assistance. This
needs to be a special consideration for all mathematics educators, but especially those
who teach middle grades and introductory high school mathematics courses. Students
who struggled during their first two years of mathematics had a damaged sense of selfefficacy beliefs two years later, despite earning high grades. It is particularly important to
assist students in the development of positive self-efficacy beliefs given the literature
which shows that student motivation in mathematics declines over the course of high
school (Chouinard & Roy, 2008). If students come into high school with a low sense of
self-efficacy, which in turn decreases their motivation to pursue a task (Eccles et al.,
1983), the students will have little chance of changing their beliefs without special effort
on the part of the teacher.
Consistent with the findings of Lopez, Lent, Brown, and Gore (1997), mastery
experiences and social persuasions were found to be significant contributors to the
development of one's self-efficacy beliefs, especially when considering students with
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higher self-efficacy beliefs. In light of these findings, it is essential that educators work
early successes into the student's experiences in a new course. By providing students
with opportunities to find success, students will begin to formulate new self-efficacy
beliefs. It is also essential that teachers decrease the focus in the classroom from
performance goals while increasing the attention on mastering the content, at which ever
rate it may come. Students should be reminded that they are individuals and should not
measure their abilities using their peers' yardstick. A failure for one student may be
considered a success for another. Students must feel valued at their current level and
pushed to go beyond it at appropriate levels.
As students begin thinking about their lives after high school, they begin to
understand how their efforts in previous years may have placed them in a bind.
Educators must encourage their students with low mathematics attitudes to continue
working to overcome any deficiencies in their GPA's by forming new work habits.
Students will not be able to reform their ways without guidance, feedback, and assurance
that it is not too late to change their views on mathematics. These opinions must be
addressed before students leave secondary school as they will be less likely to take
mathematics courses in college if they have a firm stance on the ills of mathematics
education. This is evident in the literature regarding the students who choose to persist in
college level mathematics (Navarro, Flores, & Worthington, 2007).
Similar to Usher's (2009) phenomenological study, the current research found
that physiological arousal is a strong source of self-efficacy beliefs in all students. Lower
efficacious students interpret their emotions as confirmation that mathematics is not a
subject they will grasp. The interview data, on the other hand, revealed that students with
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a higher sense of self-efficacy and personal relevance used these same signals to push
them further, encourage them to get help, and overcome the obstacle at hand. Teachers
can take this knowledge to educate their students about the sources of self-efficacy
beliefs and help their students develop coping strategies to assist in calming students
down prior to mathematics assessments. Educators should also be aware of how their
own behaviors may contribute to negative emotional states in their students. Yelling,
aggressive body language, and unequal attention to students can reinforce a student's
perception that success in mathematics is not an achievable goal, which increases the
student's anxiety in class.
Students
There are three implications of the current study for students. The first thing
which students should realize is that mathematics ability is not hereditary. There are
children who do very well despite having a parent who struggled in mathematics in high
school. While it may be really tempting to use a parent's difficulties in mathematics as a
form of justification for not being successful, at the end of the day that is only an excuse.
Secondly, students must reflect on their beliefs regarding mathematics and try to pinpoint
when and where those beliefs began. Once students face the reality of their mathematics
abilities, it is imperative that students begin developing strategies to overcome their fear
of, dislike for, or avoidance of mathematics. Students need to understand the effect their
beliefs have on their achievement so that they can break the cycle of negative dispositions
toward an increasingly important subject matter to one's future success. If students do not
attempt to develop a more positive mindset about mathematics, these attitudes will
continue to grow in generations to come. Third, students should understand that self-
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efficacy beliefs are not stable and can be changed. A difficult year in mathematics does
not automatically doom a student forever. There is no denying that mathematics is a
difficult course in which to progress if a building block is missing. Nevertheless, students
should be provided with explicit opportunities to face previously misunderstood concepts
while being encouraged to see the information as if for the first time. This allows students
to reassess their self-efficacy beliefs and hopefully realize that the unit 'was not that
hard.' If students understand how self-efficacy beliefs are developed, they can begin to
recognize the sources in their lives and form their beliefs in a more positive manner.
While not all students will be mature enough to do this, a constant reminder may allow
the students to make adjustments when they do reach that level of maturity.
Future Research
Based on this study, there are many avenues future research could take. First, it
came out in the interviews that tenth grade was a particularly difficult year for the
students in this study and resulted in a blister on the student's self-efficacy beliefs in
mathematics. Additional research is required to understand why this year, more than any
other year, is a trigger for negative physiological arousal. This could be completed with a
longitudinal study of a class of students as they progress from ninth grade to twelfth
grade. Gaining an understanding on how student self-efficacy beliefs change over the
course of high school could provide valuable information on the sources they rely on
most.
A second recommendation for further research on the intergenerational
transmission of mathematics attitudes would be to include other motivational constructs
in the questionnaires. Because of manageability, self-regulation, achievement goals, and
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self-handicapping were excluded from this study. However, interview data revealed that
these constructs do influence the motivation a student has to persist in mathematics and
warrant a closer review. It is possible that students adopt their parents' achievement
goals, as either mastery goals or performance goals, which interact with the factors
evaluated in this study, to affect how strongly a child's attitude aligns with that of his
parents. Ames (1992) show that one's achievement goals affect self-efficacy beliefs and
student achievement, which could in turn influence their mathematics attitudes.
Additional research is needed to see how the each of the different motivational constructs
interact and influence each other.
Additionally an instrument needs to be developed which more clearly aligns to
expectancy-value theory. While the Mathematics Motivation Questionnaire incorporated
the components of Eccles et al.'s theory, it was not a true measure of one's subjective
task value. Further research could focus on creating a valid and reliable tool for
subjective task value, including the four components: attainment value, utility value, task
value, and cost. This study could then be repeated using the new instrument to explore if
the findings change.
While a link between a student's self-efficacy beliefs and achievement in
mathematics has been shown in the literature (Lopez, Lent, Brown, & Gore, 1997;
Pajares & Graham, 1999), student achievement was purposefully eliminated from the
current study. This decision was made because the sample in this study consisted of
students enrolled in mathematics courses which were being taught for the first time under
a new state-mandated curriculum. There was a fear that standardized achievement scores
might not be a true reflection of the students' abilities, as the tests were piloted during
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each year of the senior class's mathematics career. Knowing this, future research could
explore how parent mathematics attitudes related to the course grades of their children.
This data could be further disaggregated according to the level of mathematics class in
which the child is enrolled. Additionally interview data could be used to reveal the type
of pressures parents place on students for their school grades, as well as the experiences
the parents had with their own parents growing up.
Another aspect which could be changed for a future study is the manner in which
the questionnaires were disseminated to the sample. Mailing the surveys home or sending
them electronically could provide the researcher with a better return rate than the 33% in
the current study. While every effort was made to ensure that all parents had access to the
questionnaire, frustration arose when one was forced to rely on teenagers to be the carrier
pigeon. It would also be ideal if all parent responses were from the same gendered parent.
Having all mothers respond (for example) could aid in the generalizability of the results.
As an alternative, surveys could be administered to all parents.
Finally, further research is needed on how siblings internalize the beliefs of their
parents. It is doubtful that all children in a family react the same way to mathematics.
Additional research could involve case studies on multiple families to gain an
understanding of how the entire family dichotomy works to shape students' mathematics
attitudes. Why are some siblings classified as 'the math person' while others are not? Is
this difference associated with interests, self-efficacy beliefs, parent socialization, all of
the above, or none of the above? There is a need to explore why some students accept
that they are not 'math people,' while their siblings reject this identity. This future study
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could also explore how the internalization compares within same gendered siblings and
mixed gendered siblings.
Summary
The current study aimed to investigate the intergenerational transmission of
mathematics attitudes. Thus, does the apple fall far from the tree? This study consisted of
junior and seniors in high school and one of their parents. All participants were
administered the Mathematics Motivation Questionnaire, while only students took the
Sources of Self-efficacy Beliefs Scale. Sixteen volunteers were later interviewed about
their experiences in mathematics, as well as their perceptions of their family's
experiences. Findings revealed that there is a very complex relationship between the
beliefs of parents and their children that varied according to gender, mathematics level of
the students, socioeconomic status, and the highest level of education completed by the
parents. The ways in which students internalize the mathematics attitude of their parents
are not as direct as previous thought, and in many instances showed an inverse
relationship. Although this was not the expected relationship, this study does contribute
to the body of knowledge on parental involvement and demonstrates that a parent's
words are heard at home. It is especially important for parents with low mathematics
attitudes to have conversations with their children about persistence and make an effort to
learn the mathematics alongside their child. These constructive interactions had a
significantly positive influence on the students whose parents had high senses of selfefficacy.
Returning to the theory that guided the study, it is important to recognize how the
findings contribute to the literature on social cognitive theory and echoes the finding of
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Usher (2009) in that students with high self-efficacy beliefs react differently to obstacles
than their less efficacious peers. The current study further reiterates the four sources of
self-efficacy beliefs. Because students in this study were considering their future plans
for the following year, personal relevance beliefs were heightened and contributed to the
students' motivation to persist in mathematics. These findings are consistent with
expectancy-value theory in that as a task becomes more important, motivation increases
with respect to the student's expectation for success. While this study demonstrates that
there is a relationship between a parent's mathematics attitude and that of their child, it
raises as many questions as it answers.
Finally, to address the metaphorical quandary driving this study, 'does the apple
fall far from the tree', one must consider all of the data. While the qualitative data does
point to definite positive link between the attitudes of parents and those adopted by their
child, the quantitative data suggests that there may be factors which encourage children to
have diverging points of view from their parents. Gender is one such factor, as daughters
were found to have opposite beliefs as their parents. The quantitative data suggests that
the apple can fall far from the tree under certain circumstances. In order for mathematics
to feel more accessible to students, teachers and parents must reach their children before
their attitudes have had the chance to fully develop. This research suggests that students
in early high school can still be swayed one way or the other in their mathematics
attitudes, so every attempt must be made to transform negative beliefs prior to this time.
When students can see that success is not only possible, but probable, their self-efficacy
beliefs will grow stronger and the cycle of negative mathematics attitudes can be broken.
Unless students recognize that persistence pays off, which increases their subjective task
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value, they will continue to view mathematics as simply a rite of passage to complete
before graduating from high school.
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APPENDIX B

INFORMED CONSENT AND ASSENT FORMS

Hello, my name is Vidal Olivares. I am a mathematics teacher at Ola High school
and a doctoral student of the Tift College of Education at Mercer University. I am
conducting an investigation that is studying the attitudes parents and students have
regarding mathematics education. I am working with Dr. Robert Ceglie, who is a faculty
member at Mercer University. My email is Vidal.Elizabeth.01ivares@,live.Mercer.edu
and contact information for Dr. Ceglie is phone: 478-301-2243 or email:
Ceglie ri@mercer.edu.
The data from this research will be used to attain a more complete understanding
of the various attitudes parents and students have regarding mathematics education. The
results from the study can used to better assist mathematics educators relate
mathematically to their students and the parents of their students.
There are two levels of participation. First, if you choose, complete the enclosed
consent form and survey. This should take around than 20 minutes. Once you complete
the surveys, return them to your (or your child's) homeroom teacher. If you volunteer to
participate in the second portion of the study, you will be asked to be interviewed for
approximately 60 minutes concerning your beliefs regarding mathematics. If you choose
to be interviewed, you will be contacted to find a convenient time and location.
Interviews are expected to be conducted towards the end of fall semester.
There are no foreseeable risks associated with the study other than the
inconvenience of your time commitment. Participants may choose to discontinue
participation temporarily or permanently at any given time. The interview will be
captured using a digital recorder and will be erased following transcription. All
identification provided to the researcher will be coded into a numeric code to protect your
identity. Henry County School System, Ola High School, and participant names will not
be identifiable in the final report.
Thank you for considering participating in this study.
Vidal E. Olivares
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Beliefs and Views of Mathematics Education
Informed Consent Form
You are being asked to participate in a research study. Before you give your consent to
volunteer, it is important that you read the following information and ask as many
questions as necessary to be sure you understand what you will be asked to do.
Investigators
Ms. Vidal Olivares, doctoral student of the Tift College of Education at Mercer
University is conducting an investigation that is studying the attitudes and views parents
and student have regarding mathematics education. Contact information for Vidal
Olivares is 357 N. Ola Rd. McDonough, GA 30252;
Vidal.elizabeth.olivares@live.mercer.edu: 770-288-3222. This study is being supervised
by Dr. Robert Ceglie, PhD. His contact information is 1400 Coleman Ave, Stetson 148a,
Macon, GA 31207. Campus phone is 478-301-2243 and email is Ceglie ri@mercer.edu
Purpose of the Research
This research study is designed to investigate the attitudes that parents and students hold
regarding mathematics education. The data from this research will be used to attain a
more complete understanding how parent and student experiences relate during the
students' adolescent years.
Procedures
If you volunteer to participate in this study, you will be asked to complete a survey which
asks questions concerning your high school mathematics experiences and attitudes. The
study will also be recruiting participants to be interviewed concerning their experiences.
Your participation will take approximately 20 minutes for the survey and an additional 60
minutes if you participate in the interviews.
If you volunteer to participate in this study, simply complete the enclosed survey. Return
this form and the completed survey to Ola High School in the provided envelope. If you
choose to be interviewed, you will be contacted to find a convenient time and location.
This will be conducted during the end of the fall semester.
Potential Risks or Discomforts
There are no foreseeable risks associated with the study other than the inconvenience of
your time commitment. Participants may choose to discontinue participation temporarily
or permanently at any given time. All student identification provided to the researcher
will be coded into a numeric code to protect your identity. If you participate in the
interview, the interview will be captured using a digital recorder and will be erased
following transcription. The same coding system used for the survey will apply for the
interview.

168

Potential Benefits of the Research
You will receive no direct benefits for your participation in this research. Potential
benefits of this research involve a better understanding of the needs of students which
could provide better strategies to assist future students.
Confidentiality and Data Storage
All information obtained will be held in strict confidentiality and stored as a password
protected file and will only be released with your permission. The results of this study
may be published but your information such as your name and other demographic
information will not be revealed. The results of this study will be kept and destroyed
after 3 years.
Incentives to Participate
There are no incentives offered to participate in this study.
Participation and Withdrawal
Your participation in this research study is voluntary. To withdraw from the study please
contact Vida Olivares at 770-288-3222. If you decide to participate in this project and
interview, you may discontinue participation at any time without penalty. You have the
right to inspect any instrument or materials related to the proposal. Upon request, you
may view the proposal of the research project. Your request will be honored within
reasonable period after the request is received.
Questions about the Research
If you have any questions about the research, please speak with Dr. Robert Ceglie at 478301-2243.

This project has been reviewed and approved by Mercer University's IRB. If you
believe there is any infringement upon your rights as a research subject, you may
contact the IRB Chair, at (478) 301-4101.
I have been given the opportunity to ask questions and these have been answered to my
satisfaction. If you do agree to participate in this research, please complete the
information below:
I,
study.
Signature of Participant

, do want to participate in this research

Date
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Parent or Guardian Informed Consent Form
Your child has been asked to participate in a research study entitled A Mixed Methods
Study of Competence Beliefs in Mathematics. The study is being conducted by Vidal
Olivares (Ola High School Mathematics teacher and Mercer University Doctoral
Student), 770-288-3222 and vidal.elizabeth.olivares@live.mercer.edu. and is being
supervised by Dr. Robert Ceglie, PhD. His contact information is 1400 Coleman Ave,
Stetson 148a, Macon, GA 31207. Campus phone is 478-301-2243 and email is
Ceglie ri@mercer.edu.
The results will be used to further my understanding the attitudes and views parents and
student have regarding mathematics education. Your son's/daughter's participation is
voluntary. A decision to participate in the research will not affect his/her relationship
with Mercer University, Ola High School, his/her relationship with other teachers, or
his/her academic standing.
I. The purpose of my study is to explore:
This research study is designed to explore parent and student attitudes towards
mathematics. The data from this research will be used to assist mathematics educators
gain a better understanding of students in their classrooms. This study is being conducted
as a requirement of Mercer University's Ph.D. program in Curriculum and Instruction.
II. Procedures:
If you allow your child to volunteer for this study, your child will be asked to complete a
survey regarding their attitude towards mathematics. At the end of the survey, your child
may choose to include their contact information if they are willing to be interviewed later
in the study. Not volunteering for interviews will not result in any consequences.
Your child will be asked to assent, or to voluntarily, participate in this research. Your
child will tell the teacher they want to participate by answering yes or no after the teacher
verbally reads what the research is about and what he/she will be asked to do. The survey
will ask your child 42 questions about his/ her attitude towards math. He/ she will rate
how certain statements sound or do not sound like them. The students will be issued a
code, which only my advisor will know. This means that I will not know how individual
students respond. The survey will be given during your child's study hall or advisement
period.
Parent/guardians who allow student to participate must:
Read and complete consent form and return it to your child's homeroom teacher.
III. Potential benefits to students and/or society
There are some potential benefits for students and society. This study seeks to give
educators a better understanding on student and parent attitudes towards mathematics.
This understanding should allow teachers to better assist students in class.
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IV. Potential Risks/Discomfort
There are no foreseeable risks associated with the study other than the inconvenience of
your time commitment. Participants may choose to discontinue participation temporarily
or permanently at any given time. All student identification provided to the researcher
will be coded into a numeric code to protect their identity. If your child participates in the
interview, the interview will be captured using a digital recorder and will be erased
following transcription.
V. Withdrawal of Participation
Your child's participation is voluntary. Your child will not be penalized or lose any
benefits that he/she are otherwise entitled to if you decide that your child will not
participate in this research project. If your child decides to participate in this project,
he/she may discontinue participation at any time without penalty or loss of benefits. You
have the right to inspect any instrument or materials related to the proposal. Your request
will be honored within a reasonable period after the request is received.
VI. Payment for Participation
Students will not be paid for their participation. There is no financial obligation for
participants.
VII. Confidentiality
All information obtained will be held in strict confidentiality and stored as a password
protected file and will only be released with your permission. The results of this study
may be published but your information such as your name and other demographic
information will not be revealed. The results of this study will be kept and destroyed
after 3 years. Your child's individual responses will not be shared with parents or others.
All data will be coded with random identification numbers. A number will identify the
information that I collect from the questionnaires from your child. The list connecting
participant numbers and names will also be kept in separate locked cabinets in Dr.
Ceglie's office.
Questions about the Research
If you have any questions about the research, please speak with Dr. Robert Ceglie at 478301-2243.If you have questions later, you may contact me at 770-288-3222.
You have been given the opportunity to ask questions and these have been answered to
your satisfaction. If you do agree to allow your child to participate in this research, please
complete the information below:
I,
participate in this research study.

, do want

to
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Beliefs and Views of Mathematics Education
Informed Assent for Participants Ages 14-21
A Mixed Methods Study of Competence Beliefs in Mathematics
You are being asked to participate in a research study. Before you give your consent to
volunteer, it is important that you read the following information and ask as many
questions as necessary to be sure you understand what you will be asked to do.
Investigators at Mercer University are doing a research study where we are trying to learn
about the attitudes and views parents and student have regarding mathematics education.
Procedures
You will be asked to complete a survey on your attitude towards mathematics. You have
the right to refuse to have your information included in the research. Refusing to include
your information will not jeopardize you receiving any services related to your classes.
You will not be graded on this or punished for not participating. At the end of the survey,
you may choose to include your contact information if you are willing to be interviewed
later in the study. Not volunteering for interviews will not result in any consequences.
Questionnaires
The survey will ask you 42 questions about your attitude towards mathematics. You will
rate how certain statements sound or do not sound like you. You will be issued a code,
which only my advisor will know. This means that I will not know how individual
students respond. The survey will be given during your study hall or advisement period.
Interviews
In addition to the survey, some students will be asked to volunteer to be interviewed.
The interviews will ask questions about your experiences in school and in mathematics.
Interviews will be conducted at school and will be tape recorded. You will be given a
pseudonym to protect your identity. You will also have the opportunity to review the
transcripts of the interview for accuracy and clarity. Interviews are expected to last one
hour.
Potential Risk and Discomforts
There are no foreseeable risks associated with the study other than the inconvenience of
your time commitment. Participants may choose to discontinue participation temporarily
or permanently at any given time. All student identification provided to the researcher
will be coded into a numeric code to protect your identity. If you participate in the
interview, the interview will be captured using a digital recorder and will be erased
following transcription. The same coding system used for the survey will apply for the
interview.
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Potential Benefits of the Research
You will receive no direct benefits for your participation in this research. Potential
benefits of this research involve a better understanding of the needs of students which
could provide better strategies to assist future students.
Confidentiality and Data Storage
All information obtained will be held in strict confidentiality and stored as a password
protected file and will only be released with your permission. The results of this study
may be published but your information such as your name and other demographic
information will not be revealed. The results of this study will be kept and destroyed
after 3 years. Your name will not be associated with your responses and will be identified
only by an assigned coded number. At no time will your name be associated with the
results of the research. However, any identifying information you provide while being
interviewed will never be used as part of the research or associated with the results of the
study.

Your parent(s) have said that it is okay for you to be in this research study. You do not
have to be in this study if you do not want. You can change your mind at anytime by
telling your Mom, Dad, or your teacher.
No, I do not want to be in this study.

Yes, I want to be in this study.

Signature of Participant

Date

Signature of Person Obtaining Assent

Date

APPENDIX C

STUDENT SURVEY INSTRUMENT
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

I find learning mathematics interesting.
1 enjoy learning mathematics.
The mathematics I learn has practical value for me.
The mathematics I learn is relevant to my life.
The mathematics I learn is more important to me than the grade I receive.
The mathematics I learn relates to my personal goals.
I like mathematics that challenges me.
Understanding mathematics gives me a sense of accomplishment.
I think about how I will use the mathematics I learn.
I think about how the mathematics I learn will be helpful to me.
I am nervous about how I will do on mathematics tests, (r)
I worry about failing mathematics tests, (r)
I become anxious when it is time to take a mathematics test, (r)
I am confident 1 will do well on mathematics tests.
I am concerned that the other students are better in mathematics, (r)
I believe 1 can earn a grade of an A in this mathematics course.
I hate taking mathematics tests, (r)
I believe I can master the knowledge and skills in this mathematics course.
1 make excellent grades on mathematics tests.
I have always been successful with mathematics.
Even when I study very hard, I do poorly in math, (r)
I got good grades in math on my last report card.
I do well on math assignments.
1 do well on even the most difficult math assignments.
Seeing adults do well in math pushes me to do better.
When 1 see how my math teacher solves a problem, I can picture myself solving the problem in
the same way.
Seeing kids do better than me in math pushed me to do better.
When I see how another student solves a math problem, I can see myself solving the problem in
the same way.
I imagine myself working through challenging math problems successfully.
I compete with myself in math.
My math teachers have told me that I am good at learning math.
People have told me that I have a talent for math.
Adults in my family have told me what a good math student I am.
1 have been praised for my ability in math.
Other students have told me that I am good at learning math.
My classmates like to work with me in math because they think I'm good at it.
Just being in math class makes me feel stressed and nervous, (r)
Doing math work takes all my energy, (r)
1 start to feel stressed out as soon as 1 begin my math work, (r)
My mind goes blank and I am unable to think clearly when doing math work, (r)
I get depressed when I think about learning math, (r)
My whole body becomes tense when I have to do math, (r)
(r) - reversed scored
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APPENDIX D

PARENT SURVEY INSTRUMENT
Please rate the following while thinking back to your high school mathematics
experiences.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

I found learning mathematics interesting.
I enjoyed learning mathematics.
The mathematics I learned has had practical value for me.
The mathematics I learned is relevant to my life.
The mathematics I learned was more important to me than the grade I received.
The mathematics I learned relates to my personal goals.
I liked mathematics that challenged me.
Understanding mathematics gave me a sense of accomplishment.
I thought about how I would use the mathematics I learned.
I think about how the mathematics I learned has been helpful to me.
I was nervous about how I would do on mathematics tests, (r)
I worried about failing mathematics tests, (r)
I became anxious when it was time to take a mathematics test, (r)
I was confident I would do well on mathematics tests.
I was concerned that the other students were better in mathematics, (r)
I believed I could earn a grade of an A in my mathematics courses.
I hated taking mathematics classes, (r)
I believed I could master the knowledge and skills in my mathematics courses.
(r) - reverse scored
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APPENDIX E

STUDENT INTERVIEW PROTOCOL
The secondary questions will be used as needed to encourage conversation.
Background
1. Tell me a little about your family.
2. Tell me a little bit about yourself.
• What sorts of things do you enjoying doing outside of school?
• Tell me about your friends.
• Tell me about the people you most admire.
3. Describe yourself as a student.
• What would you say is your best subject in school? What is your favorite
subject?
• What subject would you say is your weakest? Which is your least favorite
subject?
• Tell me about the grades you typically make in school.
Mathematics experiences and self-efficacy
4. I want you to think about all the math classes you've ever taken as well as other
experiences you've had involving math. First tell me about yourself as a math
student.
• What sort of work habits do you have in math?
• If you were asked to rate your ability in math on a scale of 1 (lowest) to 10
(highest), where would you be? Why? How would you rate your
confidence that will do well on this year's mathematics portion of the
State's High School Graduation Test?
• What do you like to do related to math outside of school?
• Tell me about a time you experienced a setback in math. How did you deal
with it?
Mathematics and others
5. Have you ever been recognized for your ability in math? Explain.
6. Tell me about your family and math.
• What do members of your family do that involves math?
• What do your parents tell you about math?
• How are your siblings in math?
• What would your parents tell your teachers about you as a math student?
7. Do you talk about school much with members of your family?
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Do you think that your family has influenced how you feel about math or
how hard you try?
8. Tell me about your friends and math.
• Describe how most of your friends do in math.
• What do your friends say about math? What do they say about those who
do well?
• How do you think your friends would describe you in math?
9. Do you think the people you admire would be good at math? Why?
Affective and physiological response to mathematics
10.1 want to ask you to think about how math makes you feel. When you are given a
math test, how does that make you feel? How do you feel when you are given a
math assignment?
Sources of self-efficacy in mathematics
11. Earlier you rated your math ability on a scale of 1 to 10. How would you rate your
confidence? Why? What could make your feel more confident about yourself in
math?
Utility Value in mathematics
12. Have you begun thinking about what you want to do after high school? Describe
your career and educational goals.
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APPENDIX F

PARENT INTERVIEW PROTOCOL
The secondary questions will be used as needed to encourage conversation.
1. Describe your child as a student.
• What would you say is his/ her best subject in school? Why? What is his/
her favorite subject? Why?
• What subject do you feel is your child's weakest? What makes you think
this? Which subject is your child's least favorite? Why?
• Tell me about the grades your child typically earns in school?
2. Tell me about your employment and your hobbies.
• What type of job do you have?
• How frequently do you need you use mathematics in your work?
• What do you like to do in your spare time?
3. Tell me about yourself as a student and your educational background.
• What would you say was your best subject in school? What was your
favorite subject?
• What subject would you say was your weakest? Which was your least
favorite?
4. Tell me about the grades you typically made in school.
• If you were asked to rate your ability in math on a scale of 1 (lowest) to 10
(highest), where would you be? Why?
• How often do you use math in your daily life? Describe some of these
instances.
5. How are the other members of your family at math?
• How often do members of the family talk about or use math?
• What sorts of conversations do you have with your child about math and
his/ her ability?
• How often are you involved with your child and his/ her math
assignments?
• Are you able to help your child in math if he/ she needs help?
6. Tell me about a time when you experienced a setback in math. How did you deal
with it?
7. How would you describe your confidence in math? What could make you more
confident in math?
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APPENDIX G

START CODES FOR QUALITATIVE DATA (Usher, 2007)
Start Codes

Explanations

Admire or hero

People student looks up to or admires

Mastery experience

Reference made to mastery experience

Self-regulation

Statements having to do with work habits,
self-regulatory skills

Vicarious experiences-peers

Vicarious experiences from peers

Vicarious experiences- siblings

Vicarious experiences from siblings or
other family members

Social persuasions- peers

Social persuasions from peers

Social persuasions- teacher

Social persuasions from teacher

Physiological state

Statements related to anxiety, mood, or
arousal

Interest

Interest expressed in math

Future plans

Description of what the student's future
holds in terms of high school, college, or
career
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APPENDIX H

ALIGNMENT OF RESEARCH QUESTIONS TO DATA COLLECTION

RQ 1
RQ 2
a, b
RQ3
RQ4

•
•
•

•

Questionnaire
(Parents)
Yes
Yes

Questionnaire
(Students)
Yes
Yes

Interview (Parents)

Interview (Students)

Yes
Yes

Yes
Yes

Yes
Yes

Yes
No

No
Yes

No
No

RQ 1: Which of the four sources of self efficacy beliefs do students use to develop
their own self-efficacy beliefs?
RQ 2: In what ways do students' a) self-efficacy and b) utility value placed on
mathematics relate to the utility value parents place on learning mathematics?
RQ 3: How does the intergenerational transmission of math attitudes differ according
to gender, level of mathematics taken during the students' junior year, and
socioeconomic status?
RQ 4: What insights can parents provide about the sources of their children's
mathematics attitudes?
Parent Interview Questions and Alignment

Interview
Question #
1
2
3
4
5
6
7
8
Survey
Items

Research
Question #1

Research
Question
#2

X
X

X

X

X

X
X
7,11,12,13,
14,15,16,
17, 18

Research
Question
#3

Research
Question
#4
X

X
X
X
X

1,2,3,4,6,
8, 9,10,
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Student Interview Questions and Alignment

Interview
Question #
1
2
3
4
5
6
7
8
9
10
11
12
Survey
Items

Research
Question
#1

X
X
X
X
X
X

19,20,21,
22, 23,24,
25, 26, 27,
28,29, 30,
31,32,33,
34, 35, 36,
37, 38, 39,
40,41,42

Research
Question
#2a

Research
Question
#2b

X
X
X
X

Research
Question
#3
X
X

X
X
X
X

X
X
11,12, 13,
14,15, 16,
17, 18

X
1,2,3,4, 5,
6, 7, 8, 9,10,

* Research question 3 will be informed by the background data collected.

180

Research
Question
#4
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