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A B S T R A C T

Rural living, particularly in economically distressed areas, may reduce students’ educational opportunities and
alter their self-beliefs. According to social cognitive theory, the contexts in which people live influence how they
feel about their capabilities. The purpose of this study was to examine the experiences that raise and lower the
math and science self-efficacy of students living in a rural, high-poverty area in Central Appalachia. A con-
vergent mixed methods design was used to examine quantitative and qualitative survey data from 673 students
in Grades 6–12 who took part in a multi-year study on academic motivation (Year 1 = 511; Year 2 = 391; Year
3 = 418). In the quantitative phase, structural equation models showed that Year 1 mastery experience raised
and physiological states lowered students’ math and science self-efficacy in Year 2. Deductive coding of students’
responses to 4 open-ended questions in Year 3 indicated that other sources were also salient and differed by
domain, their effect on self-efficacy, and student gender. Integrative analyses showed that students consider
information from multiple sources when judging their capabilities. This research extends findings related to the
sources of self-efficacy to the understudied population of rural learners, the less-studied context of science, and
to the factors that not only increase but decrease perceived efficacy.

1. Introduction

Hundreds of research studies conducted in K-12 schools have de-
monstrated that learners who believe firmly in their academic cap-
abilities (i.e., students with high academic self-efficacy) perform better
academically (Usher, 2015). Academic self-efficacy has consequently
been deemed one of the most important motivational variables to
consider when trying to improve students’ academic performance and
well-being (Bandura, 1997). A growing body of research has focused on
the experiences that undergird students’ sense of efficacy (Usher &
Pajares, 2008). However, limitations in the who, what, and how of this
body of work have left a wide berth for further investigation in un-
derstudied cultural contexts. With regard to the who, many studies on
the sources of self-efficacy have focused on students attending post-
secondary institutions and have been conducted in urban or suburban
settings (see van Dinther, Dochy, & Segers, 2011). Less is known about
whether self-efficacy development follows similar patterns among
school-age participants and those who live in rural settings. Regarding
the what, most research has attempted to identify factors that raise
students’ self-efficacy, often overlooking those that lower students’
beliefs about their capabilities. In terms of the how, researchers have

primarily relied on students’ Likert-scale ratings of statements reflecting
four types of efficacy-relevant information: prior successful experience,
exposure to models, evaluative messages from others, and stress/an-
xiety. Scores from these measures are then statistically compared to
students’ self-efficacy ratings. Fewer studies have employed qualitative
approaches, and rarely have researchers coupled quantitative and
qualitative data to offer a richer depiction of how self-efficacy develops
in a specific context.

We attempt to address some of these limitations in the present
study, which uses a mixed methods approach to investigate the sources
of self-efficacy among adolescents in the Central Appalachian region of
the U.S. We aim to extend what is known about the sources of academic
self-efficacy in three primary ways. First, we focus our work on self-
efficacy development among middle and high school students who at-
tend public schools in a rural, high-poverty area. We consider how
environmental and sociocultural factors unique to this context might
reveal different patterns in how self-efficacy develops. Second, we
compare learners’ self-efficacy development in two domains—math and
science, both of which are central to careers in science, technology,
engineering, and mathematics (STEM). As have others, we consider
gender differences in students’ efficacy-relevant experiences in these
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domains. Third, we use a mixed methods analysis to extend the quan-
titative approach most commonly used in self-efficacy research by
combining it with a qualitative analysis of students’ responses to open-
ended questions about the factors that raise and lower their self-effi-
cacy. We then explore how the findings from these methods converge
and diverge and what this methodological integration suggests for re-
search and practice.

We begin with a guiding theoretical framework and review of the
literature relevant to students’ self-efficacy development. We then de-
scribe the setting in which our study took place and the unique chal-
lenges facing adolescents in rural Appalachia.

2. Theoretical framework

Bandura’s (1986) social cognitive theory attributes an important
causal role to humans as agents in their own development. That is,
environmental forces are not sole determinants of human behavior;
people, by virtue of their own cognitive and self-reflective capacities,
are “partial architects” of their life courses (Bandura, 1997, p. 8).
People’s beliefs about what they can do serve as primary guides to their
subsequent actions. Individuals who perceive themselves as capable of
managing diverse environmental demands tend to do so more effec-
tively than do those who doubt their capabilities. Those beset with
uncertainty are often reluctant to act, and can thereby bring about the
very deficits they fear. In academic pursuits, students who believe that
they are capable of handling their academic tasks (i.e., those with high
self-efficacy) regulate their work better, persevere longer, and score
better on performance assessments (Schunk & DiBenedetto, 2014).

Bandura (1997) hypothesized that beliefs about one’s capabilities
derive from four primary sources. First, students look to their own ex-
periences of success and failure as indicators of what they can (and
cannot) do. Second, students interpret the actions of others as vicarious
evidence of their own capabilities. Third, evaluative messages from
students’ social environment can provide information about their cap-
abilities. Fourth, students interpret their physiological and affective
arousal in ways that inform their perceived efficacy.

Humans live complex lives with diverse experiences and exposures,
making information from these four sources more or less available.
Learners also vary in how they perceive, interpret, and weigh efficacy-
relevant information. For example, a student might be successful in
solving math problems quickly in class and praised by her parents for
her mathematical competence. Even so, she might not see many people
like herself doing math in her community, and she might experience a
sense of dread towards math. How these diverse experiences collec-
tively influence the student’s self-efficacy is not always evident.
Features of one’s local environment (e.g., cultural values, social re-
lationships, access to resources) could activate certain perceptual and
cognitive processes that make learners inclined to pay closer attention
to some sources of information and to dismiss others (Usher & Weidner,
2018). Repeated exposure to efficacy-building experiences likely leads
to higher self-efficacy in both the short and long term, whereas in-
frequent exposure to such experiences might only wield a temporary
influence on learners’ beliefs. It is also possible that a salient experience
will affect self-efficacy for years, even despite new, contradicting in-
formation (Pajares, 2006). We now turn to how researchers have em-
pirically addressed some of these questions about the sources of aca-
demic self-efficacy.

3. Sources of math and science self-efficacy in adolescence

Although a considerable amount of research has focused on the
antecedents of college and university students’ self-efficacy, we focus
here on studies conducted in middle and high school settings. As noted
above, individual and sociocultural influences are theorized to play a
role in what types of efficacy-relevant experiences learners are exposed
to and the cognitive rules learners use to process life’s events; therefore,

a culturally attentive approach to understanding self-efficacy and its
sources is paramount (Pajares, 2007; Usher & Weidner, 2018). We
consider relevant studies in light of their sociocultural contexts.

Research on the sources of self-efficacy has consistently shown the
powerful effect of mastery experience in raising students’ self-efficacy
in both math (Ahn, Bong, & Kim, 2017; Butz & Usher, 2015; Joët,
Usher, & Bressoux, 2011) and science (Kiran & Sungur, 2012; Lin &
Tsai, 2017). The predictive relationship between other informational
sources and self-efficacy has been less consistent. For example, in the
domain of science, social persuasion and physiological states were also
shown to predict Turkish middle school students’ self-efficacy (Kiran &
Sungur, 2012). Similar findings have been reported in math among
middle school students in the suburban U.S. (Usher & Pajares, 2009).
Other evidence has suggested that middle and high school learners who
encounter multiple sources of efficacy-relevant information (e.g., suc-
cessful experience, exposure to models, praise from others) report
higher science self-efficacy than do learners who are exposed to less
efficacy-relevant information (Chen & Usher, 2013).

Most studies have been cross-sectional in nature and have not taken
into account how these informational sources affect students’ efficacy
appraisals later. However, longitudinal investigations have shown that
early adolescents’ math and science self-efficacy is directly and in-
directly influenced by these hypothesized sources when these measures
were temporally displaced by up to seven months (Phan, 2012a,
2012b). The degree to which self-efficacy changed over time was also
influenced by the prevalence of varying sources. Study designs that
invoke a temporal lag between efficacy-relevant experiences and self-
efficacy ratings help test possible causal relationships (Usher & Pajares,
2008).

Some researchers have shown that STEM-related self-efficacy de-
velopment differs for boys and girls. For example, Joët et al. (2011)
found that elementary school girls in suburban and rural France re-
ported fewer mastery experiences, fewer positive social persuasions,
and more anxiety in math than did their male peers, a pattern that was
not found among the same students in their language classes. In the U.S.
and Turkey, suburban middle school girls reported feeling more anxious
in science than did boys (Britner, 2008; Kiran & Sungur, 2012). Simi-
larly, in Taiwan, male high school science students reported higher self-
efficacy, more mastery and vicarious experiences, more social persua-
sions, and less anxiety than did their female counterparts (Lin & Tsai,
2017). Some have found that girls are more inclined than boys to attend
to social experiences when judging their capabilities. Girls taking high
school algebra in the U.S. reported more vicarious experience and social
persuasion in math than did boys (Lent, Lopez, Brown, & Gore, 1996;
Lopez, Lent, Brown & Gore, 1997). Similarly, when asked to describe
what made them feel more confident in math, elementary and middle
school girls in the suburban U.S. referred to messages of encouragement
from others more often than did boys (Butz & Usher, 2015).

Mixed methods approaches may be useful for understanding the
ways in which identity and sociocultural context dynamically affect
self-efficacy development. Webb-Williams (2017), who used quantita-
tive measures to assess science self-efficacy and qualitatively coded
interview and focus-group data from middle school students in the
United Kingdom, found that boys and girls reported similar levels of
self-efficacy but placed different emphasis on efficacy-related in-
formation. Despite performing as well as boys (as measured quantita-
tively), girls consistently underestimated their performance on science-
related tasks and placed greater weight on social comparison and non-
verbal cues from their teachers than did boys (as emerged qualita-
tively).

Researchers have also examined differences in the sources of stu-
dents’ self-efficacy across national contexts (Ahn, Usher, Butz, & Bong,
2015), as well as among diverse ethnic groups within the same nation
(Klassen, 2004; Usher & Pajares, 2006). However, with few exceptions,
the research described above has been conducted in suburban settings
and with participants from middle-class socioeconomic backgrounds,
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and authors have largely ignored how the local geo-socioeconomic
context might have affected their findings. Almost no research has fo-
cused specifically on self-efficacy development among economically-
disadvantaged populations or those living in rural settings with low
educational attainment. However, evidence suggests that students in
rural and urban areas differ in their educational aspirations, motiva-
tion, and college degree attainment (Byun, Meece, & Irvin, 2012;
Freeman & Anderman, 2005; Howley, 2006), despite being just as
successful (in terms of high school graduation rates and ACT scores) as
youth in other areas (Kannapel & Flory, 2017).

4. Self-efficacy in rural contexts

Several factors characteristic of rural settings may be connected to
how learners’ self-efficacy develops. Rural youth tend to have strong
connections to their community (Irvin, Byun, Smiley, & Hutchins,
2017) and often benefit from close ties to others (Byun et al., 2012).
Compared to youth in non-rural areas, children in rural areas more
often live in two parent families (Demi, Coleman-Jensen, & Snyder,
2010). Despite these advantages, students growing up in a rural com-
munity also face many challenges. The smaller student population and
reduced budget of most rural schools might limit students’ access to
extracurricular programs, advanced coursework, and diverse social
models (Hardré, Sullivan, & Crowson, 2009; Iatarola, Conger, & Long,
2011; Irvin et al, 2017; Peterson, Bornemann, Lydon, & West, 2015).
Furthermore, students might not receive instruction of the same quality
or access to learning opportunities in math and science in rural com-
pared to urban settings. The remote location and uncompetitive salaries
of rural school districts can thwart the recruitment and retention of
highly qualified teachers (Peterson, 2017). Many rural teachers are
assigned to multiple subject areas and grade levels, not all of which
align to their qualifications (Hardré et al., 2009).

The strong connections that rural youth have to their community
and to family, school, and religious institutions could position these
sources as potent influences in children’s lives (Byun et al., 2012; Byun,
Meece, & Agger, 2017). However, lower postsecondary educational
attainment rates among rural adults could mean that students may have
access to fewer educational role models or that they receive mixed
messages about the value of higher education from their school and in
the broader community, where many jobs do not require a college
education (Byun et al., 2012; Peterson et al., 2015). Some rural students
feel faced with the dilemma of pursuing lofty educational ambitions at
the cost of leaving their community behind or choosing their home
community over “cosmopolitan goals” (Irvin, Meece, Byun, Farmer, &
Hutchins, 2011, p. 479). Others may lack access to educational in-
formation conveyed socially or through formal or informal learning
opportunities. These factors may partly explain why rural students tend
to be ambivalent about formal education (Demi, et al., 2010; Hardré &
Hennessey, 2010).

The present study heeds the recommendation by Hardré et al.
(2009) that research should not be limited to comparing rural and non-
rural students. Instead, researchers should seek to investigate key
educational questions within the particular context of rural schools. We
focus on how students’ academic self-efficacy takes root in the midst of
the unique sociocultural context of rural Appalachia. The Appalachian
region of the United States is a 205,000-square-mile area along the
Appalachian Mountain range that can be separated into distinct areas
that vary in population, economic capital, and culture. Central Appa-
lachia, the area in which this study took place, encompasses 53 counties
in eastern Kentucky and its bordering states, and is the poorest and
most geographically isolated of these subregions (Appalachian Regional
Commission, 2017; Kannapel & Flory, 2017; Pollard & Jacobsen, 2014).

Students in Central Appalachia have similar rates of achievement on
standardized tests and high school completion compared to their
counterparts in other rural areas; however, many students in Central
Appalachia face additional challenges when transitioning to adult life.

Persistent poverty, attachment to place, high unemployment rates, and
widespread lack of understanding about higher education are barriers
to attending and completing college (Barcus & Brunn, 2009; Pollard &
Jacobsen, 2014). The ways in which poverty, geographic isolation, and
the rich history and culture of Central Appalachia influence students’
self-beliefs have not been the focus of extensive scholarly inquiry.
However, Kannapel and Flory (2017) highlighted the potentially posi-
tive influence that strong cultural values and attachment to place might
have on Central Appalachian students’ educational advancement. They
called for additional research on “what is happening in K-12 class-
rooms” that can help facilitate students’ psychological and academic
well-being (p. 13).

5. Methodological considerations in the study of self-efficacy
development

Not only have studies investigating the sources of academic self-
efficacy been limited to certain sociocultural contexts, they have also
been limited by a restricted set of methodological approaches. As is
typical in educational psychology research, most studies investigating
the sources of academic self-efficacy have been quantitative in nature
(Usher & Pajares, 2008). Those taking a quantitative approach have
used one of several popular Likert-type response scales to assess each of
Bandura’s (1997) hypothesized sources of self-efficacy. Such measures
are used for assessing the unique influence of one source on self-effi-
cacy, which is typically assessed at the same point in time. Such ana-
lyses permit researchers to gather information from a large group of
students at once but are unable to assess causal relationships.

Furthermore, researchers have noted a number of limitations in a
purely quantitative approach. First, a small set of rating scale items
cannot easily capture diverse types of experience nor the range of
“personal, social, situational, and temporal conditions under which
students cognitively process and appraise their beliefs and experiences”
(Usher & Pajares, 2008, p. 784). Second, researchers have struggled to
find items that adequately reflect students’ vicarious experiences and
may in turn have underestimated the ways in which exposure to social
models changes observers’ self-efficacy. Third, most quantitative sub-
scales have comprised items that are restricted to one valence. For in-
stance, all items assessing physiological and affective states are nega-
tively worded (e.g., “Doing math work takes all of my energy”),
whereas those reflecting the other three sources are typically positively
worded (e.g., “I have always been successful at math”). These wording
decisions have been guided empirically by models that fit better when
items share psychometric properties (see Usher & Pajares, 2008). They
may not adequately capture the range of efficacy-relevant experiences
of opposite valence. Finally, most quantitative research has been cross-
sectional, assessing self-efficacy and its hypothesized sources at the
same point in time.

Researchers have begun to heed the call for other approaches. For
example, some have developed more nuanced quantitative measures of
vicarious experience and social persuasion to assess how learners dif-
ferentiate input from peers, teachers, and family members (Ahn et al.,
2015, 2017). Qualitative and mixed methods approaches have also
been increasingly used to show how students interpret and weigh ef-
ficacy-relevant information (Butz & Usher, 2015; Fong & Krause, 2014;
Lin, Fong, & Wang, 2017; Usher, 2009; Webb-Williams, 2017). Such
approaches provide participants with greater flexibility to describe the
events that change their self-efficacy, even though they sometimes
come at the cost of large sample sizes and can be subject to the falli-
bility of participants’ retrospection.

6. Purpose of the study

The purpose of this study was to investigate the sources of math and
science self-efficacy among students in Grades 6–12 attending public
schools in a rural community in Appalachia. A convergent mixed
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methods design was used in which quantitative and qualitative data
were collected and analyzed separately before being integrated (see
Fig. 1; Creswell & Plano Clark, 2017). We first used quantitative ana-
lyses to examine the measurement of and structural relationships be-
tween the hypothesized sources (independent variables) and rural
adolescents’ self-efficacy (dependent variable). We then used qualita-
tive analyses to investigate the content and patterns of students’ re-
sponses to open-ended questions about what makes them feel more and
less confident in math and science. In both types of analyses, we ex-
amined possible gender differences. In an integrative analysis phase, we
then compared the results from the two methodological approaches. We
discuss the insights revealed from this integrative approach and high-
light findings that could not have been obtained by either quantitative
or qualitative methodological approaches alone. Our guiding research
questions were as follows:

1. What is the relationship between the four sources of self-efficacy
hypothesized by Bandura (1997) and rural Appalachian students’
self-efficacy in math and science six months later? (Quantitative)

2. How do rural Appalachian students describe the events that raise
and lower their math and science self-efficacy? (Qualitative)

3. To what extent do qualitative and quantitative results converge?
(Mixed methods)

7. Method

7.1. Background and positionality

The Appalachian U.S. is known for its storied history and culture.
Our study focuses on a community in one rural county in Central
Appalachia, geographically isolated by mountains and situated about
one hour’s drive from any town with a population larger than 30,000.
The county has a Rural Urban Commuting Area code of 10 (i.e., “iso-
lated rural”), as designated by its low population density and high
geographic isolation relative to other U.S. counties (USDA Economic
Research Service, 2013). In 2013, the annual median household income

for county residents was $22,920, and 5.6% of adult residents held a
Bachelor’s degree or higher (State Center for Education & Workforce
Statistics, 2015). The participating school district has two elementary
schools, one middle school, and one high school; data from middle and
high school students are used in this study.

Conducting responsible research involves disclosing one’s position-
ality, or “where one stands in relation to ‘the other’” (Merriam et al.,
2011, p. 411). Our collaboration with this school district was prompted
by the desire of a former undergraduate member of our research team
to understand how youth in her home community (most of whom are
statistically unlikely to attend college) come to view themselves aca-
demically. This researcher facilitated our partnership with the district
superintendent and teachers and was on site during most of the data
collection to answer student questions. Members of our research team
included students who grew up in nearby rural Appalachian commu-
nities. This enabled us to establish trust with respondents, which likely
enhanced the authenticity of their responses and our interpretations.
On the other hand, members of our team could have been perceived as
outsiders, given that we were college educated and residents of an
urban area who had traveled to the school district for data collection.

7.2. Design

Following the guidelines set forth by Creswell and Plano Clark
(2017), we used a convergent mixed methods design to investigate the
sources of math and science self-efficacy among rural Appalachian
adolescents. The intent of our convergent design was to compare results
of our quantitative and qualitative data analyses to obtain “a more
complete understanding” of self-efficacy development and “to de-
termine if participants respond in a similar way if they check quanti-
tative predetermined scales and if they are asked open-ended qualita-
tive questions” (Creswell & Plano Clark, 2017, p. 65).

The data for the present study came from a larger investigation of
student motivation and achievement in rural Appalachia that included
students in one school district who were surveyed over a 22-month
time-period. Data collection for the present study took place across

Fig. 1. Convergent mixed methods study design. Likert scale self-efficacy data collected in Year 3 were used for a small subsample of students in the integrative
analysis phase.
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three academic years beginning in April 2013 (see Fig. 1). The quan-
titative Likert-type scale survey data were collected in April of School
Year 1 and in October of School Year 2. The qualitative open-ended
question data were collected in October and January of School Year 3.
The integrated analysis phase combined closed-ended quantitative
rating scale data from School Years 1 and 2 with the qualitative open-
ended question data from School Year 3. A new data source, quanti-
tative rating scale data from October of School Year 3, was also in-
troduced in the integrative phase.

We were not interested in comparing intrapersonal differences in
responses to these different data collection methods over time. The
pragmatic intent of our design was (a) to evaluate what each metho-
dological approach reveals about rural learners’ self-efficacy develop-
ment and (b) to conduct integrated analyses to assess how findings from
each method converge and diverge (Creswell & Plano Clark, 2017). We
therefore treated our quantitative and qualitative data as gathered at
roughly the same moment in adolescents’ lives (i.e., middle and high
school). Temporal sequencing was purposeful, however, in the quanti-
tative analyses in which we assessed how efficacy-relevant sources re-
ported at the end of one school year predicted self-efficacy near the
start of the next school year. Introducing this purposeful time lag en-
abled a more rigorous inferential test than has been conducted in past
quantitative research on self-efficacy development. Such a test allowed
us to observe which sources influence self-efficacy in the longer term.

After selecting instruments with which to independently gather both
quantitative and qualitative data, we analyzed the data using corre-
sponding methodological approaches. In an integrative analysis phase,
we overlaid our quantitative and qualitative results to further examine
the ways in which they converged and diverged. We then merged

quantitative and qualitative data collected to provide illustrative cases
for a subset of students. We interpreted patterns in our findings across
methods and reflected on their implications for research and practice.

7.3. Participants and data collection procedures

Participants in the study were 673 students attending one middle
school (Grades 6–8) and one high school (Grades 9–12). Students were
98% White. All students in the district received free lunch at school. At
each time point, students were visited once in their math class and once
in their science class to complete subject-specific surveys. Due to time
constraints, middle school students were only visited in their math classes
in Year 3 (high school students were still visited in both classes). Except
for routine changes in enrollment (e.g., graduation, attrition, absences,
relocation), participants at each measurement point were the same.

Two researchers administered surveys to students in school com-
puter labs using Qualtrics, a computerized program. Students had the
option of using headphones to listen to survey items read aloud. Passive
parental consent and active student assent procedures were approved
by the Institutional Review Board and school superintendent. Sample
sizes varied across data collection time points, gender, and school level
(see Table 1).

7.4. Data sources and analyses: quantitative phase

The aim of the quantitative phase was to assess the sources of math
and science self-efficacy and to examine the predictive relationship be-
tween the sources of self-efficacy assessed at the end of one school year
with students’ self-efficacy at the beginning of the following school year.

Table 1
Sample characteristics (N = 673).

Data Sources n Boys Girls Middle High

Quantitative Phase
Year 1 511 257 254 219 292

Sources of Math Self-Efficacy (April) 456 231 225 199 257
Sources of Science Self-Efficacy (April) 436 216 220 200 236

Year 2 391 197 194 131 260
Math Self-Efficacy (October) 358 177 181 117 241
Science Self-Efficacy (October) 317 159 158 116 201

Qualitative Phase
Year 3 418 213 205 173 245

“Describe something that has happened to you that made you feel…
… LESS Confident in Math” (October) 364 182 182 160 204
… MORE Confident in Math” (January) 366 184 182 167 199
… LESS Confident in Science” (January) 198 102 96 0 198
… MORE Confident in Science” (October) 196 101 95 0 196

Note. Year 1 = Spring 2013, Year 2 (2013–2014), Year 3 (2014–2015). Numbers fluctuate across survey administrations and years due to numerous factors (i.e.,
absenteeism, weather-related school closings, and students who graduated).

Table 2
Means, standard deviations, and correlations between self-efficacy and its sources in mathematics and science.

Variables Math Science

M SD 1 2 3 4 5 6 M SD

1. Self-Efficacy 4.08 1.29 0.61*** 0.46*** 0.51*** −0.37*** 0.12* 4.13 1.28
2. Mastery Experience 3.90 1.26 0.60*** 0.72*** 0.78*** −0.58*** −0.01 4.19 1.16
3. Vicarious Experience 3.77 1.00 0.48*** 0.81*** 0.77*** −0.29*** −0.03 3.79 1.03
4. Social Persuasions 3.59 1.30 0.54*** 0.89*** 0.81*** −0.33*** 0.06 3.42 1.22
5. Physiological States 2.97 1.25 −0.47*** −0.52*** −0.33*** −0.42*** −0.10 2.38 1.67
6. Gender 0.06 −0.07 −0.11* −0.01 −0.07

Note. Correlations for the domain of math appear below the diagonal; correlations for science appear above the diagonal. Point-biserial correlations between gender
(girls = 0 and boys = 1) are included in Row/Column 6. Sources of self-efficacy variables were assessed in April of Year 1. Self-efficacy variables were assessed in
October of Year 2. All variables (except gender) were assessed on a six-point Likert-type scale. Missing data were handled using full information maximum likelihood.

* p < .05.
*** p < .001.
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We also examined gender differences in the sources and in self-efficacy.

7.4.1. Data collection
Students (nmath = 456; nscience = 436) rated their exposure to in-

formation from the four sources of self-efficacy (April, Year 1; see
Table 1). The 25-item Sources of Middle School Mathematics Self-Ef-
ficacy Scale (Usher & Pajares, 2009) was used in math. The scale was
adapted for science by replacing the word “math” with “science.” In
each subject area, six items assessed mastery experience (e.g., “I do well
on even the most difficult science assignments”), seven items assessed
vicarious experience (e.g., “When I see how another student solves a
math problem, I can see myself solving the problem in the same way”),
six items assessed social persuasion (e.g., “People have told me that I
have a talent for science”), and six items assessed physiological state
(e.g., “I start to feel stressed-out as soon as I begin my science work”).
One negatively-worded mastery experience item (“Even when I study
very hard, I do badly in [math/science]”) was dropped due to poor
psychometric properties, leaving a six-item mastery experience sub-
scale. Students responded using a Likert-type response format from 1
(definitely false) to 6 (definitely true).

In October of the following school year, 391 students (nmath = 358;
nscience = 317) rated their self-efficacy on a 4-item scale that was de-
veloped according to Bandura’s (2006) guidelines (e.g., “How confident
are you that you can learn [math/science]?”). The scale adopted a
Likert-type response format from 1 (not at all confident) to 6 (completely
confident). All items were specific to either math or science. Scale di-
mensionality was assessed using confirmatory factor analysis (CFA).
The 4-item self-efficacy scale and relevant CFA results, including
model-fit statistics and factor loadings, are provided in Appendix A.
Items in each subscale showed good reliability (0.93 ≤ α = ω ≤ 0.94).

7.4.2. Data analysis
We used two CFAs to examine the internal structure of the sources

of self-efficacy scales in math and science. Measurement invariance
tests at three levels (i.e., configural, metric, and scalar) were conducted
as a prerequisite for multiple group analyses, which were used to assess
differences in latent means across school level (middle vs. high) and
gender (female vs. male). Cheung and Rensvold’s (2002) criterion of a
−0.01 change in CFI was used as evidence of measurement invariance.
Descriptive statistics including means, standard deviations, and corre-
lations were examined for self-efficacy and its sources by subject area.

Two separate hypothesized structural equation models (SEM), one
in math and one in science, were created in which the sources of self-
efficacy (Year 1) were modeled to predict self-efficacy (Year 2). Prior to
running each model, we examined the variance inflation factor (VIF) for
the four predictors due to their known intercorrelations. Given the
presence of multivariate non-normality in the data, SEM model fit was
assessed by examining the Satorra-Bentler (S-B) χ2 test statistic using
robust maximum likelihood estimation. We used recommended cutoff
values for other indices of fit, including the comparative fit index
(CFI > 0.90; Bentler, 1990), root mean square error of approximation
(RMSEA ≤ 0.06; Hu & Bentler, 1999), and standardized root mean
square residual (SRMR ≤ 0.08; Hu & Bentler, 1998). Missing data were
handled using full information maximum likelihood to enable the cal-
culation of unbiased parameter estimates and standard errors when the
data were missing at random. This technique offers an improvement
over listwise deletion, pairwise deletion, or similar response pattern
imputation (Enders & Bandalos, 2001). All analyses were conducted in
Mplus Version 7.11 (Muthén & Muthén, 2012).

7.5. Data sources and analyses: qualitative phase

The aim of the qualitative phase of the study was to examine pat-
terns and themes in rural students’ responses to open-ended questions
about what raised and lowered their self-efficacy. We first examined
these trends for middle and high school students in math and for high

school students in science. We then investigated whether students dif-
fered in their descriptions of what raised and lowered their confidence
and whether their response patterns differed by gender.

7.5.1. Data collection
Qualitative data were obtained from students’ responses to open-

ended questions evenly distributed across surveys administered in
October and January of Year 3. Responses were provided by 173 middle
school students and 245 high school students. Students were asked to
respond to two questions about events that have changed their con-
fidence in math (i.e., “Describe something that has happened to you
that made you feel [LESS/MORE] confident about yourself in math.”).
High school students (n = 198) also responded to two parallel questions
in the domain of science (see Table 1 for sample sizes by question).
Students were given unlimited space to respond. A total of 1124 re-
sponses from 418 students were analyzed.

7.5.2. Data analysis
Students’ responses were imported into the MAXQDA Version 12

software program 1989-2017 for analysis by a team of four researchers.
This software program permits researchers to label segments of text
with one or more codes and to subsequently regroup data into broader
themes.

7.5.2.1. Cyclical coding process. Data were analyzed through a cyclical
process in which the codes assigned by members of the research team
reached an increasing level of agreement with the data’s central themes
(Saldaña, 2016). The four coders began by independently coding the
same random selection of responses in math (n = 30) and in science
(n = 30) using an established coding list as a start guide. The team met
to discuss this initial round of coding and made several modifications to
the coding list as described below.

In each of five subsequent practice coding rounds, each researcher
independently coded a selection of 100 responses. The team met after
each round to discuss discrepancies and to refine the coding list, defi-
nitions, and response exemplars, which were then updated in the
coding guide. No further changes were needed to the coding guide after
the sixth round of practice coding. With each round of coding, inter-
rater reliability (the ratio of number of researcher agreements to total
codes assigned) improved until the team reached the 0.90 inter-rater
reliability (IRR) threshold recommended by Miles and Huberman
(1994). At the successful completion of the sixth practice round, the
final coding guide was updated in MAXQDA, and all practice-round
codes were cleared from the data.

In the final cycle, researchers coded 100 responses at a time, typi-
cally over a one-week period. Seventy-five of these responses were
uniquely assigned to one coder, and 25 responses were assigned to all
four coders for ongoing consistency checks (IRR > 0.90 was reached at
each round). Complex responses were discussed by the team. In total,
each researcher coded approximately 210 responses alone and 70 re-
sponses in conjunction with the research team.

7.5.2.2. Coding list. We used an initial list of 17 codes based on findings
obtained in similar research on the sources of reading and math self-
efficacy conducted with upper elementary and middle school students
in an urban setting (i.e., Butz & Usher, 2015). These codes reflected the
four hypothesized sources of self-efficacy (enactive experiences,
vicarious experiences, social persuasions, and physiological affect)
and several other topics (e.g., self-regulated learning, help
availability). We made a number of modifications to the coding guide
during data analysis. After the initial round of coding, we decided to
remove or combine certain subcodes to establish a more parsimonious
coding system and to reduce cognitive demand on coders. We combined
the codes “Teacher and Teaching Style” and “Learning Structures and
Environment” into a broader category called “Pedagogy.” We similarly
combined “Cognitive Self-Modeling” with “Self-Regulated Learning”
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(Pintrich & De Groot, 1990). “Course Placement” (i.e., in a more or less
advanced class) and “Future Outlook” were removed because they were
not reflected in the responses from these rural Appalachian students.

Because the open-ended questions used in the present study soli-
cited experiences that not only raised but lowered students’ self-effi-
cacy, we found it necessary to develop coding labels that were flexible
enough to accommodate negative phrasing. For example, one student
noted that her confidence is lowered when she gets distracted. Such
statements were coded as “Self-Regulated Learning” because the in-
ability to regulate one’s attention demonstrates a lack of self-regulation.
Responses that referred to class activities or topics covered in class were
coded “Class Content,” whereas those that mentioned a particular
teaching approach were coded as “Pedagogy.” Responses describing a
hypothetical experience (e.g., “It would make me feel confident about
my abilities in math if we can do more group work.”) or those that
lacked sufficient elaboration (e.g., “decimals”) were coded as “Other”
and then later investigated further. We assigned a code of “Nothing” to
any response in which the student wrote only the word “nothing” or
indicated that nothing in particular raised or lowered his or her self-
efficacy. On the other hand, if the student wrote “Nothing” but then
described an experience in detail, the latter experience was coded. The
code of “Uninterpretable” was used when limited information was
provided, the student did not take the question seriously, or serious
spelling errors rendered the response unintelligible. Responses coded as
“Uninterpretable” were removed from further analysis (n = 127). A
final list of codes with coding definitions is presented in Appendix B.

Once final coding was complete, we grouped data with similar codes
into broader categories to examine larger patterns and themes. Three
key themes emerged and were used to structure our interpretations.
First, data were organized according to the four theorized sources de-
scribed by Bandura (1997). Because information from these sources
overlaps, some codes (e.g., Social Comparison) reflect experiences in-
volving more than one hypothesized source (i.e., when one’s direct
experience is evaluated in relation to the vicarious experience of one’s
peers). Second, several coding categories referred to features of the
learning context, such as class content, physical environment, pedagogy,
and availability of help. A third theme reflected responses that de-
scribed intrapersonal factors such as perceived talent/ability, self-reg-
ulation, interest, liking, and value. A miscellaneous category was de-
veloped for responses of “nothing” or other. This broader organization
of codes can be seen throughout the presentation of qualitative find-
ings. To avoid reducing the richness of our data through the process of
categorizing, we employed a “Memorable Response” code, which was
used to select in-depth responses that typified coding categories, de-
monstrated the complex and overlapping influence of diverse efficacy-
relevant experiences, or reflected experiences likely unique to rural
culture.

7.5.2.3. Frequencies and proportions. We next tabulated the frequency
of codes assigned to open-ended responses. Quantitizing data collected
through large amounts of interview or open response data can allow
researchers to conduct a more thorough analysis (Teddlie & Tashakkori,
2006, 2009). In this case, calculating frequencies enabled us to assess
patterns in students’ responses as a function of the subject area (i.e.,
math or science), effect on self-efficacy (i.e., raising or lowering), and
student gender. Coding frequencies were determined by counting the
number of times a code was used. Proportions were then calculated by
dividing the coding frequency for the group of interest by the number of
students in the group of interest who provided interpretable responses.
This is slightly different from the method used in similar research (e.g.,
Butz & Usher, 2015), in which the total number of codes for the group
of interest (not the total number of group members) was used as the
denominator. We elected to use the number of students as the
denominator to account for the tendency of certain groups to provide
responses that were more complex. For example, 12 more girls than
boys provided an interpretable response to what made them feel more

confident in math, but girls’ responses were generally more complex,
resulting in 25 more codes for girls than for boys. Using the number of
codes as the denominator would have artificially lowered proportions
for groups of students with more complex answers and inflated
proportions for groups with simpler answers. Because our primary
interest in this phase was to examine students’ general response trends,
we elected not to run statistical tests in our group comparisons.

7.5.2.4. Within-student comparisons by question valence and domain. Prior
research has not investigated whether learners preferentially attend to
certain sources of information over others when seeking a psychological
boost or facing a psychological blow to their perceived efficacy. We
therefore examined whether students wrote about the same or different
type of event as having raised and lowered their self-efficacy in each
subject (i.e., similarity by valence). Following the procedures used by
Butz and Usher (2015), we categorized students’ coded responses to the
question pairs as either (a) the same (i.e., the same code was assigned to
both responses), (b) partly the same (i.e., at least one common code was
assigned to the two responses); or (c) different (i.e., the codes assigned to
the two responses did not match). To extend prior research on the
domain-specificity of self-efficacy development in STEM fields, we used
the same procedure to examine whether high school students (i.e., who
responded to all four open-ended questions) cited the same primary
source of self-efficacy in math as in science.

7.6. Integrative phase

The intent of the integrative analysis phase was to examine points of
convergence and divergence in results obtained quantitatively and
qualitatively (Fetters, Curry, & Creswell, 2013). This phase involved
several steps and one new data source (see Fig. 1).

First, we compared the predictive relationships found in the SEM
analyses to the relative frequency of sources described by students in their
responses to open-ended questions. For each quantitative structural
equation model, we used commonality analysis to calculate the unique
and shared variance in math and science self-efficacy explained by the four
hypothesized sources. This permitted us to examine the independent and
joint contribution of the four sources of self-efficacy to the prediction of
self-efficacy (Nimon, 2010; Nimon & Reio, 2011). To compare these
findings with our qualitative data, we collapsed our coding categories into
broader themes reflecting the four hypothesized sources: Enactive Ex-
perience, Vicarious Experience, Social Persuasion, and Physiological State.
We ignored question valence in this regrouping. Responses that could not
be categorized into these four broader themes were excluded from this
analysis. We then calculated the ratio of responses in each broad theme to
the total number of codes assigned. This enabled us to compare the re-
lative salience of the four sources of self-efficacy in students’ responses to
all open-ended questions. We next compared the proportionate re-
presentation of our broad qualitative themes to the unique and shared
variance accounted for by each source of self-efficacy measured in our
quantitative model. We once again relied on quantitizing our qualitative
data “because counting can provide additional useful information about
how often or how many or how much” (Onwuegbuzie & Burke Johnson,
2006, p. 58), which can then be more readily compared to findings ob-
tained using strictly quantitative methods.

Our final integrative analysis involved quantitative and qualitative
data collected from high school students in Year 3 (see Table 1). Self-
efficacy scores were obtained using the aforementioned four-item self-
efficacy scales. We then created box plots to categorize scores into
quartiles. The lower line of the box plot represents the boundary be-
tween the bottom and second quartile scores (i.e., low self-efficacy), the
middle line represents the median self-efficacy score, and the upper line
marks the boundary between the third and fourth quartile scores (i.e.,
high self-efficacy). We analyzed all responses within a given self-effi-
cacy range and selected representative responses from students at given
levels to highlight illustrative cases (Pratt, 2009).

E.L. Usher et al. Contemporary Educational Psychology xxx (xxxx) xxx–xxx

7



8. Results and Discussion

8.1. Quantitative phase

8.1.1. Measurement models
The CFA models revealed that a four-factor structure fit the data

well for the Sources of Math Self-Efficacy Scale, S-Bχ2

(2 4 6) = 563.125, CFI = 0.93, RMSEA = 0.053, RMSEA 90% CI:
(0.047, 0.059), SRMR = 0.051; and for the Sources of Science Self-
Efficacy Scale, S-Bχ2 (2 4 6) = 577.267, CFI = 0.92, RMSEA = 0.056,
RMSEA 90% CI: (0.050, 0.061), SRMR = 0.057 (see Fig. A2). These
values indicate a good fit between the model and the observed data (Hu
& Bentler, 1999). All path coefficients were statistically significant,
p < .001. Items in each subscale showed good reliability (0.81 ≤ α ≤
0.90 and 0.83 ≤ ω ≤ 0.89). Scalar and partial scalar invariance were
reached for the four latent variables across school level and gender:
ΔCFI ranged from < 0.001 to 0.016 (see Appendix C).

8.1.2. Means and correlations
Table 2 presents means, standard deviations, and correlations for

the quantitative measure of the sources of self-efficacy (Year 1) and self-
efficacy (Year 2). Means and standard deviations by gender and school
level are provided in Appendix D. As suggested by theoretical predic-
tions and previous findings, the sources of self-efficacy were strongly
correlated with each other and with self-efficacy in both subjects. Boys
and girls reported similar exposure to all four sources and similar self-
efficacy levels with two exceptions. Girls (M = 3.88, SD = 0.95) re-
ported significantly more vicarious experience in math than did boys
(M = 3.67, SD = 1.04), but this effect was relatively small (Cohen’s
d = 0.21). In contrast, boys (M = 4.31, SD = 1.27) reported sig-
nificantly higher self-efficacy in science than did girls (M = 3.95,
SD = 1.28; d = 0.28). High school students reported lower self-efficacy
in math (M = 3.78, SD = 1.31) and science (M = 3.92, SD = 1.37) than
did students in middle school (Mmath = 4.38, SDmath = 1.20;
Mscience = 4.34, SDscience = 1.16; dmath = 0.48, dscience = 0.33). Stu-
dents’ scores on the sources of self-efficacy subscales generally followed
this pattern, with middle school students reporting more mastery ex-
perience, vicarious experience, and social persuasion, and less adverse
physiological arousal in both subjects than high school students
(0.28 ≤ d ≤ 0.39).

8.1.3. SEM: Full models
Prior to conducting full SEM models, we examined the VIFs for the

sources of self-efficacy. These values ranged from 1.40 to 6.49 in math and
from 1.46 to 3.65 in science, indicating no serious collinearity problems
(Hair, Anderson, Tatham, & Black, 1995). Given the mean differences re-
ported above, school level was included in these estimates and in the final
SEM models as a control variable. The hypothesized SEM models in which
self-efficacy was regressed on the four hypothesized sources showed a good
fit to the data both in math, S-Bχ2 (3 6 7) = 800.766, CFI = 0.93,
RMSEA = 0.049, RMSEA 90% CI: (0.045, 0.054), SRMR = 0.058,
R2 = 0.381, p < .001; and in science, S-Bχ2 (3 6 7) = 803.844,
CFI = 0.92, RMSEA = 0.050, RMSEA 90% CI: (0.046, 0.055),
SRMR = 0.064, R2 = 0.376, p < .001 (see Fig. 2). In math, mastery ex-
perience (β= 0.402, p < .05) and physiological state (β= −0.214,
p < .01) were both significant predictors of math self-efficacy. In science,
however, mastery experience (β= 0.456, p < .001) was the only sig-
nificant predictor of self-efficacy. Similar results were found when we added
gender as a second control variable; however, for the sake of parsimony,
only school level was controlled in final models.

8.1.4. Discussion of quantitative findings
Our quantitative results confirmed that a scale designed to assess

the four hypothesized sources of self-efficacy in math also shows strong
psychometric properties in the domain of science and in the context of
rural Appalachia, pointing to its suitability for use with rural adoles-
cents in similar settings. The present study marks the first time (to our
knowledge) that validity evidence has been provided for the items as-
sessing the sources of self-efficacy in these contexts.

However, the predictive relationships between the hypothesized
sources and self-efficacy obtained in this sample were not fully aligned
to findings reported elsewhere. For example, in the math domain,
comparable studies among suburban middle school students have
shown that, in addition to mastery experience and physiological states,
social persuasion was also predictive of general math self-efficacy
(Usher & Pajares, 2009). Other researchers have similarly found that
social persuasion significantly predicted children's and adolescents’
math self-efficacy (e.g., Ahn et al., 2017; Joët et al., 2011; Klassen,
2004; Phan 2012b). Given the close-knit nature of this rural Appa-
lachian community, we presumed that social persuasion would also be
predictive of self-efficacy, but this was not the case. Our data did not
permit us to assess whether in fact students perceived their community
as close-knit, however. Instead, our quantitative findings suggest that
opportunities for students to master difficult math content would be
most beneficial for boosting their self-efficacy, as would decreasing
students’ negative feelings when doing math.

Fig. 2. Full structural equation model for the prediction of self-efficacy (October, Year 2) by four sources of self-efficacy (April, Year 1), controlling for school level
(Year 1). For the math self-efficacy model (left-side numbers), S-Bχ2 (367) = 800.766, CFI = 0.93, RMSEA = 0.049, RMSEA 90% CI: (0.045, 0.054), SRMR = 0.058.
R2 = 0.381, p < .001. For the science self-efficacy model (right-side numbers), S-Bχ2 (367) = 803.844, CFI = 0.92, RMSEA = 0.050, RMSEA 90% CI: (0.046,
0.055), SRMR = 0.064, R2 = 0.376, p < .001. *p < .05. **p < .01. ***p < .001.
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In science, mastery experience was the sole significant predictor of
students’ self-efficacy. Although this pattern is similar to findings re-
ported in the science literature (e.g., Britner & Pajares, 2006), in some
contexts, researchers investigating the sources of adolescents’ science
self-efficacy have found that vicarious experience (Lin & Tsai, 2017;
Phan, 2012a), social persuasion (Kiran & Sungur, 2012; Webb-Williams,
2017), or some combination of the four theorized sources (Chen & Usher,
2013) were also predictive of self-efficacy. These differences must be
considered in light of the various measures researchers have used to
assess the sources and science self-efficacy, the diverse contexts in which
adolescents’ self-efficacy has been assessed, and the cross-sectional
nature of most previous studies. This was the first study in which this
specific set of items was used to assess efficacy-relevant experiences in
science, and it is among the first to examine a temporally-distal re-
lationship between the sources and self-efficacy. Our quantitative find-
ings lead us to conclude that, as in math, enabling direct successes in
science through positive performance accomplishments would enhance
rural learners’ self-efficacy six months later. Future research should help
determine which types of efficacy-relevant experiences might have
shorter- and longer-term effects on learners’ efficacy beliefs.

Although studies in rural settings have found differences in students’
self-beliefs across geographic locations (Hardré & Hennessey, 2010)
and ethnicities (Hardré & Lieuanan, 2010), few have examined how
gender may influence the development of students’ self-beliefs. As we
noted earlier, some evidence in these STEM-related disciplines has
shown that girls and boys differ in terms of their efficacy-relevant ex-
periences (e.g., Joët et al., 2011; Kiran & Sungur, 2012). Other studies
have found only minimal quantitative gender differences in the sources
of self-efficacy (Britner & Pajares, 2006; Webb-Williams, 2017). Our
quantitative analyses revealed that girls reported more vicarious ex-
perience in math than did boys, suggesting that girls might look to
models more frequently in this subject. This finding aligns with evi-
dence that girls and women are more attuned to social information
when judging their capabilities than are boys and men (Usher & Pajares,
2008), although girls and boys were equal in their reported exposure to
vicarious models in science and to positive messages in both subjects.

Boys reported higher self-efficacy than did girls in science, but not
in math. This is somewhat surprising given findings from a recent meta-
analysis that the self-efficacy among younger students (e.g., middle
school) does not differ much by gender (Huang, 2013). In a study of
rural and nonrural youth in Tennessee, Hopkins (2004) observed that
girls and boys differed in math achievement, and that this difference
was largest in rural settings where middle school girls outperformed
their male classmates but high school boys outperformed their female
classmates. Similar patterns may exist in math and science for Central
Appalachian students. For the sake of simplicity, we have not focused
on these developmental differences, electing instead to examine middle
and high school students together. We also did not investigate whether
the relationship between the sources and self-efficacy was moderated
by gender. It could be, for example, that girls (but not boys) who
are exposed to more vicarious models feel more capable in STEM.
Possible age-by-gender differences should be teased apart in future re-
search.

8.2. Qualitative phase

A quantitative approach is limited in what it offers in terms of the
lived experiences that raise and lower students’ confidence. We there-
fore used qualitative analyses to investigate the patterns and themes in
students’ responses to open-ended questions about the experiences that
have raised and lowered their self-efficacy in math and science. Table 3
provides sample student responses organized by the major coding ca-
tegories assigned. Additional sample responses from students for all
coding categories can be found in the online supplemental materials.
We structure our results in terms of several subquestions of interest.

8.2.1. What are the overall trends in students’ responses?
Fig. 3 provides a graphical overview of the proportion of codes as-

signed to students’ responses to the four open-ended questions, orga-
nized vertically in four thematic groups. The top-most group includes
the codes closely corresponding to Bandura’s (1997) hypothesized
sources of self-efficacy. Examination of this group reveals that Direct
Experiences of Mastery or Failure and Performance Evaluations (e.g.,
grades, test scores) were the most commonly assigned codes for stu-
dents’ responses. One or both codes were described in approximately
half of students’ responses to what increases their math and science
confidence. Social Persuasion was also a common code assigned to
students’ responses in math, indicating that messages from others were
salient sources of self-efficacy for these rural students. Some students
also described comparisons to others (i.e., Social Comparison) as af-
fecting their confidence. On the other hand, relatively few responses
reflected Social Modeling or Physiological and Affective States.

The second thematic group represents events or information in the
students’ classroom environment (e.g., Class Content, Pedagogy).
Although comparably fewer responses were assigned to this group,
some students emphasized that the content of their class or poor in-
structional delivery impaired their confidence whereas the availability
of help from others and skillful instruction increased it. The third group
of codes reflects intrapersonal sources of self-efficacy, such as Perceived
Ability, Interest, and Self-Regulation, which a subset of students de-
scribed. The final group captures responses that reflected that
“Nothing” or some Other factor affected self-efficacy.

Many of the student responses from this rural school district sug-
gested that there were multiple categories of influence. For example,
one sixth-grade student said that her science confidence is lowered
when, “I don’t understand it and the teacher won’t help.” This student’s
response reflects both a direct experience and a lack of support. Another
student explained, “I can do pretty high-grade math. I learn best when I
have a teacher come up to me and explain it personally.” In this case,
perceived ability and personalized instruction boosted his confidence.

8.2.2. How do the sources that raise and lower self-efficacy compare?
We next inspected patterns in students’ responses to the symme-

trically-designed open-ended questions about what lowers (Fig. 3, left)
and raises (Fig. 3, right) their self-efficacy in math (bottom bar) and
science (top bar). Asymmetries can be readily seen as length differences
between left- and right-side bars. A within-student analysis of students’
responses revealed that nearly 59% of the students referred to different
events that raise versus lower their math confidence; 48% of high
school students’ responses were coded differently for questions per-
taining to what increased versus decreased their science self-efficacy
(see Table 4).

The most obvious asymmetry appears for the code “Nothing,” where
patterns indicate that students were generally more likely to say that
nothing lowered as opposed to raised their confidence in math and sci-
ence. Other differences emerged by question valence. For instance,
Physiological State, Class Content, and Task Difficulty codes were more
often assigned to descriptions of what lowered students’ confidence
than to descriptions of what raised it. On the other hand, Social
Persuasion, Help Availability, and Performance Evaluations were more
often described as raising students’ self-efficacy (see Table 3 for ex-
emplars of this trend). These positive and negative efficacy-relevant
experiences were recounted somewhat differently in math and science,
which we turn to next.

8.2.3. How do the sources of self-efficacy compare in math and science?
Some evidence suggests that adolescents rely on different events to

boost their self-efficacy in math than in literary pursuits such as reading
(Butz & Usher, 2015). Nevertheless, given that math and science are
interconnected domains at the foundation of STEM disciplines, we ex-
pected to find similar overall trends in how students perceived their
efficacy-related experiences in these two subjects. We focus here on
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domain comparisons for high school students, as they answered the
open-ended questions in both math and science (see supplemental
materials for high school students’ response proportions by domain).
The results of our within-student comparison across domains revealed
that approximately half of the high school students in our sample de-
scribed different salient sources of their self-efficacy in math and in
science (see Table 4). That is, even though math and science share
features, many students recounted distinct experiences that undergird

their efficacy beliefs in each domain.
Several notable trends emerged by domain. Direct experiences of

mastery, the most frequent type of response, were referenced more
often in math (35.84%) than in science (26.59%), accounting for one
third of students’ descriptions of what increases their math confidence.
Receiving a favorable performance evaluation (e.g., “I feel more con-
fident in math when I finish assignments with time remaining and I get
a 100%.”) boosted students’ confidence in math (21.97%) and science

Table 3
Coding categories and sample responses to open-ended questions in math and science.

“Describe something that has happened to you that made you feel LESS
confident about yourself in [math/science].”

Coding Category “Describe something that has happened to you that made you feel
MORE confident about yourself in [math/science].”

− When I get something wrong that I felt really confident about it. (MS
girl, math)

− Missing a question makes me feel less confident about my abilities in
Math.(MS, girl, science)

Direct Experience of
Mastery or Failure

− What makes me feel more confident about my abilities in science
is that i can solve the problems the teacher gives us and i get the
answer right. (HS, girl, science)

− When I understand a class discussion and can answer the teachers
questions correctly. (HS, girl, science)

− I feel less confident when I get a bad grade. (MS, boy, math)
− when i make a bad grade (HS, boy, science)

Performance Evaluation − I feel more confident in math when I finish assignments in math
with time remaining and I get a 100%. (MS, girl, math)

− Doing good on science tests and quizzes and making good grades in
science. (HS, girl, science)

− Being out shadowed by others. Like I want to be the best. (HS, boy,
science)

− When other students do better than me. (MS, girl, math)

Social Comparison − When I get in discussions about science-related topics and can
keep up or outsmart the person(s) I am in the discussion with.
(HS, boy, science)

− What makes me feel more confident in math is answering the
hardest problems that no one else can get right. (MS, girl, math)

− N/A Social Modeling − Bill Nye the science guy. (HS, boy, science)
− Knowing tat my older siblings were always good at doing math and i

want to follow in there footsteps. (MS, boy, math)
− Difficult problems that I am unsure of how to solve. (HS, girl, math)

− Difficult assignments that i never seen before (HS, boy, science)
Perceived Task Difficulty − That I can do the work efficiently and not have any trouble. (HS,

girl, science)
− Being able to do my work quickly and without trouble helps me

become more confident, and when I don’t have to repeatedly ask the
teacher questions. (HS, girl, math)

− Somebody telling me I do bad in math. (MS, girl, math)
− when [name] tells me that i will never be anyone. and gets in my face

and tells me that im nothing but a failure (HS, boy, science)

Social Persuasion − when people tell me i did good. or if people ask me for help
because they think i can do it (HS, girl, math)

− having my friends say I'm doing good (HS, girl, science)
− When I don’t get major [assignments] in on time that makes me

really low [because] I don’t even want to try in that class anymore
because it makes me think that I can’t get my grade either way and it
stress me out and I end up freaking out and not being able to focus on
the work. (HS, girl, science)

Physiological and
Affective States

− When I do bad it makes me cry brcause I want to do better [ T-T]
SAD FACE (MS, girl, math)

− All the technical words. (HS, girl, science)
− Some math properties [such] as [sine], [cosine], measurements, and

multi-step college problems. (HS, boy, math)

Class Content − Learning new stuff. (HS, boy, math)

− What makes me feel less confident [in] my abilities in math is all of
the kids that are in the classroom distract me. (MS, boy, math)

Physical Environment − When it's quiet and nobody's bothering me. (MS, boy, math)

− I don’t understand it and the teacher won't help (HS, girl, science)
− If I have to ask people for help. (MS, girl, math)

Help Availability − What makes me feel more confident about my math abilities is
when I make a mistake my teacher helps me get it right and helps
me understand it more. (MS, boy, math)

− when people like teachers or students help me with it (MS, girl,
math)

− When the teacher goes [too] fast with the lesson even though
everybody doesn't completely understand the content. (HS, girl,
math)

− when the teacher goes too fast on a topic (HS, girl, science)

Pedagogy − We have a really good teacher that makes it easy and fun to learn
[the teacher] is fantastic. (HS, boy, science)

− Having a teacher to teach us ways to solve problems and to
understand them, so I can get better in math. (HS, girl, math)

− I'm not very good at math and I can't really catch onto some of the
things we learn, and at remembering stuff. (HS, girl, math)

− Well, science ain't really my best subject. Me and science don't get a
long very well. (HS, girl, science)

Perceived Ability − I have a natural talent for it. (HS, boy, math)
− being good at science. (HS, boy, science)

− I don’t like science it’s retarded. (HS, boy, science)
− I don’t like math. (HS, boy, math)

Interest, Liking, Value − What makes me feel confident is that I like to learn more stuff in
math. (MS, boy, math)

− Science comes natural to me and I find it interesting (HS girl,
science)

− I don't really give my best effort when I should. (HS, boy, science)
Sometimes I just can't focus when I really don't get something and I think of
random things that have nothing to do with math. (HS, boy, math)

Self-Regulated Learning − Is that I try as hard as I can so I can get better at math. (MS, boy,
math)

− I feel more confident after I study, and pay attention in class. I also
feel more confident when I have studied and when I am more
prepared then other students. (HS, girl)

− When people try to change how I remember my way of doing things
in class! (HS, girl, science)

− The thing that makes me loose my confidence is when I have to get in
front of the class and present something. (HS, girl, math)

Other − Being with a group of friends. (MS, boy, math)
− What makes me more confident with my abilities in science is when

i don't have to get up in front of the class and present something.
(HS, girl, science)

Note. MS = middle school, HS = high school.
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(22.54%) in equal proportion; however, students’ noted that unfavor-
able performance evaluations (e.g., “Doing bad on a test or making a
bad grade”) more typically lowered their confidence in science
(19.53%) compared to math (7.30%).

Social sources of self-efficacy also differed somewhat by subject
area. For instance, social comparison tended to lower students’ math
confidence in the same proportion that it raised confidence in science,
and vice versa. As one high schooler emphatically declared, “I am better
than anyone else at science. If you were to compare me and Albert
Einstein, I would make him look like a 1st grader.” Confidence-boosting
social messages were evident in some students’ math responses
(6.36%), but less so in science (3.47%). Although present in only a
handful of responses, negative messages could also be particularly

salient in lowering students’ confidence. A male high school senior
described how a specific person “tells me that I will never be anyone,
and gets in my face and tells me that I’m nothing but a failure.” A tenth-
grade girl admitted that “when people say I struggle at math, it makes
me feel stupid.”

8.2.4. Do response patterns differ by gender?
We examined gendered patterns in rural Appalachian students’ ef-

ficacy-relevant experiences given the lack of research on the varied
educational experiences of boys and girls in rural contexts (Hopkins,
2004). The five most frequent codes assigned to boys’ and girls’ re-
sponses to each question are listed in Table 5. Additional visualizations
of results by gender are provided in the online supplemental materials.
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Fig. 3. Proportion of coded responses by type of efficacy-relevant experience for the full sample in science (top bar) and math (bottom bar). Proportion of codes
assigned to sources that lowered students’ science (n = 169) and math (n = 321) confidence are represented on the left side of the graph. Proportion of codes
assigned to sources that raised students’ science (n = 173) and math (n = 334) confidence are represented on the right side of the graph. Only high school students
responded to questions about science.

Table 4
Intra-individual differences in sources of self-efficacy by academic domain and by valence.

Open-Ended Questions Total No Coding Match (%) Partial Coding Match (%) Exact Coding Match (%)

Comparison by Domain
MORE confident in math [vs.]

MORE confident in science
125 58

(46.40%)
9
(7.20%)

58
(46.40%)

LESS confident in math [vs.]
LESS confident in science

127 62
(48.82%)

15
(11.81%)

50
(39.37%)

Comparison by Valence
MORE confident in math [vs.]

LESS confident in math
258 151

(58.53%)
26
(10.08%)

81
(31.40%)

MORE confident in science [vs.]
LESS confident in science

125 60
(48.00%)

15
(12.00%)

50
(40.00%)

Note. Only students with matched responses were included in these analyses.
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Girls and boys both frequently referred to direct experience of
success/failure and performance evaluations (e.g., grades) as sources of
their confidence in math and science, but their response patterns in
other areas differed in notable ways. First, boys’ responses were coded
as “nothing” around three times as often in both math and science than
were girls’ responses. Indeed, more than a quarter of boys’ responses in
math and nearly one third in science indicated that nothing lowered
their confidence, compared to 8% and 10% of girls’ responses, respec-
tively. A second important revelation was that girls’ responses more
often reflected the detrimental effects of perceived failures (i.e., the
“Direct Experience” code) on their math and science self-efficacy. In
math, 31.21% of girls’ responses mentioned perceived shortcomings,
compared to 23.72% of boys’ responses. This gap was even larger in
high school science, where perceived failures accounted for 42.22% of
girls’ responses to what lowered their confidence and for only 10.84%
of boys’. The reasons girls provided for their lack of confidence in sci-
ence included “not grasping the content,” “not understanding every-
thing,” “making simple mistakes,” and “not being able to answer a
question” in class.

Third, boys and girls differed slightly in the manner in which they
described the effects of their social interactions. For example, the codes
Social Persuasion, Help Availability, or Pedagogy were collectively as-
signed as confidence-raising sources to 26.29% of girls’ responses in
math compared to 16.56% of boys’. The social ties that support self-
efficacy in this rural Appalachian setting were evident in this girl’s re-
sponse: “This year I am more confident because the teacher is Ms.
[Name] who is a woman I am close to and go to church with. I know she
will help me through this year.” Many girls’ responses described how a
specific teacher’s approach made them feel more confident. One middle
school student remarked, “My math teacher explains stuff real good,
and if she explains it to another kid, she will explain it to me if I need it,
but I usually don’t.”

One final noteworthy gender difference involved students’ tendency
to attribute their low or high math confidence to ability. Girls described
their lack of ability in math as having undermined their confidence in a
similar proportion to boys’ description of the presence of their abilities
as having raised their confidence. As one high school girl wrote, “Well,
science ain't really my best subject. Me and science don't get along very
well.” Her male classmate, on the other hand, explained that his “nat-
ural talent for math” makes him feel confident.

8.2.5. Discussion of qualitative findings
The qualitative phase of this study is the first of its size to offer rural

students’ perspectives about what undermines and enhances their
STEM-related self-efficacy. As most qualitative or mixed methods stu-
dies on the formation of self-efficacy have shown (e.g., Butz & Usher,
2015; Fong & Krause, 2014; Webb-Williams, 2017), our findings make

clear that direct experiences of mastery are most often described as
factors that increase learners’ math and science self-efficacy. Perfor-
mance evaluations, which often involve a social exchange in which
students receive scores or grades from teachers or others, also convey
powerful information to students about their abilities. The provision of
multiple opportunities for success is critical to self-efficacy develop-
ment, and this seems as evident in this rural context as it has been
elsewhere.

Little previous research has investigated the factors that lower stu-
dents’ self-efficacy. Our findings reveal that failures, setbacks, or low
grades undermined students’ math and science confidence in similar
proportion that successes raised it. In other words, a negative experi-
ence appears to be just as potent as a positive one in terms of its effect
on students’ confidence. Failures in math and science may be particu-
larly damaging to girls, who reported them in higher proportion than
boys, particularly in science. Reducing failures is not always a realistic
or desirable option, but helping learners reframe adverse events as
opportunities for growth could support their motivation and subsequent
efforts in STEM fields (Haimovitz & Dweck, 2017). Such an approach
might also involve attempts to retrain the attributions students make
for the difficulties they experience toward factors within their personal
control (Bandura, 1997).

Another key finding from our qualitative analysis is that over half of
the students surveyed described qualitatively different events that made
them feel more and less confident, and nearly half of the high school
students surveyed reported different primary sources of self-efficacy in
math and science. This has at least two important implications. First,
limiting what is asked of students to only one experiential valence (e.g.,
What builds your self-efficacy?) might lead to incomplete conclusions
about self-efficacy development. Second, even in the similar domains of
math and science, self-efficacy development is context-specific, and
therefore measures of the sources of self-efficacy should be too (Butz &
Usher, 2015).

Our qualitative analyses also revealed notable gender differences.
For example, girls were more likely than boys to describe social ex-
periences (e.g., social persuasions, help) as having an important influ-
ence on their self-efficacy, a finding that emerged in qualitative ana-
lyses in STEM-related domains with children and adults (Usher, 2009;
Webb-Williams, 2017; Zeldin, Britner, & Pajares, 2008). It is unclear
whether these findings reflect the actual or perceived experiences of
these rural students (likely both). In as early as elementary school,
children hold stereotypical ideas that boys have higher inherent ability
in math and science (Brown, 2017). Comments made by students in this
rural Appalachian setting seem to reflect this stereotype in math: boys
were more likely to attribute higher self-efficacy to a belief in their own
inherent ability, whereas girls tended to emphasize a lack of ability that
lowered their confidence. Boys have also been shown to overestimate

Table 5
Top five most frequent codes assigned by question and gender.

Less confident More confident

Math Boys Girls Boys Girls
“Nothing” (26.28%)
Direct experience (23.72%)
Class content (10.90%)
Performance evaluation (8.97%)
Social persuasion (5.77%)

Direct experience (31.21%)
Social comparison (11.56%)
Social persuasion (8.67%)
Perceived ability (8.67%)
Performance evaluation (8.09%)
“Nothing” (8.09%)

Direct experience (27.61%)
Performance evaluation (23.93%)
“Nothing” (15.34%)
Social persuasion (9.82%)
Perceived ability (7.36%)

Direct experience (36.00%)
Performance evaluation (24.57%)
Social persuasion (13.71%)
Self-regulation (6.86%)
Pedagogy (6.29%)
Help availability (6.29%)

Science Boys Girls Boys Girls
“Nothing” (31.33%)
Performance evaluation (21.69%)
Class content (12.05%)
Direct experience (10.84%)
Self-regulation (7.23%)

Direct experience (42.22%)
Performance evaluation (16.67%)
“Nothing” (10.00%)
Perceived ability (7.78%)
Class content (7.78%)

“Nothing” (22.35%)
Direct experience (21.18%)
Performance evaluation (18.82%)
Social Comparison (8.24%)
Self-regulation (7.06%)

Direct experience (30.77%)
Performance evaluation (25.27%)
“Nothing” (9.89%)
Perceived ability (7.69%)
Social comparison (6.59%)

Note. The meaning behind responses coded as “nothing” varied. For example, one high school boy wrote that “not much [changes my confidence] because I am not at
all good at science,” whereas another added, “Nothing. I am already confident about math.” Some offered no such elaboration.
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their capabilities, particularly in stereotypically “masculine” domains
(Butler & Hasenfratz, 2017).

These factors likely explain why boys more often report that
“nothing” changed (most notably, nothing lowered) their confidence in
math and science. Without probing students further, we are unable to
know exactly what a “nothing” response reflects (e.g., social pressure to
confirm a stereotype, an unshakable level of confidence, low motivation
to introspect). One possibility is that boys in this rural setting hold a
more fixed view of their abilities in math and science. That is, if students
do not think their science or math ability is something that can change,
they might be more likely to report that “nothing” would raise or lower
their confidence. As one high school boy wrote, “Nothing. If I can do it,
then I can do it, and if I can’t, I can’t.” Fostering steady successes in
STEM-related domains can reduce the differences in the way boys and
girls view their ability in STEM fields (Master & Meltzoff, 2016).

Our open-ended questions did not specifically target the effects of
living in rural Appalachia on students’ self-efficacy (e.g., “How does
living in your community affect your confidence?”). Although we no-
ticed certain linguistic and social-relational patterns in students’ re-
sponses that are likely unique to this context, additional research will
be needed to identify how specific cultural features make certain ex-
periences more likely and/or more meaningful to adolescents.
Interviews or focus groups would likely be helpful in this regard.

8.3. Integrative phase

During the integrative analysis phase, we combined quantitative
and qualitative approaches to further examine self-efficacy develop-
ment among these rural adolescents. We began by regrouping all qua-
litative codes into broad categories that matched Bandura’s (1997) four
hypothesized sources of self-efficacy. We removed those responses in-
dicating that “nothing” changed students’ confidence (i.e., 13% of all
responses in math and 18% in science). Overall, the four hypothesized
sources codes could be applied to 66% of the coded data in math and to
61% in science. As noted above, some responses described complex

efficacy-relevant experiences (e.g., “What makes me feel more con-
fident about my abilities in math is when I get good grades and ace my
tests, and when I get complimented for my math abilities!”). Approxi-
mately 10% of responses received more than one code. Like our coding
categories (e.g., performance evaluations), some experiences naturally
fall at the intersection of two sources. For example, one student wrote
that “earning the top grade in the class” made him feel more confident.
Identifying the primary psychological mechanism of influence (e.g., a
performance evaluation, an experience of mastery, a social comparison)
in such a response was impossible.

We next created a joint display (see Fig. 4) of our qualitative and
quantitative findings that illustrates the intersection of the four hy-
pothesized sources of self-efficacy (represented as four large, over-
lapping circles). Callouts around the circles provide illustrative ex-
amples of the complex ways in which rural students remembered and
combined efficacy-relevant information. Under each source name at the
center of each circle is the proportion of variance uniquely accounted
for by its quantitative subscale. The proportion of variance in self-ef-
ficacy collectively accounted for by different subscales is featured in the
respective overlapping areas. The intersecting effects of the four theo-
rized sources of self-efficacy was more powerful than the effect of any
single source. For example, the overlap of mastery experience, vicarious
experience, and social persuasion (measured quantitatively) accounted
for 18.9% of the explained variance in math self-efficacy and 17.8% in
science self-efficacy (in addition to that explained by the paired and
unique contributions of these sources). This overlap can be seen in the
sample response on the left of the figure in which one student enu-
merates the influence of these three types of events on her confidence.

Fig. 4 also highlights the role of social processes in the self-efficacy
development of these rural Appalachian adolescents. Although neither
vicarious experience nor social persuasion significantly predicted self-
efficacy in our SEM models, their combinatory impact with other
sources is evident. Indeed, some type of socially-conferred information
(i.e., evaluation and grades, awards, social comparisons, social mod-
eling, social persuasion, help availability) was referenced in 29% of

Fig. 4. Joint data display reflecting the overlapping influence of the four hypothesized sources of self-efficacy. Numbers on the left reflect results from quantitative
commonality analysis in math (left-side numbers) and science (right-side numbers). Call-outs provide illustrative responses reflecting the intersection of two or more
sources of self-efficacy. Two interactions are not visualized in the diagram, but are highlighted in boxes without arrows on the bottom of the figure.
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students’ statements about what changes their confidence in math and
37% in science. By contrast, direct mastery experiences alone were
described in 22% of responses in math and 35% in science. Such pat-
terns were largely hidden in our purely quantitative analyses (i.e., prior

to partitioning variance to show unique and shared explanatory ef-
fects).

A second way in which we used data integration to understand self-
efficacy development was by investigating descriptive differences in the

Fig. 5. Sample open-ended responses by math self-efficacy level in Year 3. Box and whiskers plot depicts high school students’ quantitative math self-efficacy scores
in October of Year 3 with an overlay of sample responses to open-ended questions. Minimum = 1.0, 25th percentile = 3.25, Median = 4.25, 75th percentile = 5.25,
Maximum = 6.0.

Fig. 6. Sample open-ended responses by science self-efficacy level in Year 3. Box and whiskers plot depicts high school students’ quantitative science self-efficacy
scores in October of Year 3 with an overlay of sample responses to open-ended questions. Minimum = 1.0, 25th percentile = 3.25, Median = 4.00, 75th percen-
tile = 5.00, Maximum = 6.0.
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written responses provided by high school students with high, average,
and low self-efficacy scores. Figs. 5 and 6 provide box and whiskers
plots of high school students’ math and science self-efficacy quartile
scores. After sorting students’ written responses by their self-efficacy
level, we found a tendency for students with moderate self-efficacy
levels to describe multiple sources of influence on their self-efficacy. For
example, one high school girl whose math self-efficacy fell in the third
quartile said she felt less confident in math “when the teacher pops a
new topic on us and we just got the last one. It really makes me stressed
and mad because I can't learn that well.” Her response reflects a ped-
agogical approach that was not sensitive to her self-efficacy. This set in
motion heightened worry that exacerbated her feelings of inefficacy.

To illustrate how integrated data represent a more complete picture
of math and science self-efficacy development, we compiled profiles of
three male and three female high school students whose self-efficacy
levels varied widely (see Fig. 7). Students with high self-efficacy re-
ferred to their talent and successes as evidence of their capabilities and
thought of little that had undermined their sense of efficacy. On the
other hand, those profiled for their low self-efficacy described high
anxiety and learning difficulties that rendered math and science in-
scrutable. They expressed little hope that anything could help them feel
more capable in these subjects. Profiles of students who held generally
positive (albeit moderate) judgments of their math and science efficacy
revealed multiple sources of efficacy-relevant information (e.g., social
comparison, mastery experience, pedagogy, emotions).

As the quotations on Figs. 5–7 also show, students with extremely
high or low self-efficacy often wrote that “nothing” raised or lowered
their self-efficacy. The meaning of their “nothing” responses became
clearer when examined statistically (via t test) within the context of
their relative self-efficacy level. Compared to their peers who described
a source of self-efficacy, those who wrote that “nothing” lowered their
confidence had significantly higher self-efficacy in Year 3; conversely,
those who wrote that nothing raised their confidence had significantly
lower self-efficacy. In other words, students with low self-efficacy felt
that nothing could increase their confidence, whereas those with high
self-efficacy said that nothing could decrease it.

Our final integrative analysis compared gender differences obtained
by each methodological approach. Quantitative analyses revealed that
girls reported slightly higher negative physiological arousal in math
and that boys reported higher science self-efficacy. Qualitative analyses
revealed more gender differences, however. In both math and science,
girls’ responses most often described an enactive experience (particu-
larly failures), and boys’ responses most often indicated that nothing
influenced their self-efficacy (except in terms of increasing their math
confidence, for which they most frequently cited their direct experi-
ences). Both approaches seem to converge on one point: boys, who are
more self-efficacious than girls in science, also report that “nothing”
decreases their science confidence, whereas girls often point to their
shortcomings in this area. This trend was similar in math but was not
statistically significant in our quantitative analyses.

8.3.1. Discussion of mixed methods findings
Coupling quantitative results with the descriptions that students of-

fered in their own words of what raises and lowers their confidence
painted a more colorful picture of rural students’ self-efficacy develop-
ment. As others have shown, qualitative findings extend what is known
about the types of experiences that support and undermine students’ self-
efficacy (e.g., Fong & Krause, 2014; Usher, 2009). For example, the sense
of being able to find help when needed or to regulate one’s self at school
can assure students that they can succeed. Students’ individual accounts
also pointed to teaching practices that frustrate and thwart their sense of
efficacy as well as to those that uplift and safeguard it. Strong support
from teachers may be particularly important for rural students who may
not receive adequate academic resources and support at home or in the
wider community (Hardré, 2012).

Our integrative analysis places a spotlight on the complexity of self-
efficacy development. Merging methodological approaches illustrates
how students use information from diverse experiences as they judge
what they can do (Butz & Usher, 2015; Fong & Krause, 2014; Webb-
Williams, 2017). In his theorizing, Bandura (1997) never argued that
self-efficacy development was a straightforward matter. In fact, he
contended that there was “no simple equivalence” of an event to one’s

Fig. 7. Illustrative cases indicating sources that raise (top half) and lower (bottom half) students’ self-efficacy in math (top quote) and science (bottom quote). Data
were collected in October and January of the same school year (Year 3).
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subsequent self-efficacy (p. 81). Our integrative analyses suggest that
students convinced of their own inefficacy might overlook their own
successful experiences (i.e., reporting that “nothing” can make them
more confident). Researchers and practitioners might begin taking
students’ preconceptions of their capabilities into account when de-
termining the effectiveness of efficacy-relevant interventions.

The integration phase also revealed some inconsistencies in the
findings obtained from each method. Although physiological and
emotional arousal was a significant predictor of math self-efficacy in
our quantitative model, our qualitative findings did not suggest this to
be a salient source of self-efficacy. This could be a function of the open-
ended prompt we used (i.e., “What has happened to make you feel
[more/less] confident?”). Students may not have considered internal
physiological and emotional states as having “happened” to them. An
explicit cue that invites students to express their feelings about math
and science might generate different response patterns.

We also reached different conclusions about gender differences in
the sources of self-efficacy from the two approaches. When given the
opportunity to describe their efficacy-relevant experiences in their own
words, girls more often mentioned the ways that socially-related in-
formation changed their self-efficacy. Boys, on the other hand, often
said that nothing changed their confidence. We did not quantitatively
examine the predictive relationship between the sources and self-effi-
cacy by gender, which may have led us to findings similar to those
obtained qualitatively. Nor did we evaluate students’ preconceived
ability mindsets quantitatively, which could have reshaped our quan-
titative findings (see Chen & Usher, 2013). These limitations notwith-
standing, our findings suggest that rural students in this context (girls in
particular) would benefit from greater access to social models who
communicate what is possible for them in math and science. Another
interesting line of research would be to investigate whether students
can be convinced not only of the malleability of their STEM abilities but
of the malleability of their beliefs about their own capabilities in STEM.

9. General discussion

This study takes a first step toward identifying the sources of stu-
dents’ self-efficacy within “the natural boundaries provided by the local,
situated, cultural conditions in which it is embedded” (Pajares, 2007, p.
32)—one rural community in Central Appalachia. It is the first study that
we know of to focus on self-efficacy development in this context. We
aimed to extend what is known about the sources of academic self-effi-
cacy in three primary ways. First, we considered how the environmental
and sociocultural factors unique to this area may influence how self-ef-
ficacy develops. By focusing narrowly on students from one rural com-
munity, we could provide a more detailed account of self-efficacy de-
velopment among adolescent learners in this understudied demographic.

Second, we aimed to compare how learners’ self-efficacy develops in
math and science, both central to further study or careers in STEM dis-
ciplines. We also considered gender differences within these domains.
Comparing self-efficacy development in these two domains revealed that
nearly half of the students reported a different source of self-efficacy in
math than in science. This finding suggests that researchers interested in
how STEM-related self-efficacy develops must consider the features of
each subdiscipline separately rather than as a STEM conglomerate. As
related research has shown, adolescents may find certain information
relevant to their perceived efficacy in one domain but not in another
(Butz & Usher, 2015). Furthermore, gender differences in students’
qualitative responses revealed that girls appeared to be more adversely
affected by failure in these subjects than were boys.

Finally, we aimed to extend the quantitative approach commonly
found in self-efficacy research through a mixed method approach that
considered not only what raised students’ confidence but also what
lowered it. The quantitative and qualitative approaches we employed
led to one common and clear conclusion: Appalachian students pay
attention to their own past experiences when judging what they can do

in math and science. If our rigorous quantitative analyses had been our
sole guide, however, we would have overlooked the important role
played by other sources of self-efficacy. Integrating these findings with
students’ responses to our open-ended questions revealed a much more
nuanced picture. For most students, self-efficacy in math and science is
built from a complex array of efficacy-relevant experiences that occur
through enactive (e.g., grades, scores), vicarious (e.g., social compar-
ison, social modeling), and social (e.g., encouragement, help, scaffolded
instruction) means. Indeed, many students’ responses underscored the
importance of social support in building self-efficacy. This may be
especially true in Central Appalachia, where, despite strong community
and family ties, few students have access to social models working and
studying in math- and science-related fields (Kannapel & Flory, 2017).
The role of social support in building self-efficacy and, in turn, self-
efficacy’s relationship to the educational trajectories of Appalachian
students, warrants further investigation.

Teachers can use the key findings from this study to comprehend the
complexity of self-efficacy development in math and science. First, they
can build opportunities for frequent mastery experiences and include
performance feedback at regular intervals. Methods shown to be effective
for enhancing rural students’ learning and motivation in math and sci-
ence include hands-on experience in advanced course work and au-
thentic, place-based practice with community partners (Hardré, 2012;
Howley, Howley, & Huber, 2005; Iatarola et al., 2011; Kingsolver, 2017).
Each of these could benefit students’ perceived mastery. For better or
worse, grades and evaluations confer much more to students than an
unbiased reflection of their academic performance (Brookhart et al.,
2016). Our data show that students interpret their teachers’ evaluations
in broader ways: as indicative of their ability, talent, and prospects.
Teachers should keep this in mind as they deliver performance assess-
ments and help learners reframe challenges (Haimovitz & Dweck, 2017).

Our results imply that teachers should pay careful attention to the
messages they send to students both explicitly and implicitly. Students do
listen (Pajares, 2006). Teachers can also monitor whether the availability
of social comparative information is undermining students’ confidence
instead of emphasizing their personal growth. Of course, no single ap-
proach will help all students feel more confident, nor is there one action
that teachers can take to prevent students’ self-doubt. However, our re-
sults reveal that talking with students about their self-efficacy and its
supporting causes would help teachers know which experiences are most
salient for particular students and how to intervene accordingly.

Elliot Eisner (1998) once observed that “what we come to know about
the world is influenced by the tools we have available” (p. 21). Restricting
one’s analysis to any single methodological approach may lead researchers
to shortsighted conclusions. A quantitative approach, which depends on a
reliable and valid set of indicators for separate efficacy-relevant factors,
enables researchers to model the relative and combined weight of each
factor as it predicts self-efficacy. However, quantitative measures often
mask individual differences. For example, assessing mastery experience as
the average of one’s rated successful experiences (e.g., cognitive mastery,
good grades, successful task completion) does not permit researchers to
know which type of experiences might be most salient or how failures might
be cognitively appraised. On the other hand, a qualitative approach, which
depends on respondents to select, weigh, and then recall efficacy-relevant
information, allows different patterns to emerge from the data. However,
these patterns are messier and often spill across categorical boundaries
imposed by researchers. For example, students’ responses demonstrate the
ways in which enactive experiences take different forms and overlap with
information conveyed socially (e.g., external evaluations, praise, ability
comparisons). By mixing methods, researchers can increase the trust-
worthiness of their conclusions and establish reproducible, generalizable
relationship patterns while recognizing the richness and complexity seen in
individual accounts (Creswell & Plano Clark, 2017). In this study, mixed
methods allowed us to extend quantitative findings from previous studies
conducted in other settings while still recognizing and honoring the voices
of the Appalachian students in our sample as unique and valuable.

E.L. Usher et al. Contemporary Educational Psychology xxx (xxxx) xxx–xxx

16



Our study is also limited by our methodological choices in im-
portant ways. Our data collection methods, which were not strictly
cross-sectional but involved sampling middle and high school students
across 22 months, may have influenced the patterns reported in our
findings. Our data collection tools (i.e., survey-based, open- and closed-
ended responses) did not permit us to richly describe learners’ lived
experiences and relationships at home and at school. The open-ended
prompts did not generate comments that address how geographical
location or opportunity structures in the rural Appalachian context
might have affected students’ confidence. Our choice to describe pat-
terns in the data from a larger sample of students prevented us from
providing in-depth descriptions of particular cases, which other ap-
proaches (e.g., interviews) may have allowed. We also relied solely on
first-person accounts rather than triangulating students’ responses using
the perspectives of significant others. Further research will be needed to
examine this cultural landscape in greater detail.

Because this study focused on learners in a small, rural community in
Central Appalachia, the inferences drawn from our integrative analysis
might not generalize to other contexts (Teddlie & Tashakkori, 2009).
Moreover, many smaller communities make up Appalachia, and the di-
versity of experience in this region means that its people and culture
cannot be assumed to be monolithic (Kingsolver, 2017). This study is a
first step in bringing self-efficacy research to a setting not yet represented
in this line of inquiry and only begins to explain the unique ways in
which living in Appalachia influences students’ self-beliefs. We therefore
do not attempt to explain all of our findings as products of this particular
geo-socioeconomic environment, just as the authors of research on self-
efficacy development conducted in suburban or urban settings have not
attempted to over-attribute findings to their specific settings.

Our findings, and the limitations noted above, give rise to several
questions for future research. First, how might quantitative measures be
broadened to capture both positive and negative events? Second, how
might quantitative measures account for efficacy-relevant experiences
beyond the four sources of self-efficacy most commonly studied, and
thereby better explain self-efficacy development? Our qualitative ana-
lyses revealed that these less-studied influences are environmental (e.g.,
pedagogical approaches, content), personal (e.g., ability beliefs, value,
self-regulatory skills), and perhaps at the intersection of the two (e.g.,
help availability, task difficulty).

Third, how can researchers account for the nonconscious or implicit

processes that influence self-efficacy development? This is a challenge
for both quantitative and qualitative approaches. Any single student
likely makes hundreds of implicit social observations in a given school
day. The cumulative effect of sustained exposure to particular social
models and social norms may therefore be underestimated in academic
self-efficacy research, particularly in sociocultural contexts in which
postsecondary education is not always highly valued (Ali & Saunders,
2006). The implicit nature of social modeling in particular could ac-
count for why vicarious experiences have been hard to capture by both
quantitative and qualitative approaches. Experimental designs may be
helpful for understanding the relationship between such implicit
sources and self-efficacy.

Although we compared patterns in our qualitative data across two
domains, two question valence types, and two gender groups, we did
not focus on developmental differences. Adding developmental level to
the mix would have created for more complex (albeit interesting)
comparisons that warrant further investigation. We have nevertheless
attempted to provide relevant school level data for readers to examine
developmental patterns where possible. Examining changes in students’
open-ended response patterns over time in conjunction with their
changing self-efficacy might reveal useful insights about how self-effi-
cacy develops. Such an investigation might also consider whether
asking learners to frequently reflect on their efficacy-relevant experi-
ences makes those experiences more or less salient.

We are convinced from our findings that conclusions drawn from
quantitative and qualitative methods alone are limited in crucial ways. We
are encouraged by the promise of mixed methods designs for illuminating
the process of self-efficacy development and hope to see other mixed
methods designs build on the findings from this convergent approach.
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Appendix A

Confirmatory factor analysis results for quantitative scales
See Figs. A1 and A2.

Fig. A1. Measurement model for the 4-item Mathematics Self-Efficacy Scale (left-side numbers; n = 358) and 4-item Science Self-Efficacy Scale (right-side numbers;
n = 317). For the Math Self-Efficacy Scale, S-Bχ2 (2) = 12.243, CFI = 0.987, RMSEA = 0.12, RMSEA 90% CI: (0.061, 0.188), SRMR = 0.012. For the Science Self-
Efficacy Scale, S-Bχ2 (2) = 9.650, CFI = 0.982, RMSEA = 0.110, RMSEA 90% CI: (0.048, 0.183), SRMR = 0.014. All path coefficients were statistically significant,
p < .001. The first item loading in the scale was constrained to 1.0 for model identification. SE-1 = In general, how confident are you in your abilities in [math/
science]?. SE-2 = How confident are you that you will do well in [math/science] this year?. SE-3 = How confident are you that you can do well on standardized tests
in [math/science]?. SE-4 = How confident are you that you can do a good job on important [math/science] tests?
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Appendix B

See Table B1.

Fig. A2. Measurement model for the 24-item Sources of Mathematics Self-Efficacy Scale (left-side numbers; n = 456) and 24-item Sources of Science Self-Efficacy
Scale (right-side numbers; n = 436). All path coefficients were statistically significant, p < .001. The first item loading in the scale was constrained to 1.0 for model
identification.
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Appendix C

See Tables C1 and C2.

Table B1
Final list of codes and definitions for qualitative data analysis.

Final code Definition

Direct Experience of
Mastery or Failure

Refers to one’s successes or failures. Includes cognitive mastery (e.g., understanding, improving). Excludes external performance evaluations
or social comparisons.

Performance Evaluation Grades, scores, or other evaluations of performance.
Social Comparison Comparison between one’s own and a peer’s ability.
Social Modeling Refers to what someone else has done.
Perceived Task Difficulty Refers to a subject area or task being easy or difficult.
Social Persuasion Messages from others about one’s abilities. Includes feeling supported and receiving encouragement.
Physiological and Affective State Refers to how one feels physically and/or emotionally.
Class Content Refers to what is being taught. Includes references to a particular topic (e.g., decimals).
Physical Environment Refers to the environment in the school and/or classroom (e.g., seating arrangements, distractions).
Help Availability Mentions access (or lack of access) to help from others.
Pedagogy Refers to ways the teacher is teaching or structuring the class. Includes classroom culture, management, and perceptions about the teacher’s

competence.
Perceived Ability Beliefs about one’s ability, talent, or skill.
Interest, Liking, Value Refers to liking, valuing, or being interested in the subject.
Self-Regulated Learning Refers to the ways one intentionally learns (e.g., studying, paying attention, taking notes, persisting, doing one’s best). Includes impediments

to regulating one’s learning (e.g., easily distracted).
“Nothing” Use of word “nothing” or the sentiment that nothing changes one’s confidence.
“I don't know” Any reference to not knowing what raises or lowers one’s confidence.
Uninterpretable Used when limited information is provided, the student did not take the question seriously, or serious spelling errors rendered the response

unintelligible
Other Meaningful response that could not be categorized using the labels above.

Table C1
Fit indices of the measurement invariance tests for girls and boys.

Model df S-Bχ2 ΔS-Bχ2 p CFI ΔCFI RMSEA ΔRMSEA SRMR ΔSRMR

Sources of Math Self-Efficacy
Configural Invariance 492 848.002 < .001 0.926 0.056 0.057
Metric Invariance 512 913.056 75.101 < .001 0.916 −0.010 0.059 0.003 0.074 0.017
Scalar Invariance 532 962.962 52.700 < .001 0.910 −0.006 0.060 0.001 0.079 0.005

Sources of Science Self-Efficacy
Configural Invariance 492 924.817 < .001 0.901 0.064 0.069
Metric Invariance 512 953.370 27.018 .135 0.899 −0.002 0.063 −0.001 0.073 0.004
Scalar Invariance 532 1000.352 1.228 < .001 0.893 −0.006 0.064 0.001 0.073 < 0.001

Math Self-Efficacy
Configural Invariance 4 14.724 0.986 0.122 0.012
Metric Invariance 7 19.204 2.534 .005 0.985 −0.001 0.099 −0.023 0.032 0.020
Scalar Invariance 10 20.588 0.768 .469 0.798 0.002 0.077 −0.022 0.035 0.003

Science Self-Efficacy.857
Configural Invariance 4 14.479 .006 0.976 0.129 0.017
Metric Invariance 7 19.469 3.982 .263 0.971 −0.005 0.106 −0.023 0.050 0.033
Scalar Invariance 10 29.567 10.412 .015 0.955 −0.016 0.111 0.005 0.044 −0.006

Table C2
Fit indices of the measurement invariance tests for middle and high school students.

Model df S-Bχ2 ΔS-Bχ2 p CFI ΔCFI RMSEA ΔRMSEA SRMR ΔSRMR

Sources of Math Self-Efficacy
Configural Invariance 492 884.421 < .001 0.916 0.059 0.063
Metric Invariance 512 911.087 25.611 .179 0.915 −0.001 0.059 < 0.001 0.066 0.003
Scalar Invariance 532 977.416 71.194 < .001 0.905 −0.010 0.061 0.002 0.069 0.003

Sources of Science Self-Efficacy
Configural Invariance 492 928.700 < .001 0.900 0.064 0.066
Metric Invariance 512 963.217 34.318 .024 0.897 −0.003 0.064 < 0.001 0.071 0.005
Scalar Invariance 532 1008.744 47.091 < .001 0.891 −0.006 0.064 < 0.001 0.073 0.002

Math Self-Efficacy
Configural Invariance 4 15.044 .005 0.986 0.124 0.124
Metric Invariance 7 18.512 1.736 .629 0.985 0.001 0.096 0.028 0.096 0.028
Scalar Invariance 10 23.669 4.931 .177 0.982 0.003 0.087 0.009 0.087 0.009

Science Self-Efficacy
Configural Invariance 4 13.150 .011 0.980 0.0120 0.019
Metric Invariance 7 14.241 1.123 .772 0.984 0.004 0.081 −0.039 0.034 0.015
Scalar Invariance 10 24.831 12.330 .006 0.968 −0.016 0.097 0.016 0.046 0.012
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Appendix D

Descriptive statistics for quantitative variables in math and science
See Tables D1 and D2.

Table D1
Descriptive statistics in math.

Full Sample Boys Girls Middle High

Mastery Experience (April Year 1)
n 456 231 225 199 256
M 3.90 3.81 4.00 4.11 3.74
SD 1.26 1.27 1.24 1.19 1.28

Vicarious Experience (April Year 1)
n 456 231 225 199 256
M 3.77 3.67 3.88 3.96 3.63
SD 1.00 1.04 0.95 0.98 0.99

Social Persuasion (April Year 1))
n 456 231 225 199 256
M 3.59 3.58 3.60 3.87 3.38
SD 1.30 1.27 1.33 1.15 1.37

Physiological and Affective States (April Year 1)
n 456 231 225 199 256
M 2.97 2.89 3.06 2.77 3.12
SD 1.25 1.21 1.28 1.26 1.21

Math Self-Efficacy (October Year 2)
n 358 177 181 117 241
M 4.08 4.17 3.99 4.38 3.78
SD 1.29 1.35 1.22 1.20 1.31

Math Self-Efficacy (October Year 3)
n 434 218 216 203 231
M 4.47 4.50 4.45 4.91 4.09
SD 1.41 1.39 1.43 1.23 1.44

Table D2
Descriptive statistics in science.

Full Sample Boys Girls Middle High

Mastery Experience (April Year 1)
n 436 216 220 200 236
M 4.19 4.16 4.21 4.41 3.99
SD 1.16 1.19 1.15 1.05 1.22

Vicarious Experience (April Year 1)
n 436 216 220 200 236
M 3.79 3.77 3.81 3.97 3.64
SD 1.03 1.10 0.96 1.06 0.98

Social Persuasion (April Year 1)
n 436 216 220 200 236
M 3.42 3.42 3.42 3.61 3.26
SD 1.22 1.29 1.16 1.21 1.21

Physiological and Affective States (April Year 1)
n 436 216 220 200 236
M 2.38 2.27 2.48 2.16 2.56
SD 1.17 1.15 1.18 1.11 1.18

Science Self-Efficacy (October Year 2)
n 317 159 158 116 201
M 4.13 4.31 3.95 4.34 3.92
SD 1.28 1.27 1.28 1.16 1.37

Science Self-Efficacy (October Year 3)
n 208 110 98 n/a 206
M 4.27 4.45 4.08 n/a 4.26
SD 1.18 1.10 1.25 n/a 1.18
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Appendix E. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.cedpsych.2018.10.003.
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