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ABSTRACT

FACTORS PREDICTING FAMILY AND CONSUMER SCIENCES TEACHERS’ LEVELS
OF SELF-EFFICACY IN STEM EDUCATION

Charlene Wirfel Smith
Old Dominion University, 2022
Director: Dr. Philip A. Reed

Education in science, technology, engineering, and mathematics (STEM) has become
widely promoted in recent years. Quality STEM education could maintain or increase the
number of individuals preparing for careers in these fields and increase STEM literacy for the
population. Family and Consumer Sciences (FCS) education has always used science to improve
home life while reinforcing technology, engineering, and mathematics principles through hands-
on, relevant learning activities in the classroom. However, it is not usually recognized as a
STEM subject. The purpose of this study was to determine what factors may affect FCS
teachers’ level of self-efficacy in teaching STEM education in order to provide supports that
improve teaching practices. This quantitative study surveyed middle and high school FCS
teachers in Pennsylvania using the 7-STEM Survey for Elementary Teachers. Results were
analyzed using descriptive statistics and regression analysis. The first research question explored
the level of self-efficacy of FCS teachers regarding teaching STEM concepts. The second
research question explored how each of the teacher demographic variables respectively predict
the level of self-efficacy of FCS teachers when teaching STEM concepts. The five independent
teacher demographic variables were participation in FCCLA, number of STEM courses taken,
education level, number of years in teaching, and gender. Overall, FCS teachers scored highest in

21st century learning attitudes and lowest in STEM instruction. The results indicated that the



independent variable number of STEM courses taken was a significant predictor of 21st century

learning attitudes (= .02, SE = .01, p =.019).
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Chapter 1
INTRODUCTION

Education in science, technology, engineering, and mathematics (STEM) has become
widely promoted in recent years. It is important to our economy that schools produce students
capable of success in STEM fields. Quality STEM education could maintain or increase the
number of individuals preparing for careers in these fields and increase STEM literacy for the
population (Stohlmann et al., 2012) because it provides students with science, mathematics,
engineering, and technology instruction that build upon each other and has real-world
applications (Eberle, 2010). Further, STEM education creates critical thinkers and enables
innovation, which leads to new products and processes to sustain the economy (Eberle, 2010).
As evidenced by the U.S. Bureau of Labor Statistics (2021), the fastest growing occupations
require at least a basic, and for many a significant, understanding of STEM subjects; therefore, it
is essential that as a nation, we make STEM education a top priority (Eberle, 2010).

To promote STEM learning and literacy, schools must ground STEM pedagogy in
research. Gomez and Albrecht (2013) advocate for an interdisciplinary approach that allows
students to make real-world connections as they prepare for STEM pathways and careers. El-
Deghaidy and Mansour (2015) found that teachers acknowledge the benefits of STEM education,
such as promoting 2 1st century skills, thinking skills, collaboration, problem solving, and
research skills. They also identify that linking learning to real-life situations increases students’
interest in STEM careers (El-Deghaidy & Mansour, 2015).

Programs in career and technical education (CTE) fall into eight major areas of study:
agricultural education, business education, marketing education, family and consumer sciences

education (FCS), trade and industrial education (T&I), health science education, engineering and



technology education, and technical education (Gordon & Schultz, 2020). These areas of study
share common goals: (a) provide advocacy for the profession, (b) increase the flow of new
members to the profession, and (c) provide professional development, program recognition, and
program improvement activities (Gordon, 2014, p. 232). FCS education, as well as other CTE
subject areas, have always had both a career and an academic focus. Due in part to the No Child
Left Behind Act (2002), the Carl D. Perkins Career and Technical Education Improvement Act
(2006) required CTE programs to integrate career and technical skills with academic core
standards. This put even more pressure on CTE subject areas to incorporate standards-based,
core academic subject matter, specifically science, mathematics, reading, social studies, and
technology concepts (Bland, 2008).

From its beginning, FCS education has used the resources of modern science to improve
home life (Berlage, 1998), while also using principles of mathematics, engineering, and
technology (Shirley & Kohler, 2012). Efforts to formally teach principles of domesticity date
back to the mid-1800s, but the term home economics was not used until the early twentieth
century (Berlage, 1998). The American Association of Family and Consumer Sciences (AAFCS)
(n.d.) believes that through research, experiential education, and technology, FCS professionals
should help people to develop the knowledge and skills required to lead better lives, be career
ready, build strong families, and meaningfully contribute to communities. FCS education
provides students with tasks that require them to solve real-world problems with practical
reasoning in a hands-on environment (Laster & Johnson, 2001). These skills, that are also

viewed as important to integrated STEM education, have lifelong value (Honey et al., 2014).



With so much overlap in content and methodology, why is FCS not perceived as a bigger
part of STEM education? Do FCS teachers feel confident in their ability to teach STEM
concepts? What factors influence FCS teachers’ self-efficacy in STEM education?

Statement of the Problem

The problem of this study was to identify factors that may be related to family and
consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that
improve teaching practices.

Research Questions
To guide this study, the following research questions were asked:

1. What is the level of self-efficacy of FCS teachers regarding teaching STEM concepts?
a. What is the level of FCS teachers’ science teaching efficacy and beliefs?
b. What is the level of FCS teachers’ science teaching outcome expectancy?
c. What is the level of FCS teachers’ mathematics teaching efficacy and beliefs?
d. What is the level of FCS teachers’ mathematics teaching outcome expectancy?
e. What is the level of FCS teachers’ perceptions of student technology use?
f.  What is the level of FCS teachers” STEM instruction?
g. What is the level of FCS teachers’ 21st century learning attitudes?

2. How will each of the teacher demographic variables (i.e., participation in FCCLA,
number of STEM courses taken, education level, number of years teaching, and gender)
respectively predict the level of self-efficacy of FCS teachers when teaching STEM
concepts?

a. How will each teacher demographic variable predict FCS teachers’ science

teaching efficacy and beliefs?



b. How will each teacher demographic variable predict FCS teachers’ science
teaching outcome expectancy?
c. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching efficacy and beliefs?
d. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching outcome expectancy?
e. How will each teacher demographic variable predict FCS teachers’ perceptions of
student technology use?
f. How will each teacher demographic variable predict FCS teachers’ STEM
instruction?
g. How will each teacher demographic variable predict FCS teachers’ 21st century
learning attitudes?
Background and Significance
Innovation and invention are influential forces in the economy (Roberts, 2012). To
embed these skills into the education system and preparing students to meet these demands,
STEM education has become increasingly important to federal and state government and as a
result, has become a focus for school districts (Roberts, 2012). In 2009, the White House
launched the Educate to Innovate initiative with the goal to increase students’ ability to think
critically in STEM, improve the quality of mathematics and science education, and expand
STEM education and career opportunities for underrepresented groups (The White House, Office
of the Press Secretary, 2009). In Fiscal Year 2018, the U.S. Department of Education invested

$279 million in discretionary funds for STEM education (The U.S. Department of Education,



2018). Honey et al. (2014) pointed out that there is a call to improve both the quality of
instruction and the quality of the curricula.

A driving force for the national push toward STEM education is business and industry
reports calling for a better equipped, 21st century workforce (National Research Council, 2010;
National Research Council, 2014). Learning to memorize and reproduce knowledge does not
prepare students for the emerging job markets. Instead, we need to prepare students for abstract
tasks that involve communication, adaptability, gathering and interpreting data, problem-solving,
self-management, and systematic thinking (National Research Council, 2014; Committee on
STEM Education, 2018). Employers are looking for abstract, conceptual thinkers who can apply
information to complex, real-world problems and who possess necessary soft skills such as
cooperation, adaptability, and effective communication (National Research Council, 2014;
Committee on STEM Education, 2018).

The goal for American education to help improve the modern workforce is not a new
idea. Since the Smith-Hughes National Vocational Education Act became law in 1917, career
and technical education (CTE) has supported the changing economic and social conditions in the
United States (Gordon & Schultz, 2020). As CTE evolved and with the adoption of the Carl D.
Perkins Vocational and Applied Technology Education Act of 1990 (Perkins II), CTE focused on
accountability, post-secondary alignment, and academic integration. The Carl D. Perkins
Vocational and Technical Education Act of 1998 (Perkins III) continued the focus on alignment
and integration (Gordon & Schultz, 2020). The passage of the No Child Left Behind (NCLB)
Act (2002) brought about many educational reforms and a shift toward standards-based core
academic subjects, specifically science, mathematics, reading, social studies, and educational

technology (No Child Left Behind [NCLB], 2002). Due in part to NCLB, the Carl D. Perkins



Career and Technical Education Act of 2006 (Perkins IV) required CTE programs to integrate
career and technical skills with academic core standards. The Every Student Succeeds Act
(ESSA), signed in 2015, required teaching all students to high academic standards to prepare
them for success in college and careers. ESSA supports the integration of academic and CTE
coursework, hence, in the most recent reauthorization of the Perkins Act known as Strengthening
Career and Technical Education for the 21st Century Act (2018), the law (PL 115-224
[commonly referred to as Perkins V] follows those same ideals as it promotes opportunities for
CTE to meet the needs of a wider range of learners, educators, and employers (Strengthening
Career and Technical Education for the 21st Century Act, 2018).

To prepare students for high-skill, high-wage, high demand occupations in the global
economy and to help students transition to postsecondary education and the workplace, the U.S.
Department of Education, the Office of Vocational and Adult Education (OVAE), the National
School-to-Work Office (NSTWO) and the National Skill Standards Board (NSSB) developed the
Career Clusters in 1996 (Advance CTE, 2021). The goal of these Clusters is to bridge secondary
and postsecondary programs of study and to create individualized student plans of study to
improve academic and career success (Advance CTE, 2021). There are 16 Career Clusters in the
National Career Clusters Framework. These Clusters are Agriculture, Food, and Natural
Resources; Architecture and Construction; Arts, A/V Technology, and Communications;
Business Management and Administration; Education and Training; Finance; Government and
Public Administration; Health Science; Hospitality and Tourism; Human Services; Information
Technology; Law, Public Safety, Corrections and Security; Manufacturing; Marketing; Science,
Technology, Engineering, and Mathematics; and Transportation, Distribution, and Logistics

(Pathways to College and Career Readiness Career Clusters, n.d.).



Casale-Giannola (2011) described the following benefits of CTE: differentiated
instruction, real-life connections, opportunities for active learning, repetition and practice,
cooperative learning, and meaningful teacher-student relationships. Bland (2008) stated that
though CTE has historically prepared thousands of students for various occupations after high
school, at present, CTE courses enhance and reinforce the teaching of academic core courses
such as mathematics, science, and English through theoretical and conceptual knowledge that
can be applied to real-world settings. Similarly, STEM pedagogy supports a project-based
approach requiring students to apply content knowledge to solve problems.

There are many definitions of STEM education, but there are similar characteristics in the
literature regarding design and implementation (Honey et al., 2014). STEM education should
provide students with authentic experiences and the opportunity to solve problems in-depth
(Honey et al., 2014). Sanders (2008) explained STEM education as interdisciplinary and stated
that it should include an approach to teaching and learning that incorporates two or more of the
STEM subject areas and/or a STEM subject and one or more other school subjects. Gomez and
Albrecht (2013) also supported an interdisciplinary approach because it helps students to make
real-world connections, preparing them for STEM careers and pathways. Moore et al. (2014), in
their K-12 STEM education framework, found the following to be important aspects of STEM:
the inclusion of mathematics and science, a student-centered approach, engaging and motivating
lessons, including the engineering process, the ability for student to learn from their mistakes,
and teamwork.

The U.S. Department of Education and Office of Innovation and Improvement (2016)
also supports an integrated approach because solutions to most global problems concerning

energy, health, and the environment require an interdisciplinary perspective. Recent educational



changes such as the Next Generation Science Standards (NGSS Lead States, 2013) and Common
Core State Standards for Mathematics (CCSSM) also support strengthening STEM programs by
intentionally integrating instruction and curricula (National Academy of Sciences, 2012).
Similarly, the International Technology and Engineering Educators Association (ITEEA)
developed Standards for Technological and Engineering Literacy (STEL) which help educators
better understand technology and engineering education while promoting interdisciplinary
instruction for all students (ITEEA, 2020). The STEL standards emphasize that every human
activity depends on technology and engineering; therefore, it is important for people to
understand technology’s impact on individuals, society, and the environment, as well as how
technology extends human capabilities (ITEEA, 2020).

The NGSS provide educators with opportunities to make connections between
disciplines, integrate STEM learning, and build critical-thinking skills. These ideas are
foundational to family and consumer sciences (FCS) education (Deaton et al., 2018). Since its
beginning, FCS education has focused on the utilization of resources of modern science to
improve home life (Berlage, 1998). The American Association of Family and Consumer
Sciences (AAFCS) defines FCS as a body of skills, research, and knowledge focused on helping
people make informed life and work decisions based on science (n.d.). The primary subjects
taught in FCS are culinary arts, hospitality and tourism, education and training, food science and
nutrition, health management and wellness, housing and interior design, human/child
development and family relations, personal and family finance, and textiles, apparel, and
retailing (AAFCS, n.d.).

Shernoff et al. (2017) believe that integrated STEM is not only about the STEM

disciplines, but that it is “rooted in project- and problem-based learning, student-centered



pedagogy, and 21st century transferrable skills” (p. 4). It promotes students as active, inventive,
creative learner who think critically (Shernoff, et al., 2017). These are also the tenants of FCS
education. AAFCS believes that through research, experiential education, and technology, FCS
professionals should help people to “develop the essential knowledge and skills to lead better
lives, be work and career ready, build strong families, and make meaningful contributions to
communities” (AAFCS, n.d., para. 2). Laster and Johnson (2001) pointed out important skills
that are learned through FCS education. These skills are also viewed as important in STEM
education. Practical reasoning is used throughout FCS education, as students are provided with
tasks that require them to consider contextual factors, valued ends, alternative actions, and
consequences (Laster & Johnson, 2001). Practical reasoning, along with social and intellectual
processes, are used to solve real-world problems in hands-on experiences. Courses focus on
developing critical thinking and ethical sensitivity (Laster & Johnson, 2001). These skills have
lifelong value.

To provide in-depth, authentic, problem-based STEM education, teachers need the
necessary skills. They must feel comfortable creating a classroom environment that is student-
centered. Gagné (2007) stated that teachers can play the role of a catalyst in a student’s talent
development process. To this end, teachers can facilitate or impede students” STEM talent
(Margot & Kettler, 2019). A quality STEM program would facilitate students’ talent
development in science, technology, engineering, and mathematics; therefore, the teacher plays
an important role (Margot & Kettler, 2019). Research showed that teachers recognize the value
of STEM education and acknowledge its importance in promoting 2 1st century skills (El-

Deghaidy & Mansour, 2015). Findings also showed that teachers have concerns that they are
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underprepared to use STEM applications within their classrooms (El-Deghaidy & Mansour,
2015).
Theoretical Framework

Kennedy and O’Dell (2014) encourage those involved in research, policy development,
and the teaching of STEM disciplines to recognize the importance of STEM education as it
prepares students for global citizenship. STEM education should lead to STEM literacy, which is
the ability to apply concepts from STEM to solve problems using a transdisciplinary approach
(Jackson & Mohr-Schroeder, 2018). Currently, there is not a single definition for STEM literacy,
but most definitions address societal and economic needs but do not cover personal needs
(Zollman, 2012). Zollman (2012) believes that to have a thorough definition of STEM literacy,
all three learning domains (cognitive, affective, and psychomotor) are necessary. His definition
focuses on literacies of science, technology, engineering, mathematics; personal, societal, and
economic needs; and cognitive, affective, and psychomotor learning domains (Zollman, 2012).
STEM educators need to be both STEM literate and comfortable with STEM methods to be
successful. Along with content and pedagogy, there must be an emphasis on investigation and
analysis of science questions (Zollman, 2012). Han et al. (2015) found that even after teachers
demonstrated a conceptional understanding of STEM, it was difficult for them to implement the
student-centered teaching style required for successful STEM integration.

Research on self-efficacy originated with Bandura (1977) and his social cognitive theory.
There is not a single, agreed upon method to measure teacher efficacy because the field is
constantly changing (Skaalvik & Skaalvik, 2010). Seals et al. (2017) defined teaching efficacy as
a teacher’s belief that they can or cannot be effective in teaching their students. They based their

beliefs of teacher efficacy on Bandura’s original four sources of self-efficacy: master of past
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experiences or prior success on a similar task, physiological or emotional benefits from
completing a task, experience gained by watching others do a task, and what others say about the
task or your ability to complete the task (Bandura, 1977). Additional studies have used these
sources of self-efficacy to determine teacher efficacy (Seals et al., 2017). As Ross et al. (1996)
explored the topic, they found that teacher perceptions of student engagement were a significant
predictor of teacher efficacy and thus a teacher’s efficacy should be evaluated in specific
contexts while teaching specific content.
STEM Literacy

The overall purpose of STEM education is to further develop a STEM literate society
(Bybee, 2010). Bybee (2010) defines STEM literacy as an individual’s knowledge, attitudes, and
skills needed to identify questions and problems in the world and draw evidence-based
conclusions about STEM-related issues. As teachers across subject areas are encouraged to
integrate STEM into their curriculum, it will become even more important for teachers to be both
STEM literate and comfortable teaching using STEM methods. Family and consumer sciences
education is a natural fit for integrated STEM education, not only because of the STEM-related
content, but also because of the hands-on, problem-based, exploratory curriculum. This study is
important because it may validate the value of family and consumer sciences education as it
relates to integrated STEM education.

Definition of Terms

21st Century Learning Attitudes- attitudes that promote students as active, inventive, creative

learners who think critically (Shernoff, et al., 2017). 7-STEM Survey questions focused

on whether or not student have opportunities to produce high quality work, set their own
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learning goals, manage time and prioritize assignments, and work with others (Friday

Institute for Educational Innovation, 2012).

Career and Technical Education (CTE)- organized educational programs offering a sequence of

courses directly related to the preparation of individuals in paid or unpaid employment
and in current or emerging occupations requiring other than a baccalaureate or advanced
degree. Should include competency-based applied learning that contributes to an
individual’s academic knowledge, higher-order reasoning, problem-solving skills, work
attitudes, general employability skills, and the occupational specific skills necessary for
economic independence as a productive and contributing member of society (Gordon,

2014, p. 457)

Family and Consumer Sciences (FCS)- - a comprehensive body of skills, research, and

knowledge that helps people make informed decisions about their well-being,
relationships, and resources to achieve optimal quality of life. The field represents many
areas, including human development, personal and family finance, housing and interior
design, food science, nutrition, and wellness, textiles and apparel, and consumer issues.

(American Association of Family and Consumer Sciences, n.d.)

Project-based - approach that requires students to apply content knowledge to solve problems

(Bell, 2010)

Problem-based- learner-centered approach that empowers learners to research, integrate theory

and practice, and apply knowledge and skills to develop solutions to defined problems

(Savery, 2015).

STEM education - use of science, technology, engineering, mathematics, and their associated

practices, to create student-centered learning environments in which students investigate
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and engineer solutions to problems, and construct evidence-based explanations of real-
world phenomena (U.S. Department of Education, 2016)

STEM literate - (1) awareness of the roles of science, technology, engineering, and mathematics
in modern society; (2) familiarity with at least some of the fundamental concepts from
each area; and (3) a basic level of application fluency (Honey et. al, 2014 p.34)

STEM talent development - emergence of a diverse and STEM-ready talent pool with the
knowledge, skills, and mindsets needed to secure and succeed in careers today and in the
future (STEMconnector, n.d.).

Teacher efficacy - the teacher’s perception of his or her own ability to influence student learning
and achievement (Skaalvik & Skaalvik, 2010).

Technology use- frequency that teachers perceive students use instructional technology to
communicate, collaborate, research, simulate, solve-problems, and use higher-order
thinking (Friday Institute for Educational Innovation, 2012). This is how technology use
is defined on the 7-STEM Survey, but ITEEA (2020) defines technology as the human
designed world, which encompasses the many tools, materials, and equipment that FCS
teachers regularly use in their classrooms.

Procedures
This descriptive, quantitative study surveyed FCS teachers in Pennsylvania using the 7-

STEM Survey for Elementary Teachers (Friday Institute for Educational Innovation, 2012) to

determine their level of self-efficacy when teaching STEM concepts. It also sought to identify

factors that impact their level of self-efficacy to provide supports that improve teaching
practices. The survey includes questions on science teaching efficacy and beliefs, science

teaching outcome expectancy, mathematics teaching efficacy and beliefs, mathematics teaching
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outcome expectancy, student technology use, STEM instruction, and 21st century learning

attitudes (Table 1).

Table 1

T-STEM Survey Summary

Construct

Measurement Application

Personal Teaching Efficacy and Beliefs

Teaching Outcome Expectancy Beliefs

Student Technology Use

STEM Instruction

21st Century Learning Attitudes

Self-efficacy and confidence related to teaching the
specific STEM subject

Degree to which the respondent believes student-
learning in the specific STEM subject can be

impacted by actions of teachers

How often students use technology in the
respondent’s classes

How often the respondent uses certain STEM
instructional practices

Attitudes toward 21st century learning

Adapted from the Friday Institute for Educational Innovation (2012)

A description, invitation, consent form, and link to the survey were sent out via email

through Pennsylvania’s FCCLA facilitator, the FCS content advisor for the Pennsylvania

Department of Education, and through the Pennsylvania Association of FCS (PAFCS) to their

respective listservs. The survey was emailed to Pennsylvania FCS teachers in April. Descriptive

statistics and simple linear regression models were used to analyze the data.

Limitations

Results from this survey, the 7-STEM Survey for Elementary Teachers, give only

quantitative data on teacher attitudes toward STEM. This version of the survey was selected
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because it covers both science and mathematics constructs. In this survey, STEM teaching self-
efficacy is broken into nine separate dependent variables, and these include science teaching
efficacy and beliefs, science teaching outcome expectancy, mathematics teaching efficacy and
beliefs, mathematics teaching outcome expectancy, student technology use, STEM instruction,
21st century learning attitudes, teacher leadership attitudes, and STEM career awareness.
Teacher leadership attitudes and STEM career awareness were eliminated from the survey
leaving seven dependent variables. Results are limited to the factors measured by this survey.
The survey is validated at the construct-level, not at the item-level. Therefore, it is recommended
that comparisons be made at the construct-level and conclusions are not based on a single
question.

Sampling will be voluntary, which does not allow the researcher to control the sample
size. It can pose potential problems, such as the sample may not be representative of the
population and the data may not be generalizable (Rosenthal & Rosnow, 2008). People electing
to participate may hold strong opinions, have a greater interest in the topic, or be more highly
motivated than the population (Rosenthal & Rosnow, 2008). Rosenthal and Rosnow (2008), also
found that volunteers tend to be better educated, have higher social-class status, seek social
approval, and be more intelligent than nonvolunteers. Further research may benefit from
stratifying the sample or conducting a random sample. The field of FCS is predominately white
and female; therefore, the current study may not be generalizable to the entire population of FCS
teachers. Participants will self-report the number of STEM courses that they took in college.
Participants may find this confusing, because they may be unsure what to consider a STEM
course, despite it being defined in the survey. It may also be difficult for them to remember the

courses that they took throughout their undergraduate, masters, and doctoral coursework.
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Because this survey will be self-reported, Rosenthal and Rosnow (2008) caution that
respondents may not know the right answers to some of the questions they are asked, so they can
only guess the answers. Nisbett and Wilson (1977) argued that people cannot realistically look
within themselves apart from the immediate situation, so when self-reporting, an experience may
not be equivalent to another person's rating even if they both give the same numerical response.
Bartoshuk (2000) suggests using multiple methods such as complimenting the self-reported
survey with an interview.

Summary and Overview

Chapter II will review the literature on STEM education, including integrated STEM
recommendations, to determine what relevant research has been performed. Social cognitive
theory and teacher self-efficacy will be explored to see what factors impact FCS teachers’ self-
efficacy regarding STEM concepts. It will also review the foundations of career and technical
education, the role of integrated STEM, and will particularly focus on family and consumer
sciences and its role in integrated STEM education. Chapter III will address the methods and
procedures used to conduct this study. Chapter IV will present the findings of this study. Chapter
V will summarize the results of the research, draw conclusions to the findings, and list

recommendations based on these conclusions.
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Chapter 11
REVIEW OF LITERATURE

A review of literature was conducted to examine the development of career and technical
education and its connection to science, technology, engineering, and mathematics (STEM)
education. There are gaps in the research on STEM education in CTE, and even more so in FCS.
The literature review is organized around the research questions and variables. This chapter
summarizes career and technical education, including the history, development, and key
legislation. The development of education in STEM will be explained as well as an overview of
STEM frameworks, followed by a history of family and consumer sciences education. The
connection between STEM and FCS will be explained. An overview of Bandura’s social
cognitive theory and self-efficacy will be provided, followed by factors that impact teachers’
levels of self-efficacy.

Development of CTE in the United States

The history of career and technical education (CTE) demonstrates content overlap with
STEM disciplines and similar career and workforce connections. CTE, as it is currently
recognized, has evolved over centuries. According to the American Vocational Journal (1976),
the right to free public education for children was stressed early in the United States, as there was
a need to educate future leaders. As early as the 1900s, Pestalozzi espoused some of the core
tenants of the CTE that we know today (Gordon & Schultz, 2020). He proposed children need to
both think and do (Gutek, 1999). Federal CTE policy has developed in response to changing U.S.
economic and social conditions and, as a result, CTE has undergone many changes (Gordon &
Schultz, 2020). Nevertheless, the goals remain the same; programs strive to develop a highly

skilled workforce to increase the quality of life for workers and the economy of the nation.
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In the early 19th century, the workforce and the public education system began
collaborating to train workers for a variety of jobs (Independent Action, 1976). Schools began
specializing in training students to enter certain areas of the workforce, creating the basic
framework for career and technical education (Independent Action, 1976). The Morrill Act of
1862 resulted from the need for trained workers in agriculture and industry and established land-
grant institutions (Gordon & Schultz, 2020). Universities integrated academics and became
partners in vocational training and education through the land-grant mission (Gordon & Schultz,
2020). The goal of land-grant schools was to prepare experts to educate the people, primarily by
supporting farmers and agriculture, but also through home economists’ efforts to educate
housewives in better nutrition, child-rearing, and homemaking (Gordon & Schultz, 2020).

The first manual training school, established in St. Louis, Missouri, in 1879, set the
foundation for modern career and technical education. The school combined hands-on learning
with classroom learning (Vocational Age, 1976). Charles Prosser was an advocate for integrating
CTE into general education, and his sixteen theorems were instrumental in the formation of
vocational education (Gordon & Schultz, 2020). John Dewey also believed that traditional
education did not provide skills and attitudes needed for the workplace (Gordon & Schultz,
2020). He also believed that hands-on, experimental work would prepare students to understand
the science and processes used in work while instilling favorable group dynamics and that this
could be a means to overcome social predestination (Gordon & Schultz, 2020).

Women also played a major role in the formation of CTE. Beginning in 1898, a
committee spearheaded by Ellen Richards met in Lake Placid to discuss economic and social
issues of the home, considered courses of study in relation to the home economics movement,

studied professional training of home economics teachers, and identified graduate research in
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applied sciences (Vocational Age, 1976). By 1900, domestic science was being taught in the
public-school curriculum (Vocational Age, 1976). In 1909, Ellen Richards was elected president
to the newly created American Home Economics Association whose goal was to improve living
conditions in the home, industry, and community (Vocational Age, 1976). This organization
would become the American Association of Family and Consumer Sciences in 1994 to better
reflect the “vastness of the field and to highlight its mission: to improve the lives of individuals,
families, and communities” (Gordon & Schultz, 2020, p. 235).
Key Legislation in Career and Technical Education

Over time, though CTE has evolved and placed a greater emphasis on STEM education,
the career and workforce connections have remained the same (Dougherty & Harbaugh
Macdonald, 2020). The Smith-Hughes Act of 1917 provided the first federal money for
secondary vocational education in agriculture, homemaking, and trade and industrial education;
however, it also contributed to the isolation of vocational education from the general education
curriculum (Gordon & Schultz, 2020). The George-Barden Act of 1946 more than doubled the
federal dollars for vocational education to provide skills to veterans returning from World War II
(Calhoun & Finch, 1982). The Vocational Education Act of 1963 expanded services to include
all citizens (Gordon & Schultz, 2020). The Vocational Education Amendment of 1968 was the
first to reference postsecondary students (Forsythe & Weintraub, 1969). The Vocational
Education Amendments of 1976 promoted overcoming gender discrimination in vocational
education programs (Gordon & Schultz, 2020).

State and federal legislation have helped to stimulate these innovative approaches. With
the Carl Perkins Vocational Education Act of 1984 and the Carl D. Perkins Vocational and

Applied Technology Education Act of 1990, modern vocational education took shape (ACTE,
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2019). This legislation emphasized accountability, alignment between secondary and
postsecondary, academic integration, and business partnerships (ACTE, 2019). Beginning with
the enactment of Perkins III, CTE classes became responsible for increasing students’ academic
performance (Stone et al., 2006). Perkins IV brought about change, as it required a state
performance accountability system to promote CTE program improvement. Federal funding
depended on meeting performance goals, which included student achievement in math and
reading/language arts (ACTE, 2019).

The School-to-Work Opportunities Act of 1994 linked work-based and school-based
learning with industry partnerships (Gordon, 2014). The No Child Left Behind (NCLB) Act of
2001 was adopted to improve the quality of education and to increase students’ acquisition of the
basic skills for success (U.S. Department of Education, 2004). This legislation held schools
accountable for student progress by requiring annual testing in language arts, reading, and
mathematics (U.S. Department of Education, 2004), making it even more important for CTE to
support these subject areas within their curriculum.

In 2018, Perkins V made important updates to allow states and local recipients more
flexibility, more streamlined processes, and a competitive grant program (ACTE, 2019). Perkins
V provides money for innovation grants (Hyslop, 2018). These grants can be used to “create,
develop, implement, replicate, or take to scale evidence-based, field-initiated innovations to
modernize and improve effectiveness and alignment of CTE” (Hyslop, 2018, p. 137). They can
also be used to improve student outcomes in CTE and evaluating innovations (Hyslop, 2018).
Perkins V allows local funds to be used for professional development for all school staff to
support individualized academic and CTE instructional approaches (Hyslop, 2018). This includes

the integration of academic and CTE standards into curricula, which includes STEM integration.
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Perkins V also supports the integration of academic skills into CTE programs of study to meet
the academic standards of Elementary and Secondary Education Act (Hyslop, 2018).
STEM in the 21st Century

The idea of STEM education has been contemplated since the 1990s as employers sought
workers that could use judgement and make decisions rather than complete rote tasks
(Commission on the Skills of the American Workforce, 1990). The National Academy of
Engineering and the National Research Council (2014) identified the following goals for
students: STEM literacy, 21st century competencies, workforce readiness, interest in STEM,
engagement, and making connections between disciplines. The goals for teachers include
increased STEM content knowledge and pedagogical content knowledge. Both CTE and STEM
education promote student-centered, project-based, hands-on learning (Asunda, 2014; Merrill,
2016; Stone, 2011; Wu-Rorrer, 2017). As the United States shifts from a manufacturing-based
economy to one focused on service and information, a shift in education and training is needed
(Gordon & Schultz, 2020). Generally, computer technology and health fields, considered to be
science, technology, engineering, and mathematics (STEM) fields, have the highest projected
growth rates (Gordon & Schultz, 2020). The Smithsonian Science Education Center (2020)
found that STEM-related jobs grew at three times the rate of non-STEM jobs between 2000 and
2010. The United States Bureau of Labor Statistics (2021) expects a 10.5% increase in STEM
occupations between 2020 and 2030. These fields have a variety of education and training
requirements (Gordon & Schultz, 2020). CTE is a perfect fit integrating STEM education
(Merrill, 2016; Stone, 2011). CTE can propel students into STEM programs at technical schools,

community colleges, and four-year colleges and universities, but they can also fill the training
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void that exists for half of the STEM jobs that are available to workers without a four-year
college degree (Rothwell, 2013).

The Commission on the Skills of the American Workforce (1990) recommended
including problem-solving and reasoning skills in the curriculum for all students. They also
encouraged using performance, portfolio, and project examinations to assess important skills
instead of standardized testing because these methods of assessment provide a clearer picture of
student learning (Commission on the Skills of the American Workforce, 1990). These
suggestions are still used in traditional CTE programs. Gordon & Schultz (2020) further validate
this suggestion when they describe CTE as more challenging, academic, and relevant in the 21st
century. Bland (2008) highlights that CTE courses prepare students to pursue academic and
technical studies at the postsecondary level by helping them discover the connection between
their current studies and their future career. Students enrolled in CTE courses showed that they
had developed problem-solving, project completion, research, mathematics, college application,
work-related, communication, time management, and critical thinking skills throughout high
school (ACTE, 2017). Additionally, CTE courses provide opportunities for student to work
alongside practicing professionals in an applied setting to enhance their employability skills
(Bland, 2008).

To provide all students with the necessary skills to excel in the high-paid, highly
rewarding fields of science, technology, engineering, and mathematics (STEM), the Educate to
Innovate initiative was launched in 2009 with the goal of moving American students up in the
worldwide science and mathematics rankings (The White House, Office of the Press Secretary,
2009). Funding priorities included increasing the federal investment in STEM and preparing

100,000 new and effective STEM teachers trained to create project-based and hands-on
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educational experiences that promote a love of learning (The White House, Office of the Press
Secretary, 2009).

Proponents of STEM education not only believe that students will be better prepared for
advanced education or jobs in STEM fields, but that students benefit from experiencing real-
world problems (Brown et al., 2011). As STEM education becomes a greater focus for schools
and teachers, it has become important to define STEM education (Brown et al., 2011). The term
STEM is often defined as including science, technology, engineering, and mathematics but has
also been defined as an integrated approach to teaching and learning, where discipline-specific
content is not divided (Merrill, 2009). Others refer to a primary aspect of STEM education being
that it crosses boundaries and encompasses real-world, problem-based learning (English, 2016).
Merrill (2009) further emphasized that STEM education should be innovative as it seeks to solve
human wants and needs. Kennedy and Odell (2014) identify high quality STEM education
programs to include (a) integration of technology and engineering into science and mathematics
curriculum at a minimum; (b) promote scientific inquiry and engineering design, include
rigorous mathematics and science instruction; (c¢) collaborative approaches to learning, connect
students and educators with STEM fields and professionals; (d) provide global and multi-
perspective viewpoints; (€) incorporate strategies such as project-based learning, provide formal
and informal learning experiences; and (f) incorporate appropriate technologies to enhance
learning.

Integrated STEM involves intertwining the content and concepts from multiple STEM
disciplines naturally, usually within the context of a problem, project, or task (Nadelson &
Seifert, 2017). These problems have multiple solutions and require applying knowledge and

practices from various STEM disciplines (Nadelson & Seifert, 2017). Wells (2016) stresses that
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technological and engineering design-based learning are foundations of integrated STEM and
that intentional, hands-on experiences and experiential learning promote knowledge
construction. In contrast, segregated STEM applies the knowledge and practice of one STEM
subject area and typically has a single, known answer (Nadelson & Seifert, 2017). Segregated
STEM focuses on content taught through direct instruction (Nadelson & Seifert, 2017).
Currently, STEM in the workforce and STEM in research, industry, and society is integrated,
unlike the STEM in K-12 schools, which is more segregated (Nadelson & Seifert, 2017). This
contrast produces students who are unprepared to meet workforce challenges instead of those
ready to solve real-world, STEM-related issues (Nadelson & Seifert, 2017). In addition to
developing skills needed in the workforce, an integrated STEM approach allows students to
develop a deeper understanding of STEM concepts and processes because they are applying
knowledge from across STEM disciplines (Nadelson & Seifert, 2017). The Center or
Occupational Research and Development (1999a, 1999b) made a similar proposal and
emphasized the need for students to understand both career specific skills and the academic
principles behind them. They suggested structuring learning to match students’ learning styles
within a hands-on, contextual environment (CORD, 1999a; CORD, 1999b). Much like
proponents of STEM education, CORD advocates for applied academics and maintains that
academic rigor must introduce real-world examples, applications, and problems that incorporate
laboratory activities and equipment familiar to life and to work applications (CORD, 1999a;
CORD, 1999b).

Wells (2016) supports an integrated STEM model that uses the STEM disciplines with
equal intent. His PIRPOSAL model is a conceptual and pedagogical framework that uses design-

related questioning to transition students through multiple phases of the model, while identifying
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an engineering solution that will solve a human want or need. The eight phases represented are
problem identification, ideation, research, potential solutions, optimization, solution evaluation,
alterations, and learned outcomes (Wells, 2016).

Kelley and Knowles (2016) illustrated their own framework that looks like a block and
tackle of four pulleys that would lift a load. Their illustration integrates situated learning,
engineering design, scientific inquiry, technological literacy, and mathematical thinking. The
community of practice joins the four STEM disciplines. The authors do not suggest that STEM
learning experiences must include all four STEM disciplines but suggest that STEM educators
should have a strong understanding of interdisciplinary connections (Kelley & Knowles, 2016).

Integrated STEM requires general knowledge and practices from multiple disciplines
(Nadelson & Seifert, 2017). Any CTE program can incorporate STEM education (Stone, 2011).
However, though all CTE programs address some aspects of science, mathematics, and
technology, most do not focus on engineering. Within CTE, curriculum integration helps
students make connections between academic subjects (Stone, 2011). Integrated learning models
are context-based and try to fit traditional academic subjects, especially STEM, into the CTE
curriculum by starting with the CTE curriculum and enhancing the academic content naturally
occurring in it. This is done without sacrificing CTE content while retaining rigor as academic
skills are applied to real-world problems (Stone, 2011). Generally, the problem is not finding
areas to embed STEM learning in these CTE programs, but how to support teachers move to
integrate STEM into their classrooms (Merrill & Lawver, 2019).

The Common Core State Standards for Mathematics (n.d.) include eight standards for
mathematical practice that make connections between the mathematics taught in the classroom

and real-world problem-solving applications. The Next Generation Science Standards (NGSS)
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support integrating STEM and the NGSS framework provides opportunities for students to
engage in engineering and technology to deepen their understanding of science in different
contexts (NGSS Lead States, 2013). The International Technology and Engineering Educators
Association (ITEEA) developed Standards for Technological and Engineering Literacy (STEL)
which help educators better understand technology and engineering education while promoting
interdisciplinary instruction for all students (ITEEA, 2020).

Mathematics

Math-in-CTE is an experimentally tested model of teaching embedded mathematics
through high school occupational education (Stone et al., 2006). In 2000, the National Council of
Teachers of Mathematics (NCTM) issued a report that identified mathematics as a basic skill for
industry and emphasized that mathematical literacy is necessary for anyone entering a workplace
or seeking career advancement (Stone et al., 2006). Further, higher wages depend on the ability
to think mathematically, but only 18% of 12th-grade students were proficient or above in
mathematics in a study by Stone et al. (2006). Analyses of other data revealed that only 30% of
all students complete the minimum courses recommended for college entrance, and nearly one-
half of postsecondary students require remedial coursework once they get to campus (Stone et
al., 2006). Reform has been called for, but little improvement occurred from 1990 to 2000 (Stone
et al., 2006).

Simply requiring more mathematics courses in high school, though the likely choice, may
not be effective (Stone et al., 2006). A study of teaching practices across many countries found
that teachers in the United States focus more on low-level mathematics skills, whereas high-
achieving countries emphasized conceptual understanding, procedural skill, and challenging

content (Stone et al., 2006). The techniques used by higher-achieving countries are techniques
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native to career and technical education (Stone, 2011, Stone et al., 2006). Similarly, the applied
academics movement showed that students who had previously performed poorly in abstract
math and science courses were highly successful when taught in a hands-on, applied format
(CORD, 1999a; CORD, 1999b). Thus, increasing mathematics skills by embedding mathematics
into CTE coursework could be effective (CORD, 1999a; CORD, 1999b). Because CTE serves
large numbers of students who are not as successful in a traditional academic environment, this
could be a way to help improve mathematics scores for this group, helping to close the
achievement gap between this group and those in a more traditional academic setting (Stone et
al. 2000).

The Stone et al. (2006) study sought to determine if “students enrolled in high school
CTE courses, who are more explicitly taught mathematics concepts embedded in the curriculum,
will develop a deeper and more sustained understanding of mathematical concepts than those
students who participate in the traditional CTE curriculum” (p. 65). Through the analysis of this
study, core principles emerged. First, there is a need to develop and sustain a community of
practice among teachers. Next, it is important to begin with the CTE curriculum and not the
mathematics curriculum. Then, educators need to understand that mathematics is essential in the
workplace, and then maximize mathematics in the CTE curriculum (Stone et al., 2006). Finally,
recognize that CTE teachers are not mathematics teachers. These findings are important because
they show that integrating mathematics into the CTE curriculum can be a successful way to
improve students’ overall achievement in mathematics. This integration did not have a negative
effect on skill development but did require extensive training for all teachers involved (Stone et

al., 2000).
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Family and Consumer Sciences

CTE encompasses non-occupational CTE, which includes FCS education. FCS is more
than a program area within CTE as Palombit (2019) identifies it as a “global discipline and
profession that extends into multiple practice settings including cooperative extension, business
and industry, government, and health and human services” (p. 17). Further, the FCS body of
knowledge has been “built through science, research, and professional collaboration between
researchers and practitioners” (Palombit, 2019, p. 17). FCS is an interdisciplinary field that
includes eight content areas that align with CTE Career Pathways, supporting workforce and
economic needs (Palombit, 2019). According to Palombit (2019), these content areas include
“(a) culinary arts, hospitality, and tourism; (b) education and training; (c) food science and
nutrition; (d) health management and wellness; (e) housing and interior design; (f) human/child
development and family relations; (g) personal and family finance; (h) textiles, apparel, and
retailing” (p. 17).

Regarded as the founder of FCS, Ellen Swallow Richards was the first female to graduate
with a chemistry degree from Vassar College, and the first female accepted into the
Massachusetts Institute of Technology (MIT) where she would later teach (White & White,
2018). Richards later founded the American Home Economics Association, now the American
Association of Family & Consumer Sciences (Deaton et al., 2018). She created the foundation
for modern FCS and advocated for the application of scientific and management principles in the
home and in the workplace, principles that have reentered national education discussions with
STEM integration (Deaton et al., 2018). The name of the field was changed from home
economics to family and consumer sciences in 1994, to more accurately reflect the complexity of

the profession as it evolved to meet the social and economic challenges facing individuals,
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families, and communities today (AAFCS, n.d.). Like any other applied science, FCS has
evolved with society and technology to emphasize issues critical to successful living and
working in the 21st century global society (AAFCS, n.d).

A typical goal of elective subjects, such as FCS, is to increase students’ overall academic
success by drawing connections between courses and other academic subjects (Carter et al.,
2015). Although FCS educators mainly focus curriculum on the National Standards for Family
and Consumer Sciences (NASAFACS, 2008-2018), they are also encouraged to find
opportunities to draw connections with STEM standards to provide more STEM learning
opportunities for students (Deaton et al., 2018). Deaton et al. (2018) provide an alignment of the
NGSS High School Life Science Standards (NGSS Lead States, 2013) and the NGSS High School
Engineering, Technology, and the Applications of Science Standards (NGSS Lead States, 2013)
to the National Standards for Family and Consumer Sciences (NASAFACS, 2008-2018) and
included Suggested Integrated Learning Activities. Similarly, Carter et al. (2019) provided an
alignment of the National Standards for Family and Consumer Sciences (NASAFACS, 2008-
2018) and the Common Core State Standards for Mathematics (National Governors Association
Center for Best Practices & Council of Chief State School Officers, 2010) and provided
Suggested Integrated Learning Activities.

High-quality FCS programs provide rigorous and relevant classroom instruction aligned
with high demand workforce skills, while engaging students in work-based learning experiences,
embedding national programs and competitive events of FCCLA, and facilitating industry-
recognized credentials and post-secondary credits (LEADFCS, n.d.). FCS teachers teach
employability skills such as interpersonal skills, communication skills, personal qualities, and

resource management (LEADFCS, n.d.). Courses also develop critical thinking, systems
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thinking, applied academic skills, resource management, information and technology use,
personal qualities, and interpersonal and communication skills (Nickols, 2009).

According to the United States Department of Education (2020), 7.6 million secondary
students earned credits in CTE during the 2019-2020 school year. The National Center for
Education Statistics (2013) found that 92% of high school students earn credits in CTE and 37%
of high school students earn credits in FCS. Aligning CTE, including FCS, and STEM, may
increase the interest of underrepresented populations in STEM disciplines (Carter et al., 2015).
Of the five million students taking FCS courses (AAFCS, n.d.), 65% are female (Carter et al.,
2015). FCS could provide a pathway for more female students to enter STEM fields (Carter et
al., 2015). FCS educators may draw the interest of minority students to STEM by focusing on
STEM concepts within the FCS curriculum and by working with colleagues to design effective
curriculum (Carter et al., 2015). According to Deaton et al. (2018), increasing highly effective
integrated STEM content within FCS may improve schools’ overall academic performance.

The Family, Career and Community Leaders of America (FCCLA) serves as the Career
and Technical Student Organization (CTSO) for middle and high school students who have
completed or are enrolled in at least one FCS course (FCCLA, n.d.). FCCLA provides students
with opportunities to develop and apply the skills learned in the FCS classroom and emphasizes
exploring various careers, analyzing and solving problems met in daily life, expanding leadership
skills beyond the classroom, and building relationships between students, families, schools, and
communities (Garrison, 2007). Garrison (2007) suggested that FCCLA members experience
personal growth, enhanced academic achievement, and enhanced career awareness and
employability skills. Results also suggested that participation in chapter projects, events, and

leadership opportunities fosters more engaging, rigorous, and authentic learning opportunities
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while developing personal relationships and opportunities to experience success (Garrison,
2007). All sixteen of the Areas of Study included in the National Standards for Family and
Consumer Sciences Education (National Association of State Administrators of Family and
Consumer Sciences [NASAFACS], 2008-2018) are aligned to FCCLA activities and programs,
showing how FCCLA provides students with opportunities to apply and develop the skills
learned in the classroom. FCCLA provides opportunities for students to develop leadership and
employability skills in the areas of Hospitality and Tourism, Visual Arts and Design, Education
and Training, and Human Services while also exploring the interrelationships between family,
community, and work (FCCLA, n.d.). FCCLA and many FCS classrooms use the FCCLA
Planning Process (FCCLA, n.d.). This Planning Process has clear connections to the Next
Generation Science Standards (Carter et al., 2015). Both acknowledge the importance of 21st
century skills and both require students to solve problems, think critically, and develop the
necessary tools for approaching a problem (Carter et al., 2015). Both guide students toward an
inquiry-based approach to learning (Carter et al., 2015). Carter et al. (2015) compared the
FCCLA Planning Process and the Next Generation Science Standards (NGSS Lead States, 2013)
to show how closely the two are aligned.

Merrill (2016) found that that most FCS teachers felt competent to teach new standards
related to STEM within their foods curriculum but were seldom given appropriate professional
development to do so in areas they did not feel competent to teach. Typically, science integration
was viewed as important to teach, and teachers were fairly confident in their ability to integrate
it. Engineering was usually the area of least confidence for teachers, followed by integration of
technology. The FCS teachers in the study were willing and enthusiastic about integrating more

STEM into the teaching of foods. They desired support with new lesson plans, labs, and easily
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accessible resources. Teachers were interested in more summer conferences, e-newletters with
resources, webinars, study groups, or a combination of these items (Merrill, 2016).

Merrill and Lawver (2019) conducted a needs assessment to identify the gap between
teacher-perceived levels of importance and teacher-perceived competence for each objective in
the revised Food and Nutrition Sciences curriculum. This curriculum was implemented in Utah
within FCS programs starting in 2014 to strengthen STEM-related content. Although teachers
felt moderately competent to teach the new curriculum, results indicated the most need for
professional development in Standard 1: Kitchen Safety Procedures and Sanitation, which
includes food handling safety rules and guidelines, first aid, food handler health and hygiene,
sanitation guidelines, and the identification and prevention of food-borne illnesses and
contamination (Merrill & Lawver, 2019). This information is vital for a safe food environment in
the classroom and for students to use at home or in the workplace. Findings support the need for
increased professional development training in STEM-related fields to strengthen the FCS
teachers’ ability to teach STEM concepts in class, leading to a higher level of self-efficacy
(Merrill & Lawver, 2019).

Ogle et al. (2017) implemented a STEM enrichment curriculum, Fashion FUNdamentals
(FF), for middle school girls, and their findings suggest FF had positive influences on middle
school girls’ self-efficacy in math and science and their knowledge in math. At the conclusion of
the program, girls’ self-efficacy in math and science positively predicted their interest in STEM.
Focus group data revealed some girls learned to appreciate new science applications which may
foster future interest and achievement in STEM disciplines (Ogle et al., 2017). Etheredge et al.
(2014) advocated for STEM integration in textile design and interior design courses but

explained that ergonomics, sustainable practices, acoustics, thermal systems, material
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estimations, and lighting calculations are STEM applications easily incorporated into innovative,
project-based learning in interior design. Such projects exposed students who might have steered
away from traditional STEM courses toward applied science, technology, engineering, and
mathematics and related STEM careers (Etheredge et al., 2014).

STEM Integration in CTE

Similar results have been identified within other areas of CTE. Smith et al. (2015) found
that agriculture teachers recognize the importance of integrating STEM concepts in their
curriculum and see STEM integration as a critical component of agricultural educators. They
also found that female agriculture teachers perceived technology integration as less important
than their male colleagues and felt less capable when teaching engineering concepts (Smith et al.,
2015). This study found that the confidence ratings of ability to integrate STEM concepts varied
by content area. Consequently, researchers recommended examining teacher content knowledge
related to all four STEM concepts separately (Smith et al., 2015).

Wu-Rorrer (2017) indicated that strategies for STEM education within CTE are not
clearly defined. This study sought to fill the gap of current research in middle school CTE and
STEM programs by determining how local, state, and national educators, administrators,
directors, specialists, and curriculum writers could effectively integrate STEM programs into
middle school CTE programs by (Wu-Rorrer, 2017). They outlined a successful example of
STEM integration in middle school programs that made real-world connections between the
theories learned in STEM courses and the hands-on applications within engineering and
technology courses. Wu-Rorrer (2017) concluded STEM integration in CTE must link academic

knowledge and skills directly with authentic applications.
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Social Cognitive Theory and Self-efficacy

Bandura’s social cognitive theory emphasizes the cognitive and environmental factors
that impact behavior, including the external and internal aspects of social reinforcement
(Bandura, 1991). This includes the influence an individual’s past experiences have on their
future path. Self-efficacy is at the core of social cognitive theory (Bandura, 1997). Self-efficacy
is an individual’s belief that they can successfully control actions or events in their lives, based
on the feeling that they possess the cognitive abilities, motivation, and resources required to
complete the task (Bandura, 1997). Bandura suggested that a person’s level of self-efficacy is
significant in determining whether they will attempt a given task (Bandura, 1997). If self-
efficacy is high, the individual is more likely to attempt a task because they view the challenge as
attainable. They attribute failures to insufficient effort (Bandura, 1991). However, if self-efficacy
is low, they will be less likely to attempt a task (Bandura, 1977, 1986). They are likely to view
failures because of low ability (Bandura, 1991). Bandura believed that self-efficacy influenced
an individual’s choices, aspirations, the effort they put into a task, how long they persevered in
difficult situations, whether their thought patterns would help or hinder them, the amount of
stress caused by their environment, and their vulnerability for depression (Bandura, 1991).
People display lasting interest in activities in which they feel self-efficacious and satisfied
(Bandura, 1991).

Self-efficacy emphasizes the importance of the individual and the individual's
perceptions of his/her ability (Bandura, 1991). However, high confidence does not always equate
to high ability (Bandura, 1997). In addition, Bandura (1977) also felt that four key
characteristics: performance accomplishments, vicarious experience, verbal persuasion, and

emotional arousal, directly influenced that self-efficacy.
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Performance Accomplishments

The self-efficacy theory identifies that performance accomplishments are based on
personal mastery experiences (Bandura, 1977). Success raises mastery expectations while
failures lower them. Bandura (1977) stated that this could be quite problematic if the failure
occurs in the early stages of a particular event. Repeated success develops strong efficacy
expectations and reduces the negative impact of occasional failures (Bandura, 1977). Self-
motivated persistence can improve as individuals overcome occasional failures. Modeling can
help individuals gain a skill for successfully dealing with stressful situations. Such coping skills
can contribute to improved self-efficacy (Bandura, 1977).
Vicarious Experience

Through modeling, vicarious experiences allow an individual to observe others
performing an arduous task or behavior without adverse consequences (Bandura, 1977). This can
generate an expectation in observers that they too will improve if they persist in their efforts.
Observing success is essential, especially in hard actions, for the individual to gain the
confidence to attempt that task or behavior (Bandura, 1977).
Verbal Persuasion

Verbal persuasion is a component of self-efficacy that uses suggestion to lead people to
believe they can successfully accomplish a task or behavior that had overwhelmed them
(Bandura, 1977). Research suggests limitations for efficacy developed through verbal
persuasion, such as the individual’s expectations exceed what they can actually accomplish
(Bandura, 1977).

Emotional Arousal
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Emotional arousal allows an individual to recognize negative feelings, such as fear,
stress, and physical agitation, as barriers to completing a specific behavior or task (Bandura,
1977). When an individual can identify stressors, they can develop and implement appropriate
coping skills to accomplish the task. Bandura suggests modeling behaviors to ease these negative
feelings and thus improve self-efficacy to complete a behavior or task (Bandura, 1977).

Teacher Self-Efficacy

Bandura’s self-efficacy theory can be applied to the teaching profession, though the first
studies of teacher efficacy were conducted by the RAND organization and were grounded in
Rotter's social learning theory (Tschannen-Moran et al., 1998). Tschannen-Moran et al. (1998)
defined teacher efficacy as a teacher’s belief in their own capability to develop the course of
action to accomplish a specific teaching task related to specific subject matter. Tschannen-Moran
and McMaster (2009) added that teacher self-efficacy includes teachers’ perceived capability to
share knowledge and to influence student behavior. Components of teacher self-efficacy
included willingness to be open to new ideas, the ability to take risks, having effective planning
and organizational skills, and displaying an overall enthusiasm and commitment to teaching
(Tschannen-Moran et al., 1998).

Smith et al. (2015) postulated that teachers who perceived that they could effectively
teach a concept would likely be successful in teaching that concept to students. The results of
Zee and Koomen’s (2016) review of 165 articles suggested positive correlations between teacher
self-efficacy and students’ academic achievement. Additional evidence on the relationship
between teachers’ self-efficacy for teaching and students’ achievement, motivation, and own
sense of self-efficacy exists (Corkett et al.; 2011, Mahmoee & Pirkamali, 2013; Mojavezi &

Tamiz, 2012; Quackenbush, 2020). Tschannen-Moran et al. (1998) found similar results and
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stated that beyond student achievement, teacher efficacy shapes students' attitudes toward school,
their attitude toward the subject matter, and their attitude toward the teacher.

Teacher efficacy has been defined as both context and subject-matter specific
(Tschannen-Moran et al., 1998), and research indicated that teachers with limited knowledge in a
subject outside of their area of expertise struggle to have confidence in teaching those subjects
(Stohlmann et al., 2012). Hence, a teacher may feel very competent teaching one subject or feel
more capable of teaching a certain group of students and less so in another subject or with other
students (Tschannen-Moran et al., 1998). Because FCS teachers are required to know a variety of
disciplines and to teach a variety of courses, it is important to know the confidence level that an
FCS teacher has in their ability to successfully teach a particular course. Research on teachers’
self-efficacy investigated the factors related to the improvement of teaching efficacy; however,
few studies have concentrated on factors that may predict teachers’ self-efficacy as it relates to
teaching STEM concepts. Smith et al. (2015) evaluated gender, age, type of certification, length
of teaching career, and perceptions of integrating STEM components as the factors in their study.
They determined teachers perceived each of the four components of STEM integration as
important, and teachers had high levels of confidence integrating science and mathematics but
reported lower confidence levels for technology and engineering. They identified differences
between gender and confidence integrating engineering, as well as gender and perceptions of
instructional method effectiveness (Smith et al., 2015).

Knowing an FCS teacher’s confidence level as they integrate STEM concepts is also
important. Liceaga et al. (2014) found that many FCS teachers were “hesitant about teaching and
implementing food science concepts in their classes simply because they were intimidated by the

material and were not confident in their ability to teach it” (p. 28). The same study found that



38

FCS teachers were not very familiar with food science and felt that they could not “effectively
integrate it into the curriculum without some form of guidance” (Liceaga et al., 2014, p. 28), but
they stated an interest to teach food science concepts if they were provided with age-appropriate
instructional strategies (Liceaga et al., 2014). Factors specific to FCS teachers’ self-efficacy
when teaching STEM are lacking in the literature, therefore, a gap exists.
Summary

Chapter II provided a review of the literature on STEM education, including integrated
STEM recommendations, to determine what relevant research has been performed. Social
cognitive theory and teacher self-efficacy were explored to see what factors impact FCS
teachers’ self-efficacy regarding STEM concepts. It also reviewed the foundations of career and
technical education, the role of integrated STEM, and the connection between family and
consumer sciences and integrated STEM education. Chapter III will address the methods and
procedures used to conduct this study. Chapter IV will present the findings of this study. Chapter
V will summarize the results of the research, draw conclusions to the findings, and list

recommendations based on these conclusions.
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Chapter 111
METHODOLOGY

The purpose of this study was to identify factors that may affect family and consumer
sciences teachers’ level of self-efficacy in teaching STEM education to provide supports that
improve teaching practices. Several factors were evaluated in this study to determine how
comfortable family and consumer sciences teachers feel providing instruction in STEM. Factors
taken into consideration included years of teaching experience, instruction received in teacher
preparation programs, years of teaching experience, participation in professional development,
and involvement in extracurricular activities. This study set out to determine the needs of family
and consumer sciences teachers so that they can be successful and more confident when
integrating STEM into FCS courses.

Research Design

A descriptive research design was used to examine FCS teachers’ self-efficacy beliefs
about implementing integrated STEM education. A descriptive research design is intended to
make sense of a situation as it currently exists in the world and involves no manipulation or
control of a treatment or conditions (Leedy et al., 2019). This study employed a quantitative
research design which Leedy et al. (2019) defines as a common method when describing current
conditions, investigating relations, and trying to predict an outcome. This study used a post-
positivist perspective to demonstrate a single, objective reality (Leedy et al., 2019). Self-efficacy
is specific to a particular goal or domain and is measured by asking respondents to rate their
confidence in achieving a particular goal (Nadelson et al., 2012). When measuring the construct
of teaching self-efficacy, it is recommended that a context-specific instrument is used to

determine a respondent’s belief in their ability to teach a specific aspect of science, mathematics,
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engineering, and technology (Nadelson et al., 2012). Consequently, the 7-STEM Survey for
Elementary Teachers was requested from the Friday Institute for Educational Innovation (2012)
and converted to an online format.

The T-STEM has been used to collect data for similar research by Srikoom and
Faikhamata (2018) who developed and administered the Initial STEM survey (ISTEM survey) in
Thailand to in-service teachers (n = 275) of science, mathematics, and technology, to identify
teachers’ self-efficacy for teaching STEM, their beliefs about STEM, and the challenges and
needs about teaching STEM education. Their findings indicated that the teachers’ gender and
experience influenced their self-efficacy, beliefs, and attitude about STEM education (Srikoom
and Faikhamata, 2018).

Instruments

There are several distinct advantages to using surveys to collect data. They are relatively
inexpensive, can be distributed to many people in faraway locations, require a short
administration time, and may provide anonymity (Leedy et al., 2019). Survey research
determines the “incidence, frequency, and distribution of certain characteristics in a population”
(Leedy et al., 2019, p. 93). Therefore, to appropriately address the quantitative research
questions, a search for survey questions was undertaken. Measurements of teacher efficacy are
recent, so few tools exist to quantify them in a valid and reliable way, especially when
specifically targeting teacher efficacy in STEM subjects. Even though it has not been used with
secondary teachers, the Teacher Efficacy and Attitudes Toward STEM (T-STEM) Survey, created
by the Friday Institute for Educational Innovation (2012) at North Carolina State University, was
an ideal option for this study. Five versions of the 7-STEM Survey have been developed, one for

each teaching area of STEM and one for elementary teachers. Partially funded by the National
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Science Foundation and by the Golden LEAF foundation, the 7-STEM Surveys were developed
in the spring of 2011 as part of the Maximizing the Impact of STEM Outreach education
evaluation project. Each of the 7-STEM Surveys was designed to measure teachers’ self-efficacy
for teaching and their beliefs that teachers affect student learning, the frequency of student
technology use, teachers’ instructional practices related to STEM, teachers’ attitudes toward
21st-century learning and teacher leadership, as well as STEM career awareness. Responses are
collected and analyzed at the scale- and item-level (Friday Institute for Educational Innovation,
2012).

The T-STEM Survey for Elementary Teachers instrument contains nine constructs:
Personal STEM Teaching Efficacy and Beliefs (PSTEB); STEM Teaching Outcome Expectancy
Beliefs (TOEB), both of which include separate questions for science and mathematics; Student
Technology Use; STEM Instruction; 21st Century Learning Attitudes; Teacher Leadership
Attitudes; and STEM Career Awareness. The T-STEM Survey for Elementary Teachers is not
designed specifically for elementary teachers, but rather it addresses one teacher who would
teach multiple subject areas, as elementary teachers typically do. Other 7-STEM Surveys were
designed for teachers who teach a single subject area, such as math, science, or technology
education. The T-STEM Survey for Elementary Teachers combines these other surveys into one.
Because FCS teachers integrate various STEM subjects into their curriculum, the 7-STEM
Survey for Elementary Teachers was selected. Results identify participant attitudes and the
frequencies with which STEM activities are taking place, and the survey is available to help
program coordinators decide on improvements to their program (Friday Institute for Educational
Innovation, 2012). The Friday Institute for Educational Innovation granted permission to use the

survey (Appendix B).
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The first scale, within the 7-STEM Survey for Elementary Teachers, Personal STEM
Teaching Efficacy Belief (PSTEB), comprises questions about teachers’ confidence in their
teaching skills. The second scale, the STEM Teaching Outcome Expectancy Beliefs (TOEB),
covers questions about the degree to which teachers believe they can affect students’ learning
with effective teaching. These two constructs were derived from the Mathematics Teaching
Efficacy Belief Instrument (Enoch et al., 2000); (MTEBI) and the Science Teaching Efficacy
Belief Instrument (STEBI); (Riggs & Enoch, 1990). The STEBI has been the dominant
measurement tool of in-service science teacher self-efficacy and outcome expectancy for nearly
30 years (Riggs & Enoch, 1990). The MTEBI was derived from the STEBI (Enoch et al., 2000).
Due in part to concerns about aspects of the STEBI, including the wording, validity, reliability,
and dimensionality, the 7-STEM Science Scale was developed (Unfried et al., 2022).

The third scale addresses the frequency that students use technology. This construct was
developed from the Student Technology Needs Assessment, or STNA (SERVE Center, 2005)
and was modified by the Friday Institute with permission of SERVE. The fourth scale addresses
the frequency of STEM instructional practices and was based on items developed by the Friday
Institute. The fifth scale asks teachers about their perceptions of 21st century learning and was
adapted from the Friday Institute’s Student Learning Conditions Survey (2011). The final scale
items in the survey ask teachers about their attitudes toward teacher leadership and their
awareness of STEM careers. These items were taken from the North Carolina Department of
Public Instruction’s professional standards for educators.

Prentiss Bennett (2016) asserted that many educators are not clear about what STEM
education and integrated STEM are, because the acronym is used so frequently and

recommended providing participants with a definition for these terms. Consequently, this study
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presented participants with a definition of STEM education and integrated STEM education to
offer some clarity before taking the survey. According to the Friday Institute for Educational
Innovation (2012), permission is granted to use the instrument in its entirety or modified based
on the needs of the researcher. Respondents were asked to complete seven scales from the 7-
STEM Survey for Elementary Teachers: Teaching Efficacy and Beliefs Scale (science and
mathematics), Teaching Outcome Expectancy Scale (science and mathematics), Student
Technology Use, STEM Instruction, and 21st Century Learning Attitudes. The Teaching
Efficacy and Beliefs Scale for science and mathematics measures the construct of personal
teaching and efficacy beliefs. The Teaching Outcome Expectancy Scale for science and
mathematics measures the construct of teaching outcome expectancy beliefs. These two scales
were chosen to measure participants’ self-efficacy and confidence related to teaching specific
STEM subjects and their general beliefs that student learning in specific STEM subjects can be
impacted by actions of teachers. Student Technology Use, STEM Instruction, and 21st Century
Learning Attitudes are also central concepts to integrated STEM as it is described in this study,
therefore, these constructs were included in the survey. The survey included 68 questions.

The T-STEM Survey for Elementary Teachers was converted into an electronic version
using Google Forms. The survey uses a Likert scale, and the instructions recommend assigning
the value of “1” every time a teacher responds, “strongly disagree;” “2” for “disagree;” “3” for
“neither agree nor disagree;” “4” for “agree;” and “5” for “strongly agree.” Most of the survey
questions are positively worded. However, a few are negatively worded and would be assigned
values in reverse order. The numbers in each section are averaged to calculate the score. The

Friday Institute for Educational Innovation recommends using this survey to help program
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coordinators decide on improvements to their programs. As such, this information will be used to
recommend supports to increase STEM teaching self-efficacy for FCS teachers.

The link to the form was sent out by email (Appendix D) through the Family, Career and
Community Leaders of America (FCCLA) coordinator for Pennsylvania, through the
Pennsylvania Association of Family and Consumer Sciences listserv, and through the
Pennsylvania Department of Education’s Family and Consumer Sciences coordinator’s listserv.
The informed consent form was included in the survey (Appendix E). Results from this study
were examined to ensure participants were certified FCS teachers. This information was self-
reported in the survey. Responses were examined for incomplete and invalid surveys.

Validity and reliability

The validity and reliability of an instrument influence what can be learned from the data,
the statistical significance of the analyses, and the conclusions that can be made (Leedy et al.,
2019). Validity is concerned with the accurate assessment of the characteristics or phenomena in
question, whereas reliability is the degree to which an assessment strategy yields consistent,
stable results (Leedy et al., 2019). Internal consistency reliability measures the extent to which
an individual’s scores across items or tasks within a single assessment instrument yield similar
results. Cronbach’s alpha coefficient is best suited for multinumber rating scales (Leedy et al.,
2019). Expressed as a number between 0 and 1, Cronbach’s Alpha assesses the degree of internal
consistency of an instrument. The closer to 1, the better the internal consistency of the survey
items.

To determine the validity and reliability of the 7-STEM Survey, researchers at the Friday
Institute for Educational Innovation (2012) pilot tested and evaluated for reliability and validity

(Friday Institute for Educational Innovation, 2012). Surveys were administered to 257 science



teachers, 72 technology teachers, 17 engineering teachers, 120 mathematics teachers, and 218

elementary teachers. Explanatory factor analysis was used to allow factors to be correlated, with

item loadings above .40 classified as significant. Ratings from subject matter experts, and written

feedback from the survey participants were assessed and compared for common items across

different surveys. The PTEB scale comprised 11 items for science and mathematics (o = .91, a =

.94, respectively), the TOEB scale comprised nine items for science and mathematics (o = .85, a

= .90, respectively), Student Technology Use consisted of eight items (o0 = .87), STEM

instruction comprised 14 items (o = .93), and the 21st Century Learning Attitudes comprised 11

items (a0 = .95). The survey has been validated at the construct-level, not at the item-level,

therefore, it is recommended that comparisons be made at the construct-level (Friday Institute for

Educational Innovation, 2012). For this reason, constructs were measured with separate

regression models and no overall self-efficacy score was assigned. The construct reliability

levels measured with Cronbach’s Alpha are presented in Table 2.

Table 2

Reliability of the T-STEM Surveys

Cronbach’s Alpha

Construct Number of Science Technology Engineering Math Elementary

Items (n=154) (n=159) n=9 (n=102) (n=228)
Personal Teaching 11 .908 N/A N/A .943 .905 (Sci)
Efficacy and Beliefs .939 (Math)
Teaching Outcome 9 .814 N/A N/A .849 .854 (Sci)
Expectancy Beliefs .895 (Math)
Student Technology 8 .900 N/A N/A .869 .943
Use
STEM Instruction 14 934 N/A N/A .929 .95
21st Century Learning 6 .948 .948 .948 .948 .948
Attitudes

Friday Institute for Educational Innovation (2012)
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Participants

A purposive sample was used for this study. This type of sampling does not involve the
use of randomization but rather selects participants for a particular purpose and who are easily
available to the researcher (Leedy et al., 2019). The population for the sample is family and
consumer sciences teachers in Pennsylvania. Middle and high school family and consumer
sciences teachers will compose the study participants. In a national survey of FCS teachers,
Werhan (2013) reported that there were 1,712 secondary FCS teachers in Pennsylvania;
however, according to K. Helm, Chief of Certification Services for the Pennsylvania Department
of Education, there were 954 people holding an FCS certification as of 2018 and another 401
people teaching FCS without a certification (K. Helm, personal communication, October 5,
2021). Only those with an Instructional Level I or Instructional Level II certification in Family
and Consumer Sciences will be considered for the study. According to the Pennsylvania
Department of Education (n.d.), to obtain a Level I certification in Pennsylvania, the individual
must successfully complete a Pennsylvania Department of Education (PDE) approved teaching
program and get the required scores on the Praxis exams for basic mathematics and reading
skills, general knowledge, professional knowledge, and subject area knowledge. To move from
Level I to Level II certification, the applicant must complete 24 credits in a state approved
program, participate in a state-approved induction and mentoring program, and receive six semi-
annual satisfactory evaluations by their employer within six years of receiving their Level I
certification (Pennsylvania Department of Education, n.d.). FCS certification in Pennsylvania is
for grade levels pre-K through 12, and these grade levels are also included in the Pennsylvania
state standards for FCS. That means that FCS teachers are required to teach a wide variety of

ages and topics in their courses.
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This sample will be solicited to complete the survey via email. The email will be sent out
through the state’s FCCLA facilitator, the FCS content advisor for PDE, and through the
Pennsylvania Association of FCS. An incentive of two randomly selected gift cards was offered
to participants. The sample was selected because they represent a range of ages, experience,
locations, school types, degree levels, and genders needed to answer the research questions.
G*Power (Faul, Erdfelder, Lang, & Buchner, 2007, 2009) is a free, stand-alone power analysis
program for many statistical tests commonly used in the social, behavioral, and biomedical
sciences. A priori power analysis was conducted using G*Power for a linear regression with five
predictors, a small effect size (d =.15), and an alpha of .05. Per sample size calculations
provided by G*Power, a sample size of 74 would be representative of the given population.

Variables

Research variables were aligned with the research questions. The dependent variable,
STEM teaching self-efficacy, was broken into seven separate dependent variables based on the
recommendation of the Friday Institute for Educational Innovation to keep the constructs
separate (Friday Institute for Educational Innovation, 2012). Seven scales in the 7-STEM Survey

for Elementary Teachers will be assessed in this study and include science teaching efficacy and
beliefs, science teaching outcome expectancy, mathematics teaching efficacy and beliefs,
mathematics teaching outcome expectancy, student technology use, STEM instruction, and 21st
century learning attitudes.

The first independent variable was participation in FCCLA. This is a categorical variable.
Participants were asked whether they participated in FCCLA. The second independent variable
was the number of STEM courses taken by the FCS teacher. Participants were asked to self-

report the number of STEM courses they have taken throughout their undergraduate and
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graduate coursework. STEM courses include courses taken in science, technology, engineering,
mathematics, and family and consumer sciences. This was a continuous variable. The third
independent variable was the highest educational level of the FCS teacher. The options were
bachelors, masters, and doctoral degrees. We can order these variables from lowest to highest,
but the spacing between the values may not be the same across the levels of the variables,
therefore it is an ordinal variable. The fourth independent variable was years of teaching
experience, including the present year. This was a continuous variable. Participants were asked
to self-report their years of teaching. The fifth independent variable was gender. This was a
categorical variable. To be inclusive and to limit errors and ridiculing responses, Broussard et al.
(2018) urges a multiple-choice option. Participants in this study could select one of the following
options for this variable: male, female, non-binary, decline to answer. These variables will be
assessed to determine if they affect STEM teaching self-efficacy levels for FCS teachers. These
factors were selected after reviewing the existing literature.
Procedures

Before the distribution of the instrument, this study was submitted to the Institutional
Review Board at Old Dominion University. This study was classified as having minimal risks to
participants because it is survey research involving consenting adults. Initiation of the study and
collection of data via the online survey will begin once approval is given (Appendix A).
Participant data will remain confidential; however, consent forms will be obtained prior to
participation and maintained on a password protected computer.

This self-report survey will be distributed via e-mail to middle and high school FCS
teachers in Pennsylvania who teach FCS during the 2021-2022 academic year. Correspondence

regarding this survey will include the following information:
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1. The purpose of the study

2. An invitation to participate in the study detailing anonymity, minimal risks, voluntary
participation, and contribution to the family and consumer sciences profession

3. A definition of integrated STEM education

4. A link to the consent form.

Participants who do not consent exit the survey. Those who consent continue to the
survey. The complete protocol provided to participants is found in Appendix E. To maintain the
integrity of the results, participants will only be permitted to submit the survey once. Names will
be collected to help ensure that there are no duplicates. If participants complete the online
survey, their identity will be kept confidential, and they can stop at any time. Participants will be
asked to set aside a block of 10-20 minutes to complete the survey. To promote a high
participation response, data will be collected from April to May. The following timeline is a
description of how the online survey was distributed to reach participants:

1. Middle of April: A description, invitation, and link to the survey will be sent out via
email through Pennsylvania’s FCCLA facilitator, the FCS content advisor for the Pennsylvania
Department of Education, and through the Pennsylvania Association of FCS (PAFCS) to their
respective listservs.

2. End of April: After 2 weeks, a reminder to complete the survey will be sent out
through the same channels. A reminder will be posted on the PAFCS website bulletin board and
newsletter, as well as on their social media accounts.

3. Beginning of May: After 1 week, a final reminder to complete the survey will be sent

out.
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Data analysis for this quantitative study incorporated the use of Statistical Package for the

Social Sciences (SPSS) 27 to analyze survey responses. Descriptive and inferential statistics

were used to interpret results that were submitted by participants. Similar studies by Srikoom and

Faikhamata (2018) and Prentiss Bennett (2016) conducted descriptive analysis including

frequency, mean, and standard deviation to display overall participant demographic information,

challenges and needs of teaching STEM. This method would be effective in this study. This also

follows the recommendation of the Friday Institute for Educational Innovation (2012). This

study asks the two following research questions:

1. What is the level of self-efficacy of FCS teachers regarding teaching STEM concepts?

g.

What is the level of FCS teachers’ science teaching efficacy and beliefs?
What is the level of FCS teachers’ science teaching outcome expectancy?
What is the level of FCS teachers’ mathematics teaching efficacy and beliefs?
What is the level of FCS teachers’ mathematics teaching outcome expectancy?
What is the level of FCS teachers’ perceptions of student technology use?
What is the level of FCS teachers’ STEM instruction?

What is the level of FCS teachers’ 21st century learning attitudes?

2. How will each of the teacher demographic variables (i.e., participation in FCCLA,

number of STEM courses taken, education level, number of years teaching, and gender)

respectively predict the level of self-efficacy of FCS teachers when teaching STEM

concepts?

a.

How will each teacher demographic variable predict FCS teachers’ science

teaching efficacy and beliefs?
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b. How will each teacher demographic variable predict FCS teachers’ science
teaching outcome expectancy?

c. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching efficacy and beliefs?

d. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching outcome expectancy?

e. How will each teacher demographic variable predict FCS teachers’ perceptions of
student technology use?

f. How will each teacher demographic variable predict FCS teachers’ STEM
instruction?

g. How will each teacher demographic variable predict FCS teachers’ 21st century
learning attitudes?

To answer these questions, descriptive statistics were analyzed to provide a basic
understanding of the participants of the study based on specific characteristics and how they
performed on a particular outcome (Leedy et al., 2019). The Friday Institute cautions that strong
conclusions about a teacher’s attitude should not be made from their responses to a single
question. The surveys have been validated at the construct-level, not at the item-level; therefore,
it is recommended that comparisons be made at the construct-level. This instrument has not been
validated as a tool to obtain a single, cumulative self-efficacy score. To answer the first research
question and to get the most thorough measure of teacher attitudes, the Friday Institute for
Educational Innovation (2012) recommends summarizing together the questions in all seven
sections. For example, to get a thorough understanding of a teacher’s “Teaching Outcome

Expectancy Beliefs” their responses to all nine questions from the section “Teaching Outcome
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Expectancy Beliefs” should be averaged (Friday Institute for Educational Innovation, 2012).
Assign the value of “1” every time a teacher responds “strongly disagree,” “2” for “disagree,”
“3” for “neither agree nor disagree,” “4” for “agree,” and “5” for “strongly agree” (Friday
Institute for Educational Innovation, 2012). Then, those numbers are averaged together for all the
teachers’ responses in the section to get a “score” for that teacher for their “Teaching Outcome
Expectancy Beliefs”. A higher score means the teacher believes teacher actions affect student
learning (Friday Institute for Educational Innovation, 2012). All teachers’ scores can be averaged
together to get a score for, say, the school or the state. The Friday Institute for Educational
Innovation (2012) recommends analyzing mean, range, frequency counts, percentages, median,
and mode.

To answer the second research question, a regression analysis was used to test the
differences among variables that had significant effects (significance level at p < 0.05). This is
also consistent with the study by Srikoom and Faikhamata (2018). Simple linear regression was
selected for use in this study for its ability to accommodate both categorical and continuous
variables (Keith, 2015). Simultaneous regression was used for its value in explanatory research
to determine the influence of multiple variables on the outcome (Keith, 2015). The researcher
performed a regression analysis with each of the teacher self-efficacy construct scores as the
dependent variable and participation in FCCLA, number of STEM courses taken, education
level, number of years teaching, and gender as the independent variables.

The R? as the effect size index will be computed to quantify the strength of the
relationships between the various predictor variables and the dependent variable (Keith, 2015).

The level of significance was set at .05 level, as that is the customary level used when working
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on significance (Keith, 2015). The F test was used to test the statistical significance of the
predictor in a regression equation (Keith, 2015).
Summary

The purpose of this study was to determine what factors impact FCS teachers’ level of
self-efficacy in teaching STEM education to provide supports for improving teaching practices.
In this quantitative study, the 7-STEM Survey for Elementary Teachers was used to survey
middle and high school FCS teachers in Pennsylvania. To the knowledge of this researcher, this
is the first study of its kind that focused on how comfortable FCS teachers feel about teaching
STEM concepts. This study consists of two major research questions. The first research question
focused on the level of self-efficacy of FCS teachers regarding teaching STEM concepts. The
second evaluated how self-efficacy levels may be affected by the factors of demographic
information, STEM coursework, type of certification, education level, extracurricular activities,
and years of experience were assessed to determine if they affect STEM teaching self-efficacy
levels for FCS teachers.

The survey collects information on teachers’ self-efficacy for teaching, belief that
teachers affect student learning, frequency of technology use, frequency of using certain STEM
instructional practices, attitudes toward 21st century learning, attitudes toward teacher
leadership, and awareness of STEM careers. Results were analyzed using descriptive statistics
and linear regression analysis.

STEM education is important for our national workforce. Upon review, no research could
be found to help improve the quality of STEM education within FCS courses. The information in
this study could help to shape college coursework for pre-service teachers and in-service

opportunities for existing teachers. This can be done by determining how confident FCS teachers



feel in their ability to teach STEM concepts and the factors that impact their level of self-

efficacy.
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Chapter 1V

RESULTS

The problem of this study was to identify factors that may be related to family and

consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that

improve teaching practices. This chapter presents results by the research questions (variable

abbreviations in parentheses):

1. What is the level of self-efficacy of FCS teachers regarding teaching STEM concepts?

a.

g.

What is the level of FCS teachers’ science teaching efficacy and beliefs?
(SCIEFF)

What is the level of FCS teachers’ science teaching outcome expectancy?
(SCIOUT)

What is the level of FCS teachers’ mathematics teaching efficacy and beliefs?
(MATHEFF)

What is the level of FCS teachers’ mathematics teaching outcome expectancy?
(MATHOUT)

What is the level of FCS teachers’ perceptions of student technology use?
(TECHUSE)

What is the level of FCS teachers’ STEM instruction? (STEMINST)

What is the level of FCS teachers’ 21st century learning attitudes? (TWELEAR)

2. How will each of the teacher demographic variables (i.e., participation in FCCLA,

number of STEM courses taken, education level, number of years teaching, and gender)

respectively predict the level of self-efficacy of FCS teachers when teaching STEM

concepts?
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a. How will each teacher demographic variable predict FCS teachers’ science
teaching efficacy and beliefs? (SCIEFF)

b. How will each teacher demographic variable predict FCS teachers’ science
teaching outcome expectancy? (SCIOUT)

c. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching efficacy and beliefs? (MATHEFF)

d. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching outcome expectancy? (MATHOUT)

e. How will each teacher demographic variable predict FCS teachers’ perceptions of
student technology use? (TECHUSE)

f. How will each teacher demographic variable predict FCS teachers’ STEM
instruction? (STEMINST)

g. How will each teacher demographic variable predict FCS teachers’ 21st century
learning attitudes? (TWELEAR)

The findings of this study are presented in this chapter, including response rate,
descriptive data, and regression analysis. A list of the coding variables utilized in the study can
be found in Appendix F.

Response Rate

There were 79 responses to the Teacher Efficacy and Attitudes Toward STEM (T-STEM)
Survey. After screening to ensure that all participants were FCS certified teachers, two responses
were excluded from the study. This left a useable sample of 77. As sample size is a function of
the number of predictors, the size of the effect, and desired power, G*Power was used to

calculate the sample size for this study (UCLA Statistical Consulting Group, 2021). A priori
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power analysis was conducted using G*Power for a linear regression with five predictors, a
small effect size (d = .15), and an alpha of .05. The sample size computes to 74; 77 exceeds this
recommended sample size, thereby validating the sample.
Descriptive Data

Of the participants (n = 77), 77 were females (100%) and 0 were males (0%). The range
of years in teaching ranged from one to 42 with a mean of 16.84 years (Mdn = 15, IQR: 10, 22).
Thirteen participants had a bachelor’s degree (16.9%), 63 had a master’s degree (81.8%), and
one had a doctoral degree (1.3%). Nine participants (11.7%) held their Level I teaching
certification and 68 (88.3%) held their Level II teaching certification. To obtain a Level I
certification in Pennsylvania, the individual must successfully complete a Pennsylvania
Department of Education (PDE) approved teaching program and get the required scores on the
Praxis exams for basic mathematics and reading skills, general knowledge, professional
knowledge, and subject area knowledge (Pennsylvania Department of Education, n.d). To move
from Level I to Level II certification, the applicant must complete 24 credits in a state approved
program, participate in a state-approved induction and mentoring program, and receive six semi-
annual satisfactory evaluations by their employer within six years of receiving their Level |
certification (Pennsylvania Department of Education, n.d.). Thirty-two participants (41.6%)
participate in FCCLA and 45 participants (58.4%) do not participate in FCCLA. Of the sample,
55 people (71.4%) had FCS as their initial certification and 22 (28.6%) had another initial
certification and took the Praxis to become FCS certified. On average, participants reported
taking 8.88 STEM courses in college (SD = 1.31, IQOR: 4, 12).

There were seven sections on the Teacher Efficacy and Attitudes Toward STEM (T-

STEM) Survey-Elementary Teachers. Most survey questions were positively worded, like “T am
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confident that I can teach mathematics effectively.” A few, however, are negatively worded, like
“I wonder if I have the necessary skills to teach mathematics.” The negatively worded questions
were assigned values in the reverse order of all the other questions (“5” for strongly disagree, “4
for disagree,” etc.), since agreement to those questions represents an attitude opposite of the
attitude for agreement with the other questions. Items #5 and #9 in the both the Science and
Mathematics Teaching Efficacy and Beliefs constructs were negatively worded. All other items
were positively worded. See Appendix C for the complete 7-STEM Survey.

The mean SCIEFF score was 3.40, (SD = .74, Mdn = 3.64) with a moderately skewed
distribution. SCIOUT had a mean score of 3.40 (SD = .46, Mdn = 3.44) with a symmetric
distribution. MATHEFF had a mean score of 3.12 (SD = .80, Mdn = 3.18) with a moderately
symmetric distribution. MATHOUT had a mean score of 3.30 (SD = .89, Mdn = 3.33) with a
symmetric distribution. TECHUSE had a mean score of 3.30 (SD = .87, Mdn = 3.43) and a
symmetric distribution. STEMINST had a mean of 2.85 (SD = .72, Mdn = 2.86) and a symmetric
distribution. TWELEAR had a mean score of 4.51 (SD = .49, Mdn = 4.64) and a highly skewed,
negative distribution. The distributions for TWELEAR were leptokurtic. All others were

platykurtic.
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Table 3

Descriptive Statistics for Dependent Variables

Variable M SD Minimum Maximum
1. SCIEFF 3.40 74 1.36 4.82
2. SCIOUT 3.40 46 2.44 4.44
3. MATHEFF 3.12 .80 1.27 5.00
4. MATHOUT 3.30 .89 2.44 4.00
5. TECHUSE 3.30 .87 1.50 5.00
6. STEMINST 2.85 72 1.50 4.79
7. TWELEAR 4.51 49 2.27 5.00
Statistical Analysis

To address the research questions, simple linear regression analysis was performed to
determine the predictive relationship between the independent variables and each of the teacher
self-efficacy construct scores as the dependent variable. Table 4, adapted from Cohen (1992),

identifies the effect sizes that were utilized for the regression analysis.

Table 4

Table of Effect Sizes
R? Value Effect Size
+.02 small effect
+.13 medium effect
+.26 large effect

Adapted from Cohen (1992)
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Participation in FCCLA

For the independent variable, FCCLA Participation, and the first dependent variable,
SCIEFF, the results of the regression indicated that the independent variable was not a
significant predictor of science teaching efficacy beliefs, F(1, 75) = .30, p = .587, R? < .01. The
model had small effect and explained 0.4% of the variance.

For the second dependent variable, SCIOUT, the results of the regression indicated the
independent variable was not a significant predictor of science teaching outcome expectancy,
F(1,75)= .36, p=.549, R? = .01. The model had small effect and explained 1% of the variance.

Results of the third dependent variable, MATHEFF, indicated the independent variable
was not a significant predictor of math teaching efficacy beliefs, F(1, 75) = .06, p = .807, R?=
.01. The model had small effect and explained 1% of the variance.

The fourth dependent variable, MATHOUT, indicated that the independent variable was
not a significant predictor of mathematics teaching outcomes expectancy, F(1, 75)=1.02, p =
316, R?=.01. The model had small effect and explained 1% of the variance.

For the fifth dependent variable, TECHUSE, the results of the regression indicated the
independent variable was not a significant predictor of teachers’ perceptions of student
technology use, F(1, 75) = .70, p = .405, R?=.01. The model had small effect and explained 1%
of the variance.

For the sixth dependent variable, STEMINST, the results of the regression indicated the
independent variable was not a significant predictor of STEM Instruction, F(1, 75) = .20, p =

.658, R? < .01. The model had small effect and explained 0.3% of the variance.
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The results for the seventh dependent variable, TWELEAR, indicated that the
independent variable was not a significant predictor of 21st century learning attitudes, F(1, 75) =
.08, p = .774, R?= .01. The model had small effect and explained 1% of the variance.

Number of STEM Courses Taken

For the variable independent variable, number of STEM courses taken, and the first
dependent variable, SCIEFF, the results of the regression indicated the independent variable was
not a significant predictor of science teaching efficacy beliefs, F(1, 75) = 3.84, p = .054,R? =
.05. The model had small effect and explained 5% of the variance.

For the second dependent variable, SCIOUT, the results of the regression indicated the
independent variable was not a significant predictor of science teaching outcome expectancy,
F(1,75)=.1.21, p= 275, R? = .02. The model had small effect and explained 1.6% of the
variance.

Results of the third dependent variable, MATHEFF, indicated the independent variable
was not a significant predictor of math teaching efficacy beliefs, F(1, 75) = 2.00, p = .659, R? =
.03. The model had small effect and explained 3% of the variance.

The fourth dependent variable, MATHOUT, indicated that the independent variable was
not a significant predictor of math teaching outcome expectancy, F(1, 75) = 1.02, p = .315, R? =
.01. The model had small effect and explained 1.3% of the variance.

For the fifth dependent variable, TECHUSE, the results of the regression indicated the
independent variable was not a significant predictor of teachers’ perceptions of student
technology use, F(1, 75) = .50, p = .482, R? = .01. The model had small effect and explained

.7% of the variance.
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The sixth dependent variable, STEMINST, the results of the regression indicated the
independent variable was not a significant predictor of STEM Instruction, F(1, 75) =2.57,p =
.113, R? = .03. The model had small effect and explained 3.3% of the variance.

The results for the seventh dependent variable, TWELEAR, indicated that the
independent variable was a significant predictor of 21st century learning attitudes, f= .02, SE =
.01, p = .019. This indicates a positive relationship between the number of STEM course taken
and the TWELEAR. The model had small effect and explained 7.1% of the variance.
Educational Level

For the independent variable, Educational Level, and the first dependent variable,
SCIEFF, the results of the regression indicated that the independent variable was not a
significant predictor of science teaching efficacy beliefs, F(2, 74) = .23, p=.792, R?=.01. The
model had small effect and explained .6% of the variance.

For the second dependent variable, SCIOUT, the results of the regression indicated the
independent variable was not a significant predictor of science teaching outcome expectancy,
F(2,74)= .07, p=.937, R? < .01. The model had small effect and explained .2% of the variance.

Results of the third dependent variable, MATHEFF, indicated the independent variable
was not a significant predictor of math teaching efficacy beliefs, F(2, 74) = 31, p = .736, R* =
.01. The model had small effect and explained .8% of the variance.

The fourth dependent variable, MATHOUT, indicated that the independent variable was
not a significant predictor of math teaching outcome expectance, F(2, 74) = .63, p = .534, R? =
.02. The model had small effect and explained 1.7% of the variance.

For the fifth dependent variable, TECHUSE, the results of the regression indicated that

the independent variable was not a significant predictor of teachers’ perceptions of student
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technology use, F(2, 74) = .09, p = .916, R? < .01. The model had small effect and explained .2%
of the variance.

For the sixth dependent variable, STEMINST, the results of the regression indicated the
independent variable was not a significant predictor of STEM Instruction, F(2, 74) = .07, p =
931, R? <.01. The model had small effect and explained .2% of the variance.

The results for the seventh dependent variable, TWELEAR, indicated that the
independent variable was not a significant predictor of 21st century learning attitudes, F(2, 74) =
91, p = .408, R?=.02. The model had small effect and explained 2.4% of the variance.

Years in Teaching

For the variable independent variable, Years in Teaching, and the first dependent
variable, SCIEFF, the results of the regression indicated the independent variable was not a
significant predictor of science teaching efficacy beliefs, F(1, 75) =2.60, p = .111, R? = .03. The
model had small effect and explained 3% of the variance.

For the second dependent variable, SCIOUT, the results of the regression indicated the
independent variable was not a significant predictor of science teaching outcome expectancy,
F(1,75)= .28, p=.599, R? < .01. The model had small effect and explained .4% of the variance.

Results of the third dependent variable, MATHEFF, indicated the independent variable
was not a significant predictor of math teaching efficacy beliefs, F(1, 75) = .20, p = .659, R? <
.01. The model had small effect and explained .3% of the variance.

The fourth dependent variable, MATHOUT, indicated that the independent variable was
not a significant predictor of math teaching outcome expectancy, F(1, 75) = .12, p = .725, R? <

.01. The model had small effect and explained .2% of the variance.
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For the fifth dependent variable, TECHUSE, the results of the regression indicated the
independent variable was not a significant predictor teachers’ perceptions of student technology
use, F(1,75)=.97, p = .328, R? = .01. The model had small effect and explained 1% of the
variance.

For the sixth dependent variable, STEMINST, the results of the regression indicated the
independent variable was not a significant predictor of STEM Instruction, F(1, 75) = .01, p =
921, R? < .01. The model had small effect and explained 0% of the variance.

The results for the seventh dependent variable, TWELEAR, indicated that the
independent variable was not a significant predictor of 21st century learning attitudes, F(1, 75) =
308, p=.581, R? < .01. The model had small effect and explained .4% of the variance.

Gender

Because all survey participants were female, this variable was a constant and no data
were analyzed for this predictor.

A comprehensive list of means and standard deviations for the dependent and

independent variables is available in Table 5.
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Independent Variable Dependent Variable Mean Standard Deviation
Participation in FCCLA SCIEFF Yes 3.35 Yes .75
No 3.44 No .74
Participation in FCCLA SCIOUT Yes 3.36 Yes .49
No 3.43 No .45
Participation in FCCLA MATHEFF Yes 3.15 Yes .87
No 3.11 No .75
Participation in FCCLA MATHOUT Yes 3.35 Yes .38
No 3.26 No .39
Participation in FCCLA TECHUSE Yes 3.40 Yes .82
No 3.23 No .91
Participation in FCCLA STEMINST Yes 2.89 Yes .67
No 2.82 No .75
Participation in FCCLA TWELEAR Yes 4.53 Yes .58
No 4.50 No .43
Number of STEM courses taken SCIEFF 3.40 74
Number of STEM courses taken SCIOUT 3.40 46
Number of STEM courses taken MATHEFF 3.12 .80
Number of STEM courses taken MATHOUT 3.30 .39
Number of STEM courses taken TECHUSE 3.30 .87
Number of STEM courses taken STEMINST 2.85 72
Number of STEM courses taken TWELEAR 5.52 .49
Educational Level SCIEFF Bachelors 3.39 Bachelors .63
Masters 3.40 Masters .77
Doctorate 3.91 Doctorate no SD available
Educational Level SCIOUT Bachelors 3.42 Bachelors .46
Masters 3.40 Masters .47
Doctorate 3.56 Doctorate no SD present
Educational Level MATHEFF Bachelors 3.21 Bachelors .78
Masters 3.10 Masters .81
Doctorate 3.64 Doctorate no SD present
Educational Level MATHOUT Bachelors 3.38 Bachelors .33
Masters 3.29 Masters .40
Doctorate 3.00 Doctorate no SD present
Educational Level TECHUSE Bachelors 3.38 Bachelors .76
Masters 3.29 Masters .90
Doctorate 3.13 Doctorate no SD present
Educational Level STEMINST Bachelors 2.92 Bachelors .57
Masters 2.84 Masters .75
Doctorate 2.79 Doctorate no SD present
Educational Level TWELEAR Bachelors 4.39 Bachelors .46
Masters 4.55 Masters .50
Doctorate 4.09 Doctorate no SD present
Years in Teaching SCIEFF 3.40 74
Years in Teaching SCIOUT 3.40 46
Years in Teaching MATHEFF 3.12 .80
Years in Teaching MATHOUT 3.30 .39
Years in Teaching TECHUSE 3.30 .87
Years in Teaching STEMINST 2.85 72
Years in Teaching TWELEAR 4.51 49
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Summary

Chapter IV detailed the data screening, variable transformations and computations, as
well as provided descriptive data and the results of data analysis. The data were analyzed
according to their relationship with the research questions. Research question one explored the
level of self-efficacy of FCS teachers regarding teaching STEM concepts. Research question two
explored how each of the teacher demographic variables respectively predict the level of self-
efficacy of FCS teachers when teaching STEM concepts. The five independent teacher
demographic variables were participation in FCCLA, number of STEM courses taken, education
level, number of years in teaching, and gender.

The seven sections on the Teacher Efficacy and Attitudes Toward STEM Survey were
analyzed and the mean SCIEFF score was 3.40, (SD = .74, Mdn = 3.64). SCIOUT had a mean
score of 3.40 (SD = .46, Mdn = 3.44). MATHEFF had a mean score of 3.12 (SD = .80, Mdn =
3.18) with a moderately symmetric. MATHOUT had a mean score of 3.30 (SD = .89).
TECHUSE had a mean score of 3.30 (SD = .87). STEMINST had a mean of 2.85 (SD = .72).
TWELEAR had a mean score of 4.51 (SD = .49). Overall, FCS teachers scored highest in 21st
century learning attitudes and lowest in STEM instruction. The results indicated that the
independent variable number of STEM courses taken was a significant predictor of 21st century
learning attitudes (f= .02, SE = .01, p =.019). A detailed analysis of these findings will be

presented in Chapter V.
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Chapter V
CONCLUSIONS AND RECOMMENDATIONS

The problem of this study was to identify factors that may be related to family and
consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that
improve teaching practices. This chapter summarizes the study, discusses the conclusions of the
study, and provides recommendations based on the study findings.

Summary

Education in science, technology, engineering, and mathematics (STEM) has become
widely promoted as it is important to our economy that schools produce students capable of
success in STEM fields. Quality STEM education could maintain or increase the number of
individuals preparing for careers in these fields and increase STEM literacy for the population
(Stohlmann et al., 2012) because it provides students with science, mathematics, engineering,
and technology instruction that build upon each other and has real-world applications (Eberle,
2010). STEM education also creates critical thinkers and enables innovation (Eberle, 2010).
According to the U.S. Bureau of Labor Statistics (2021), the fastest growing occupations require
at least a basic, and for many a significant, understanding of STEM subjects (Eberle, 2010).

To promote STEM learning and literacy, research suggests an interdisciplinary approach
that allows students to make real-world connections as they prepare for STEM pathways and
careers (Gomez and Albrecht, 2013). El-Deghaidy and Mansour (2015) found that teachers
acknowledge the benefits of STEM education, such as promoting 21st century skills, thinking
skills, collaboration, problem solving, and research skills. They also identify that linking learning
to real-life situations increases students’ interest in STEM careers (El-Deghaidy & Mansour,

2015).



68

FCS education, as well as other CTE subject areas, have always had both a career and an
academic focus. From its beginning, FCS education has used the resources of modern science to
improve home life (Berlage, 1998), while also using principles of mathematics, engineering, and
technology (Shirley & Kohler, 2012). FCS education provides students with tasks that require
them to solve real-world problems with practical reasoning in a hands-on environment (Laster &
Johnson, 2001).

With so much overlap in content and methodology, why is FCS not perceived as a bigger
part of STEM education? Do FCS teachers feel confident in their ability to teach STEM
concepts? What factors influence FCS teachers’ self-efficacy in STEM education?

The problem of this study was to identify factors that may be related to family and
consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that
improve teaching practices. To guide this study, the following research questions were asked:

1. What is the level of self-efficacy of FCS teachers regarding teaching STEM concepts?
a. What is the level of FCS teachers’ science teaching efficacy and beliefs?
b. What is the level of FCS teachers’ science teaching outcome expectancy?
c. What is the level of FCS teachers’ mathematics teaching efficacy and beliefs?
d. What is the level of FCS teachers’ mathematics teaching outcome expectancy?
e. What is the level of FCS teachers’ perceptions of student technology use?
f.  What is the level of FCS teachers” STEM instruction?
g. What is the level of FCS teachers’ 21st century learning attitudes?

2. How will each of the teacher demographic variables (i.e., participation in FCCLA,

number of STEM courses taken, education level, number of years teaching, and gender)
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respectively predict the level of self-efficacy of FCS teachers when teaching STEM

concepts?

a. How will each teacher demographic variable predict FCS teachers’ science
teaching efficacy and beliefs?

b. How will each teacher demographic variable predict FCS teachers’ science
teaching outcome expectancy?

c. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching efficacy and beliefs?

d. How will each teacher demographic variable predict FCS teachers’ mathematics
teaching outcome expectancy?

e. How will each teacher demographic variable predict FCS teachers’ perceptions of
student technology use?

f. How will each teacher demographic variable predict FCS teachers’ STEM
instruction?

g. How will each teacher demographic variable predict FCS teachers’ 21st century
learning attitudes?

This study had additional limitations discovered after analysis. TWELEAR had a highly
skewed, leptokurtic distribution. Both MATHEFF and SCIEFF had a moderately skewed
distribution. These factors could have impacted the normality assumption of linear regression.
Because all survey responses were from females, the data may have been skewed. There was

only one respondent that had a doctorate, so this may also have impacted the overall results.
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The T-STEM Survey for Elementary Teachers instrument contained nine constructs:
Personal STEM Teaching Efficacy and Beliefs (PSTEB), STEM Teaching Outcome Expectancy
Beliefs (TOEB)—both of which include separate questions for science and mathematics—
Student Technology Use, STEM Instruction, 21st Century Learning Attitudes, Teacher
Leadership Attitudes, and STEM Career Awareness. The last two sections were deemed
impertinent to this study and were removed. The other seven sections of the instrument were
relevant. Teacher demographic information directly connected to the research variables was
collected, namely participation in FCCLA, number of STEM courses taken, education level,
number of years teaching, and gender. Data analysis began with an examination of descriptive
data and then simple linear regression analysis was performed to determine the predictive
relationship between the independent variables and each of the teacher self-efficacy construct
scores as the dependent variable.

Conclusions

The problem of this study was to identify factors that may be related to family and
consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that
improve teaching practices. Research Question 1 looked at the level of self-efficacy of FCS
teachers regarding teaching STEM concepts by looking at the overall scores on each section of
the 7-STEM Survey. The mean SCIEFF score was 3.40, indicating that teachers’ fell between
“neither agree nor disagree” and “agree.” This section included questions about teachers’
confidence in their science teaching skills, indicating that most feel slightly confident in their
ability to teach science concepts. The mean SCIOUT score was 3.40, also indicating that
participants fell between “neither agree nor disagree” and “agree.” This section covers questions

about the degree to which teachers believe they can affect students’ learning in science with
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effective teaching, indicating that most FCS teachers feel slightly sure that they can affect
students’ learning in science. Though the instrument uses different descriptions, the findings
somewhat align with the findings of Merrill’s (2016) limited survey of 50 FCS teachers (a 25%
response rate) that found FCS teachers viewed science integration as important, and they were
fairly confident in their ability to integrate it. This study did not take into account any changes or
policies related to COVID.

Although FCS educators mainly focus curriculum on the National Standards for Family
and Consumer Sciences (NASAFACS, 2008-2018), they are also encouraged to find
opportunities to draw connections with STEM standards to provide more STEM learning
opportunities for students (Deaton et al., 2018). Deaton et al. (2018) provide an alignment of the
NGSS High School Life Science Standards (NGSS Lead States, 2013) and the NGSS High School
Engineering, Technology, and the Applications of Science Standards (NGSS Lead States, 2013)
to the National Standards for Family and Consumer Sciences (NASAFACS, 2008-2018). As the
overlap is clearly outlined, FCS teachers are likely teaching science content, but they may not
recognize it as such. They may view the integrated science concepts as part of FCS and not view
it as science, because it is not a standalone course in chemistry, physics, biology, or Earth
science. Like other applied science, FCS has evolved with society and technology (AAFCS, n.d.)
Teachers needing additional supports and clarity on STEM integration can find professional
development opportunities through the American Association for Family and Consumer
Sciences. They offer webinars on the current science and practice in food preservation, food
science, STEM in baking, STEMIFYing the curriculum, and STEM integration (AAFCS

Webinar Library, n.d.).
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MATHEFF had a mean score of 3.12, again indicating that FCS teachers feel slightly
confident in their mathematics teaching skills. MATHOUT had a mean score of 3.30, therefore,
FCS teachers feel slightly sure that they can affect students’ learning in mathematics. Similarly,
Berleth (2020) surveyed 212 FCS teachers and the results revealed that teachers have a positive
attitude towards mathematics integration within the FCS curriculum. Most of the surveyed
teachers also made attempts to collaborate with their colleagues and other mathematics
instructors on effective ways of integrating mathematics in their FCS courses. However, as in
this study, Berleth (2020) found that individual self-efficacy for integrating mathematics among
FCS teachers was low. As previously stated, FCS educators focus curriculum on the National
Standards for Family and Consumer Sciences (NASAFACS, 2008-2018), but are also
encouraged to draw connections with STEM standards to provide more STEM learning
opportunities for students (Deaton et al., 2018). Carter et al. (2019) provided an alignment of the
National Standards for Family and Consumer Sciences (NASAFACS, 2008-2018) and the
Common Core State Standards for Mathematics (National Governors Association Center for
Best Practices & Council of Chief State School Officers, 2010) and identified overlap and
opportunities for STEM integrated learning opportunities. Again, FCS teachers may be
integrating mathematics into their curriculum, but view it as part of their FCS curriculum, not as
teaching mathematics.

In a national study, Berleth (2020) found that inadequate teaching resources, lack of prior
training on mathematics integration, and limited knowledge or experience on how to integrate
mathematics within the FCS curriculum contributed to low feelings of self-efficacy and teachers
emphasized the need for institutional support. Merrill (2016) found similar results in Utah in

science. This study makes similar conclusions in Pennsylvania. Where teachers are trained and
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the license requirements for that state may impact these studies. This shows a need for a larger,
national study of FCS teachers. The American Association for Family and Consumer Sciences
offers professional development opportunities on financial wellness, STEMIFYing the FCS
classroom, teaching STEM through FCS education, money smarts and financial literacy,
personal finance, and investing (AAFCS Webinar Library, n.d.).

TECHUSE addresses the frequency that teachers perceive students use technology and
had a mean score of 3.30. This suggests that students in FCS classes use technology more than
half of the time. Reddy et al. (2020) postulate that classroom technology is intended to expose
students to tools related to their future professions. Likewise, FCS aims to prepare future
professionals through research, experiential education, and technology (Reddy et al., 2020).
Similarly, the questions in this portion of the survey focus on the use of technology to
communicate, collaborate, research, simulate, solve-problems, and use higher-order thinking.
FCS teachers may instead be using technology to augment and modify learning. These studies
and the 7-STEM Survey limit the definition of technology to instructional technology. Perhaps
teachers would rank technology use higher if they used a broader definition of technology. For
example, ITEEA (2020) defines technology as the human designed world. This definition
encompasses the many tools, materials, and equipment that FCS teachers regularly use in their
classrooms.

If, as Merrill (2016) purposed, integration of technology is an area of least confidence for
FCS teachers, they may require support with new lesson plans, labs, and easily accessible
resources. When working to improve teachers’ use of technology, Reddy et al. (2020) identified
a major challenge for FCS teachers may not be integrating technology tools but updating these

tools within a short period of time. Reddy et al. also points out that adopting technology in
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education is not easy and requires time that teachers may not have to spend on it and encourages
considering the differences in teachers. Differences can be based on (a) instructor’s preference
for either a teaching-focused approach or learning-focused approach, (b) technological
competence of a teacher, (c) the ability of teachers to adapt to new technologies, and (d) the
attitude of teachers toward integrating new technology (Reddy et al., 2020). Professional
development should meet teachers where they are and help them to move forward from there.
AAFCS offers professional development on game-based learning and technology for high level
thinking, as well as FCS tech talks (AAFCS Webinar Library, n.d.).

STEMINST had a mean of 2.85 and was the section with the lowest average score. This
score implies that between “occasionally” and “about half the time” teachers are engaging in
STEM-based instruction. As previously discussed, teachers may be unaware of ways in which
they are currently providing STEM-based instruction because the FCS curriculum is so closely
aligned with other STEM-based standards. For example, the FCCLA Planning Process has clear
connections to the Next Generation Science Standards (Carter et al., 2015). Both acknowledge
the importance of 21st century skills and both require students to solve problems, think critically,
and develop the necessary tools for approaching a problem (Carter et al., 2015). Both guide
students toward an inquiry-based approach to learning (Carter et al., 2015). This study did not
look at teachers’ interests in integrating STEM, but Merrill (2016) found that FCS teachers were
willing and enthusiastic about integrating more STEM into the teaching, especially in foods
courses. AAFCS offers professional development on STEMIFYing the FCS curriculum, teaching
STEM through FCS, and teaching STEM through baking (AAFCS Webinar Library, n.d.).

Overall, FCS teachers scored highest in 21st century learning attitudes. TWELEAR had a

mean score of 4.51, denoting that FCS teachers “agree” or “strongly agree” that it is important to
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provide learning opportunities that support 21st century learning attitudes. Twenty-first century
learning attitudes are those that promote students as active, inventive, creative learners who think
critically (Shernoff, et al., 2017). 7-STEM Survey questions focused on whether or not student
have opportunities to produce high quality work, set their own learning goals, manage time and
prioritize assignments, and work with others. These results could indicate that FCS teachers
would benefit from coursework or professional development designed specifically to increase
STEM self-efficacy, especially in the areas of science, mathematics, and STEM instruction. This
is similar to Merrill (2016) who also found that respondents in their study desired support with
new lesson plans, labs, and easily accessible resources. Teachers were interested in more summer
conferences, e-newsletters with resources, webinars, study groups, or a combination of these
items (Merrill, 2016).

Research Question 2 looked at the ability of the teacher demographic variables (i.e.,
participation in FCCLA, number of STEM courses taken, education level, number of years
teaching, and gender) to predict the level of self-efficacy of FCS teachers when teaching STEM
concepts. Each construct from the 7-STEM Survey was analyzed with each demographic
variable. Of these factors, the independent variable number of STEM courses taken was a
significant predictor of 21st century learning attitudes (f= .02, SE = .01, p =.019). No other
factors were significant predictors. In contrast, Berleth (2020) identified that FCS teachers’ self-
efficacy when teaching mathematics concepts was correlated with a teacher’s level of education,
years of teaching experience, and the grade level that teachers taught in school.

Of the participants (n = 77), 77 were females (100%), therefore, this factor was removed
from the regression. Perhaps data from multiple genders would have impacted the outcome of

the analysis. Thirteen participants had a bachelor’s degree (16.9%), 63 had a master’s degree
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(81.8%), and one had a doctoral degree (1.3%). Having more participants with doctoral degrees
may have impacted the outcome of the analysis. On average, participants reported taking 8.88
STEM courses in college (SD = 1.31, IOR: 4, 12). This may have been confusing for
participants, because they may have been unsure what to consider a STEM course, despite it
being defined in the survey.

Recommendations

Based on the finding and conclusions of this study, the following are recommendations
for researchers and practitioners.
Future Research

This study focused on the factors that may be related to family and consumer sciences
teachers’ self-efficacy in teaching STEM education to provide supports that improve teaching
practices; however, the sample was limited to FCS teachers in Pennsylvania. Given the number
of FCS teachers across the country and the different license requirement in each state, the data
may be more representative if it was distributed nationwide. This could be accomplished with the
state and national FCS Associations.

Of the sample, 55 people (71.4%) had FCS as their initial certification and 22 (28.6%)
had another initial certification and took the Praxis to become FCS certified. This may have been
an additional variable worth exploring to determine whether teachers from other subject
certification areas feel a greater sense of self-efficacy when integrating STEM than those with
FCS as their initial certification.

The survey focus was purely quantitative. A mixed method study or additional qualitative

study could use interviews and focus groups to get a more detailed picture of how FCS teachers
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feel about STEM education and their STEM self-efficacy. Common themes that emerge in the
interviews or focus groups could be explored as additional factors for future research.

An aim of this study was to use the resulting information to provide supports to improve
teaching practices. This study identified a positive effect of the number of STEM courses on FCS
teachers’ 21st century learning attitudes score. Policymakers and teacher preparation programs
may then benefit from increasing the number of STEM courses required for teachers as a means
of improving 21 century learning opportunities. It may be useful to offer a STEM-specific
course or professional development opportunity for FCS teachers and use the 7-STEM Survey as
a pretest and posttest to determine its effectiveness. AAFCS offers a variety of professional
development opportunities related to integrated STEM. Pennsylvania recognizes a STEM
education endorsement that teachers can add to an existing state licensure and is designed to
provide additional knowledge and promote skills related to more integrative ways to deliver
content in these areas. The endorsement is aimed at creating opportunities to integrate student-
centered learning approaches in all content areas to improve the quality of K-12 education and
interaction with the larger community (Pennsylvania Department of Education, 2014). Programs
develop teachers’ skills in analysis, problem solving, and critical thinking through active project-
based learning. The core content knowledge required of the endorsement programs includes:

1. Knowledge of standards, design processes, and the important role of STEM in

workforce preparation.

2. Application and demonstration of STEM skills.

3. Implementation of best practices in integrative-STEM education.

4. Assessment of integrative-STEM learning in the classroom (Pennsylvania

Department of Education, 2014).
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By offering these endorsements, or something similar in other states, to teachers in all disciplines
or incorporating similar content knowledge into teacher education programs, teachers may have
a better understanding of integrated-STEM and feel a higher degree of self-efficacy when
teaching STEM.

Evaluating the course offerings required in pre-service FCS education programs could
allow researchers to see what courses or extracurriculars might contribute to increased levels of
STEM self-efficacy. An audit of all undergraduate programs could be conducted.

While this study measured a participant’s STEM self-efficacy at a single moment in time,
a longitudinal study that measures STEM self-efficacy at the beginning of their teaching career
and then at five and 10 years may be beneficial and provide a different perspective on the
relationship between STEM self-efficacy, years of experience, and possibly additional degrees.
Similar studies could also be conducted in other areas of career and technical education in order
to determine teachers’ STEM self-efficacy. The same factors could be used to conduct a
regression. This would strengthen the body of knowledge on integrated STEM within CTE. Chen
et al. (2021) found that preservice preschool teachers who had STEM teaching experience,
interests in STEM, or participated in STEM-related activities reported higher levels of STEM
self-efficacy. These factors could be utilized in a future study.

Finally, it may be beneficial to design a STEM self-efficacy tool or survey that is specific
to FCS or CTE teachers. Two sections of the survey were removed, because they were not
relevant to this study. The 7-STEM surveys designed for separate subject area teachers may not
have been sensitive enough for the content areas covered in FCS. Additionally, the survey may
have been confusing to non-subject area teachers. Consequently, designing and piloting an

instrument focused on FCS may supply additional results and could further contribute to the



79

current body of knowledge on integrated STEM education. Development of an instrument that
provides a single, cumulative STEM self-efficacy score would also benefit the field.
Implications for Practitioners

The problem of this study was to identify factors that may be related to family and
consumer sciences teachers’ self-efficacy in teaching STEM education to provide supports that
improve teaching practices. Bandura’s (1977) social cognitive theory is the basis of self-efficacy
research and teacher efficacy research (Seals et al., 2017). Teacher perceptions of student
engagement are a significant predictor of teacher efficacy (Ross et al., 1996). Consequently, it is
important to evaluate teachers’ efficacy in specific contexts while teaching specific content (Ross
et al., 1996). Quality STEM education should lead to STEM literacy (Jackson & Mohr-
Schroeder, 2018), but STEM educators need to be both STEM literate and comfortable with
STEM methods to be successful (Zollman, 2012).

Quality STEM education provides students with science, mathematics, engineering, and
technology instruction that build upon each other and has real-world applications (Eberle, 2010).
Further, STEM education creates critical thinkers and enables innovation, which leads to new
products and processes to sustain the economy (Eberle, 2010). The fastest growing occupations
require at least a basic, and for many a significant, understanding of STEM subjects (U.S.
Bureau of Labor Statistics, 2021); therefore, it is essential that as a nation, we make STEM
education a top priority (Eberle, 2010). To promote STEM learning and literacy, schools must
ground STEM pedagogy in research which advocates for an interdisciplinary approach that
allows students to make real-world connections (Gomez and Albrecht, 2013). FCS education has
always used the resources of modern science to improve home life (Berlage, 1998), while also

using principles of mathematics, engineering, and technology (Shirley & Kohler, 2012).
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FCS education, like integrated STEM education, provides students with tasks that require
them to solve real-world problems with practical reasoning in a hands-on environment (Laster &
Johnson, 2001). FCS courses seek to increase students’ overall academic success by drawing
connections between FCS courses and other academic subjects (Carter et al., 2015). Although
FCS educators focus curriculum on the National Standards for Family and Consumer Sciences
(NASAFACS, 2008-2018), they are encouraged to find opportunities to draw connections with
STEM standards to provide more STEM learning opportunities for students (Deaton et al., 2018).
For example, Deaton et al. (2018) clearly identify the overlap and alignment of the NGSS High
School Life Science Standards (NGSS Lead States, 2013) and the NGSS High School
Engineering, Technology, and the Applications of Science Standards (NGSS Lead States, 2013)
to the National Standards for Family and Consumer Sciences (NASAFACS, 2008-2018). Carter
et al. (2019) and Carter et al. (2015) did the same with the National Standards for Family and
Consumer Sciences (NASAFACS, 2008-2018) and the Common Core State Standards for
Mathematics (National Governors Association Center for Best Practices & Council of Chief
State School Officers, 2010), and the FCCLA Planning Process and the Next Generation Science
Standards (Carter et al., 2015). With so much overlap, we can conclude that FCS teachers are in
fact teaching and integrating STEM. However, they may not be aware of it or view it as FCS
content.

Within CTE, curriculum integration helps students make connections between academic
subjects (Stone, 2011). Integrated learning models are context-based and try to fit traditional core
subjects, especially STEM, into the CTE curriculum by starting with the CTE curriculum and
enhancing the academic content naturally occurring in it. Generally, the problem is not finding

areas to embed STEM learning in CTE programs, but how to support teachers move to integrate
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STEM into their classrooms (Merrill & Lawver, 2019). More research is needed to determine if
teachers are unable to integrate STEM into their subjects or if they are integrating STEM without
realizing because they view STEM and FCS as one in the same. An instrument should be
designed to focus on this issue.

Teachers can facilitate or impede students’ STEM talent (Margot & Kettler, 2019).
Teachers recognize the value of STEM education and acknowledge its importance in promoting
21st century skills, but they are concerned that they are underprepared to use STEM applications
within their classrooms (El-Deghaidy & Mansour, 2015). To provide in-depth, authentic,
problem-based STEM education, teachers need the necessary skills. They must feel comfortable
creating a classroom environment that is student-centered (Margot & Kettler, 2019).

Merrill (2016) found that most FCS teachers felt competent to teach new standards
related to STEM within their foods curriculum but were seldom given appropriate professional
development to do so in areas they did not feel competent to teach. Berleth (2020) revealed that
teachers have a positive attitude towards mathematics integration within the FCS curriculum, but
their self-efficacy was low due to inadequate teaching resources, and lack of prior training on
math integration. FCS teachers emphasized the need for institutional support, relevant teaching
materials, and regular workshops to help them acquire adequate skills in math integration within
the FCS curriculum. Findings support the need for increased professional development training
in STEM-related fields to strengthen the FCS teachers’ ability to teach STEM concepts in class,
leading to a higher level of self-efficacy (Merrill & Lawver, 2019). In conclusion, FCS teachers
show high support for STEM integration within FCS and learning institutions should leverage on
this positive attitude to educate more teachers on effectively integrating STEM concepts within

the FCS curriculum.
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APPENDIX B: APPROVAL TO USE TEACHER EFFICACY AND ATTITUDES
TOWARD STEM (T-STEM) SURVEY
The link and statement below from the Friday Institute for Educational Innovation

confirms permission to use the Teacher Efficacy and Attitudes Toward STEM (T-STEM) Survey.

The Friday Institute grants you permission to use these instruments for educational,
noncommercial purposes only. You may use an instrument as is, or modify it to suit your
needs, but in either case you must credit its original source. By using this instrument you
agree to allow the Friday Institute to use the data collected for additional validity and
reliability analysis. The Friday Institute will take appropriate measures to maintain the
confidentiality of all data (Friday Institute for Educational Innovation, 2012).

https://www.fi.ncsu.edu/resources/teacher-efficacy-and-attitudes-toward-stem-t-stem-

survey-elementary-teachers/
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APPENDIX C: TEACHER EFFICACY AND ATTITUDES TOWARD STEM (T-STEM

SURVEY

S U
M I S Jj, FRIDAY INSTITUTE Golden LEAF
TGS COLLEGE of EDUCATION FOUNDATION
¢ 4T0act of STEW Osteeach @_ Ll Lo

This projecteosived seggeet foen The Gulm LEA Forodsica

Teacher Efficacy and Afttitudes
Toward STEM (T-STEM) Survey

Elementary Teacher

Last Updated October 2012

Appropriate Use

The Teacher Efficacy and Attitudes Toward STEM (T-STEM) Survey is intended to measure
changes in teachers’ confidence and self-efficacy in STEM subject content and teaching, use of
technology in the classroom, 21st century learning skills, leadership attitudes, and STEM career
awareness. The survey is available to help program coordinators make decisions about possible
improvements to their program.

The Friday Institute grants you permission to use these instruments for educational,
noncommercial purposes only. You may use an instrument as is, or modify it to suit your needs,
but in either case you must credit its original source. By using this instrument you agree to allow
the Friday Institute to use the data collected for additional validity and reliability analysis. The
Friday Institute will take appropriate measures to maintain the confidentiality of all data.

Recommended citation for this survey:
Friday Institute for Educational Innovation (2012). Teacher Efficacy and Attitudes Toward
STEM Survey-Elementary Teachers, Raleigh, NC: Author.

The development of this survey was partially supported by the National Science Foundation
under Grant No. 1038154 and by The Golden LEAF Foundation.

The framework for part of this survey was developed from the following sources: Riggs, . M., &
Enochs, L. G. (1990). Toward the development of an elementary teachers science teaching
efficacy belief instrument. Science Education, 74(6), 625-637. doi: 10.1002/sce.3730740605
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Science Teaching Outcome Expectancy

Directions: The following questions ask about your feelings about teaching in general. Please
respond accordingly.

Neither
Strongly . Agree Strongly
Disagree Disagree nor Agree Agree
Disagree

When a student does better than usual in
science, it is often because the teacher O O O O O
exerted a little extra effort.

The inadequacy of a student’s science
background can be overcome by good @) @) @) (@) (@)
teaching.

When a student’s learning in science is
greater than expected, it is most often due to

their teacher having found a more effective o o o o o
teaching approach.
The teacher i 11 ible f¢

e teacher is generally responsible for o o o o o

students’ learning in science.

If students’ learning in science is less than
expected, it is most likely due to ineffective O O O O O
science teaching.

Students’ learning in science is directly
realted to their teacher’s effectiveness in O O O O (@)
science teaching.

When a low achieving child progresses more
than expected in science, it is usually due to (@) O (@) O @)
extra attention given by the teacher.

If parents comment that their child is
showing more interest in science at school, it

is probably due to the performance of the O o O o o
child’s teacher.
Minimal student learning in sci

inimal student learning in science can o o o o o

generally be attributed to their teachers.
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“This project received supportfom The Golden LEAF Foundation.
DIRECTIONS:
For each of the following statements, please indicate the degree to which you agree or disagree.
Even though some statements are very similar, please answer each statement. There are no
"right" or "wrong" answers. The only correct responses are those that are true for you. Whenever
possible, let the things that have happened to you help make your choice.

Science Teaching Efficacy and Beliefs

Directions: Please respond to these questions regarding your feelings about your own teaching.

Neither
Disagree | Agree nor Agree
Disagree

Strongly
Agree

Strongly
Disagree

I am continually improving my science
teaching practice.

(@)

I know the steps necessary to teach
science effectively.

I am confident that I can explain to
students why science experiments work.

I am confident that I can teach science
effectively.

@)
@)

O |0 |0 |O
©O|lO0O|O|O|O
(@)
©O|O0O|O|O|O
(@)

I wonder if I have the necessary skills to
teach science.

@)
@)

I understand science concepts well
enough to be effective in teaching
science.

O
O
O
O
O

Given a choice, I would invite a
colleague to evaluate my science O (@) O O O
teaching.

I am confident that I can answer students’
science questions.

When a student has difficulty
understanding a science concept, [ am
confident that I know how to help the
student understand it better.

. When teaching science, I am confident
enough to welcome student questions.

. I know what to do to increase student
interest in science.
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Mathematics Teaching Efficacy and Beliefs

Golden LEAF

FOUNDATION

“This project reeeived supportfrom The Golden LEAF Foundation.

Directions: Please respond to these questions regarding your feelings about your own teaching.

Strongly Neither Strongly
. Disagree | Agree nor Agree
Disagree f Agree
Disagree
1. Tam continually improving my
mathematics teaching practice. O O O
2. Iknow the steps necessary to teach
mathematics effectively. O O O
3. Iam confident that I can explain to
students why mathematics experiments O O @) O @)
work.
4. Tam confident that I can teach
mathematics effectively. o O O
5. Iwonder if I have the necessary skills to
teach mathematics. o
6. I understand mathematics concepts well
enough to be effective in teaching @) O O O O
mathematics.
7. Given a choice, I would invite a
colleague to evaluate my mathematics O O @) @) O
teaching.
8. Tam confident that I can answer students’
mathematics questions. o O O o O
9. When a student has difficulty
understanding a mathematics concept, |
am confident that I know how to help the O O O O O
student understand it better.
10. When teaching mathematics, I am
confident enough to welcome student (@) O O O O
questions.
11. T know what to do to increase student
interest in mathematics. o O O o o
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Directions: The following questions ask about your feelings about teaching in general. Please

respond accordingly.

Neither
Strongly . Agree Strongly
Disagree Disagree nor Agree Agree
Disagree
When a student does better than usual in
mathematics, it is often because the teacher O @) O @) @)
exerted a little extra effort.
The inadequacy of a student’s mathematics
background can be overcome by good O O o) O @)
teaching.
When a student’s learning in mathematics is
greater than expected, it is most often due to
their teacher having found a more effective o o o o o
teaching approach.
The teacher is generally responsible for
students’ learning in mathematics. O O O O O
If students’ learning in mathematics is less
than expected, it is most likely due to O O O O O
ineffective mathematics teaching.
Students’ learning in mathematics is directly
realted to their teacher’s effectiveness in O O O O (@)
mathematics teaching.
When a low achieving child progresses more
than expected in mathematics, it is usually O O O O O
due to extra attention given by the teacher.
If parents comment that their child is
showing more interest in mathematics at
school, it is probably due to the performance O o O o o
of the child’s teacher.
Minimal student learning in mathematics can
generally be attributed to their teachers. O O O O O
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Directions: Please answer the following questions about how often students use technology in
settings where you instruct students. If the question is not applicable to your situation, please

select “Not Applicable.”

During elementary STEM instructional meetings (e.g. class periods, after school activities,
days of summer camp, etc.), how often do your students...

Never

Occasionall
y

About
half the
time

Usually

Every
time

Not
Applicabl
e

Use a variety of technologies,
e.g. productivity, data
visualization, research, and
communication tools.

O

(@)

Use technology to
communicate and collaborate
with others, beyond the
classroom.

Use technology to access
online resources and
information as a part of
activities.

Use the same kinds of tools
that professional researchers
use, e.g. simulations,

databases, satellite imagery.

Work on technology-enhanced
projects that approach real-
world applications of
technology.

Use technology to help solve
problems.

Use technology to support
higher-order thinking, e.g.
analysis, synthesis and
evaluation of ideas and
information.

Use technology to create new
ideas and representations of
information.
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During elementary STEM instructional meetings (e.g. class periods, after school activities,
days of summer camp, etc.), how often do your students...

instructional content.

About Ever
Never | Occasionally | halfthe | Usually timey
time

1. Develop problem-solving skills through

investigations (e.g. scientific, design or O @) O O O

theoretical investigations).
2. Work in small groups. o o o o o
3. Make predictions that can be tested. o o o o o
4. Make careful observations or

measurements. o O o o o
5. Use tools to gather data (e.g.

calculators, computers, computer

programs, scales, rulers, compasses, o O o o o

etc.).
6. Recognize patterns in data. o o o o o
7. Create reasonable explanations of

results of an experiment or @) O (@) @) @)

investigation.
8. Choose the most appropriate methods to

express results (e.g.drawings, models, O @) O O O

charts, graphs, technical language, etc.).
9. Complete activities with a real-world

context. o O o o o
10. Engage in content-driven dialogue. o o o o o
11. Reason abstractly. o o o o o
12. Reason quantitatively. o o o o o
13. Critique the reasoning of others. o o o o o
14. L bout lated to th

carn about careers related to the o o o o o
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21* Century Learning Attitudes

Directions: Please respond to the following questions regarding your feelings about learning in
general.

“] think it is important that students have learning opportunities to...”

Neither
Disagree | Agreenor | Agree
Disagree

Strongly
Disagree

Strongly
Agree

. Lead others to accomplish a goal.

(@)

(@)

(@)

Encourage others to do their best.

Produce high quality work.

Respect the differences of their peers.

Help their peers.

S Il Il B I

Include others’ perspectives when
making decisions.

. Make changes when things do not go
as planned.

Set their own learning goals.

. Manage their time wisely when
working on their own.

. Choose which assignment out of many
needs to be done first.

. Work well with students from different
backgrounds.

O|lO0O|]O|O|]O|O|O|O|O]|O
©O|lO0O|]O|O]O|O|O|O|O|0O|O
O|lO0O|]O|O|]O|O|O|O|O]|O
O|lO0O|O|O]O|O|O|O|O|O|O
O|lO0O|]O|O|]O|O|O|O|O]|O
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APPENDIX D: INVITATION TO PARTICIPANTS

May 3, 2022

Dear

You have been identified as a family and consumer sciences (FCS) teacher in the state of
Pennsylvania. Your participation is requested in a 20-minute survey that will focus on
identifying self-efficacy levels of FCS when teaching science, technology, engineering, and
mathematics (STEM) concepts. The survey asks you to rate each item on a Likert-type scale. All
involvement will take place online via Google Forms. Your participation in this process will help
to shape undergraduate courses in FCS and to equip FCS teachers to integrate STEM into their
curriculum.

Though your input would be a valuable contribution to this process, your participation in this
study will be totally voluntary. Should you choose to be involved in this study, your
identification will remain completely confidential. If you choose to agree to participate, the
survey will include basic questions on your professional background. You will be reminded
throughout this process that your involvement is completely voluntary and that you can feel free
to depart the study at any time. You will receive no direct benefit by participating.

If you decide to contribute your time and input to this study, please complete the survey by May
27,2022. Please feel free to forward this message to anyone who might be interested. Thank you
for your consideration,

Charlene Smith
Ph.D. Candidate

Philip Reed Ph.D.
Education Associate Professor, STEM Education & Professional Studies Old Dominion
University
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APPENDIX E: INFORMED CONSENT

Factors Impacting Family and Consumer Sciences Teachers’ Self-efficacy and Perceptions
of STEM Education

Dear Participant:

You are being asked to participate in dissertation research conducted throughout Pennsylvania.
The researchers are:

Principal Investigator: Philip A. Reed, PhD
Darden College of Education, Old Dominion University
E-mail: preed@odu.edu

On-site researcher: Charlene Smith
Old Dominion University, doctoral candidate
E-mail: csmit081@odu.edu

Purpose of this consent:

* to inform you about this project

* to convey to you that participation is voluntary

* to explain potential risks and benefits of participation

* to empower you to make an informed decision about participation
* to record the consent of those who say YES.

Please note that if you are under 18 years old, you are not able to take part in this project.

Project title: Factors Impacting Family and Consumer Sciences Teachers’ Self-efficacy and
Perceptions of STEM Education

Purpose of project: As a Family and Consumer Sciences (FCS) teacher in Pennsylvania, you
are being asked to participate in a research project that explores factors that impact FCS
teachers’ self-efficacy and perceptions of STEM education. Your participation will contribute to
the knowledge of both student success in STEM and teacher preparation in higher education.
This research project has been approved by the Human Subjects Committee (HSC) of Old
Dominion University.

Procedures involving your participation:

* You will be asked to complete one survey.

* Estimated time to complete all items is 15-20 minutes in one sitting.

» Participation involves completing all items.

* Your participation in this project is completely voluntary.

» It is acceptable for you to say “no”.

* Even if you say “yes” now, it is acceptable to say “no” later.

* You may change your mind at any time and withdraw as a participant from this project with no
negative consequences.
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Risks and Benefits:

* Confidentiality of all participants will be protected.

* Responses will be aggregated with other students; individual cases will not be researched.
* Links to your name will be removed.

* Responses will not be linked to other directly identifiable information.

* Marietta College will be anonymized for written descriptions of this research

* As with any research, participants may be subject to risks that have not yet been identified.
* If you say “yes” to participation, your consent in this document does not waive your legal
rights.

* You will not receive compensation for participation in this project.

* There are no direct benefits for participation in the project.

Contact Information for Questions/Concerns:
If you have any questions about your participation in this project, the researchers listed above are
your primary resources.

If you would like to obtain or offer information or register a complaint about this project, you
may contact: Philip Reed, PhD, Principal Investigator at preed@odu.edu.

Voluntary Consent:

By selection yes below, you are saying several things:

* you have read this form or have had it read to you.

« you understand this form, your participation in this project, and its risks and benefits.
» the researcher has answered any questions you had about the research.
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SPSS Name | Variable Coding Instructions Measurement
Scale
1D Identification number Number assigned to each survey Scale
Sex Sex 1 = Male, 2 = Female Nominal
Age Age Age in years Scale
Educ Highest level of education | 1 = bachelors Ordinal
completed 2 = masters
3 = doctorate
Years Number of years teaching | Number in years Scale
Level Instructional Level I or I 1 = Instructional Level I Nominal
teaching Certification 2 = Instructional Level II
FCS Degree in FCS or Praxis 1 = Degree in FCS Nominal
Certified 2 = Praxis Certified
FCCLA Involved in FCCLA 1 =Yes Nominal
2=No
STEM Number of STEM courses | Number Scale
taken
SCIEFF Science Teaching Efficacy | 1 = Strongly Disagree Ordinal
and Beliefs 2 = Disagree
3 = Neither Agree nor Disagree
4 = Agree
5 = Strongly Agree
SCIOUT Science Teaching Outcome | 1 = Strongly Disagree Ordinal
Expectancy 2 = Disagree
3 = Neither Agree nor Disagree
4 = Agree
5 = Strongly Agree
MATHEFF | Mathematics Teaching 1 = Strongly Disagree Ordinal
Efficacy and Beliefs 2 = Disagree
3 = Neither Agree nor Disagree
4 = Agree
5 = Strongly Agree
MATHOUT | Mathematics Teaching 1 = Strongly Disagree Ordinal
Outcome Expectancy 2 = Disagree
3 = Neither Agree nor Disagree
4 = Agree
5 = Strongly Agree
TECHUSE | Student Technology Use 1 = Never Ordinal
2 = Occasionally
3 = About half the time
4 = Usually
5 = Every time
STEMINST | STEM Instruction 1 = Never Ordinal

2 = Occasionally
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3 = About half the time

4 = Usually
5 = Every time
TWELEAR | 21st Century Learning 1 = Strongly Disagree Ordinal
Attitudes 2 = Disagree

3 = Neither Agree nor Disagree
4 = Agree
5 = Strongly Agree
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STEM Endorsement, Millersville University (2018)
M.S. Nutrition Education, American University (2017)
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