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Abstract

The purpose of this study was to understand hewaience, technology,
engineering, and matSTEM)pr of essi onal devel opment -wor ks hoj
efficacy and motivation to implement STEM in their afterschool programs as well as develop a
tool that measures STEM motivation and wdffcacy.E d u ¢ a elfeeffiady angl motivation
weremeasued using the proposed instrument before and after they attended a professional

development workshop centered around an engineering design activity.

Quantitative data were collected and analyzed over four pragesposed instrument
measuring two consicts, seHlefficacy and motivation, was implemented, analyzed by factor

analyses, and refined until a final instrument version was created.

Findings indicated that there is sufficient evidence to support the validity of the proposed
instrument. While theris sufficient evidence of validity, future research should be conducted to
improvethe validity as well as better conceptualize educatoresitfacy and motivation

regarding STEM implementation.

Implications from this study haube ability to improveprofessional development design
and practice as well as encourage educators to implement STEM focused curricula in afterschool
by increasing their confidence and motivation to do so. This research also adds to the existing
literature by providing informa&in about educatodsieeds and attitudes around STEM

education. Lastly, this research has the ability to inform practitioners, stakeholders, researchers,



and policymakers about how to motivate afterschool program staff to effectively provide

integrated STH learning with confidence.
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CHAPTER 1: THE PROBLEM
Introduction
Although the acronym, STEM, has been used in the past 25 years, the discussion about
improving education in the disciplines of science, technology, engineering, dmeihmadics has
been around maln longer In the late 1950sfter the launch of Sputnik |, tiRace to Space
sparked an emphasis on advancing American technology as well as reforming science and math
education (Burkhart, 1959; Koehler, Binns, & Bloom, 2016). Under the Reagan adrtionistra
the Secretary of Education, Terrel H. Bell, formed The National Commission on Excellence in
Education (NCEE), which published a repdrtNation at Riskthat addressed the concerns
regarding the education system in the United States (NCEE, 1988orhmittee had several
tasks including assessing the quality of teaching and learning in the United States, comparing
U.S. schools with schools in other advanced nations, as well as identifying problems to
overcome and sol ut i @tosucdessfullg putsueithe coprde afexcellenée f we
in educationodo (NCEE, 1983, p . dcliievement bassth 89 mmi t t
academic tests during the time of the study (19883) was lower than it was when Sputnik was
launched in 1957, re@ollment in remedial math courses in college had increased significantly by
72 percent and science achievement was declining (NCEE, 1983). Additionally, compared to
other nations, the United States was last seven times in achievement (NCEE, 1983)rdRaul Hu
nationally prominent science educator, stated his concern that new generations of Americans

were both scientifically and technologically illiterate (NCEE, 1983). The report concluded that



academic achievement as a nation, was due to many aspéwtsediitational process such as
content, expectations regarding college readiness, time students spent inssthtedcher
retention and recruitment.

In 1989, the American Association for the Advancement of Science (AAAS) published
Project 2061:Science for All Americanshich discussed a framework with the intention of
getting all Americans to be literate in science, mathematics, and technology (AAAS, 1989). The
recommendations also included standards for engineering. It was this report tinateee for
STEM education reform by painting a clear picture ef Xscience curriculum, helping teachers
fill in the gaps of their own knowledge regarding science, naatti technology, and also clearly
defining science literacy (AAAS, 1989). Althoudtetacronym STEM was not yet conceived,
the improvement in science, technology, engineeand mathematics education was being
discussed.
Originofthe Acr ony m i S TDefviag SaEvd

It was not until the 1990s when the acronym STEM was coined, originally called SMET,
and the credit for the acronym was given to the National Science Foundation (NSF) (Sanders,
2009). Although an emphasis on the separate components of STEM and STEMachazti
been around for some time, the ambiguity of t
does STEM mean?0 When the term was first bein
research or had to do with botaBr¢iner, Harknesslohnson, & Koehler, 2013anders, 2009)
Still today, there is no consensus on the precise definition of STEM, and one can find many
vague definitions depending on the perspective, whether it is a political perspective, economic
perspective, or educational perspectiliee educational perspective of STEM refers to the

traditional coursework in the four disciplines, lacking an integrated approach, while the political



and societal perspectives of STEM focus ofi &intury skills needed in the workforce of the
STEM fields (Breiner et al., 2012). According to one report by the Congressional Research
Service (CRS), ASTEM educationo refers to fte
technol ogy, engineering, and mat hematences, 0 (G
Foundation uses a broader definition that includes psychology and the social sciences as well as
the core sciences and engineering (Gonzalez & Kuenzi, 2012). However, the Department of
Homeland Security and U.S. Immigration and Customs Enforcemeataumpted a definition
that disregards the social sciences and focuses on math, chemistry, physics, computer and
information sciences, and engineering (Gonzalez & Kuenzi, 2012). Others define STEM
educati ondiassc iap IAiinred &a a n dappeoach to learneng whers acadenlics nar y
are connected with realorld applications (Tsupros, Kohler, & Hallinen, 2009). Another
definition refers to STEM education as the following:

a standardeased, metdiscipline residing at the school level where alcteers,

especially science, technology, engineering, and mathematics (STEM) teachers, teach an

integrated approach to teaching and learning, where discgpeeific content is not

divided, but addressed andated as one lively, fluid studdrown, Brown, Reardon, &

Merrill, 2011, p.6)

One area of concern, pointed out by San(&089) i's that when peopl e
what they really shouldbesayn g 1 s A ST EHé argusutitaSITEMowithodt education
is merely a reference to segregated disogslim which scientists, engineers, and mathematicians
work. This idea of segregated disciplines is aligned with the results of a study by researchers at
the University of Cincinnati which concluded that a large proportion of faculty members defined

STEM bythe four content areas (Breiner et al., 2012). Other educational experts indicated that



STEM as an educational concept is problematic. One such educational expert and Honorary
Visiting Fellow at the University oY ork statedthe following:
There is littleconsensus as to what it is, how it can be taught in schools, whether it needs
be taught as a discrete subject or whether it should be an approach to teaching the
component subjects, what progression in STEM education is, an&HEM learning
can be assesd(Pitt, 2009, p.41).
One of the most modern definitions of STEM education is the intentional integration of
the four disciplines togethertosolvergab r | d pr obl ems, ter med @i nt ec
STEM can be defi ned ngoefthécoment anhdgraatides ohdisciginary | e ar
knowledge which include science and/or mathematics through the integration of the practices of
engineering and engineering design of relevan
further integration \h other schoosubjects such as art or histg8anders & Wells, 2010;
Bryan, Moore, Johnson & Roehrig, 2016, pp-228. Many educators know what STEM is in
their distinct content areas but they do not know how to integrate the four disciplines tamether
achieve a learning goal. When students participate in truly integrated STEM, they should be able
to demonstrate STEM knowledge and practices such as designing, naaidreyaluating
solutions to authentic problems, and engaging in the engineerirgyngescess while
emphasizing Ztcentury skills (Sanders, 2012; Bryan et al., 2016). The r&smthmarks for
Science Literacpg | so parallels this notion of integrat.|
and practice of science, mathematics, andteldgy are so closely intertwined that we do not
see how education in any one of them can be undertakemvgmlation from the others

(AAAS, 1993).



Importance of STEM Education
Although there is no consensus on the definition of STEM educatiomaodmeof
agreement is on the importance of integrative STEM-itkand postsecondary education. It is
not only important for learners to understand science and math concepts, but also how to apply
knowledge to solve problems. According to th& Uepartnent of Commerce, STEM jobs are
growing at 17%, more than any other field (Langdon, McKittrick, Beede, Khan, & Doms, 2011).
However, the issue is that the United States is not producing enough qualified potential STEM
employees to fill these positiofisangdon et al., 2011)The workforce in science, technology,
engineering, and math fields is essential to sustained growth and stability of the economy as well
as for the advancement and progress of our society and our global competitiveness. The STEM
workforce will need to tackle challenges of thé'2&ntury such as medical advancements in
cures for diseases as well as developing clean soofreegrgy that not only reducair reliance
on foreign oil but also reduce carbon emissions so the effects ofelamange will likely lessen
(The White House, 2009). Recognizing the importance of STEM education and the need for
STEM education improvemerRresidenBar ack Obama | aunched the #fAE:q
campaign declaring thatAmierreiacfafdisr nmionlge aansd tshter ew
scientific discovery and technol ogical i Nnnov a
century, 0 and making STEM education a nationa
implementation of STEMducation will contribute to increased global competitiveness, improve
our nationds economi cprepaced antl abendant&STEM wdrkforce.l o p a
STEM education is not only beneficial for the U.S. economy and at the global level, but
there ae also many benefits at the micro level. STEM students benefit by becoming better

problem solvers, innovators, and logical thinkers, and become morelsait and literate in



technology and science. STEM education also has a positive impact on sttitietds,
motivation, achievement, and interest in school (Stohlmann, Moore, & Roehrig, 2012).
Implementing integrated STEM in an informal learning environment such as afterschool
programs has the capability of enhancing STEM attitudes and potentidiyrgyithe gender
and ethnic gap often seen in the STEM workforce (Flowers, 2008; Levine, Seiro, Radaram,
Chaudhuri, & Talbert, 2015).

Additionally, schools benefit from implementiags TEM-focused curriculum. Schools
increase teacher recruitment artention, see improved scores, students have increased
motivation, and there is potentially an fAenha
partnerships with stakeholders and local businesses (Pitt, 2009, p.42). As Pitp(2009
ar gues ,beybdndjustgoliceteadde ss ski |l l s shortages. 0

Knowing the importance of STEM education and the rapid growth in STEM jobs, why is
the United States unable to produce enough potential employees to fill these positions? Some
would argue that there are egbuemployees. Rather than a shortage of potential STEM
workforce, some believe there is a shortage of STEM jobs. According to an article published in
theChronicle of Higher Educatiof une mpl oyment rates within STEM
t han t hreyibrv ey ebaeres 02). Mikaririgthis stétedn&nB the Bureau of Labor
Statistics believes there are STEM Asurpluses
the grcumstances at the time data beeng collected (Xue & Larson, 2015). Regardleisthe
debate, there is no argument that some STEM fields have a deficit of employees. The cause of
this dilemma is rooted in42 STEM educatiorthe pipeline to the future STEM workforce.
Issues center around lack of access,siglkes testing, teacherac k of knowl edge, ¢

fear of failure.



The first issue of creating a STEM pipeline is access. According to the U.S. Department
of Education ( n. d. )andsaciosconondicestatusocan deteangsine theirz i p c o
ASTEM f | ue mishingthelw accessitomifull range of science and math subjects. This
hi nders a st ud e n-teddyg andtherefoie,tthgy ate anlikelg to pucsliela STEM
major.

A second cause is pressure placed on faculty to have high achievement on stat
standardized tests. With the pressure of {sigtkes testing, teachers spend much of the time
teaching rote memorization which leaves little time for students to have opportunities to engage
in authentic STEM practices such as asking questions, coltadgpveth peers, and utilizing the
engineering design process to solve problems. In this era obtaghs testing, educators feel
unprepared to effectively implement integrated STEM into their already limited class time. This
lack of preparedness may thee to preservice teacher programs not focusing on STEM as well
as ineffective STEM professional development for existing educators.

A final i ssue is studentsdé unwillingness t
pressure, but students do as wiehtry to top tier colleges and attainment of scholarship
offerings are more competitive now than ever, and high achievement on standardized tests such
as the ACT and SATalong with GPA play an important role in achieving this, which leaves
little roomfor failure-or so studets think. Failure has lonigad a negative connotation.

However, failure is instructive and can teach students valuable lessons both in academics and in
life. Failure can teach students where they went wrotgegin with and how tproblemsolve.

Failure is a pivotal component of the engineering design process and is essential to STEM
education. Nonetheless, students are uncomfortable with this notion which is likely due to

educators not offering opportunities to do so. Some rdsaaroduces the concept of



scaffolding for failuretheidea of helping students feel comfortabligh failure by creating a
supportive environment where they can learn from their design failures and mistakes{Lottero
Perdue &Perry, 2017). Creating a ga&nd supportive environment for students experiencing
failure is essential to not discourage future attempts. However, creating opportunities for failure
with integrated STEM as well as creating this safe environment forndfesigre can be
hindered bynormal school day requirements. If teachers feel they are unable to implement
integrated STEM during the school day, where can students have authentic STEM opportunities
and the freedom to fail?
Importance of STEM in Afterschool

One setting where truintegrated STEM can be implemented successfully without the
pressure of grades or time is the-ofischool space. Studies have shown the impact that
afterschool programs have on s tperdeptionagdd | i ves
increase in posive social behaviordEyverage et al., 2014%ibson & Chase, 2002;
Krishnamurthi, Ballard, & Noam, 201&ahin, 2013Sahin et al., 2014). The overall approach to
afterschool is similar to the approach of STEM education. Successful afterschool programs
create a studententered environment where youth have the freedom to be creative and make
choices regarding their learning without the pressure of penalties such as grades (Afterschool
Alliance, 2011; Holstead, Hightower, & Miller, 2015). Therefore, theyehthe freedom to fail
and try againan essential component to STEM education. Recognizing the parallels between
afterschool and STEM education objectives, many programs are beginning to focus on
implementing STEM in the owdf-school space (Afterschool lldnce, 2013). Acknowledging
the importance of STEM education in afterschool, federal agencies have budgeted money to help

with STEM initiatives. Recently, PresidebdonaldTrump signed into law the FY2017 budget



which appropriates approximately $3.9 lifliacross several federal science agencies with a
large portion targeting afterschool programs, an increase from the $3 billion appropriation in
FY2016 (Krishnamurthi, 201&IP, 2017). This budget does rintlude philanthropic funding
such as that fromte Noyce Foundation or corporate fundingriroompanies such as Verizon
which also support STEM education in afterschool. Reports indicate that approximately 8.4
million youth attend informal learning programs in-@fitschool time each year (Krishnamurthi
et al., 2014). This astounding number exhibits the potential inipa$ TEM in afterschool

could have on students and our society.

Findings from a study by the National Research Council suggested that students in
informal learning environments expergenincreased motivation, interest, and excitement
regarding science phenomera well as receiva positive impact on STEM identity
development (Krishnamurthi et al., 2014). A STEM identity is being able to identify with STEM
culture or STEM professionafdlSF, 2015). Previous research suggests that a lack of STEM
identity is a reason that students, especially those underrepreise8eM, choose not to
pursue STEM fields (ASPIRES Project, 2014). With an underrepresentation of African
AmericansHispanics, Native Americans and females in STEM fields, development of STEM
identities fostered by afterschool programs can help bridge this gap. A second study revealed that
the achievement gap in math between-lamd highincome students narrowed whenvt
income students participated in afterschool programs that implemented engaging activities that
excited youth and motivated students to participate consistently (Vandell, 2013). Students who
are exposed to STEM opportunities, especially in informal spabew increased achievement
in science during the school day as well as improved skills, critical thinking, and interest in

science (Ganesh & Schnittka, 2014; Krishnamurthi et al., 2014). Providing STEM opportunities



for youth also helps them connectitiHearning to realvorld relevance. These studies
demonstrate that STEM in afterschool not only impacts science and math achievement but also
affects youthds personal d e v €'tcentprynéresearce u c h  a's
validates the imprtance of STEM education in afterschool, why does every afterschool program
not implement more opportunities?
Challenges withl mplementing STEM in Afterschool

Although many agree on the importance of implementing STEM in thefeaahool
time, progrars continue to face many challenges. There are two predominant challenges that
programs confront when attempting to integrate STEM education into their afterschool program:
funding and staff.

The lack of funding continues to be a hindrance when beginaimitiate a STEM
focused afterschool program. Although there are many avenues for funtigther it is federal,
state or local funding, private organizations, or public companies, many programs do not have
access to these grants unless they haverstaftbers with the time or ability to write grant
proposals. This can limit the funding significantly for many programs. In this SfoElsed
revolution our society is facing, everything
Companies are profitingignificantly by marketing almost anything and everything as STEM,
charging a few dollars to several thousand dollars per kit. Many program staff believe they must
have an expensive STEM kénd therefore, are discouraged by the amount of money they must
spend to sustain STEM all year long.

Also, regarding funding, when programs do receive a grant, they are often asked to
providedocumentation or data to polityakers and funders that validates their money and

showcases the impact of STEM. This can beallenge in the afterschool space where formal
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assessment does not exist. It can be difficult for afterschool staff to document the impact STEM
has on personal growth and development.

A second challenge facing programs is issues surrounding staff.ikitbd funding or
none at all, many afterschool programs must rely on the support of volunteers to engage students
in STEM activities. Some educators feel overworked by the demands thaisttewitime
places on thermothat they are unable to voluntemrwork at the end of the day. Therefore,
many programs must look for volunteers or workers in the community, many of whom may not
be trained in education or STEM. This leaves staff feeling uncomfortable and uncertain when
implementing STEM, mainly becaeishey do not know what truly integrated STEM entails.
Educators and neaducators believe they do not have the ability to initiate STEM in their
programs because they either do not have a science or math background or they believe they are
not engineersrcknow what it means to be an engineer. This is further perpetuated by the lack of
guality STEM professional development. One survey conducted by Alabama Afterschool
Community Network indicated that 87% of afterschool programs in Alabama claimed they were
implementing STEM (TumanPiercelnstitute 2016). However, from the same survey, 66% of
educators working for these programs stated they had never heard of the engineering design
process or did not know how to apply it (TPI, 2016). These contradictory results further
demongtate that afterschool staff do not know what integrated STEM igla@efore, must not
be truly implementing quality STEM. When asked what challenges their Alabama program
faced, 60% surveyed claimed Aknowl edgeesoowhs
a challenge while 45% agreed ASTEM training a

faced (TPI, 2016).
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Although programs face challenges regarding funding and staff, both challenges can be
overcome by quality STEM professional devel@mh Professional development has the ability
to train staff to write grants to obtafunding, increase knowledgeiotegrated STEMand
increase&knowledge concerning the engineering design process. In return, staff confidence will
likely increase and gtents will reap the benefits of aajitly STEM afterschool program.

Problem Statement

While much of the current research focuses on new curricula and strategies to engage
students in STEM, there is little research on what motivates basithimol and oubf-school
educators to implement STEM and increases their confidence in their abdibyso. Due to the
lack of consensus on the definition of STEM education or how to implement truly integrated
STEM, teachers are left feeling confused and lack motivation and confidence to implement
STEM in their afterschool programs. Along with the dreggnent on what STEM education
entails, teachers also are less willing to implement STEM due to limited resources, time, and
their lack of knowledge of the Engineering Desigondess (EDP).

Understanding the EDP is essential to planning and implementiggrttegrated STEM
in bothin-school and odbf-school time. However, many educators report not understanding
what the EDP is or how to implement it correctly. Implementing ddsaged learning activities
(STEM activities) without the knowledge of th®F can | ead teachers to u
inefficient design bebhawideerns sabn dd ehsabgint s csrc ornec
(Crismond & Adams, 2012, p.740). Therefore, quality STEM professional development is an
essential first step in helping teers become knowledgeable, comfortable, and confident in the

EDP and implementing desidrased activities.
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The purpose of this study is to understand how a STEM professional development
wor kshop i mpr oeffeay andemeotovdtienrtosndplermeSTEM in their

afterschool programs as well as develop a tool that measures STEM motivation -afiicaely.

Specifically, the research questions guiding this study are the following:

1) Does a STEM professional devell-opment wo
efficacy and motivation?
a) How do teachers rate their motivation to implement STEM before and
after a STEM workshop?
b) How do teachers rate their selfficacy regarding STEM implementation
before and after a STEM workshop?
2) What evidence ofeliability and validity supports the propos&ITEM Attitudes of
Educatoranstrument in evaluating educator motivation and-séltacy
regarding STEM implementation?
Some afterschool teachers and staff do not have STEM backgroundseaetbre, do
not feel confident or motivated to implement integrated STEM activities into their programs.
Through a professional development opportunity, teachers will become familiar with dimensions
of quality STEM, become confident, and become motov&damplement activities into their

own program.

Significance of the Study
Informing and supporting educators in how to implement integrated STEM correctly and
confidently is an essential first step to engaging students in STEM. Until educators become
comfortable with guiding their students through the engineering design process, they will be less

motivated to plan and implement quality STEM activities. Therefore, investigating motivation
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and seHefficacy of afterschool staff can inform future professiatevelopment design and
implementation. While current research focuses on engaging students in STEM, there is little
knowledge regarding how to motivate educatorimplement STEM effectively, and there are
few to measure educator STEM sefficacy andmotivation.

Integrated STEM education has the potential to impact two key areas: student learning
and achievement, and student interest and identayighalResearciCouncil, 2014). Through
participationin integrated STEM activities, previous findings indicate that students have
improved conceptual learning across multiple disciplines (NRC, 2014). However, are they able
to connect what they learn in the @ftschool time with the #school time? Resedrsuggests
that although some students are able to make links in their learning, there is a lack in connecting
concepts from oubf-school learning with ikschool learning (Fallik, Rosenfeld & EylpR013).
According to Fallik etal. (2013) bridging thisgap provides multiple learning opportunities for a
variety of learners and can increase student motivation for learning, expand student conceptions,
and provide opportunities for students to develew skills and abilitiesCause othis gapmay
includelack of understandindack oftools, orpoorcommunication between staff to provide
opportunities for bridging in the iachool dg with the outof-school time. A dsignbased
science curriculum aligned with state standards can be implemented in infettimglss such as
afterschool, to reinforce science content and bridge this gap (Schnittka, Evans, Won, & Drape,
2015; Valentine, 2016). This would provigéfective professional development for teachers
regarding how to implement integrated STEM with dedigsed curricula and connect concepts
and is essential to bridging-sthool time without-of-school time.

With such a high emphasis on providing integrated STEM in thefesthool time,

stakeholders, policy makers, and educators should be awarefotitidation of providing
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maximum learning opportunities in STEM which is teacher motivation aneielacy.
Therefore, this researth designedo inform practitioners, stakeholders, researchers, and
policymakers about how to motivate afterschool paiogstaff to effectively provide integrated

STEM learning with confidence.
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CHAPTER 2: REVIEW OF THE LITERATURE
Introduction

The literature reviewed in this chapter relates to both the design and subject of the
proposed reseeh study, which is to investigate how to develop a valid and reliable tool to
measure teacher motivation and sffcacy regarding STEM implementation in afterschool
programs. Therefore, this chapter begins with a discussion of STEM programs in aftiersch
focusing on support for STEM initiatives, the impact of STEM in afterschool, and various STEM
program models. It follows with a discussion of professional development best practices as well
different professional development models. It concludes loysissng the lack of research
regarding phenomenological studies to understand teacher motivation as well as the lack of
research on a valid and reliable tool to measure STEM motivation areffsety of educators.
STEM in Afterschool

Support.

Nationally, more than 10.2 million students participate in aftersghmogirams, and in
Alabama along¢here are approximately 105,0001R students enrolled in afterschool programs
while another 275,000 are waiting for program availabditgordingo the Afterschool Alliance
(2014; 2017). It is clear that afterschool programs reach many students, but there is a demand for
more programs. With limited resources, programs and program staff are continually being
reduced or eliminated. In addin, there is significant interest in including science in afterschool
programs bytdue to the lack of resources and funding, not all youth are exposed to science and

integrated STEM afterschool (Chi | Frr-eeman, &
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research study, a survey was created that focused on general information about the afterschool
program, information on implementation of science activities (types, frequencynskgaso

specific details abouwctivity origins (purchased or saifeated), ath descriptions of program
needs, challenges, etchit al. were interested learnng about the existingmerging markets

for science in afterschool and pamgfa picture of what afterschool programs weoéng across

the nation. They founthere was aignificant interest in includingcience in afterschool but
studentsvere also offered limited access to quaditjencelearning opportunitie€Chi et al,

2008). According to this saarstudythere is also demand for support to increase the quality and
guantity of sciene in afterschool programSupport, however, does not only include financial
support but also time and quality training for staff. Although beneficial for painting a holistic
picture of afterschool in America, the study fails to capao®irately the nubrer of youths

served and also provideague information regarding adty descriptions and curriculased.

Impact.

Research has suggested that STEM in afterschool has many positive benefits for students.

Programs not only have a pagit impact on youth perceptions related to STEM and STEM jobs,
but also an impact on female perceptions related to engineering (Everage, Feldhuas, Tlabert
Hatch, & Fernandez, 2014). Everage et al. (2014) aimed to determine the efficacy of an
engineering aap in improving student perceptions regarding the desire to pursue an engineering
career as well as perceived success in engineering by administering the POWER Camp
Perception Survey. Usingtestet est rel i ability, Peareatinn 6s r
the survey. Questions were found have a correlation coefficient between 0.70 and 1.00
suggesting that each statement was reliable (Everage et al., 2014). See Figure 1 for sample

survey items. Preand postsurveys were conducted on a sample oksinthigh school females.

17

w



Although the sample size was limited, results indicated that the camp had a positive impact on

girl sé perceptions related to engineering
2014).
Question Stror.ng ly Agree Neutral Disagree St_rongly
Agree = = Disagree
1. It would be pretty fun to work in an
. . . 5 4 3 2 1
engineering related job.
2. It is difficult for women to have 5 4 3 . |
successful engineering careers. ) -
3. I might be willing to try a job related
to engineering, but I don’t think I 5 4 3 2 1
would like it.

Figure 1 Sample questions froMOWER Camp Perception Survey
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In a study by Koch, Georges, Gorges & Fujii (2010), researchers suggest that through
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STEM make a positive change. In thisdsturesearchers repedon how a youth development

program targeting girls impacted attitudew/ard, and interest, information technologylIT)

careers. Using a mixemethod, preposttest approach to achieve a deeper understanding of

factors influencing attitudes, they collected survey data from 439 participants and interviewed

170 girls using the IT Attitudes Survey. An example survey questian m

t
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do you think about computeelated jobs like weldesigners, software developers, or computer

eng

i neer s?o0

(Koch

et

al .,

2010) .

coefficients were calculated. &Hirst compositescore capturedttitudes about

Thr ee

computer/technology related jobs and the reliability coefficient was calculated to be .75. The

second composite score captured attitudes regarding computers and computer work and the

reliability coefficient was calculated twe .76. Lastly, the third composite score cautgre r | s 6

views of women in IT careers, and the reliability coefficient was .72. These reliability
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coefficiens ranging from .72 to .768uggest that the survey items are sufficient but a reliability
coefficient of .95 or higher is desirablénorndike, 199% Although the study had limitations
regarding logistics of arranging fieldtrips and recruiting IT professionals, results add to the
existing literature about the importance of exposing young girls to SdieMssionals. When
exposed, they begin to realize the possibility of seeing themselves in those roles (Kgch et al
2010).

In atwo-yearstudy by Gibson an@hase (2002), researchers suggest that attitudes
devel oped ear |l y i n icalttecchande dntestheyrdachcnaddlé schoo) age e d i
and increasing and sustaining interest in science can be accomplished through afterschool
programs focusing on science and STEM. This claim was based oryadwstudy that
consisted of survey data amderviews from 79 middle schealge students who applied for the
Summer Science Exploratorium Program (SSEP) summer camp. Two surveys were administered
(The Science Opinion Survey and the Career Decision Making SyRevised) to all
participants and 22 eve selected for interviews. The Science Opinion Survey, produced by the
National AssociationfoEducational Progres®AEP), is a 36item questionnaire which assesses
interest and attitudes about science activities opairit scale $trongly agree, Ages Not Sure,
Disagree, Strongly Disagrge ( O6 Sul I i van & Wei ss, 1999) . Samp
such as fAiScience | essons are funo and Al |1 ook
Making SysterrRevised survey developed by Harringtond OO6 Sh e a (quaestBn2) i s a
career interest survey using g@int rating scalel(ke, Not sure, Blike). Sample items include
APerform scientific s tQrdonebsaphdadestciedtsyangdroms e ar ¢ h
.88 t0.93 suggesting th@strument is reliable (Harringtda O6 S h e a , 1992). The <co

surveys totaled 126 questions, which could potentially be daunting for participants and may not
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accurately portray the attitudes or interests of the participants. Also, post interviews were
conducted two years after the camp ended tratefore, students may not remember their

feelings or excitement (or lack thereof) of their experience with SSEP .tR&sah presurvey

data suggeghat students who attended camp initially had more posititedes and interests
compared to those who did not attend. This is not a surprising finding considering that students
who applied to the program and attended would naturally have a higher interest in science
compared to those who did not apply. Intemge€rom the participants shed light on the informal
camp experience regarding interest in science. Most students stated they enjoyed the camp and
that they were interested in science. However, these statements contraesaryp®gtiata that

show a decrese interest in scienc&he aithors suggest that this contradiction may be due to the
traditional approach teactsarse to teach in highchool compared to middle school science. To
gain a deeper understanding of thdséa, researchers interviewed studeartd confirmed that

they enjoyed science less in high school because the teacher focused heavily on lecturing a
note taking as opposed to iaquiry-based approach (Gibson & Chase, 2002). Teachers
approaching science from a traditional method cannegatiy i mpact studentsé
attitudes in science (Gibson & Chase, 2002).

However, several studies by Alpaslan Sahin and his colleagueatmdhat the more
students arexposed to STElMand given opportunities to engage in STEM clubs, the hitjeer
matriculation rate in STEM majors (Sahin, 2013; Sahin, Ayar, & Adiguzel, 2014). This claim is
based on data collected by Sahin (2013) on 379 high schoeots&om a charter school who
attended one of seven afterschool STE\&ted clubs. An onlineusvey was developed to
collect data about student demographics, college acceptance status, majorsdtesly aakd

how many years they participated in science fairs and STEM clubs. Furthermore, Sahin believed
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that based on results, schools should prevadvariety of flexible clubs and that engaging
students early in their secondary education promotes interest in STEM which could potentially
i mpact studentsdé choice in a STEM major. A s
becauseactivities inafterschool are nagradeoriented, students feel more comfortable and enjoy
the tasks at harahd, therefore, feehotivated to accomplish STEM goals. This is based on
case study of 10 students attending STEM afterschool clubs at a charter schoahtémaaws,
observations, and field noteke authors suggest that afterschool programs implementing
STEM-focused activities contribute to the development 6f&ntury skills that impact
studentsoé abil it i,asd-cdtwal moblemseStudentsacqile,complexl i t i c a
communication and collaboration skills applicable to-meatld contexts, which are essential for
being prepared for the 2tentury workforce (Sahin et al., 2014). STEM in afterschool not only
impacts studnts but also has a positive impact on the school, the community, and globally.

Models.

What should STEM in adrschool look like? Simplgarticipating in STEM afterschool
programs is not sufficient. STEM focused programs must b&gbfguality for studets to reap
the benefits. One way to assess the quality of a STEM afterschool program is through the use of
the Dimensions of Succef30S)observation tool which measures quality along 12 indicators in
four domains so educators can pinpoint strengthsveatnesses of afterschool STEM learning
opportunities (Papazian, Noam, Shah, & RiMfoCormic, 2013). Not only can the tool show
growth of quality STEM in a prograrbut it has the potential to shed light on areas where
professional development may be nakgeterms of quality STEM activities (Papazian et al.,

2013). This observation tool assesses the learning environment, activity engagement, STEM
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knowledge and practices, and youth development in STdiMey factors that provide students
with a quality SEM experience in afterschool.

The development of thitoolby Papazian et a(2013)initially began in 2007 by
observing 1700 students in KL.2 settingsA few years later, in 2011, Shah et al. (2018)
conducted studig® establish the psychometric pespes of the observation tadlwo studies
were conducted. The first study focused on establishing validity and reliability evidence while
study two focused on further reliability evidence and tool refinement. Study one consisted of 284
observations thabok place in oubf-school time settings and summer programs. Observers
were recruited and interviewed. After the selection process, observers were required to complete
a two-day training (online or person) that was led by the tool developers. Af@ning a par
of observers went to the feeto conduct observations. A pair of observers were used to establish
a rater reliability. The observers watched the activity simultaneoufiffgien-minute blocks and
spentten minutes scoring each dimensi@servers would discuss start and end times of
activity, but not ratings or evidengcentil all data had been submitted to researchers. To establish
evidence for reliability and validity, researchers examined the quality of the scores given by
calculatingpercent exact agreement, percent exact or adjacent agreement, the quadratic weighted
Kappa, and the correlation of eadimension across observatioR&rcent Exact or Adjacent
Agreements defined as two observers rating the same score or a score diffigrime point on
the same dimesion. The quadratic weightéthppa is a measure of intebserver agreement
that takes into account agreemenpening by chance. Finallgorrelations between pairs of
scores were calculated. Additionally, researcherswcted arexploratory factor aalysis. Study
1 results based on Kappa value interpretations suggest that four dimensions showed moderate

agreement (Kappa value of .41 to .60), six showed fair agreement (Kappa value of .21 to .40),
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and two showed slight agmment (Kappa value of 0 and .2BErcent Exact Agreemeranged

from 40.2 to 9.4 across the dimensions whitercent Exact or Adjacent Agreemeanged

from 83.8 to 92.3 across the dimensions. The Exploratory Factor Analysis (EFA) indicated that
dimensiams loaded into two groups: a learning environment factor and a STEM meaakiigg
factor, providing evidence for validity.

Study two, focusing osupporting reliability evidence and tool refinement, contained 56
observations. Procedures werry similarto study one. However, this study implemented a
longer and more rigorous training and certification process for becoming an observer (Shah,
Wylie, Gitomer, & Noam, 2018). Kappa value interpretations indicated eight dimensions had
perfect or substantial eepment (Kappa value of 0.81 t@®@ while the remaining dimensions
had substantial agreement (Kappa value of 0.60 to 0.80). Therefore, agreement improved after
further training. Based on results from both studies, Shah et al. lay out reliability atity vali
evidence that supports the toolés use in eval

Not only is it important to assess the quality of STEM taking place but it is important to
find out if learning is taking place as well. There are several ways to @éntwwonceptualization
of science content in afterschool settings including storyboards, videotapes, social networking,
interviews and pre and posttests (Schnittka, Evans, Won, & Drape, 2015). In this study,
Schnittka and her team sought to understandaldle school youth learned and expressed
science and engineering content knowledge as they participated in an engineerintakesign
curriculum. This study is relevant due to a lack of research on determining what youth might
learn in afterschool sethgs in regards to science and engineering. The authors explain how
afterschool settings provide educational benefits and personal growth of youth. However,

measuring outcomes betwegformal school setting and afterschool settings differ, and
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thereforemay fail to capture the range of ways youth demonstrate learning in informal settings.
The curriculum Save the Penguir{Schnittka, 2009)was implemented in this afterschool
setting and focused on building structures to shelter penguins to keep theancctmhave a
safe place to lay their eggs. The main concepts featured in this curriculum kit focus on heat
transfer including conduction, convectj@nd radiation with ties to reducing carbon emissions.
This article also describes an afterschool progrsamed Studio STEM, which aims to increase
understanding of science, technolpggd engineering through challenges related to energy and
sustainability for students in middle school. The authors explain that Studio STEM centers
around desigibased scieree a pedagogical practice which aims to create artifacts by applying
science knowledge. The participants were migaleootaged youth scattered among three
middle schools in a rural region of the United States. These students were led by three educators
with a science or math background as well as undergradudenttwhavere in STEM fields.
All educators and undergraduate facilitators were trained c@ahe the Penguircarriculum
kit prior to teaching it

Triangulating data sources to address construct validity, the researchers answered their
research questions using multiple instruments including videotaped observatieasdpre
posttests, Edmodo chat logs, storyboards, and transcripts of intervievasldiBss conceptions
about heat transfer, students took at&gh multiple choice test calledeat Transfer Evaluation
created by Schnittka and Bell (2011). This evaluation was testeelifduility usingtestretest
method.Linear regression was used tetekrmine that the correlation coefficientsna.71which
is considered acceptable (Hinkle, Wiersma, & Jurs, 1982; Schnittka, 2009).

Results indicated there were many wusef ul w

understanding of science concepts. Storyiimavideotapes, social networking, intervieeusd
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pre- and posttests all demonstrated learning took place during Studio STEM. Overall, the

curriculum i mplemented in Studio STEM had an

transfer concepts. Studio STEHMd a welldefined goal and appeared to have a positive effect

on knowledge and interest in science for participating youth. There were gains in science content
knowledge between prand posttests in majority of participating youth. Analyzing all data

saurces, results suggest that actions of the educators and facilitators were key in impacting
learning. Results further indicated that social networking resulted in positive outcomes for youth
to express themselves with each other and the facilitators.

Reseech also suggests that afterschool STEM programs should work in tandem with
schools to provide information on STEM career paths (Everage et al., 2014). STEM programs
should emphasize equality in STEM fields to change existing perceptions by exposintsstuden
especially those that are underrepresented, to STEM professionals to change perceptions and
develop STEM identities as well as emphasize that STEM jobs are fun and exciting (Everage et
al., 2014; Koch et al., 2010). It is not enough just to have STiekéssionals visit and describe
their careers. The professionals should share their job experiences, duties, sakemnt life
education decisions that enabled them to achieve their jobs as well as be interactive with youth
and engage them with tools, tachogy, and activities to increase their excitement (Koch et al.,
2010). Therefore, professionals should explain connectii@t®een their careers atite school
curriculum. Afterschool program staff can accomplish this task by reaching out to their local
STEM professionals within their community and begin building relationships with them.

Allowing opportunities for collaboration is also key in STEM programs. Working in

groups allovg greater opportunities for students to design, build, aest rebuild mdels and

alsoallows studens to become aware of thaitrengths and weaknesa s we | | as thei
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strengths and weaknesses (Sahin et al., 2014). Sahir{2@l)also suggests that collaboration
contributes to student learning and understanding of diffespeicts of the task at harslahin et
al. (2014)concludes that designing STEM related afterschool program activities aligned with
215 century skills is keyd developing a genation of lifelong learnets

Another approach to integrating STEM in the afterschool setting is through the Studio
STEM model This model engages youth, increases satisfaction and motivation of stahehts
pr omot e s bekets intdnsioand extrinsic valyand identification with engineering,
science, and computer science (Schnittka, Brandt, J&riegans, 2012). One study concluded
that the Studio STEM model created an environment where youth felt empowered and
encouraged stents to enroll and participate in STEM subjects (Schnittka et al., 2012). In this
study, researchers created a Studio STEM environment at a Boys and Girls Club working with
middle school youth implementing an engineering curricultave the Penguinto measure
s t u d moativatom, beliefs, and identification with engineering, science, and computer science.
The authors point out that there is little research regarding how youth learn engineering in
informal settings and how informal engineering educaditects beliefs and identification with
engineering. Participants included eight middle school youth enrolled in a local afterschool Boys
and Girls Club. The group consisted of all Caucasian students. Although it is ideal for all youth
of any race to havpositive associations regarding engineering and science, this study could
have benefited from having participants of underrepresented groups, bolstering claims of
afterschool impact on underrepresented groups in STEM fields. Questionnaires about beliefs,
interests, and values were administered before and after the study. Two scatée firtnmsic
Motivation Inventorywere modified and given to measure interest in the Studio STEM project.

The two scales used included the InteEagtilyment scale with sen itemdo assess the
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studentsé6é interest in participating in Studio
very much. 06 and AStudi o ST HdhEWat/Ampdrianoe stcaletod o. 0)
measure the amount of effort studenistp i nt o St udiiedveByh&dn Stuelio g . , Al
STEMnd all opputofa ef f or t Allitemowerg scalatl ioroafdhTLikédt: 0 )

type scale. This questionnaire has previously produced valid and reliable results in multiple

studies ([&ci, Eghrari, Patrick, & Leone, 1994; Ryan, 1982; Ryan, Mims & Kmestl983;

Plant & Ryan, 1985)Additionally, two scales from th€lassroom Life InstrumeifTeacher

Academic Support and Student Academic Support) (Johnson, Johnson, & Anderson, 1883) wer
modi fied and administered to measure caring (
Studi o STEM teacher cares about how much | | e
me to do my best on this project. o).

The authors argue that Studi®EM helped students feel empowered, successful, and
interested in engineering, science, and computer science. Also, the authors concluded that Studio
STEM provided the caring needed by students to increase their identification. Because of
increase in belfs, this led to students putting forth more effort. Studio STEM also has the
potential to promote enrollment in STEM subject areas. Overall, the Studio STEM model is ideal
for the afterschool spad®y fostering positive outcomes regarding beliefs and ration
regarding STEM. Furthermore, this study provides a framework for analyzing the impact of
informal learning regarding science and engineering.

The structure of Studio STEM also provides an atmosphere for students to engage in free
choice, tinkeringand selfdirected learning (Schnittka et al., 2015). Free choice learning is a
concept used to describe the ability to choose what, wéiedehow a student learns.

Transforming a learning environment from teaebentered to learnded has the potentiéd
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increase and sustain motivation throughout a STEM experience (Newbill, Drape, Schnittka,
Baum, & Evans, 2015). In one study by Newbill and her team, researchers transformed-a school
based curriculum to a problebased curriculum designed specifically fosummer day camp.
To accomplish this task, they identified seven design strategies including: [configuring] the
space instead of the time, [issuing] the challenge at the beginning of the experience, [including] a
public presentation, [converting] scdffong material to badge requirements, [strengthening]
learning goals for process and reflection, [using] technology to make information available, and
[training] facilitators (Newbill etal., 2015, p.7). Using these seven strategies to modify a
curriculumfor summer camp, the researchers assessed how well the redesign worked by
collecting data in multiple ways including interviews, badging notebooks, observations, and
artifacts (curriculum materials, schedules, and maps). Participants indiGdriddle scbol
students whattended a summer caraper afour-day period. By transforming a temporally
organized activity into a spatially organized activity, students were able to take control of their
learning by deciding which badges to complete to accomplesBTHEM learning goal. The
authors concluded their redesign was successful. Afterschool program educators canaedesign
curriculum using the seven strategies outlined in this study to transform a curriculum to a
learnerled experience that will stimulattsident sé i nterest i n STEM
2015). The afterschool space is an ideal environment for free choice learning to take place.
Professional Development

Providing quality STEM professional developm@aD) opportunities for educators is an
essential first step in helping them become confident and motivated to implement integrated
STEM into their afterschool programs. When designing and implemebrvgorkshops,

research suggests several elements thattédoils (those conducting workshops) should consider
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so that educators (those working in thesaiool space and cof-school space) reap the

maximum benefits. These elements include the purpose, the environment, modeling, duration,
active learning, and ¢erenceand may differ depending on tR® model (faceto-face, online,

or hybrid) (Avery & Reeve, 2013; Banilower & Shimkus, 2004; Desimone, 2009; Garet, Porter,
Desimone, Birman, & Yoon, 2001; Goodnough, Pelech, & Stordy, 2014).

There are three platfiors from whichPD can be implementediaceto-face, online, and
hybrid. Faceo-face models consist of participants meeting in a common location with a
facilitator leading instruction in person and available in-tima¢ to answer participant questions.
Online PD can take form through a learning management system where teachers enroll in
courses or modulesr could be completed through an online meeting space. QRigves
educators the flexibility to learn at their convenience at a lower cost to siibmits and also
provides other benefits including more resources and more variety in course offerings (Thomas,
2009). HybridPDis a combination of participants meeting both faeéace and onlinand is
believed to be the bestethod for achieving ietraction and ongoingducation (Harwell, 2003).
Theidea of hybrid learning has evolved from traditional-siefits-all workshops into a more
A t e acaerteeed, selflirected model of teacher learning ( \Basbd Education Commission,
2000, p.60).

ThebestPD approach (e.g. study groups/coaching/mentoring vs. workshops) depends on
the intended purpose (e.g. promoting effective instruction vs. leadership strategies) (Banilower &
Shimkus, 2004). In one study by Banilower & Shimkus (2004), evaluators ciexaica
guantitative observational study using i@ Observation Protocol (PDOP) to rate features and

quality of the sessions they observed. The researchers investigated whether certain features were
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important predictors of the quality of tR® using hiearchical linear modeling. Observations
were conducted at over 2108 sites by multiple evaluators using the PDOP tool.

The authors discussed several key findings. Fird®[gsrojects maturedsession quality
ratings improvedThis is likely due to in@ased preparation and experiences of the PD
providers. Also, engaging educators in problem solving or investigation activities was effective
in creating a vision of instruction, learning to use materials, building professional networks,
learning pedagogitatrategies, and in understanding student thinking. These findings confirm
that active learning is key to high qual®p (Banilower & Shimkus, 2004). Findings also
suggest that the best approaclP(study groups/coachifmentoring vs. workshopslepenls
on the intended purpose (Banilower & Shimkus, 2004). For example, providing PD with the
intent of promoting effective instruction should be approached in a workshopastylpposed
to amentoring approachwhich may be more effective for promotingatégies of leadership.
Finally, PD providers may be an important predictor of PD quality (Banilower & Shimkus,
2004). For purposes in promoting effective instruction, reflective practices, or understanding
student thinking, facilitators should be sciencattmematics education faculty.

There are twariticisms to offer with this study. First,hat is the difference between
high quality and low quality according to this report? These variableotaotearly defined.
Secondthere is no interrater relialijidiscussed. Some researchers could score a PD as high
guality while others score it as middle to low quality.

In the case of developing a STHRD trainingprogram the best approach would be a
workshop with the intended purpose of promoting effeatiggruction with a focus on STEM

content knowledge that is appropriate for each grade level (Desimone, 2009). Additionally, a
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train-the-trainer model for P[2zan be conducted to have a larger impact across the state
(Schnittka et al., 2014).

In astudy byGoodnough et al. (2014), researchers gained perceptions of primary and
elementary teachers on effective STIPI. This article was part of a larger fayear study,
Teachers in Actiorfocused on enhancing STEM teaching and learning. The authors explained
how effective STEMPD is especially important for elementary teachers because they lack
degrees in STEM disciplines. They describe different definitiofDodis well as the distinatn
betweerPD and professional learning. For example, some arguéiha something done to
teachers while professional learning is about how teachers construct their knowledge and
develop new skills or improve existing ones (Goodnough et al., 2014udtnthis action
research study, the authors amhio better understand the perceptions of educators regarding
effective STEMPD. The patrticipants in this study were twettyo primary and elementary
teachers across five school districts in Canada whegattor a week to learn about STEM
topics as well as how to conduct action research. Once back at their schobkxstearked in
pairs anctollaborated with the researchers via an online platform. Although the authors of this
paper note this is part aflarger fiveyear study, they faéddto menton the timeframe from
which the data for the article wegathered.

Instruments used to collect qualitative data came from various resources so researchers
could achieve triangulation. Participants completedperended questionnaire which focused
on characteristics they deemed essential for effective PD and asked how they could best be
supported in teaching STEM (e.§DQescribe what you believe are the characteristics of effect
PDin science)) (Goodnougtet al.,2014). Participants journaled and participated in online

discussions. Video was recorded and analyzed from planning meetings and online
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communications. The data were analyzed usiegoftware, MAXQDA, to look for themes.
Researchers recorded artedlynemos and coded to generate subcategories and generate broader
themes.

Several themes emergé&wm the resultsThe key characteristics that the educators found
essential to effectiveD were that 1) PD needs to be directly connected to studentilegyn
have strategies for diverse learn@sthere should bepportunities for collaboration and sharing
so they can learn about good teaching practices to improve their own teaching, andjittadly,
activities in PD need to be relevant (Goodnoughl.e014). Additionally, teachers noted that
opportunities to mgage in handen activities werémportant to them.

Another theme that emerged from the data was support systems as a key element to
effectivePD. Supporineededo implemeneffectiveSTEM included time, opportunities to
collaborate, provision of resources, access to technology, and support and guidance from
administration and resedmers(Goodnough et al., 2014).

The participants also shardtkir views on action researchhe most prevatg theme
that emerged was a focus on student learning. The educators declared there is a link between
improving their own practices and enhancing student learning and that teacher reflection plays a
role in this (Goodnough et al., 2014).

Effective PD shoud not only focus on STEM concepts but also teaching and assessment
methods to improve learning for all students (Goodnough et al., 2014). Effeé€tisieould
provide support for teachers such as time, opportunities to collaborate, provision of resources,
access to technology, and support and guidance from administration (Goodnough et al., 2014).
Professional learning communities (PLCs) are another approabibfdthese communities

consistof educators coming togethen a regular basis to discuss expertisd discuss ways to
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improve teaching skills to increase achievement of students (Hord, 2009). These learning
communities are designed to foster collaboration among educators as well as to provide insight
into effective instructional strategies. Professidearning communities are constructivist in
nature. PLCs model a constructivist environment by creating a setting for working relationships
indicative of constructivism based on the following dimensions: shared beliefs, supportive
leadership, supportiv&ructural conditions, trust, collective learning, and peer sharing (Hord,
2009). Hord (2009) suggests thiat be most effective, PLCs must consider community
membership, learning time, learning space, data use support, and sharing leadership.
Environnent is another key element that needs to be considered when planning and
implementing @D workshop. It is important to provide a supportive environment for educators
(Avery & Reeve 2013). Avery & Reev€2013 believed there was a need to examine factors
that can contribute to successRIDin STEM areas, especially in regard to integrating the
engineering design process. The authors set out to solve this problem by conducting a qualitative
case study to examinke effects oPD on infusing engineering design and problem solving into
STEM curricula areas and the overall effects that STEM PD had on teaching practices. The
authors gathered data from three sources including teacher interviews, teacher doamhents
classroom observations. Participants were fowgeirvice high school teachers with science
backgrounds who participated in the NCETE PD (National Center for Engineering and
Technology Education) workshops that were conducted in Z086/éars prior tdhe study).
Teacher documents consisted of course outlines, lesson plans, and design briefs. Interviews were
approximately one hour in length, in person, and consisted of sevemonged questions.

Classroom observations were conducted in 2009 to veatgraents from the interviews.
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The researchers discuss three major themes that emerged from the data: incorporation of
PD content, challenges with incorporating PD content, and benefits of incorporating PD content
(Avery & Reeve, 203). Data from teachs showedhat the PD provided a model for how they
should incorporate STEM into their own classrooms as well as helping them connect STEM
educational theories to their teaching practices. This provided their students with more enriching
learning experieres. Resultalso poineédout several challenges among these teachers regarding
STEM implementation. These challenges inctutie following: evaluating group projects,
standardsased pressures, availabilityafthentic engineering design challenges, and
developing STEM lessons (Avery & Reeve, 2013). Finally, themes around benefits were
described. Teachers believed that the STEM PD benefitted their classroom lite¢acifitated
teaching, increased student motivation for STEM learning, prolonged strigagement,
increased student appreciation for science and math, improved student thinking and-problem
solving skills, and improved student learning (Avery & Reeve, 2013).

The authors believe the findings from their case study revealed key issue$iatreas t
relevant to effective STEM PD development and implementatiot concludedith six
recommendations for developing effective PD. First, when conducting STEM PD, the facilitator
must provide a supportive environment which may involve serving goothi@althy meals,
providing teacher stipends, having a willingness to listen to teacher ideas and recommendations
for PD improvement, showing respect for what teachers do teach, and providing necessary
support to sustain what they learned through STEMMARRry & Reeve, 2013). Seconidljs
important to providean exemplar engineering design challenge for teachers to reference as a
model (Avery & Reeve, 2013). STEM PD developers should also incorporate ways to assess

group projects since peer collaboratismaralleled in realvorld contexts (Avery & Reeve,
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2013). Also, PD developers should consider standasded pressures that impact STEM
learning and provide suggestions to remediate this (Avery & Reeve, 2013). Additionally, when
planningPD, facilitators should train teachers on how to develop their own stantiasssd,
engineering design challenges and lesson plans (Avery & Reeve, 2013). Finally, STEM PD
should train teachers how to integrate STEM concepts into their instructional materials by
reviewingappropriate content standards (Avery & Reeve, 2013).

When considering onlinBD, teacher presence plays a large role in participant
satisfaction and learning and should have instructors that are present and engaged with
participants (HolmesSigner, &MacLeod, 2010). In atudy by Holmes et al. (2010), researchers
examined factors that promoted interaction and satisfaction within an &iineurse for K12
educators. The authors used a witkiage mixeemethod approach that consisted of 95 in
serviceK-12 private school teachers who were enrolled across seven BbBlicmurses.
Researchers used a Likadale instrument with two opeanded questions as well as a focus
group. The instrument centered around themes of feedback, course resourcespirgeract
requirements, impact on teaching, sense of community, lack of visual images, and learner
satisfaction. Theopeended questi ons focused on participa
improve the onlind®D experience. Surveys were distributed to pgéots before and after
taking the online course.

Results suggested that even with the same instructional model, teacher interactions,
implementation, and interpretations varied among the seven courses (Holmes et al., 2010). Also,
results suggested thatprous online course experience played a role in overall satisfaction and
preference for onlin@D (Holmes et al., 2010). Opaanded responses were independently coded

and compared. These results suggested that the &iipeovided new ideas for classmo
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instruction (Holmes et al., 2010). Participants stated that the course had direct applications for
classroom instruction. Features that had the most impact were course resources/tools and ability
to integrate these tools into teaching practice (Holmak,e2010). Participants also stated that

the PD heightened their awareness of their own teaching style.

Other results suggpted that teacher presence withindberse impacted their teaching
(Holmes et al., 2010). The instructor seemed to be a valtedtiure in satisfaction and
enhancing teaching methods among individuals. Finally, results suggested that exposing
participants to new information and concepts had the greatest impact on learning among
participants (Holmes et al., 2010). Although notfrently mentioned, surveys also suggested
that the onlind°D should address faster feedback, more teacher presence (for courses that lacked
it), more variety, richer discussions, and a synchronous chat optiese may be featurédsat
can be studied irufure research. It is also important for facilitators to provide tools to help build
relationships among educatpas well as between course facilitator and participamis
develop a climate of respect (Holmes et al., 2010; King, 2002).

Faceto-face models should use a constructibiased approach. Desimone (2009)
believes thaPD is constructivist in natures teachers attend workshops with other teachers and
engage in discourse about their practice as they consider new strategjesvatiteir
understanding of content. ConstructiMistsed workshop models fBD havea positive impact
on participant learning (Donahue, Schnittka, & Richards, 2010). This claim is based on a 2010
studyby Susan Donahue and her colleagues. In the stuelyesearchers assessed whether a
worksh@ model based on constructivisinciples would provide a statistically significant
increase in learning. The authors explain that the Engineering Teaching Kits (ETKyarsed

grounded on the principles of consttivism using strategies of guided inquiry and inductive
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learning. The authors describe the history and creation &TKes as well as thphilosophy
behind it. The authors explain that the ETKs center around the use of active learning strategies.
Speciftal | y, the Al earners actively and inducti v
reality based on their experienceso (Donahue
In this workshop model, the researchers concentrated on inquiry and inductive learning
strategies (projedbased learning). They approached their study using a quantitative survey
methodology. Prassessment and pastsessments that focused on-pelficéved competencies
of the concepts addressed in the design challenges of the ETKs were administered. However, the
authors do not elaborate further on questions that were included. Participants included 71
educators, faculty members, and university studaersss three training sites. Each training site
was doing a different challenge.
Results suggedhat there was a statistically significant amount of learning. Therefore,
there was a positive response to the research questiptharelore, constructividtased
workshop models do provide an environment that supports a statistically significant increase in
learning (Donahue et al., 2010). The authors also state that they found three factors that had the
most impact on increases in competencies and knowladgeus on content knowledge, active
learningbased activitieas nd r el evance to the participantsé
(Donahue et al., 2010). The authors conclude by affirming the positive outcome of using
constructivistbased workshop modedsd how they will continue to do so in the future.
Research suggests that active learning is key to high gB&itZollaboration, an
element of active learning, is critical for fostering professional learning and teachers feel
collaboration allows tha to learn best practices from others and improve their own teaching

(Goodnough et al., 2014). Facilitators play an important role in effdefilvéackgrounds of
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facilitators play an important role in the qualityRiD, andquality will likely improve as
facilitators implement more sessions and gain more experience (Banilower & Shimkus, 2004).
Modeling, another key element, is imperative in STEDworkshops to allow educators

to visualize the proper techniques to implement STEM in their afterschapbps.
Specifically, facilitators should model an exemplar engineering design challenge that teachers
can reference. This can be beneficial for teacher retention and motivation (Avery & Reeve,
2013). Research suggests that engineering fod@Beéncreaseseacher selefficacy, attitudes,
motivation and science content knowledge (Schnittka et al., 2014). Desimone (2009) believes
that integrated STEM requires teachers to experience the curriculum they will deliver and
acquire new content and skills amigerefore, they should experience the same problems or
challenges that students may face. Additionally, they should reflect on how activities may look
in their own classroom or program and should practice delivery of their new instructional
models, skills, ad curriculum (Desimone, 2009).

Duration is also key to providing effecti®D. Duration includes time span as
well as contact hours of the workshop, and research suggests that teacher skills and knowledge
are positively impacted by duration of highewatjty PD if the PD is sustained over time and
involves a significant number of hours (Garet, Porter, Desimone, Birman, & Yoon, 2001). As
noted by these authors, student success is dependent on teacher qualifications and effectiveness,
thus making teach&tD a major focus oéducation reform initiatives. According to these
authorsalthough there is a large body of literatureRiD, there is little systemic research on the
effect of PD on improvements in teaching or student outcomes as well as comparieffettts
of different characteristics &D (Garet et al., 2001). Thus, the authors believe there is a definite

need for systematic research on the effectiveness of alternative strategbs for
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In this largescale empirical comparison of effects offelient characteristics &fD on
teachersé | earning, a national pr odwadbtakéni t y s a
The authorgxaminel the relationship between featuresPd® that have ben identified in the
literatureand selfreported chagpe i n t e a c h, skillssaid classrooml teaahigge
practices. The authors used data collected from ehEea\ctivity Survey that wagart of the
EisenhowePD Program. EBachers were surveyed ab®R activitiesduring one yearAnalysis
focused onwo features: structural features and core features. Structural features were defined as
characteristics of the structure or design ofRBeactivities while core features were defined as
dimensions of the substance or core ofRBeexperiences (Garet at., 2001). Structural
features included form of the activity, duration of the activity, and the degree to which the
activity emphasized collective participation (Garet et al., 2001). Core features included content
focus, active learning, and coherenceur@ et al., 2001). To assess teacher outcomes,
participants took a Likettype survey that focused on teacher knowledge and skills as well as
changes in classroom teaching practice.

Theresultsindicated that activity type has important influence orudation. For
example, reform activities spanned a longer period and involved a greater number of contact
hours than did traditional activities (Garet et al., PO@Iso,reform activities had more positive
outcomes when all design features and qualityadharistics were included (Garet &t 2001).

All three measures of core features had a positive influence on enhanced knowledge and skills.
Activities that were more focused on content
had a negative ingct on teacher practice. Lastly, results indicated tHaresed knowledge and

skills hada significant positive influence on changes in teacher practice.

Different models of PD may have differing lengths of duration but Garet @Q0#l1)
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suggests thaeformtype PDs tend to be longer in duratiamd therefae, have more positive
outcomesvhen comparetb traditional PD model€esimone (2009) believes that the most
effectivePD opportunities are approximately 80 hours in lengthsmalild bespread over the
academic yeamhich could include a-40 day workshop over the summer and an additional
workshop each month thereafter (Desimone, 2009).

Research suggests that coherence is key in planning and implementing effBctive
When developing BEM PD, goals of the workshop should be aligned with policies at the
school, district, and state levels, which can be a challenge if STEM is not a priority at all of these
|l evel s (Desimone, 2009). This i s alastatesni rr or e
that facilitators should incorporate ways to teach educators how to plan their own engineering
design challenges and lesson plans based on standards. Facilitators should also develop
workshops that are relevant in terms of activities, needsiofiges and needs aftudents
(Goodnough et al., 2014). Providing relevant resources that directly relate to teacher instruction
is also important when developing onliRB opportunities (Holmes et al., 2010).

Implementing these key elements intB@workshop has many positive outcomes.
Teachers believe effective STHRD increases student motivation for STEM learning, prolongs
student engagement, increases student appreciation for science and math, improves student
thinking and problersolving skills, ad improves student learning (Avery & Reeve, 2013).
Increasing teacher setfficacy, attitudes, motivation, and science content knowledge regarding
engineering has a positive impact on student engagement and motivation (Schnittka et al., 2014).
Contentfocu sed acti vities that do not increase teac¢
impact on teacher practices but enhancing teacher knowledge and skills tAibbgh a

positive influence on teaching practice (Garet et al., 2001). Although using Blimay be

40



new to some users, research suggests that satisfaction with online PD improves as participants
have more experience with online courses. Holmes et al. (2010) aimed to examine factors that
promoted interaction and satisfaction within an oniecourse for K12 educators. In a mixed
method approach, 95-service k12 teachers were surveyed and interviewed before and after
completing one of seven onlifD courses. Researchers used a Likegle instrument with two
openended questions as wellasocus group. The instrument centered around themes of
feedback, course resources, interactions, requirements, impact on teaching, sense of community,
lack of visual images, and learner satisfaction. The -@meled questions focused on

parti ci lpreand suggedtianatc improve the onii2experience. Results suggest

online PD also has a positive impact on classroom instruction (Holmes et al., 2010). Features that
had the most impact were course resources/tools and the ability to integratediseisto

teaching practice (Holmes et al., 2010). This study, however, hadlmétayions including

topics and assignmentsatvaried across the seven courses thedvariatiormay have played a

role in the results. Also, because there were diffdeailitators of each course, teacher presence
varied among the seven courses.

Another option is creating hybrid courses. Although research is lacking on hybrid
courses, King (2002), using a qualitative approach, aimed to capture the dynamic relaionship
among facilitator, learners, and the teaching and learning process. Participants consisted of
preservice and wservice teachers and data sources included online discussion board postings,
journal postings, and seléflection summaries and observatioksg (2002) concluded that
implementing a hybrid model of fat¢e-facePD and onlinePD helps educators build learning

communities as well as provide a format that is flexible, personalized, and rich in content.
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Measuring STEM Motivation and Self-efficacy

Selfef fi cacy is believed to affect an indiwvi

persistence (Bandura, 1977). According to Schunk (1991), individuals who have a low sense of
self-efficacy may avoid an activity and those who feel efficacious dieved to participate
readily, work harder, and persist longer. In the case of educators, those who feel comfortable
with STEM may have a higher sense of sdffcacy and will therefore feel motivated to
implement STEM in their afterschool programs asosggl to those who doubt their capabilities.
Measuri ng edu c @fficacy and maivatios i€ cruoidl to anddrstanding how to
create and conduct effective STEND. Over the years, research has focused on measuring
motivation and seléfficacy n educatoras well as students. While tools have béeveloped
that focus on measuring motivation and-sfficacy regarding science and engineering, an
online search using key ternselfefficacy, sekefficacy scales, motivation measures of-self
efficacy and/or motivation in science, technology, engineering, and matiog revealed there
has been a lack of research on tool development in regard to measuring STEM motivation and
self-efficacy in educators.

One tool that was developed, named3ked-Efficacy for Technology andcgnce
(SETS), is a contexgpecific measure okHf-efficacyin science developed by Diane Ketelhut
(2010). In this study, Ketelhut (2010) piloted the original SETS instrumewbimtiddle schools
with a samplef 98 students. In a second phase of the study, a modified subscale with 71
guestions was implemented in middle schools located in four larger districts across the United
States and included a sample of over 2000 students. The initial SETS instrunmenir [sadb
contexts:Computer Use, Videogaming, Synchronous Chat Use, and Inquiry Scidecaitial

instrument was analyzed for content validity by a panel of experts in gaming, curriculum design
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and scientific inquiry, and a modified version of thermstent was created based on feedback.
The survey was then administered to students online and the instrument was analyzed for
reliability. For all subscales, reliability estimates ranged between .79 and .94 suggesting the
subscales are reliable (Ketelh2t0 1 0) . Anot her study buil ding on
proposed a shortened version to prevent survey fatigue and to help identify students in need of
interventbn. This survey was named the Selfficacy in Technology and Science Shootifs

survey (SETSSF) (Lamb, Vallett, & Annetta, 2014). The SEBS§ is a 1d6tem survey that
measures three component subscales (science reasoning, computet ugkagaming) using

a 5pointLikert scale (Lamb et al., 2014). Although two major topics, science anaddiedy,

were the focus of these surveys, they were aimed at measuring studefftcsady rather than

the educator 6s.

Another tool, the STEBI (Science Teaching Efficacy Belief Instrument), was developed
by combining two previous scalgbe Personal $ence Teaching Efficacy Belief scale and the
Science Teaching Outcome Expectancy scale (Riggs & Enochs, 1990). This tool was designed
and modified based on the previously mentioned instruments to include an elementary science
classroom setting and itemdleeted both selefficacy and outcome expectancy. This survey
initially consisted of fifty Likerttype itemshat was administered in a pilstiudy consisting of
71 elementary teachers. Results from this study allowed for tool refinement which resalted in
final survey that consisted of 25 Likeyipe items that was administered to a larger sample size
of 331 teachers. Through testing, STEBI was determined to be a valid and reliable tool for
studying elementary teachers' beliefs toward science teachdrigaaning. However, again, this
tool focuses on the science content area as a whole rather than the four integrated disciplines of

STEM.
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Another study attempted to measure the temrhelfefficacy of STEM GTAs (Graduate
Teaching Asistants) at Oregorteie Univesity. The tool wasdapted from a previous teaching
selt-efficacy instrumentisedspecifically for counséhg psychology educators named College
Teaching SelEfficacy Survey(CTSES) (DeChenne & Enochs, 2010). The original CTSES
contained 44 ites but was modified by researchers to remove questions regarding course design
and planning. The final version contained 28 items measured onofiviescale (DeChenne &
Enochs, 2010). Although the proposed tool was geared toward STEM G1&fg=lty,items
did not focus on STEM concepts specifically and rather, focused on teaching practices.

The Teaching EngineeringeB-efficacy Sale (TESS) was developed with the intent of
adequately addressing the needs of teachers as well as evaluate theo$icd&sengineering
PD (Yoon Yoon, Evans, & Strobel, 2014). One hundred and tweigtyt items were among the
following five factors: engineering content knowledge-gélicacy, instructional seléfficacy,

engagement se#fficacy, disciplinary selefficacy, and outcome expectancy (Yoon Yoon et al.,

2014) . Through rigorous testing, the tool wa

alpha=.98, n=153) (Yoon Yoon et al., 201BJrther validation of the tool resulted in 128 items

being refined ad reduced to 23 items across four factors (engineering pedagogical content
knowledge, engineering engagement, engineering disciplinargfiedcy, and outcome
expectancy)Yoon Yoon et al., 2014)'he TESS has been used in multiple studies including a
recent study aimed at understanding the influence of an engineering focused methods course in a
science education program. Using the TESS, researchers were able to report on the positive
outcomes of improving teacher selficacy for teaching engineerirf§metana, 2017).

However, the tool only focuses on engineering and not STEM as a whole.
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Multiple searches throughe literature revealeahe survey instrument aimed at
measuring seléfficacy of teachers regarding STEM as a whole. The Friday Institute f
Educational Innovatiof2012)developed the Teacher Efficacy and Attitudes toward STEM (T
STEM) survey that aims to measure five constructs including personal teaching efficacy and
beliefs, teaching outcome expectancy beliefs, student technology Ed, i83truction, 2%
century learning attitudes, teacher leadership attituddsS@aEM career awareneg3duestions
measuring two of the constructs (Personal Teaching Efficacy and B&keishing Outcome
Expectancy Beliefs) were derived from STEBI whitber questions were derived from the
Student Technol ogy Needs Assessment (STNA) an
Conditions Survey (Friday Institute for Educational Innovation, 2012). This tool was initially
developed and distributed to educatorshie state of North @alina. The tool was modified
through pilot testingind found to be statistically reliable and valid after being administered to
over 100 science, 100 math, 200 elementary, and B@dgy or engineering teachdfziday
Institutef or Educati onal l nnovation, 2012). Speci f
was above 0.80 when the test was taken by those teaching science and math, whether at the
secondary or elementary level (Friday Institute for Educational Innovatio).2lHe three
constructs: 2% C, Teacher leader, and STEM career, were highly reliable for technology and
engineering teachers with a Cronbachés al pha
test given (Friday Institute for Educational Innovati@012). Although this valid and reliable
tool focuses on STEM sedffficacy, literature regarding the tool and its questions is lacking.

Measuri ng edu c #fficacy and maiatios i€ crucidl to anddrsfanding
how to create and conducfestive PD. Although research regarding STEM, motivation, and

seffef fi cacy i s abundant, research regarding val
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efficacy and motivation regarding STEM is lacking. Several tools such as the SETSTéhd SE
SF wee developed but focum student seléffi cacy r at her .THe&TEBIt he educ
measures teacher beliefs but focuses on the science content as a whole rather than on STEM.
Another tool, the CTSES, focuses on STEM-gdfiicacy in teaching assistartiat questions are
geared towards teaching practices rather than STEM concepts. In an attempt to get a step closer,
the TESS was developed to measureea#itacy of educators, but this tool only focused on the
Engineering content area of STEM and not ST&va whole. Finally, one tool found to be valid
and reliable to measure teacher-sdffcacy regarding STEM is the$TEM survey but there is
little information published regarding its questions and data.

Searching for valid and reliable instruments to measure STEMf$ielcyand
motivation has suggestedaak of research regarding the topic. This study will build upon
previous literature and instruments to create and test a valid and reliable instaumeasure
STEM seltefficacy and motivation of educators.
Motivation Phenomenology Studies

Quialitative research is a method of inquiry aimed at gaining a deeper understanding of
the perspectives of individuals or events and is used to describe ainekyl social world
around us (Creswell & Poth, 2017; Morse & Field, 1996). In qualitative studies, researchers can
address their research questions through five approaches: narrative research, phenomenology,
grounded theory, ethnography, and case sMth a variety of approaches to choose from, how
do researchers decide their approach? Deciding the appropriate approach to address the questions
of the study depends étnh e r e s e ar c h e puépsse @ thersfudyf Foradhe proposad d

study, a phenmenological approach will be used.
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In a phenomenology, the aim is to understand the essence of an experience which is best
used to describe a phenomenon such as teacher motivation agificatfy (Creswell, 2013). In
these types of studies, data carcbkected from a range of five to twenfiye individuals who
have experienced the phenomenon. Data in this type of approach are primarily in the form of
interviews, but can also include documents or observations (Creswell, 2013). Finally, in
phenomenologial studies, the researcher analyzes data for meaningful statements, textual and
structur al description, and description of th

Although there is extensive literature regarding teacher motivation, there is limited
research usinthe phenomenological approachaddress this topic. study by Pihie and Elias
(2004) aimed to understand the galbtivation of preservice teachers and what drove them to
entering the teaching profession. The study consisted of 221 preservice teaphienarny
schools located in Malaysia. A questionnaire was given tagmdce teachers enrolled in an
AEducati onal Management o course. The survey a
enjoyed teaching and why they did not enjoy teaching. They alspeasked to give suggestions
on how their motivation could be improved. Data were analyzed inductively to study the
phenomenon of motivation and look for emergent themes. Results indicated six themes-from pre
service teacher responses on what motivettenh to like teachingt) fulfill self-interest and
satisfaction2)c ont r i but e t o s 8)undble prdfessio)selfv ancement ,
improvement/challenging care®), security, and) ambition. There were also five additional
emergent themes on why papants did not like teaching which could affect their motivation:
1) teaching load?) low salary/lack of promotion opportuniti€¥)st udent s 6 di sci pl i r

4) unsatisfactory leader behavior, aé)djressure from various quarters.
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The authorsanclude that their study paralleled a previous study on motivation which
identified several factors to improve teacher motivation such as freedom to try new ideas and
being able to contribute to achievement of students. Motivation of teachers is impecainse
teacher motivation is related to student achievement (Bishay, 1996).

Astudy by Gozzol i, Frascaroli, and Db&Angel
phenomenon of professionahiaise in teachers by examiningw different resources and
efforts influence their wellbeing or malaise. Specifically, at the individual level, the researchers
explored teachersé professional hi story and m
burnout using a quantitative approach. Therefore, to address theirta@masearchers
conducted a phenomenological approach by leadingsteatdured interviews as well as using
theProfessional LiféSpace Drawing e st t o expl ore teachersod | ive
understanding of t eac DeGoxdi& ramnanzay 2008). on ( Mows't i

Participants included a purposeful sampling of 50 Italian high school teachers. Semi
structured interviews centered around topics of motivation, professional role, and professional
relationships. Interviews were transcribed amalyzed. Th@rofessional LiféSpace Drawing
test is a toomodified from theFamily Life Spacéool. Two versions were given to participants:
actual professional lifspace and future professional {pace. Drawings were analyzed at the
Adescpihpnhiome n ol o Gazaleet al., 2@ .2243)0 (

Results suggested that there were three types of past and current motivations at work:
crystalized motivation, mortified motivation, and renewed motivation. According to the authors,
crystalized, or idealized, motivation supports the teacher but is ddthiohe professional life.

Mortified, or absent, motivation was defined as motivation being low or absent early in the

teachersdé career. Finally, renewed motivation
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over time because the teacher renewed mgda her/his workespecially regarding
relationships with students.

The authors conclude by discussing scenarios in which each of these three types of
motivation were evaluated that contributed to
thesemotivational scenarios, the researchers conclude that their study provides insight into
interventions to support professionals such a
for groups dteachers in specific contextsG@zzoli et al., 2015y. 2244).

One last studypy Shishigu (2015) aimed to identify which factors discourage, or

demotivate, teachers to stay at their jolisaddress theesearch questions, the researcher

conducted a phenomenol ogi cal s tmotdationarml gai n a
professionalism. The author states that the g
setting, or soci al phenomenon o-partitipgatc her so (p

observation as well as sestructured interviews that iter around topics such as factors
affecting teacher motivation and unaddressed issues teachers face.

Participants were selected via convenience sampling. Data collection consisted of 15
teacher interviews as well as 32 teachers completing a questionnaire. The questionnaire
contained both opeanded and closeeinded questions. Although the author descitibissstudy
as a phenomenology, the data collection process employed is geared towards a mixed methods
study. Interview data were recorded and transcribed as well as mehda&ied. Transcriptions
were then coded to look for emergent themes. Clesel@d gestions were analyzed and
reported by tables and percentages.

Results generated four themes regarding motivation and professionalism as teachers:

salary/benefits, administration, discipline, and societal views of teaching. Teachers reported that
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the biggest discouragement they face that hinders motivation is the inadequate salary they
receive. They also report that inadequaimmunication between administration and teaching
staff hinders their motivation to continue to work. Thirdly, teachers reporaeddaing with
student s 6 ffectsstbdent achievement as well as their motivation to continue. Lastly,
lack of respect for their profession by society lessens their motivation.

The author concludes by stating that the participants weneotieated due to extrinsic
factors but were generally satisfied with the responsibilities of teaching. By understanding these
extrinsic factors, policy makers and practitioners will be able to target areas to motivate new
teachers as well as retain veteraacteers.

The previous three studies all aimed to gain a deeper understanding of teacher motivation
using a phenomertogical approach. In th&tudy by Pihie and Elias (20Q4he researchers
aimed to understand what motivated educators to enter the tepobiegsion. They identified
several factors that improved teacher motivation including the freedom to try new ideas and
being able to contribute to the achievement of sitsddén thestudy by Gozzolie et al. (2015),
the researchers aimed to understamdgzsional malaise and motivation in teachers. Three
t hemes emerged to describe scenarios that c
mortified, and renewed motivation. This study provides insight into factors that keep seacher
motivated. Final}, thestudy conducted by Shishigu (2015) aimed to identify factors that
discourage teachers to stay at their job. Four themes emerged in this study including
salary/benefits, administration, discipline, and societal viewgeneral, lte author®f these
studiesconclude that factors discouraging educators are mostly extrinsic. Although these three
studies aimed at understanding teacher motivation using a phenomenological approach, they all

differ in the methods used to accomplish their goals. Theseestuged a variety of methods to
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collect data such as conducting intervieusingquestionnaires and surveys with both open and
closedended questions, and one study employed a drawing test to further understand teacher
motivation.

Due to the lack of resezh aimed astudying motivation using phenomenological
approach, this study will add to the body of existing research and possibly provide new insight
into teacher motivation and sedfficacy. The phenomenological approach to this study could be
beneftial to practitioners, researets, and stakeholders by providimgdepthknowledgeabout
the shared experiences of educators in regard to STEM implementation.

Summary of the Literature

The following section includes a summary of the studies that adudt&TEM programs
in afterschool settings, best practicesR@; tools to measure STEM sadfficacy of educators,
and phenomenological studies aimed at understanding teacher motivation.

Summary of STEM Afterschool Programs

Multiple studies have aimed painting a holistic picture of learning that takes place in
the outof-school space. Previous research has focused on the impact of programs, the lack of
support, and different models of afterschool programs. Chi et al. (2008) concluded that there is
anincrease in the demand for more programs, however, there is a lack of supporttadd lim
funding to do so. Thistudy also concluded thereirscreasd interest to include more quality
science in the outf-school timebutthis is hindered by limited fiancial support and quality
training of afterschool program staff.

Multiple studies ocus on the role that afterschool [
thosestudentgroups that are considered underrepresented in STEM fields. STEM focused camps

aswel as exposure to STEM professionals have a
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engineering and increasing their attitudes towards STEM fields (Gibson & Chase, 2002; Koch et
al., 2010; Everage et al., 2014). Although afterschool programs séively impact attitudes
and sustain interest in science, one study found that approaching science from a traditional
method can have a negative impact on student achievement (Gibson & Chase, 2002). This is why
the afterschool space has the potentiaktedimportant. Because STEM in-@iftschool is not
grade oriented, students experiahitereased enjoyment and more motivation to accomplish
STEM related goalsaccording tdsahin et al. (2014). Additionally, the more students were
exposed to science @B TEM related activities, the higher the matriculation rate into STEM
majors (Sahin, 2013; Sahin et al., 2014).

Other studies focus on different models of afterschool programs to illustrate what STEM
should look like in the oubf-school space. One styduggests a framework, called the
Di mensions of Success, that focuses on 12 ind
experiencgPapazian et al., 20L3These indicators span four categories that center around the
student 6 s e n vgagementhsd EM practiteh thay expeeiance, and youth
development (Papazian et al., 2013; Shah et al., 2018). Everage et al. (2014) and Koch et al.
(2010) both suggest creating opportunities to expose students, especially those underrepresented,
to STEM progssionals to change perceptions and foster STEM identities. Additionally, a studio
STEM model creates an environment that empowers students and creates an atmosphere for free
choice and selflirected learning (Schnittka et al., 2012). Although studentefepowered and
motivated because the enftschool time is not gradariented, it is important to asss if
learning is taking place. Several ways to capture conceptualization of STEM knowledge are by
storyboards, videotapes, social media posts, intesy@wd pre and posttests (Schnittka et al.,

2015).
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Though previous research has focused on support, impact, and models for afterschool
programs, there continues to be a lack of research on increashaffisalfy and motivating
staff to implement STENh afterschool programs.

Summary of Best Practices in Professional Development

Effective professiondPD development is a crucial step in helping to support afterschool
staff implement STEM into their programs. There are three platforms to prieRitz
educators: facéo-face, online, or hybrid. Regardless of the platform implemented, several
factors need to be considered when creating a qurRilitypportunity. Research suggests that
facilitators should consider the approach, the environment, mgddlimation, and coherence
(Garet et al., 2001; Banilower & Shimkus, 2004; Desimone, 2009; Avery & Reeve, 2013;
Goodnough et al., 2014).

The approach the facilitator uses will depend upon the purpose PbtHganilower &
Shimkus (2004) suggests thapaoaching &D opportunity through study groups,
mentoring/coaching, or workshops will dependwdrether the goal is to promodéfective
instruction orto focus on leadership strategies. For the purpose of promoting effective instruction
regarding STEMmplementation, a workshop is the best approach. The workshop should focus
on STEM concepts, teaching methods, and assessment methods (Goodnough et al., 2014).
Goodnough et al. (2014) also suggests providing support such as time, opportunities to
collaborae, and administrative guidande teachers to makeD most effective.

Research also suggests creating a supportive environment is key to quality and effective
PD. Facilitators should be present and engaged with participants and provide tools to foster
positive relationships (Holmes et al., 2010; Avery & Reeve, 2013). Research also suggests that

workshops that are constructivisased are most effective (Holmes et al., 2010; King, 2012).
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Modeling proper techniques in constructiMistsed workshops is perative to creating
quality STEMPD. Modeling engineerindocused activities, for example, increases teacher self
efficacy, motivation, attitudesind science content knowledge (Schnittka et al., 2014). Desimone
(2009) also states that modeling is impottaecause teachers need to practice delivery of the
curriculum, experience the same challenges students may face, and reflect how these activities
may look in their own classroom or afterschool programs.

Facilitators should also consider duration whiegating effectived®D opportunities.

Research states that both timespan and contact hours should be considered (Garet et al., 2001).
Garet et al. (2001) states thrD has a higher impact when sustained over time and involves a
significant number of hour®esimone (2009) mirrors this statement and states that the most
effectivePD opportunities average approximately 80 hours over an academic year.

Finally, research suggests that coherence is important to quality professional
development. STEM workshopsalid be aligned with the goals and policies at the school,
district, and state levels (Desimone, 2009). Facilitators should also help teachers plan their own
STEM challenges and provide relevant resources that directly relate to teacher instruction
(Holmeset al., 2010; Avery & Reeves, 2013).

Effectiveness of PD opportunities is maximizelden considering approach,
environment, modeling, durati@nd coherencéffective PD increases teacher sefficacy,
motivation, attitudes, and science content kndgg&ewhich has a positive impact on student
engagement and motivation (Garet et al., 2001; Schnittka et al., 2014).

Summary of Tools to Measure STEM SelEfficacy and Motivation
Measuri ng edu c &fficaay and maivatios i€ crucidl to srealing and

conducting effectiv®D opportunities. However, there is a lack of research regarding a valid and
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reliable tool to measure these constructs specifically in regard to $hpgkmentation. Several
tools have been developed to measureeféittacy and motivation of teachers regarding science
and engineering but not STEM as a whole. SETS and SEET®easure student sefficacy,
but notthat ofeducators. STEBI measures ealiae efficacy in the science content area but not
STEM. CTSES measweTEM seHefficacy but focusesn teaching practices rather than
STEM concepts. The TESS measuresstitacy of educators but focuses only on engineering.
Finally, one tool, TSTEM, measures sekfficacy of educators regarding STEM but little has
been published about the survey or its data. Based on previous research, there is a clear need for
valid and reliable tools to measure teachera#itacy and motivation regarding STEM
implementation.
Summary of Motivation Phenomenological Studies

Quantitative research measuring teacher motivai@bundantbut there is a lack of
phenomenological studies to gain a deeper understanding behind what motivates teachers to
implement integaited STEM. A phenomenology attempts to gain a deeper understanding of the
essence of a shared experigrsteh as teacher motivation and safficacy. An initial search
showed thaphenomenological studiesdused on teacher motivation were lackingtee
previous studiedy Pihie & Elias (2004), Gozzoli et al. (2015), and Bishay (1986used a
phenomenological approathunderstand teacher motivation. However, they all employed
different data collection methods to accomplish their research Joes/ariety of methods to
collect data consisted of interviews, questionnaires, surveys, and a drawing test. All three studies
looked for emerging themes to understand motivation ofagdts: This study will draw from
previous phenomenologies to underdtéme shared experiences of afterschool program staff and

what motivates them to implement integrated STEM.
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Conclusion

This chapter began with a review of literature related to afterschool programs including a
need for more support, both training andafigial. It followed with a review of literature of
current tools to measureativation and a discussion of theed for reliable and valid tools to
measure teacher motivation regarding STEM. It concluded with a discussion of current
phenomenological stlies focused on motivation and theed for more qualitative studies to
understand what motivates teachers to implement STEM.

Supporting educators to implement STEM correctly and confidently is imperative in
engaging students in integrated STEM. This stidys to investigate motivation and self
efficacy of afterschool staff to inform futuRD design and implementation. This study also aims
to create a valid and reliable tool that meastegacher motivation and sedfficacy specifically
regarding integrad STEM implementation. With the eaf-school space being an ideal
environment to implement integrated STEM, this research has the potential to inform
practitioners, stakeholders, researchers, and policymakers on how to effectively support
afterschool prgrams and their staff. The details of this stuaywell as the theoretical

framework on which this study is basedll be discussed in the methodology in Chapter 3.
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CHAPTER 3: METHODOLOGY

Purpose

STEM is an acronym that hasdmme a buzzword among policy makers, stakeholders,
and educators. However, there is no consensus on how STEM should be defined (Breiner et al.,
2012). One definition highlights the integration of the four disciplines that make up STEM.
Integrated STEM iself i ned as fAan effort to combine some
science, technology, engineering, and mathematics into one class, unit, or lesson that is based on
the connections between the subjectsandwealr | d pr obl ems o ( Moore, Stoc
Tank, Glancy, & Roehrig, 2014, p.38). Integrated STEM is one of many definitions of what
ASTEM educationo is as a construct. This | ac
educators confused and uncertain when implementing truly integrated $0EMtially leaving
students negatively impacted by not presenting the best of what STEM education has to offer.
The afterschool setting is a perfect time and place to help students explore topics embedded in
engaging and compelling engineering contextsabse it gives students the ability to fail without
repercussions. Allowing students to engage in the engineering design process (EDP) is a key
component of truly integrated STEM and is important for bringing the four disciplines to an
equal platform as wWeas for building connections between the four STEM disciplines (Kelley &
Knowles, 2016). However, according to a recent survey, 66% of afterschool educators across
Alabama who were polled said they did not know what the engineering design process was or
how to use it (TPI, 2016). Afterschool directors and staff are in search of opportunities to link

the regular school day curriculum to the activities conducted during afterschool time.
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Afterschool instructors nedeD that will aid in the implementatiorf ¢ruly integrated STEM and
the understanding of the engineering design process. Blbanmpr ove af ter school
knowledge about integrated STEM and the EDP, and can it improve their motivation to teach
integrated STEM and their sedfficacy todo so?

T e a ¢ h e-effecdcy careble defined éseir judgements of their capabilities to
organi ze and execute courses of action requir
can be impacted hiyeir content knowledge and pedagmy knowled@ (Bandura, 1986, p.391;
Stohlmann, Moore, & Roehrig, 2012). Motivation, being moved to act toward an end goal, can
vary in thelevelof motivation as well as therientationof that motivation (Ryan & Deci, 2000).
According to Ryan and Deci (2000¢vel of motivation describes how much motivation one has
while orientationof motivation describes the type of motivation (extrinsic vs intrinsic).
However, the question remains as to whether SFEM an i nf | ue nefficadyand c her s ¢
motivation in implenenting STEM in their afterschool programs. This question leaith® to
impetus forthis research, which is to design an instrument to determine whether spexific
programs directed towards afterschool teachers actually influence theiffealty and
mativation to bring STEM into their afterschool classroom.

The purpose of this study wasbuild a validity argument for a proposed instrument to
measure how a STEMDwor ks hop i mpr oeffexy andnotovdtientos 6 s el f
implement STEM in their aftechool programslo examine seléfficacy and motivation of
STEM implementation meaningfully, it must be explicitly conceptualized and then translated

into an instrument that appropriately operationalizes and measures this conceptualization.
ResearctQuestion

Specifically, the research questiondjag this study is
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1) Whatevidence ofeliability andvalidity supports the propos&TEM Attitudes of
Educatorsnstrumenin evaluating educator motivation and sefficacy

regarding STEM implementation?

To address the research question, validitgl reliabilitymust be defined. Validity of an
instrument refers to the Astrength of evidenc
an individual possesses o fendeforeHughesn&sThiede,ct of i
2015).Rel i abi l ity of an instrument refers to At h:i
instrument are consi stent measures of whateve

Hyun, 2011)

Some afterschool teachers andfsla not have STEM backgrounds atigerefore, do
not feel confident or motivated to implement integrated STEM activities into their program
(Stohlmann et al., 2012). @ality PD opportunities give teachetise potential to become familiar
with the dimensins of quality STEM education, become confident, and become motivated to

implement activities into their own program. However, there is a need to quantify this potential.

Method

A quantitative study wasonducted to address this research quedfermissbon was
granted form the Office of Research Integrity at Auburn University to conduct this study. See
Appendix I.In this study, dataverecollected over multiple phases which will be described in

greater detail in the following sections.

The Pilot Study

The purpose of the pilot study.
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The purpose of the pilot studyas to understand how a STHRND workshop improved
t e a ¢ h eeffisady asdambotivation to implement STEM in their afterschool programs as well
as developminstrument that measured STEM rwvation and sekefficacy. The pilot study was
conducted at Auburn University, a larg,000 studenouthern university located in Auburn,
Alabama. Participants consisted @& &terschool educators from schools across Alabama.
Participants were redited based on their affiliation with 2Lentury Community Learning
CentersThe first PD workshop consisted of 38 participagdsicators across the state of
Alabama. The 3®articipants wer®7% female and 3%hmale. Participants identified themselves
in manypotentially overlappingoles including 53% as iachool time teachers, 45% as
afterschool program coordinators, 58% as afterschool program staff, and 5% identified as

AOt her . 0O
Pilot Study Research Question.
Theresearch questions guidingetpilot study were

1) Does a STEM professional devel-opment
efficacy and motivation?
a. How do teachers rate their motivation to implement STEM before and
after a STEM workshop?
b. How do teachers rate their selfficacy regarding STEM implementation
before and after a STEM workshop?

Methods of the pilot study.

Treatment

60



The treatment in the pilot study was a STHMusedPD workshophosted for eight
hours over the course ohe day. This workshop focused on two major topics: Dimensions of
Success and an engineering dedigsed curriculum kit about bridges designed by the Boston

Museum of Science (Papazian, Noam, Shah, & Rid&€ormic, 2013).

Dimensions of Success (DoS)as observation instrument used by afterschool programs
to assess the quality of STEMplemented during owutf-school time. This tool consists of 12
indicators of a quality STEM activity. Together, these indicatwgasurdow often quality
STEM is beingmplemeted in the afterschool program. A highiating on each of the
dimensions indicates that students are receigregtetbenefit of quality STEM education in
their outof-school space. In the treatment, the facilitator discussed the 12 indicadepgthrand
provided examples for each. The facilitator discussed examples of low ratings versus high ratings
for each of the 12 dimensions. By understanding the 12 dimensions, afterschool staff are better
able to design and implement quality STEM activiteesnaximize student learning in the anft

school space. Participants who attended this workshop learned about these 12 dimensions.

The second focus of the STHRD workshop was the modeling of an engineering design
based curriculum kit developed byBost Museum of Sciencebds Engi ne:
(EIE) group calledro Get to the Other Side: Designing Bridgeswhich participants were
challenged to design and construct a bridge that will withstand different forces. Participants
learned about the carction between science topics such as force, balance, and stabdithe
realworld application to the field of civil engineering. The facilitator modeled best practices as
indicated by the Dimensions of Success tool while teaching the five lesgbiescurriculum Kkit.
After each lesson, participants had a chance to discuss and plan how they will incorporate the

lesson into their afterschool program.
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Instruments

Dimensions of Succesbservationtool.

The Dimensions of Success (DoS) observatahis used to pinpoint strengths and
weaknesses in informal science learning in the afterschool space to gauge quality STEM
implementation (Papazian et al., 2013). This instrument consists of 12 indicators, or dimensions,
in four domains which are rat@s a scale from one to four. The four domains are features of the
learning environment, activity engagement, STEM knowledge and practice, and youth
development in STEM (Papazian et al., 2013). See Figure 2 for an illustration of the four
domains. To estaish evidence for interater reliability, researchers examined the quality of the
scores given by calculating percent exact agreement, percent exact or adjacent agreement, the
guadratic weighted Kappa, and the correlation of each dimension across obssivatcent
Exact Agreemens defined ashe degree to whichoth observers rate the exact score on a
particular dimension during the same observation peRedcent Exact or Adjacent Agreement
is defined as two observers rating the same score oraditi@ring by one point on the same
dimension. The quadratic weighted for Kappa is a measure coibserver agreement that takes
into account agreementpy@ening by chance. Finallgprrelations betweethe pairs of scores
were calculated. Additionallyesearchers conductedExploratory Factor Aalysis(EFA).

Results indicated that dimensions loaded into two groups. Study 1 results based on Kappa value
interpretations suggest that four dimensions showed moderate agreement (Kappa value of .41 to
.60), six showed fair agreement (Kappa value of .21 to .40), and two showed slight agreement
(Kappa value of 0 and .2@ercent Exact Agreemeragnged from 40.2 to 5024 across the

dimensions whild*ercent Exact or Adjacent Agreemeaiged from 83.8 to 928across the

dimensions.

62



Features of _ STEM Youth
b Activity
the Learning Engarement Knowledge & Development
Environment 848 Practices in STEM
. . STEM Content . .
Organization Participation Learning Relationships
N b . .
. Purposeful .
Materials Activities Inquiry Relevance
r il - .
Space Engagement . .
Utilization with STEM Reflection Youth Voice

Figure 2 Domains of Dimensions of Success. Adapted from Dimensions of Success: An
Observation Tool for STEM Programming for@aftSc hool Ti meodo by T
2016, p.3. Copyright 2016 by The PEAR Institute. Reprinted pérmission.

Features of the Learning Environmetite first domain of DoS, consists of the following three
dimensions: organization, materials, and space utilization. This domain focuses on planning. The
first dimension, organization, emphasizes itnportance of preparing materials in advance so

time is not lost. Organization also focuses on planning enough time for the activity or planning a
backup plan in case an unexpected situation arises. The second dimension, materials, focuses on
two key elenents: appropriateess and appedire the materials appropriate for the age group?

Are materials appealing to the age group? Finally, the third dimension under this domain is space
utilization. This dimension emphasizes the importance of creating amaiftgarning

environment appropriate for the activity as well creating an environment free of distractions.
Scoring high in these three dimensions indicates the facilitator has effectively planned a quality

STEM activity.
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TheActivity Engagemerdomain onsists of the following three dimensions:
participation, purposeful activities, and engagement with STEM. This domain centers around the
execution of the lesson plan. The first dimension of this domain, participation, centers on
whether all students haaecess to the materials. If students are placed in groups, for example,
all students in the group must have equal access to all materials and be actively participating.
The evaluator also assesffabe facilitator prompts disengaged students to partieipghe
second dimension of this domain is purposeful activities. This dimension is based on aligning the
activities with the STEM learning goals. Does each activity intentionally lead to the learning
goal at handor do students spend time doing extrarsawork such as coloring worksheets? The
last dimension in this domain is engagement with STEM. This dimension emphasizes the
importance on implementing activities that are both hands on and minds on. The evaluator must
use student quotes as evidence thatrling is taking place. Scoring high in these dimensions

indicates that the facilitator has executed a quality STEM lesson.

The STEM Knowledge and Practice®main consists of the following three dimensions:
STEM content learning, inquiry, and reflection. This domain focuses on the approach to STEM.
The dimension STEM content learning emphasizes the importance of integration among the
STEM disciplines in thactiity. The evaluator assessémisconceptions are being corrected or
perpetuated. Lastly, for true STEM content learning, students should show evidence of learning
as opposed to rote memorization. The next dimension in this domain focuses on inquiry.
emphasizes the importance of providing opportunities for students to engage in STEM practices
such assking questionsnaking observations, analyzing data, etc. In the inquiry dimension,
students should be engaged in an authentic approach to &i@&Mimicking STEM

professionals as opposed to following cookbook style directions. The last dimension emphasizes
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the importance of providing time for student reflection throughout the activity. Deep reflection
supports student learnimgpdhelps studentdemonstrate sense making. Scoring high in each of
the dimensions in this domain indicates the facilitator has demonstrated a quality approach to

STEM.

TheYouth development in STEMmain consists of the following three dimensions:
relationships, relevance, and youth voice. This domain focuses on STEM impact on students and
the community. The first dimension, relationships, emphasizes the importance of fostering a
positive learningenvironment and creating positive relationships between students and
facilitators. The second dimension of this domain, relevance, focuses on making connections
between the STEM activity and the real world. Not only should facilitators illustrate comsectio
to the real world but students should be able to make the connections themselves. The last
dimension focuses on youth voice. Students should take ownership of theiy actil
disseminate what they halearned to their community. Scoring high in tHd@main indicates

that youth have been impacted by the STEM activity.

When scoring the dimensions on this observatah the evaluator can rate each
dimension on a scale of one to four. One, the lowest category, suggests that evidence is absent
that he teacher met the indicators in the dimension. A two would suggest inconsistent evidence.
Scoring a three on a dimension would indicate reasonable evidence and a four would suggest
compelling evidence that the teacher met the criteria of the dimensigethEo, when
implemented, these indicators maximize learning opportunities for youth and enhance the

studentsdé STEM experience. See Figure 3 fo
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Level 1 Level 2 Level 3 Level 4

Evidence absent Inconsistent evidence Reasonable evidence Compelling evidence

There is weak evidence that  There is clear evidence that  There is consistent and
the youth are engaged in the youth are engaged in meaningful evidence that
hands-on activities in hands-on activities in youth are engaged in
which they can explore which they can explore hands-on activities in

There is minimal evidence
that the youth are engaged
inhands-on activitiesin
which they can explore

STEM content. STEM content. STEM content. which they can explore
STEM content.
The activities mostly leave  Youthengage inhands-on ~ There are some There are consistent
youth in a passive role, activities; however, thereis  opportunities for youthto  opportunities for youth to
where they are observinga  limited evidence that the engage in hands-on actively explore STEM

demonstration or listening
to the facilitator talk
(minimal hands-on
opportunities).

hands-on activities
encourage youth to engage
with STEM content in
meaningful ways
(*hands-on, minds-off”).

activities that allow them
to actively explore STEM
content. Some parts of the
activities still leave youth
as passive observers while
the facilitator does all the
cognitive work. OR

content by engaging in
hands-on activities, where
youth do the cognitive
work themselves and the
facilitator maintains the
role of facilitator versus
teller.

Activities are hands-on and
minds-on (at level 4) for
less than half of the youth.

Figure 3.Rubric for determining level of STEM engagement taking place gamactivity.
Adapt e dmpfoving STER program quality in outf-schoottime: Tool development
and validationo by Shah, A., W8 ICopgright2018,
by Wiley PeriodicalsReprinted with permission.

STEMAttitudes of Educatommstrument

The STEMAttitudes of Educators instrumenthich was developed for this study, is

used to gauge t eac h-efftacyanctcnotivatienpdgarding STEMbout s el

implementation. The instrument contains five demograpbestions centered on gender,
ethnicity, education, job title, and program location. The inventory contains 27 total questions
which fall under twaconstructs: seléfficacy and motivationTen fourpoint Likert scale items

ranging from @&Nbod ConiivVdewt Canfi dent o assess

efficacy about implementing STEflbcused activities in their afterschool program. Seventeen

fourpoi nt Likert scale items ranging from AStro

educatos 6 moti vation to i mpl ement STEMesaotesi vi ti es
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from each of the 10 items on seffficacy are summed to compute a composite score of self
efficacy, and the scores from each of the 17 items on motivation are summetptdea

composite score of motivatioA. minimum score of 10 on the survey instrument measuring self
efficacy would indicate a teacheros | ack of
their afterschool program whereas a maximum score of 40 wadilchte a high level of

confidence in their ability. In addition, a minimum score of 17 on the survey instrument
measuring motivation would indicate a lack of motivation to implement STEM whereas a
maximum score of 68 would indicate an educator who islfigotivated to implement STEM.

See Figure 4 for examples of sefficacy statements. See Figure 5 for examples of motivation
statementsSee Appendix A for a complelist of survey items for the first draft tie STEM

Attitudes of Educatorsmistrument

Not Somewhat Very
Question Cozf;(llleul Confident Confident Confi cient

1. Implementing STEM activities that challenge students 1 > 3 4
2. Creating opportunities for students to engage in STEM

practices (e.g. making observations, collecting data, sharing

findings with peers, using engineering design process, askin, 1 2 3 4

g p geng g gnp g

questions, planning/carrving out investigations)

3. Guiding students’ reflections about STEM activities 1 - 3 4

Figure4.St at ement s gaugfficacyy t eachersé self

Question g?;iii:; Disagree Agree SK:?E;}.
1. I have the resources I need to implement STEM activities. 1 2 3 4
2. I give my students opportunities to engage in STEM activities. 1 n 3 4
3. I have staff to help me implement STEM activities 1 - 3 4

Figure5.St at ement s gauging teachersd6 motivation.
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With a sample of 38 teachers taking the surveg,nheasure of internal consistency,
Cronbachos al peffiagyitedmse was Bador thed17 maivation items was .81.

These are acceptable values for educational surveys (Tavakol & Dennick, 2011).

Data analysis consisted of conducting a pagachpled-test o < 0.05) on the means of

par ti ci-pampassudeypin oeder tevaluatevalidity.

Results of the pilot study.

DidthePDwor kshop i ncr e a sefficaty hnel matichtioo t® implenerd@ s el f
STEM? A paireesampled-test was conducted to compare teacher motivation andffiedcy
before and after theD worksh@. There was a significant, positive change in teacher self
efficacyfrom before the wwrkshop M= 2.45,SD= 0.32) toafter the workshopM=2.97,SD=
0.13);t(9)= 2.26,p<.00L. These results suggest that Bi2workshop had a positive effect on
teacher selefficacy. Specifically, these results suggest that when teachers attend a STEM
focusedPD workshop implementing best practices, their-sficacy to implement STEM
increasesThepreworkshopmean ofmotivaion was(M= 2.52,SD= 0.59) and the post
workshop mean wadM= 2.54,SD= 0.49);t(16)= 2.12p=0.15. These results suggest that the

PDworkshop did not significantly change teacher motivation.

Increasing motivation and sedfficacy regarding STEM impmentation is important.
Althoughresults from the pilot study indicated tlegtucator confidence increased, their
motivation remained the same. This could be due to the fact that the instrument used to measure
motivation focused on how teachensplemened STEM in the past. To see a change in
motivation, participantsd motivation should b

opportunity to practice what they have gained fromRBavorkshop.
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Procedure

The purpose of this studyasto refine tle proposed instrument from the pilot study and
build a validty argument. This study wasnducted in four phases. See Figure 6 for an

overview.

The firstphase of this stugylso called the pilot studivolvedthe development of the
STEM Attitudesof Educators instrumenthe two constructs thateremeasureavere
motivation and seléfficacy. The surveywasreviewed by a panel of experts for content validity.
This panel consisted of an Associatef@ssor of agineering education with at leasirtben
years of experience, an Associatef@ssor of science education with at least fifteen years of
experience, a state STEM Lead with three years of experi@mden Associateilctor of a

STEM education centerithh at least twentfour years of experiencBased on feedback,

4 )
Phase I:
Develop and test instrument in pilot study
Professional development workshop

}

Phase II:
Select participants for 2" study
Conduct Exploratory Factor Analysis

\ l J/
4 N
Phase il
Modify survey based on EFA

l J/
4 N
Phase IV:

Select participants for 3" study
Conduct Confirmatory Factor Analysis

\_ Final Instrument Y.

Figure & Stages of the study.
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guestionsvereadded, deleted, or modified.

The second phasevolvedselecting participants for Study 2. An emadssent to two
cohorts of 21 Century Community Learning Centg1® CCLC) granteesThe cohorts
consistef granteegafterschool programsyho were awarded 2145 CCLC grant in the same
award yearThis emailaskedgrantees to participate in a survey with a link provided via
Quialtrics. Additional participantsererecruited at the annual Alabama Community Education
Association conference in Orange Bea&labama. These participants weaittending a session
entitled Alnfusing STEM in Your Aftewaehool P
analyzed by conduicty an exploratory factaanalysis. The purpose of the Exploratory Factor

Analysiswas toexplore the underlining dimensions of a given construct.

In phase three, the survesasmodified based on the explooay factor analysis in Study
2. One selefficacy item was deleted and three motivation items were del€hedmodified

surveywasfurther analyzed in the next phase.

Phase foufocusedon the creation of the final survey instrument. In this phase, also
known as Stdy 3, participants werselectedy their affiliation with afterschool educatioin an
attemptto create a large sampize, new participants werecruited from a pool of 24Century
Community Learning Center grantees that coadist two cohorts. These two cohorts are made
up of 126 ge locationsAdditional participants werselected through the Afterschool Alliance,
an organization that works with afterschool programs and policy makers across the United
StatesLastly, participants were recruited via the National Science Teacheciassn (NSTA)
and National Association for Research in Science Teaching (NARST) listservs. The modified
survey wadglistributed via email whichontainecda link to the Qualtrics survey. Dategere

collected andhenanalyzed by conducting a confirmatorgtiar analysis. The purpose of a
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confirmatory factomanalysis is to examingow well ameasured variable represetite number
of construct§Meyers, Gamst, and Guarino, 2018he final phase of this stugiyovided

strongewvalidity evidence for the proped survey instrument.

Data Analysis

Quantitative dataonsistedf Likert scale data from the STEM AttitudeSEducators

instrumentcollected throughout Study 1, Study 2, and Study 3.

In Study 1, the pilot sidy, the dependent variables waretivation and seléfficacy
while the independent variablasthe STEMPD workslop. Statistical analysis using paired
sampleg-tess was conducted using Statistical Package ofSib&al Sciences (SPSS) to reveal
di fferences i n tresaswelkas seéfficanypstores lefore attendisgthe
workshop and after the workshop usagignificant level of05. Paired amples tests, also
known as dpendent tests,aremost appropriatéo compare the means of the paad post
surveys to ddgermine whether there is evidence that the differehetveen the scordsefore and
after a treatment aegnificantly different from zero (Field, 2009). Seven questions measuring
motivation on the STEM Attitudesf Educators instrumentere rephraseddm positive to
negative statements to check for consistency among participant answeheeafdre, were
reverse coded before conducting statistical analysis. In Study 2yelsanalyzed by
conducting an Eploraory Factor Aalysis using SPSS. The pose of tle Exploratory Factor
Analysis wago explore the underlining dimensions of a given constiacstudy 3, data were
analyzed by conducting a Confirmatory Factorafysis using AMOS (Analysis of a Momie
Structures) an&PSS. The purpose ofconfirmatory Factor Aalysis wago test how welh

measured variable regsens the number of constructs to build evidence of construct validity.
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Summary

The purpose of this study wasdesign, refine, and build a validity argument for the
proposed instrument to measure STEAIF-efficacy and motivation of afterschool educators
Literature regarding a valid and reliable instrument to measure STEM attitudes of educators is
limited. Though multiple phases diis study, the researcher aintedorovide validity evidence
of the propose@TEM Attitudes of Educatonsstrument. Study 1, the pilot study, used the initial
instrument to measure changes in-gfficacy and motivation. Studylililt upon previous
evidence to build a stronger case for validatiorhefinstrument by conducting an Exploratory
Factor Aalysis on a largesample. Finally, in Study 3, ao@firmatory Factor Aalysis was
conducted. Evidence collected through multipledgesbuildsa stronger argument for the use of

A

thisinstrument aga vaild toolff or measuring educatorsé STEM att
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CHAPTER 4: RESULTS
Introduction

The purpose of this investigation was to design, refine, and build a validity argument for
the proposed instrument to measure howa SFEMvo r k shop | mpr oeffeagy t eac h e
and motivation to implement STEM in their afterschool programs. To exaweibefficacy and
motivation of STEM implementation meaningfully, it must be explicitly conceptualized and then
translated into an instrument that appropriately operationalizes and measures this
conceptualization. This investigation was conducted thrausgries of phases to collect
evidence of validity. Phase one consisted of building and testing the initial instrumétid at a
workshop. Phasevo consisted of conducting an Exploratory Factoalsis (EFA). Phase three
focused on modifying the survey tnsment based otne EFAresults. Finally, phase four
consisted of sending out the survey nationwide to gather data to conduct a confirmatory factor
analysis to create the final instrument. The research questikeain this study wasWhat
evidenceof vdidity supports the proposeésiTEM Attitudes of Educatoirsstrument in evaluating
educator motivation and sedfficacy regarding STEM implementation?

This chapter is organized into two sections. The first section provides an overview of the
proposed instiment. The second section will discuss implementation and modification of the
instrument throughout the four phases and describes specifically how evidence of validity was

built to support the final instrument.
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The Instrument

The initial STEM Attitudes of Educators inventory, whiwvas developed for this study,
wasdesignedtg auge teacher s 6 -efficacycandomotivationsegaadng STEM s e | f
implementation. Theaitial instrument contaiedfive demographic questions centeredgemder,
ethnicity, education, job title, and program locatilblso containe@7 questions whiclfell
under two constructs: motivation and sefficacy. Ten fowpoint Likert scale items ranging
from ANot Confident at edhowteacheroperfeddheirsefConf i den
efficacy about implementing STEM focused activities in their afterschool program. Seventeen
fourpoi nt Likert scale items ranging freodm AStro
educator sdé6 mot i vEMacteities in tbeir aftergchoel pregnaim. Aninimum
score of 10 on the survey instrument measuringesélff i cacy woul d i ndicat e
confidence in their ability to implement STEM in their afterschool program whereas a maximum
score of 40 wuld indicate a high level of confidence in their ability. In addition, a minimum
score of 17 on the survey instrument measuring motivation would indicate a lack of motivation
to implement STEM whereas a maximum score of 68 would indicate an educatar hitloly
motivated to implement STEM.
Instrument Modification and Evidence of Validity
Phase |

The first phase consisted of the initial development of the STEM Attitudes of Educators
inventory The firstversion of thenstrument consisted of 2juestios: 10 measuring self
efficacy and 17 measuring motivation. A panel of five STEM experts and professors analyzed
the items. Any items regarded as inaccurately measuring the constructs were revised or removed.

For example, several negative statemehte (@gineeringdesign procesis unfamiliar to me)

75



were added to parallel positive stateméhfsel comfortable explaining the engineerdgsign
process)

The next step iPhase I called the pilot studyywas the implementation of the initial
instrument lefore and after a STEMD workshop. The purpose of the pilot study was to
understand how a STEMDwor ks hop i mpr o-effeaty anceneotvatienrtes 6 s el f
implement STEM in their afterschool programs as well as further develop the proposed
instrument hat measured STEM motivation and sefficacy. To establish content validity of the
STEM Attitudes of Educatoligventory a panel ofife STEM expertanalyzed the items. Any
items regarded as inaccurately measuring the constructs were revisatbeed. Furthermore,
the panel suggested additional questiand formatting suggestions for the instrument. Once
initial developmenof the tool was completed, refinemeaintinued until the initial 27 items
were reduced to a final set 22 items hat entered around the two constructs being measured:
self-efficacy and motivation of educators.

The firstPD workshop consisted of 38 participasucators across the state of
Alabama. The8 participants were composefi37 females and one male. Particitsaidentified
themselves in mangverlappingroles including 53% as iachool time teachers, 45% as
afterschool program coordinators, 58% as afterschool program staff, and 5% identified as
AOt her . 0 Data wer e ccaldulatedcihcemptesurnvey dataevererotb i | i t y
analyzed, creating a sample size of 34 participants. Cronbach's alphas for theeffizgelf and
17 motivation items were .85 and .81, respectivelyB8H4). These are acceptable values for
educational surveys (Tavakol & Denni@Q11). To continue building stronger evidence of
content validity, additional workshops were implemented to create a larger sample size which

will be discussed iPhase Il
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Phase Il

Phase llof the study focused on building a stronger validity argurbgrollecting data
to form a larger sample size. A serie@f workshops wereonducted at Alabama Community
Education Association, an afterschool conference for the state of Alabama. Data were collected
from 116 participantsrho identified themselves many roles includingfterschool staff,
educators, and school system administration sta#.116 participants were 92% female and 8%
malesCr onbachds al péeffieasy afidd# motivatien itdn@eres.3 larfd .85
(N=116) respectively, an inase from the previous sampleRhase | These are googhlues
for educational surveys (Tavakol & Dennick, 2011).

Next, an Exploratory Factormalysis (EFA) was conducted to further investigate the
number of constructs ard structurehis instrument tduild a stronger argument for validity. In
the EFA principataxis factor extraction with direct Oblimin oblique rotation was used to
determine the factcstructure of both constructs (selffficacy and motivation).

Results othe EFA exhibited factor budings for sekefficacy ranging from .34 to .89
(n=116) into a twefactor solution (Table 1A total of two factors had eigenvalues great than
1.00, cumulatively accounting for 70.87% of the total variaNaee of the survey items loaded
in Factor 1 while one item loaded iRactor 2. Because thgoal was to have all items loadto
one factor, one question (Question 9) for-eélicacy was deletednd an EFAvas conducted a
second time. Tharfal EFAfor theself-efficacy items all loadedrio one &ctor having an
eigenvalue greater than 1.00, cumulatively accounting for 59.79% of the total vdfiabte2).
Therefore, gestion YFostering positive relationships with studentgs deleted for the draft of

the secondhstrument.
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Table 1

ExploratoryFactor AnalysisStructure Matrix for Ten SelfEfficacy Iltems

Factor Loading

Item 1 2
1 .87 .34
2 .89 .36
3 .83 40
4 .78

5 .89

6 .75 .56
7 .63 .70
8 .61 .74
9 .87
10 41 88

Note.Factor loadings > .40 are in boldfar onbachdés al pha-=

Table 2

ExploratoryFactor AnalysisStructure Matrix for Nine SelfEfficacy ltems

Factor Loading

ltem 1

1 .87
2 .90
3 .85
4 .79
5 .89
6 .69
7 .54
8 52
10 40

Note.Factor loadings > .40 are in boldface Cr onbachoés al p

Results for the EFA exhibited factor loadings for motivation ranging from .19 to .86 into a

two-factor solution (n=116) (Table 3). Three bktitems for motivation loaded onto factor one,
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four loaded ato factortwo, and ten items croskwaded oto both factors. Although all items
loaded into two factors, three items had low factors loadings (<.3) and therefore, were removed
for the draft of the second instrument (MacCallum, 2001). After conducting and analyzing the
exploratory factor analysis, modification of the survey took place which will be discussed in the

following phase.

Table 3

ExploratoryFactor AnalysisStructure Matrix for 17 Motivation ltems

Factor Loading

Item 1 2
16 .75

7 .58 .22
MR13 .16 .86
MR15 .86
8 72
MR14 37 72
6 .55 .63
MR12 21 .35
MR5 15

MR9 -.19 .38
MR17 .16
4 .33

1 21 .34
10 27
3 .32 .35
2 .48 .55
11 .59 .55

Note Factor loadings > .40 areinboldfaGer onbachés al pha=
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Phase Il

Phaselll of the study focused on modifying the survey based on EFA results as well as a
second review by a panel of experts. Three changes were foadat of the survey, deletion of
items for selefficacy, and dietion ofitems for motivation.

The panel oexperts suggested moving demographic questions to the end of the survey.
Therefore, gender, ethnicity, education, program locatiod role were moved the endafter
survey itemfor the second draft.

Next, based on EFA results, one sfficacyie m AiQuesti on 9: Fosteri
relationships wit h sding theonlyitem ot lcadirgnorfactonone.e d a f t
Removal of thé item resulted in an increaseinternalconsistencyrom .90 to .91 (N116) and
all remaining items loadingnto one factor.

Finally, based on EFA results for motivation, the following three items were removed
due to low factor loadings (<.3):

Question 5: | think implementing STEM activities takes too much time.

Question 10: | have the materials | neethiplement STEM activities.

Question 17: There is not enough space at my site location to implement STEM

activities.

Internal consistencwyas recalculated after the removal of these three items and found to be .85
(N=116) indicating goodeliability.

Once the initial development of the tool was completed and an exploratory factor analysis

was conducted, the refinement process resulted in 27 itangsreeluced to a final set of 22

items that centered around the two constructs being measureeffisalfy and motivation of
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educators (Appendix B). This 28m STEM Educator Attitudes instrument was used in the final
phase of the study to build evidence for construct validity.
Phase IV

Phase IV of this study focused on selecting participants for thepthititipant group to
conduct aconfirmatory faictor analysis (CFA), conduct and analyze the CFA, and dreafaal
draft of the STEM Attitudes of Educatoirsstrument.

A CFA is conducted to determine whethee gample data reasonably matcties
hypothesized modeR” CFA can be simplévherethe measured variables are associated with a
single factoy to more complexwhere the structure of multiple factors are examined within a
single modeWith a single goal of obtaining a good)fiMeyerset al., 2016)Confirmatory
factor analysisnodels are presented imetform of diagrams and contain the following five
elements: measured variables, latent factors, error terms, paths, and parameter constraints
(Meyers et al., 2016).

Measured variablesre represented by rectangles/squares in the model while latent
factors, also known as constructs that are not directly measured but are defined by the measured
variables, are represented as ovals/circles. Error terms, also known as unique varialebeist also
within the model and are associateith a residual variable. Uniqueness refersadance that
cannot be attributed to a specific ca(ideyers et al., 2016). In the model, unique variables have
a directional arrow pointea tthem from the latentariableand therefore areinfluenced by that
variable (Meyers et al., 2016). Paths are depicted in the model by directional\ahicvs
represent influence or causalifjhere are two types of arrows: unidirectioaadl bidirectional.
Unidirectionalarrows (also known as directional arrevior simplicity) have one arrowhead

while bidirectional arrows have arrowheads at l®ottds and represent correlations between

81



variablegMeyers et al., 2016 he last element to be depicted on the model is parameter
constraintsLatent variables are not in the data file and hawdaen directly assessed.

Therefore, they must be linked to the scale of measurement of an associated indicator variable
which is done by placing a constraint with a value of 1.0 on thefimaththe htent variable to

an indicator (Meyers et al., 2018&)sing these five elements, a theoretical structure model can be
created and analyzed to detemmif the sample data reasonably mdtehhypothesized model.

Additionally, CFA models are thary based. In this particular study, BRA was
conducted previously as a theaggnerating technique to hypothesize the underlying structure of
the model.

Finally, the major objectivén CFA is to determine if the relationships between the
variables in the hypothesized model resemble relationship between the vanabhieshserved
data(Meyers et al., 2016). This process undergoes five steps: model specification, model
identification, seletion of the model estimation technique, model evaluatinod model
specificaton. These steps are descriliethe following paragraphs.

Conducting a CR requires a larger sample siaed therefore, participants were pulled
from multiple sources. Theecond draft of the survey was sent out to 21st Century Community
Learning Centers grantees, members of the Afterschooh&#isnmultiple states, subscribers to
the National Science Teacher Association (NSTA) listserv, and the National Association for
Research in Science Teaching (NARST) listserus Tasulted ir233 paricipants. From this
group, there was a complete data set from 207 participants. Of these participants, 87% were
female while 13% were male. Participants identified themselves in ovenkappingroles

including 29% as ikschool time teacher§9% as afterschool program coordinators, 27% as

afterschool program staff, 3% as principals
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Those participants that identified themselves ast Histed fudent, researchetdjrector,

museum educator, etCronbach's alphas for the 9 sefficacy and 14 motivation items were

.91 and .88, respectly (n=207). These are gowedlues for educational surveys (Tavakol &

Dennick, 2011).

The purposefoconducting a CFA is to determine the goodness of fit between a

hypothesized model and the sample data. For this stedyo hypothesized models wea@®ne

factormodel gelf-efficacy) anda two factor model nhotivation). The initialmodels proposed in

the CFAfor seltefficacy and motivation, shown in Figure 7a and 7b respectively, were

evaluated without including any correlations between error variables.
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Figure 7. Hypothesized confirmatory factor analysis model for a}fantor structure
for seltefficacy, and b) twdactor structure for motivation.
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Assessing the hypothesized model begins with generating and evaluating the estimates of
the parameters in the mel. The Exploratory Factor Analysis was used a thgenerating tool
to configure the hypothesize model. If the observed data and the hypothesized model resonate
with each other, the model is said to fit the data and, therefore, needs an index thfa)thant
degree of fit between the data and mqtidyers et al.2016. Chi square is used to assess the
fit of the model and test the difference between the predicted and the observed relationships and,
therefore, has been used for this study (Meyeas €2016).

Results from the initial model evaluation of sefficacy yielded pattern coefficients
relating the factors with the items that were reasonably robust, ranging from.8&0 Fit
indicesfor the original model revealastatistically sigificant chisquare test with a value of
200.76(df=27, N=207) p<.001L. The GFI (785), CFI (.852), and RMSEA (.177) showed values
that, taken together, suggest that the model was on the border of adequate to good fit.

Examindion of the modification inites suggested thatdition of some correlations
between pairs of errors would improve model fit. The respecified model with its standardized
coefficients is presented in Figure 8a. Fit waticeably improved. Fit indicdsr the respecified
model reveadda statistically significant cksquare test with a value of 8(® (df=21, N=207),
p<.001. However, the GFI (.937), CFI (.967), and RMSEA (.095) showed values that when
considered together represented a very good model fit for the proposetffisatfymodel
structure For sample sizes larger than 100, a RMSEA of <.10 is considered acceptable (Kenny,
Kaniskan and McCoach2015).Results from the respecifiedodel of selefficacy yielded
pattern coefficients relating the factors with the items ranging from .52 to .87, avetall

statistically significan{p<.001).
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These resultssummarized in Table 4uggest that the proposed dmaetor structure for sél

efficacy of the STEM Educator tMudes was supported usidgta from this sample.

Table 4

Fit Statistics forConfirmatoryFactor Analysis ofself-efficacyltems for thd®roposedvodel and
RespecifiedVodel

Model N X2 df GFlI CFI RMSEA
Prior 207 200.76* 27 785 .852 77
After 207 60.19* 21 937 .967 .095

Note GFI= goodness of fit index; CFI= comparative fit index; RMSEA= root mean square error
of approximation.
*p<.01

Results from the initial model evaluation of motivation yielded pattesatficients
relating the factorwith the items ranging from .24 to .7Bit indicesfor the original model
revealeda statistically significant cksquare test with a value of 539.79#=76, N=207),
p<.001 The GFI (685, CFI (.671), and RMSEA (.1§2howed values that, taken together,
suggest that the model was on the border of adequate to good fit.

An examindion of the modification indicesuggested that the addition of some
correlations between pairs of errors would improve model fit. Addilipr@ne item with a low
factor loading (<.3) was removed for the respecified model (MacCallum, 2001).

The respecified model with its standardized coefficients is presented in Figure 8b. Fit was
noticeably improved. Fit indexes for the respecified nhoeleealed a statistically significant ehi
square test with a value of 152.368%51, N=207) p<.001. However, the GFI (.905), CFI
(.925), and RMSEA (.09&howed values that when considered togethersepted agood
model fit for the proposed sedfficacy model structure. Results from the respecified model of

selt-efficacy yielded pattern coefficients relating the factors with the items ranging from .41 to
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.83, and all were statisticalrgnificant £<.001). These resultsummarized in Table Suggest

that the proposed twiactor structure for motivation of the STEM Educator Attitudes was

supported using the dafi@m this sample.
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Figure 8 RespecifiedCFA model for a) ondactor structure for sekfficacy, and b) twdactor structure
for motivation.

Table5

Fit Statistics forConfirmatoryFactor Analysis ofMotivationltems for thé’roposedModel and
RespecifiedVodel

Model N X? df GFlI CFlI RMSEA
Prior 207 539.79* 76 .685 671 172
After 207 152.36* 51 905 925 .098

Note GFl= goodness of fit index; CFl= comparative fit index; RMSEA= root mean square error
of approximation.
*p<.01
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Summary

To examine seléfficacy and motivation of STEMnplementation meaningfully, it must
be explicitly conceptualized and then translated into an instrument that appropriately
operationalizes and measures this conceptualization. This investigation was conducted through a
series of phases to collect evideraf validity. The initial instrument consisted of 27 total items:
10 selfefficacy and 17 motivation items. To establish content validity, the questions were
reviewed by a panel of experts.

Questions were modified, added, or deleted based on feedbackirstimplementation
of the instrument was distributed to a group of participants at a SAEMorkshop. Reliability
tests were conducted to build further evidence of content validity. Cronbach's alphas for the 10
self-efficacy and 17 motivation items wee.85 and .81, respectively (N=34). A second
distribution of the instrument at a subsequent STEMvorkshop was implemented to continue
to build a stronger case for validi@.r onbachdés al phas wer-effcacecal cul
and 17 motivationtems and were .90 and .85 (N=116) respectively, an increase from the
previous sample imstrument one

After an EFAwas conducted,ine selfefficacy items loadedrdo factor one while one
remaining item loaded into factor two. Therefore, one iteem(i®) of seHefficacy was deleted
for thesecond proposed instrumeRte | i abi |l ity tests were recal cul
nine selfefficacy items was91 (N=116) which is considered excellegliability.

All motivation items loaded into a twiactor structure as expected. However, three

motivation items received low factor loadings (<.3) ,@hdrefore, were deleted for the second
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proposed instrumenRe | i abi |l ity tests were recalcul ated

items was85 (N=116) which is considered acceptable reliability.

A second draft of the survey was created consisting of nineffielicy items and 14
motivationitems. This second draft was distributed through multiple listservs to gather
participants over the United&es. This final group of participants consisted of 233 individuals,
207 of which had complete data sets for analysis. After responses were gatldrAdyas
conducted with a proposed and final model. The purposenafucting a CFAs to determine
the goodness of fit between a hypothesized model and the sample data to build an argument for
construct validityResults indicating a final model for both a efaetor structure for self
efficacy and a twdactor stucture for motivation providedvidence forconstruct validity for the
proposed instrument. The initial instruments were refined to a final instrument consisting of nine
self-efficacy items and thirteen motivatiastems.Results suggest that the proposed instrument
appropriately operationalized antkasurd self-efficacy and motivation of educators regarding

STEM implementation.
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CHAPTER 5: DISCUSSION AND IMPLICATIONS
Introduction

This study focused on how to improve quality STEM education in afterschool programs.
One crucial step i® better understand the afterschool eduéator mot i v a-efiicacy and s e
for implementing STEMcontent and curriculdnforming and supporting educators in how to
implement integrated STEM correctly and confidently is an essential first step torengagi
students in STEM. Until educators become comfortable with guiding their students through the
engineering design process, they will be less motivated to plan and implement quality STEM
activities. Therefore, investigating motivation and-séficacy ofafterschool staff can inform
future PD design and implementatiodVhile current researdk focusedon engaging students in
STEM, there is little knowledge regarding how to motivate educators tormeptleSTEM
effectively and there are fetools to measureducator STEM seléfficacy and motivationTo
examine sefefficacy and motivation of STEM implementation meaningfully, it must be
explicitly conceptualized and then translated into an instrument that appropriately operationalizes
and measures this comtealization.

The research question targetedhis study waswWhat evidence of validity supports the
proposedSTEM Attitudes of Educatonrsstrument in evaluating educator motivation and-self
efficacy regarding STEM implementatiom® address thigueston, validity of an instrument
was defined athefistrength of evidence that the scale score accurately represents the level an

individual possesses of the construct of intér@Sarrey et al. 2015)
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Resultsindicatedthere is an acceptalevel of evidence regarding internal consistency
and construct structure of the proposed STEM Attitudes of Educators (SAE) instriliisnt.
refers to evidence that the instrument items collectively medauremmon construct (self
efficacy and motivation) and that there is minimal error around the set of items (reliability). In
this study, Cronbachés alpha was calcul ated o
consistency. Resulsipporedt h e i n srelinhbiitma@nd valadity | n addi ti on to
alpha, multiple statistical techniques were used to examine construct validEBEAwas
employed to determine that the instrument measured all expected constructs. Results indicated
that selfefficacy items loaded into one factahile motivation items loadednto two factors. To
further explore the construct validity, the instrument was further analyze@€BpaResults
indicated a good fit for the proposed model suggesting evidence of constrdity Yai the
STEM Attitudes of EducatolisstrumentCollectively, resuk support the validity of this
instrument.

Limitations

Several limitations were encounterigdthis studythat may have compromised the results

and assertions made; nonetheldlss researcher attemptealeliminate thesas much as

possible

Threats to internal and external validity were also taken into consideration. Internal
validity is concerned with the degree to which results of this study are attributable to the
independentariable, the STEMPD workshoppilot study as opposed to some external
explanation. One internal validity threat may be the location and time of data collection. For
example, results may vary if participants take {susveys at the end of tfD worksh@ as

opposed to waiting until they return to work days later. To protect against this threat, a mobile
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link was provided so participants could complete the survey on their phones as well as a paper
copy for others at the end of the workshop. A secondtttiteicould occur is changes in survey
scores due to repeated testing as opposed to the intervention being effective. Unfortunately,
threats to internal validity may always be present but the researcher attempted to minimize the
threats when possible bin@osing the most appropriate design for the study and standardizing

conditions.

Threats to external validity, the extent to which results are generalizable, may also arise.
One threat to external validity is selection bias. Participants narselectecandomly but
volunteered to participat Someparticipants volunteered because tineyeeager to learn how
to effectively implement STEM and change their programs. A second threat to external validity
may be how the researcher operationally definesdhstructs being measured. When
generalizing results, the researcher will only be able to generalize findings within the confines of
the operational definition. The researcher will make all attempts to reduce threats to external

validity.

Implications and Suggestions for Future Research
The findings in this study fill a gap in the literature and lend support to the argument that
there is a need for valid a nefficacyahdimativdtion t ool s
regarding STEM implementation. the pilot study, implementing a high qualRp workshop
thatcentered around best practices improved educateefiglacy, although little change was
measured in educator motivation. Improving educator confidence in STEM implementation is a

importantstep in improving quality STEM in afterschool time aneaiool time.

Results are specifio educators and staff in afterschool programd STEM education.

Thereforg theycannot be directly generalized tesnhool time educato to other content

91



areas and activitiefuture research is necessary in order to determine how STERs&dy
and motivation impact kschool time educatorandfurther researcis needean improving
STEM seltefficacy and motivation of afterschool program educators.

One suggestion for future research is to improve the STEM Attitudes of Educators
instrument by adding additional questions to gather more insighthi@tionpact that low self
efficacy andmotivation haoon STEM implementation in afterschool programs. pregposed
final version of the SAE instrumehts2 2 it ems t o a seffieasyandeduc at or s o
motivation regarding STEM implementation. Tweiiyo items may not bsufficientto
accurately conceptuali ze educ anseauldb2 addedt i t udes
and additional factor analysesuldbe conducted to provide evidence of validity.

Another suggestion is to measure STEM attitudes-sthool time educatorsvhich
ultimately impacttudent learning during the school day. Research suggests that although some
students are able to make links iritiearning, students have difficulktpnnecting concepts
from outof-school learning with ischool learning (Fallik, Rosenfeld & Eylon, 2X).
According to Fallik et al(2013) bridging this gap provides multiple learning opportunities for a
variety of learners and can increase student motivation for learning, expand student conceptions,
and provide opportunities for students to develepwskills and abilitiesOne causéor this gap
may bealack of understanding, tools, or communication between staff togg@gportunities
for bridgingthe inschool day with the otf-school time. However, another cause of the gap
may be inschooltmee ducat or sdé | ack of kno-eflicecd grdowr egar di
motivation to implement STEMI herefore, additional research should be conducted to better

understand s ¢ h o o | time educatorsodé attitudes i n reg:¢
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Finally, ore additionakuggestion for future research is to utilize the validated instrument
before and after STEM focused workshops to measure changeaucator seléfficacy and
motivation of STEM implementatiomnforming and supporting educators in how to iempént
integrated STEM correctly and confidently is an essential first step to engaging students in
STEM.

Results from the pilot study indicated that a STEM focui&Rdvorkshop improved
educator confidence (sedfficacy) to implement STEM in the futurevérall, they became more
confident in their knowledge and implementation of the EDP (Engineering Design Pracess)
essential component in STEM education. However, pilot study results also indicated that there
was not a statistically significant differena motivation before and after the workshop. This
result may be due to the fact that although educators are confident to implement STEM in their
afterschool programs, the instrument measured current motivation to implement STEM.
Therefore, additional rearch shold be conductetb accurately measure educator motivation.
To measure motivation of future STEM implementatithe survey should be givensaveral
time points: before the workshop, immediately after the workshop, and in the &ftardime
has been allowed for educators to practice and implement what they have learned from the
workshop.Additionally, to create a holistic conceptualization of educator STEM attitudes, a
mixed-methods approached should be conducted. It is not enough to measure attitudes with an
instrument. Educator interviews should also be conducted to look for themsafor needs,
self-efficacy, and motivation regarding STEM implementatids.mentioned in previous
chapters, until educators become comfortable guiding their students through the engineering
design procesand other key components of STEMey will be lss motivated to plan and

implement quality STEM activities. Therefore, investigating motivation aneeffgtbcy of
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afterschool staff can inform futuRD design and implementatiowith such a high emphasis on
providing integrated STEM in the cof-schml time, stakeholders, policy makers, and educators
should be aware of the foundatioasproviding maximum learning opportunities in STEM

which areteacher motivation and sedfficacy. Therefore, this researchninform practitioners,
stakeholders, resrchers, and policymakers about how to motivate afterschool program staff to
effectively provide integrated STEM learning with confiden®aditionally, this research

provides valuable information on how to effectively design and implement STEM focused
workshops to provide opportunities for educators to build confidence and motivation to

implement STEM.
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juswuosiaua W_.___.__._mm_ p=J4ajuad-juapnis e m_.._:wumou_ ‘6

Ayinioe ue Inoysnouyy Juswadesus Juapnis Sululelay ‘g

S3IIAII0€ Ul 3210Yyd-1uapnis 1oy saijiuniioddo Suneas) 7

S3I}IAII0R UO-SpUlW/uo-spuey Suieas) g

PHOM-|E3J BYL YHM S3IHAIROE A3 ]S Bunpauuo) g

ssadoud udisap-Bunaauidua ay) jo adpajmou) ¢

S3IHAIIOE NI LS INOGE SUORIB|I S3U3PNIs BUIpINg ¢

(suonesdnsanul no Sulhiiea/Buiuueld ‘suonsanb Supyse ‘ssacoud udisap
BuusauwBua ay) Buisn ‘suaad yum sSuipuyy Sulieys ‘ejep Suijoa)|od ‘suoneasasqo
Sunjew -§-a) saonoeud N3 S vl @5eSua 03 syuspnis 1oy saijiunjioddo Suneas) '

v

[4

T

sjuapnis asua||eyd jeyl sanianoe |A31S Sunuaws|dw) '

wapyuo)
Asap

juapyuo)

jusplyuoo
jeymawos

e 3e
auapyuo)
1N

uonsand

L IUSPIUOD A13A, 0} ||€ 38 JUSPIJUOD JOU,, WL} MO[Dq JUSLLIIEIS YOBS 104 I0UBPUOD Jo 2213ap InoA ajey

siojeanp3 jo sapnIY WILS

119



*s30aload W3 1S (ngSulueaw ul Juapnis a8e8ua 01 awil ysnoua aney 1,uop | 0T

*s211ewWwaylewW pue Suuasauldua
‘ASojouyoa ‘sousins a1esodiooul 18y saAoe Ul sledidiped uayo syuapnis A g

. BupieauiBus,, aAjoAul 1RY] SBINIAIDE JO pIBLJE WE | '8

*s59004d uBisap-8ulisaulBua ayl Suluie|dxa 3|QEMIOJLIOD |23} | £

"IN3LS Ul @0loya-1uapnis jo aoueliodw syl pueisiapun | g

(suonesgiisaaul Ino Sulhiiea/uiuue|d ‘suonsanb Bupyse ‘ssadold
uBisap Suussuidus ayy Buisn ‘susad yum s8uipul) Sulieys ‘elep Sui133]|03 ‘SUCI1PAISSTO
SBunyew -8-3) -seonoeud 3]s ul 38eSus 01 syuspnls moj|e 1.yl sanaloe uawsdwi | g

“S3IUAII0E |15 uawa|dwy 01 a2eds aney | p

"salyAoe [W31S wuawadwi aw djay 01 Ye1s aney | g

*saINAILDE [T 1S Wl 38e8us 01 saiyunpoddo syuapnis Aw anig | g

14

I

"S3IAILIE |NT1S Juswajdw 0] paau | $30IN0sal 3Y3 aney | T

3248y
Aj2uons

aa.8y

aaldesig

aasdesig
Aj3uons

uoisany

. 3913e A|Suons,, 01 ,s343esip AjSuouls, WO 3[EIS B LO MO|3( JUSLLIBIE]S YIES D1EY ‘UOIIBAIIOIAl

$10}E0NP3 J0 SIPNINY WILS

120



*Aaauns siyy ui Suiedionued 104 yanw os noA juey|

v € [ ! ‘2w 0} Jeljiwelun si ssadoud uBisap-SuuaauiBus ay] €1
v € 4 I -djay o3 ajdoad aney jou op | asnedaq saiiAIde |\J ]S Juawsa|dwi Jou op | "ZT
v € [4 T
"0S Op 0} JUBPLUOD J0U We | Isnedaq saljiaioe SuuaauiSua Juawadwi jou op | 'TT
2218y aaudesig
(i 2218y 2aJ8esig T uonsany

si03eonp3 jo SapNIIY WILS

121



@a48ap ajes0300q [J
23.83p |euolssajold [
@3J89p s, 4215eIN []
2318ap s, J0]aydeg [J
23139p 21e100ssy  []
8ujuies jeuoniedon/jediuydal/apel]
2318ap ou qi1paJd 283||02 3wos []
PO O (@39 :3|dwexa 104) Juajeainba ay) 1o ewo|dip ‘@3enpess jooyos YSiH [
|ediduLlg Juelsissy/jedpud [0 ewojdip ou ‘jooyds yaiy awos
pie/juelsisse/iayoeal weadoid jooydosiayy [J ‘uoneanp3y
Jojeulpioo) wessoud jooydsiayy [
J3yoea} awi-jooyds-u; ] BYy10 [
:(Ajdde jeys e )yo3y)) 2|0y SUYM O
UBIpU| UBDLIBWY 10 UBDLIBWY SAIEN []
ounel JooluedsiH [J
UBDLIBWY UBdLYY JO el [
Japuej|s| oiyoed / ueisy [J
uoneuiqwo) [J Aypruya3
aseq-y3ie
vmmmn-ﬂ_:sﬂhﬁhou m BY0 O
paseq-jooyds [ BN O
:uonyedo| weadosy el O
:12puap

siojeanp3 jo sapniiy NILS

122



Appendix D

Permission Letter tose DoS Rgures

Guidelines for Citing & Distributing Findings
Provided by The PEAR Institute Data Reports

CKFYy]l @2dz F2NJ @2dzNJ AYyiSNBad Ay aKIFINRARy3d @2dz2NJ FAYRAy3Ia
your educational stakeholders or the public! If you plan to reference The PEAR Institute or would like to put your
peer-review journal aricles,we ask that you please adhere to the following general guidelines

1 Evaluation findings shared with your organization by The PEAR Institute must not be altered iwaygnd
should be reported with details concerning sample size ahtext.
o0 Anymodificationof the contentsof the report (includinggraphs tables,or text) shouldnot be
attributed to The PEAR Institute, Harvard Medical School, or Mdiespital.

1 For surveybased tools, there should be a statement that your program/organizati@teived permission
from ThePEARNstitute to usethe surveytool, and/or that your organizationparticipatedin an evaluation
with namedsponsors.Youmay not publishor shareindividual items in reports, theses,or journal articles
o0 Example 1Permission to use the Holistic Student Assessment (HSA) was obtained from The PEAR
Institute at Harvard Medical School and McLétospital.
0 Example 2: Permission to use the Common Instrument Suite (CIS) was obtained from The PEAR Institu
at Harvard Medial School and McLeatospital.
o0 Example 3: Program XYZ participated in the 2016 Afterschool & STEM Evaluation to...As part of this
work, ProgramXY Zisedthe CommoninstrumentSuite(CISkurveydevelopedoy ThePEARnSstitute at
Harvard Medical School amdicLearHospital.

9 For observationbased tools, there should be a statement that individuals collecting data were certified by
The PEAR Institute to use the tools. This is important to demonstrate the reliability of the déta may not
publishor sharerubricsin reports, theses,or journal articlesor sharerubrics with non-certified individuals

0 ExampleObservationsvere performedby individualscertified by ThePEARnNstitute to usethe
Dimensions of Success (DoS) observdtioh

o ExampleAll datacollectedusingthe Dimension®f SuccesgDoSpbservationtool were collectedby
PEARcertifiedobservers.

1 If you have any opinions about the dator draw any conclusions or make recommendations using the data
that were not explicitly stated in youreport by our team at The PEAR Institute, then the following additional
disclaimer must beused:

0 GAnyopinions findings,and conclusion®r recommendationgxpressedh this material are thoseof [the
author(s)c Program Name/Organization] and do nucessarily reflect those of The PEAR Institute,
Harvard Medical School, or McLdar2 & LJA (i | f ®¢

1 If you arethinking about publishingthe data/results providedto you by ThePEARnNstitute in_.a peer-reviewed
journal, please contact Dr. Patty Allen, Reseatdanager, apallen@mclean.harvard.edu
0 Notethat secondaryanalysisand publishingof data (evenif collectedfor educationalpurposesyequires
Institutional Review Board (IRB) review apgroval.
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fé2dz g2dd R ftA1S G2 &AKIFINB FAYRAy3Ia 2y a20AFf YSRALI .
promote your organization and evaluatiofindings!

o Facebookhttps:// www.facebook.com/PEARImpact

o Twitter: https:// www.twitter.com/PEARImpact

1 PEAR is now an institute at McLean Hospital, and our name has changed as of January
2016. Please refer to our organization as1€TPEAR Institute: Partnerships in Education
and Resilience at Harvard Medical School and McLHaspital.

o LYAGALFE YSyGAzya 2F 2dz2NJ 2NBFYAT L GA2Y Ay &N
t9!lw LyadAddziSY t I NIy SNEKA LJant eyitiors BadzO G A 2 y
just be PEAR or The PHAdRitute.

o Forinstanced t N2 XY#paitheredwith ThePEARnstitute: Partnershipsn
EducatiorandResilience, at Harvard Medical School and McLean Hospital, to
measure the impact of oudf-school time (OST) ¢ 9a LINRPINI YYAYy 3 2y &ic
sciencerelated attitudes. PEAR, with funding from the STEM Foundation, aimed to
dPPDE

1 If youhaveany questionsor concernsabout theseguidelines,pleaseemail Dr. Patty Allen,
ResearchManager atThePEARnNstitute, at pallen@mclean.harvard.edor call ThePEAR
Institute at 617-484-0466.
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Appendix E

Confirmatory Factor Analysis Hyplaeésized Model: SelEfficacy
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Appendix F

Confirmatory Factor Analysis Respecified Model: Sefficacy
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Appendix G

Confirmatory Factor Analysis Hypothesized Moddbtivation
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Appendix H

Confirmabry Factor Analysis Respecified Model: Model
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Appendix |

Institutional Review Board Approval to Conduct Research

AUBURN UNIVERSITY INSTITUTIONAL REVIEW BOARD for RESEARCH INVOLVING HUMAN SUBJECTS
REQUEST FOR EXEMPT CATEGORY RESEARCH

For Information or help completing this form, contact: THE OFFICE OF RESEARCH COMPLIANCE, 115 Ramsay Hall

Revised 2/1/2014 Submit completed form to |RBsubmit@ auburn.edu or 115 Ramsay Hall, Auburn University 36849.
Form must be populated using Adobe Acrobat /P ro9org r eater standalone program ( do not fill out in browser). Hand written forms will not be accepted.

1.

Proiect activities mav not beqgin until vou have receivedapproval from the Auburn Universitv/RB.

PROJECT PERSONNEL & TRAINING

PRINCIPAL INVESTIGATOR (PQ:
Name Shannon Bales Title Graduate Student Dept/School College of Education

Address 1463 Haley Center, Auburn University AU Email smb0015@aubumedu
Phone 334-844-4104 Dept. Head Dr. David Virtue

FACULTY ADVISOR (if applicableJ:

Name Dr._Christine Schnittka Titte_ A ssociateProfessor Dept/School ~ College of Education

Address 5072 Haley Center. Auburn University

Phone (334)844-8277 AU Email ¢gs0013@aubumedu

KEYPERSONNEL: ListKeyPersonnel (otherthan PlandFA). Additional personnelmaybelistedinan attachment
Name Title Institution Responsibilities

KEY PERS! I TRAINING: Have all Key Personnel completed CIT! Human Research Training (including elective
modules relatedtothisresearch) withinthelast3years? [Z] YES NO
TRAINING CERTIFICATES: Please attach CITI completion certificates for all Key Personnel.

PROJECT INFORMATION

Source of Funding [Z] Investigator D intemal D External

ListExternal Agency & Grant Number:

Listany contractors, sub-contractors, or other entities associate with this project.

Listany otherIRBsassociated withthis project (includingthose involvedwith reviewing, deferring, or determinations).

DATE RECENWEDINORG:  __ __ __ Yoy —— —  APPROVAL ‘The‘ Auburn pniversity

DATE OF IRB REVIEW:  __ __ __ __ I — APPROVAL Instltutlona.l Review Board has
DATE OF ORC REVIEW: . — — Yo <r— — — — INTERVALF approved this Document for use
DATE OF APPROVAL: . By from

COMMENTS: - 02/19/2018 to -

Protocol #-— 18-046 EX 1802
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3.

4.

PROJECT SUMMARY.

a. Does theresearchinvolve any special populations?

D yes [Z]NO
D ves [Z]NO
D yes [Z] NO
D vyes [z] NnO

Minors (under age 19)
Pregnant women, fetuses, or any products of conception
Prisoners or Wards

Individuals with compromised autonomy and/or decisional capacity

b. Doestheresearch posemorethanminimalrisktoparticipants? DYES [Z]NO
Minimalriskmeansthatthe probabilityandmagnitude of harmordiscomfort anticipated inthe researchare notgreaterin
andofthemselvesthanthoseordinarilyencounteredindailylifeorduring the performance ofroutine physicalor
psychological examinations or tests. 42 CFR46. 102(i)

¢. Does the study involve any of the following?

D vYes [Z] NO
D vyes [Z] NnO

O ves [Z]NO
O ves [z]NO
O

YES [Z] NO

Procedures subjectto FDA Regulation Ex. Drugs, biological products, medical devices, etc.
Useofschoolrecords ofidentifiable students orinformation frominstructors about
specific students

Protected health ormedicalinformation whenthereis adirectorindirectlinkthatcould
identify the participant

Collection ofsensitive aspects ofthe participant's ownbehavior, suchasillegal
conduct, drug use, sexual behavior oruse of alcohol

Deception of participants

Ifyouchecked "YES" to any response in Question #3 STOP. Itis likely thatyour study does notmeetthe "EXEMPT"
requirements. Please completeaPROTOCOL FORMforExpedited orFull Board Review.
You may contact /RB Administration for more information. (Phone: 334-844-5966 or Email |RBAdmin@aubeail

PROJECT DESCRIPTION
a. Subject Population (Describeinclude age, special population charateristicsetc.)

The population consisted of afterschool program staff in the state of Alabama that ranged in
age from 21-70 years of age.

b. Describe, step by step, all procedures and methods thatwill be used toconsent participants.
[2] NIA (Existing data will beused)
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