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ABSTRACT
The purpose of this case studgsto understantiow participation in the arimpactsScience,
Technology, Engineering, and Mathematics (STEM) coursework for studemws &outhwest
Florida High Schod Withinthecontek of t he st uwagusedtolcadlectivedyr m fiar t
refer to allvisualandperformingarts coursg includingpainting, drawing, graphic arts, two
dimensional and thregimensional, music, and theat&udies show thahiorder to be
innovative, stdents need to have the experiencesttiesrts can foster in the right side of the
brain, the side associated with creati\{iysner, 2002)I chose aase studwapproactfor this
gualitativestudy, in which the participantsadthe opportunity to shar@eir individual
experience, and insight withtheartsand STEM coursework. The first theory guiding this
studywasassociated with Elliot Eisnawho believed thathie arts encourage exploration and
play a key part in the development of the imagaraand cognition(Eisner, 2002) The £cond
theory thaguided this studywas Howar d Gar dner Oelligenbes @99% on mul |
which states when students are able to approach their coursework from different perspectives,
learning comprehension de displayed in varying way&ardner, 1995) Lastl y, Mas| o0
(1943) theory of human ativation deals with howndividuals prioritizetheir needs, including
their need for selfespect and sekctualizationMaslow, 1943)Both sites for this case study
offer arts and STEM courseworkhrough operended interviews and observations vifib
participants] collected ad analyzeddata Based on the feedback provided by participans, th
case studprovidal insight intohow students udearning strategies, skilland creative problem
solving resultingfrom ther participation in theartsandin their STEM coursework.

Keywords creativity, high school students, STEAM, STEM.
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CHAPTER ONE: INTRODUCTION
Overview

The first chapter of this study illumates my intento understand how studsrdnd
teachers perceive thparticipation in the arts impacssience, technology, engineering, and
mathematiceourseworkAs STEM fields grow globally, there & increased emphasis on
STEM educatiorfMasson, Klop, & Osseweijer, 2018@)he founder and CEO of STEAM
education, Georgette Yakméaheorizesducation shald be based on a mutfisciplined
approach where science, technology, engineeringaradtmathematics work togethereducate
studentgYakman, 2016)Art educatorElliot Eisner theorized when the arts are fully integrated
into a studerds educationthis integregration demonstrates educational practidbeiabest
(Eisner, 2002)The ativities taught and practiced the arts create an environment that lends
itself to problem solving, trial and error, and a tolerance of ambuiguity while developing a
variety of solutiongEisner, 2002)Despite the thoeries of Elliot Eisner and thereased
emphasi®n student achieement, the United States is behind other nationSTEM fields. Arts
integration into the STEM subjects creating the STEAM model in education can help student
achievemenfYakman, 2016)This chapter includes background information about attitudes and
bdiefs about educatiommy situation to self, problem statement, purpose statersignificance
of the studyreseach questionsand key definitionsA summaryconcludehapterOne.

Background

Throughouthistorycultures around thevorld haveplaced valie on educatiorBenjamin
Franklin (17061790 believedthat themiddle-classyouthshouldreceivea vernacular and
utilitarian educatior{Gutek, 2011)In the periods following the American and French

Revolutions, education lbame a priority for both countries as the priority of nationalism grew in



14

importancg Gutek, 2011)In recent years college in Nigeri@onducted a research study

showing the positive attitudes about education as computerdiegy grew in use; teachers

reported student ideas became more sophisticated with computer technologiAbsage

2012) Additionally, parents m South Koredaveplaced highdistinctionon t hei r chi |l do6s
education75 % of the children in South Korea receive a private educgdstm & Kim, 2014)

Parents teach their children that in order to gain employment, to make a living, and achieve their
dreamstheyneed to get an education.

Philosopheland progressive educator, John Dewey believed that when a child is
educated, it is for the whole human organ{&uatek, 2011)The ats area vital part of any
curriculum. Elliot Eisnef2002) a leading art educatorrote a @cument aboutO lessons that
the arts can teach children. Eisf2002)suggested the arts help children learn complex
problemsolving skills.Additionally, Albert Einstein blended his musical talent with thigking
andcredited hiscientificinsightsto musical thinkingRootBernstein, 2015)All children,
regardless of age, ability, or even their amount of interestsilagses, can benefrom
experiencesinthearBAr t s Educ at i 2002). TRaatshealpestudertsi tqpdevelop
the ablity to think in new waygSchlegel, 2014)

Too often the decisiemakers in education placeoreemphasisonwhat students learn
in core subjectéYakman, 2016)Furthermorestudentenroliment and funds ISTEM courses
has ncreased over the past two deca@Rtinsky & Diamante, 2015while the arts are
considered secondaty theacademicurriculumrather than one of the essential core curricula
According toElliot Eisner (1994), in order festudents to know something, they must experience

it; the arts allow students experiencevhat they are learning o prepare future gendians for
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the challenges of the wiak, all areas of education, including the development of creative
thinkingmustbe i ncl uded as part of oned6s educati on
Historical Context

The arts offer students an experience that they cannot receive from other smdces,
provide students with the ability thscover the range and diversitywafiattheyare able to feel
(Eisner, 2002). While education and curtiaiwontinually evolve, the areas of greatest priority
have been associated with reading and mathen{&tiesdman, 2011%ince he No Child Left
Behind Actwas implematedin 20@, elementary and secondary school administrdtave
givenspecial priority tahereading and math curriculum while neglecting the @tsedman,
2011) Sinceof the enactment of tieCLB act high schoolgraduaion rates and college student
enrollments have increased and are at their highest as o{R@Egiman, 2011However,it is
important to not&CLB wasreassesseahnd reviewed in 20Q7enamed Every Student Succeeds
Act, and ggnedinto law by President Obama in 20{Bvery Student Succeeds Act (ESSA) U.S.
Department of Education, 2016h 2010 the Obama administration recognized areas of
improvement in NCLB. Some of the areas ESSA focused onlvigineacademic standards for
all students, the need to expand qualitygrBoolsand yearly evaluations statewittevery
Student Succeeds Act (ESSA) U.S. Department of Education,.Zlfi&arts have always been
adifficult subject to evaluate and are not viewed as a prigrityi n oneds(A ducati on
Snapshot of State Pol i.Accoedsg td e Natignal Erslowmenufarat i on
the Arts standard$ased models and rubrics of varying levels already exissgmsaing how
students perform in the affiyengar, 2017)Additionally, becaus¢he artampactother core

subjectssuch as mathematics and sciemmegbjectiveevaluation processxistsbecause the
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arts are subjectivetoav al uat or 6s own insight rathtea t han
mathematics problerflyengar, 2017)
Social Context
Professor Georgette Yakman at the Virginia Polytechnic Institute and State University is
the foundeandhas been th€EO of STEAM education since 2006. She believes that schools
should convert the traditional modes of learning into interdisciplinary learning céYiédaman,
2016) She has proposed the STEAM education theowhich students learn science,
technology, engineeringyt, and mathematics through a mdisciplined approach where
education idased on projediased learningyakman, 2016)SinceSTEAM educations only a
theoryproposed by Yakmai2016) there is a gap in the academic research on how the arts have
influenced Science, Technology, Engineering, and Mathematics (STEM) education.
Pedagogically, the arteelp students develop high level thinking skills, express ideas,
foster imagination, anéngage iradvance problerbased learning, all of whicirerequired in
STEM fields(Bequette & Bequette, 201 esearch has been conducted on the arts when
combined with other disciplines; however, the cambon of arts with STEMSs lackingin
researchlt is possible ta&wonsummatgeby integrating the arts into STEM education, STEM
courseworkcanbe positively influencednd learning comprehension can be de@deeda,
2012) Artseducators have advocated for the arts for deq@deScan, 2014)While ars classes
have been considered a luxury at some schooss;lagises are also thought to be a blaiak
for students in many-k2 schoolgPittinsky & Diamante, 2015)T'he arts argiewed aghe fun,
elective classes that give regular teachers a break during tiiRitlengky & Diamante, 2015)
According b Elliot Eisner 2002) the artshave historically been placeah the periphery

of a childbds education rather than (bBswmerng a pr
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2002) While many ad educators realize the imperative rtatcreativity plays in other subject
areas, theytsl need to fight for the astprogramgEisner, 2002)Since there has been an

increasd emphasi# the last decade on the importance of STEM courses, magdadators

would like to se¢heartsinfused into STEMThe desire to remain a top competiémd

innovator in the global market, and to have high achieving students is a priority for government
officials and educatorStevenson, 2014for the United States to compete globaiySTEM

fields, businesses and the noofit community havérardedtogether to improve Science,
Technology, Engineering, and Mathematics (STEM) educé&Btevenson, 2014}t is the
responsibility of the decisiemakers in education, to provide students with aituetiucation,

using all means necessary at the highest level to ensure they can compete in th@r{Seae,

2014) Theincreasdowards more STEMype of program&as grown out of thdesireto be a

global leader in STEMi¢lds (Jang, 2015)For over a decade, STEM prograhase been
implemented at every age le@littinsky & Diamante, 2015) I n Pr esi dent Obamadc
of the Union Address, he called for thaiting of 100,000 teachers in the STEM subject areas,
giving credencedo the importancef this initiative(Stevenson, 2014Par t of Pr esi dent
initiative stated schools that developed partnerships with colleges anddses in which

science, technology, engineering and mathematical skeite made a prioritywould be

rewarded for developing the classes and partnerships that ultimately fill STESjelienson,
2014) However, an importa component that has beewverlookedn the growth and success of
STEM education and fields the influence the arteve when combined with the STEM
component{Saraniero, 2014 ) et the National Science Foundatibasfundedworkshops

centered on STEM and STEAM thensexlthe National Endowment for thferts have hosted

events called Artscience initiativesjidencethat government agencies are acknowledging the
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relationshipgMaeda, 2012)Technobgies areadvancing at increasing speaddeducation is
the counterbalance as changes impact so(Bsskowicz & Myers, 2017)For students to
achieve at their highest levels, innovation must go hand in hand with STEMag=adin
(Simonton, 2012)Experiences in the arts can potentially develop sensory qualities that carry
over into other domain&isner, 1994)The arts provide students with opportunities that can
adapt into STEM subjects, and carg@aeda, 2012)For example, students who participate in
the ars use trial and error techniques whaoblemsolving(Schlegel et al., 2014Additionally,
arts students learn how wuickly translateobservationsa useful skill in STEM coursework
(Sdnhlegel et al., 2014 5tudents need to see and touch what they are legdaokson, 2003)
Theoretical Context

According to Daugherty2013) Nobel laureates in the sciences are 25 timese likely
thanthe average scientigi sing, danceor act. Additionally, they are also 17 times more likely
to be an artist, 12 times more likely to be a poet, eight times more likely to do other crafts like
woodworking, and four tims more likely to be a musicigdaugherty, 2013)Basedon the
statistics provide by Daugherty (2018 arts, creativity, or creative problem solving can propel
students and professionalsSTEM. The importance of STEM educatiand fow STEM will
affect the U.S. in the future hasendocumented and reseaechin the past two decades
(Masson, Klop, & Osseweijer, 2016 TEM education allows the U.S. to compete with other
countries around the world that have had a focus on science and technology edisagjon
2015) By implementing a creative component to STEM, students learn to use the aightive
side of their brain simultaneously with tlogical or left the sideof the brain. Creative people
notice stimulior come up with solutionthat may berrelevantor not pertinent to individuals

who lack creativitywhich enable them tevelop original thoughts and idg& monton, 2012)
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Situation to Self

This study is close to my heartam an artist and areducator who believes that STEM
educatiorand careers in STEM fieldsin help the U.S. competed be a leader globalifythe
arts are includeth STEM courseworkcreating a STEAM modelMy research topibas been
decades in the makinghe arts provided an avenue for me to discover my ows giftl talents,
develop my imaginatigrand seek visual means to learn new contemés a child who enjoyed
making things with my handand lased orthe multiple intelligences theory Gardner(1995)I
am a visual and spatial learnkecould sit and daw a picture, build a fort out of blankets and
boxes, andreate things from found objecter hours on end. Even at an early age, my attention
span would allow me to work on tasks for long periods of tBased orthe research dEisner
(2002)the artshelp develop the imagination, which was true for me as a child and still applies to
my life now.In school and at home, being creative was a top priority. In high school, | would
rush through my classworkndthen beg the teachers for a pass to the arhro

In the art room, my art teacher would give assignments that were typical for the stage of
development, and appropriate for 8pecific learningbjective, building on learning and
previous experiences in class. Once the assignment was given, myouilcdspiral with ideas
and creative solutions for the projects. |
expectations, and ultimately challenge mysedifactualizationthe final level for an
individual 6s needs bshhw@i3)fies intonmgelkesteetsinoe=the | e s

arts gave meonfidencea purposgand adirection for this dissertatioi.he useof my skills and

a l

of

imagination spilled over into my science, social studies, and English classes. My teachers noticed

that | hadan aptitude for visual expression. Traditional modes of instruction bored me. When a

lesson was delivered simply through means of taking notes, listening to lectures, then having to
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memorize those notes, | floundered. However, when my science, sociasstud=nglish
teacher gave an assignment that required creative problem solving or some type of visual output
for the assessment, | flourishé&tlzen back in high school, | realizéte importance of arts
educationin my own learning comprehension in otlseibjectsUltimately, thearts helped me to
achieve and be a thinker whilehigh school. Without the arts as a form of communication, or
an outlet, and sekéxpression, | would have struggled through high school.

At one point during high school, | exggsed the desire to go into the arts as a career.
Everyone discouraged me. | was told there were nogoiy®ney to be made in the arts. As a
senior in high school, | was encouraged to go into communications. It sountetedtingand
seemed like somethg | might be good at. After one semester in college, the notion of becoming
an art major tugged at my heart. | knew | was nowhere near being at the skill level of the
Renaissance master MichelangBleonarattj norwas Ithe creative genius tventietkrcentury
artist Pablo Picasso, but | lovad. This is where my faith in Jesus Christ stepped in. If God had
put this desire in my heart, there had to be a pur@sé switched majors, from speech
communications to art education. Even while in the artation program, my college advisor at
Temple University in Philadelphia, Pennsylvania, explained how difficult it would be to obtain a
teaching position in the arts. Although the jump in majors seemed crazy to others, my faith never
w a v e rFerdknowrhe plans | have for you," declares the LORD, "plans to prosper you and
not to harm you, plans to give you hope and
Version).

God delivered on his plan for my life rather quickly. Once I finished my undergraduate
work in 1996, | received my first teaching offer. My teaching certificate had not even been

delivered at the time of the interview. That first teaching position required | move 3000 miles to
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teach art and photography in San Bernardino County, Calif@neéalhad the privilege of

serving disadvantaged minority students for five years. My relationships with the students were a
blessing. When | was the high school student in the art room, my experience was centered on my
own growth. As the art teacher, nole was that oh mentor counselorand cheerleader for art
students. In 2001, God provided a new door of opportunity for my husband, our two young
daughters, and myself. A new high school was being built in southwest Florida. This high school
was focusean acadents: it wasa schoodwithin-a-school conceptamilar to middle school

teacher teams, in which a group of teaclsbers the same students, each team having a teacher
for each subject. This high school offered academies in communicationssravednd legal

studies, hospitalityand business. We moved our family back to the east coast to take part in this
opportunity with mixecemotionsbut trusting God the entire way.

Since the opening of trecademyhigh school, | have been a part of, drave witnessed
tremendous strides in student achievement in the arts. As the art program has grown in numbers
and accolades, so have other programs. Most recently, the STEM program has shown steady
growth and success. Additionally, in recent years, maligagues, especially in the science
department, have pointed out how well the art students do with creative problem solving and
projects in their classes. Because of my own personal experiences in the arts and other core high
school subjects, | believe tlaets can teach and foster problspoiving skills that enhance
student learning and achievement. Withitltereasdoward more STEM focused curricula, |
believe the arts are essential to developing-astitered and educated students, especially in the
STEM field.

As an art educator and artist, naturally | see the importance of the arts within a balanced

curriculum. | have also been very blessed to teach smrediblytalented and creative students.
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However, the one thing | have always enjoyed most aeaching is witnessing students

learning. During my first year of doctoral studies, a few STEM colleagues approached me about
students we shared. The engineering teacher commented about how creative one young man was
in his class wheproblemsolving He was amazed at how our student came up with ideas for
engineering projects. A science teacher approached me about a few students who sometimes
struggled with the content in science class; however, when given the opportunity to show
comprehension of conterttrbugh visual means the students would perform much better on
assessments. From my own perspective, | have always known how the arts have helped me in
other subjects, yet some colleagues were amazed at how the arts affected their content. These
discussionprompted me to have students who simultaneously take art and STEM courses tell
their own stories. A qualitative case study seemed perfect to give stughdstforanto share

their thoughts, feelings, and ideas on how the arts and STEM could possibliogeitier.

Although | may have a personal bias in this research, | am aware that | must keep my
personal feelings and beliefs separate from my reseBnetphilosophical assumptions | will be
using to develop the qualitative research in this study dotagical and methodological.
Ontological assumptions look more at the reality of all different viewpoints or perspectives of
each participantSince ontological assumptism research look at humans in a social context in
order to determine if somethimxists, | am seeking to determine if the arts Iy school
students learn and perform better in STEddirseworkA methodological approach will allow
the research to emerge, be inductive, and allow the redeaiatm while | am collecting and
analyzng data (Creswell, 2013).

My own assumption is the arts do help students learn and perform better in STEM

courseworkThe research paradigms that have guided my thoughts and ideas surrounding this
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research ar e as s(bh9d3)hietarehy ofwa & chs ,M @BORdhroaas drsthe

arts and creativity, a n My p&sdive dxpegiences as mhbight i pl e |
school art student have helped formed my opinions and beliefs regarding arts integration with

STEM courseworkEisner (2002ktated learning in and amidst the arts grows aspects of the

mind. The arts make great contributions he devel opment of a student
expressiopand communicatigrwhich allow them to reference and interact when experiencing

other aspestof the world Eisner, 2002)Realizingl could synthesize skills | learned through

the arts into other disciplines gave me confidence. Maslow (1943) theorizes once all other basic
needs are meet for individuals, selft t ual i zat i on ientialvehealizedoccars e 6 s f u
The | ast research paradigm that helped fr ame
(1995)theory of multiple intelligence. Gardner (199Bgorized that intelligences come in a

variety of forms. Early on in my schondj, | remember feeling as if | was never smart enough.

As | matured as a studeihtealized | was stronger in certain ways of learning rather than

traditional modes of learning. | amore ofa spatial and visual learner. God designed me this

way, someongho could achieve anything | wished, through my own ways of learwihge

STEM did not exist as an acronym in education
helped me with creative thinking and cognition with my core subjects. Therefore, my

assumptions and basicset of beliefs for this case study are deeply rooted in my own

educational experiencéCreswell, 2013)My goal in this case study is to have current high

school students tell their own experiences amerpretations of how the arts have influenced

their STEM coursework and comprehension. The participaatsinformed of my personal

values regarding the arts, and why | am conducting this case study. Additionally, the case study

method is the most releweform of research to conduct because it requireepth descriptions
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of a social phenomendiYin, 2014) With an axiological assumption, | must acknowledge that
biases arpresentand that my values will shape the narrati@reswell, 2013)
Problem Statement

Theproblem of thisstudy is the impact gdarticipation inthe arts on learning
comprehensioffor high school studentduringSTEM coursework at two high schools in
southwest FloridawWhile research exists among science, technology, engineandg
mathematical education, very little has beenaltw see how the arts impatadent
comprehension in those subjede United States is lagging behind other countries in STEM
related fieldgBreiner, Johnson, Harkness, & Koehler, 20E2y example, arossnational test,
the Program for International Student Assessment (Pisjneasurskey skills in various
subjects including math and science in developingtiees(Desilver, 2017)revealedhatof
71 countries, the U.S. ranked™i# science and 30in math(Desilver, 2017)STEM jobs grew
three times faster than STEM jobs between 2001 and 20drid are projected to grow-17
18% before 2Q0 (Pittinsky & Diamante, 2015)Vhen students are in elementary school,
STEM is viewed as fun, but there is a drop off in interest as the STEM content gets more
difficult in high schol and colleg€Pittinsky & Diamante, 2015Recent data have shown that
40% ofcollege freshmen who enter colleg@joring in mal, science, or engineeringyitch
their major to a noISTEM field ordropout of collegealtogeher (Pittinsky & Diamante, 2015)
The lack of participation in the mueteeded STEM fields and the U.S. rankingarence and
math will impactschools and theufure of the countryMasson, Klop, & @seweijer, 2016)A
causeof the lack of intergsand success IBTEM areascentes on creativity,innovation and

problemsolving (Pittinsky & Diamante, 2015 case study which investigates student
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participaion in the ars, while enrolled in STEM coursesould provide an explanation of how
the artanfluencet h e s tleardirlgeoinmemensioduringSTEM coursework.
With the recenincreasen STEM education, asteducators see a potential prexol
wherethe ats receie less supporin educationDaugherty, 2013)Daugherty et al. (2013)
statedi Art advocates have tried to make the case
i mprove studentso6 per f p.dipdhereisnoigenerie ormzéfdsmi ¢ s ub
all approach that applies to creativi§imonton, 2012)Students miss out on a key compodent
such as creative problem solving and varying perspectives when solving prdldéthgir
educatiorwhen the arts are reduced or (fisner, 2002)Too oftenthe arts are one of the
prograns cut i n t he s ch adievemsentlerisid gteatiofgakang 2014) e s ul t ¢
Many educators would like to see a movement toward a S@lENtulumcombined with an
arts curriculum, creating a teacher teainscierce, technology, engineering, fr@nd
mathematics teachers working together when planning lessons amditdeveloping the
curriculum(Wynn & Harris, 2013)Artistic processes and scientific methods have been
considered opposites in the school currioultdowever, both the arts and sciences have a
processand product aspebecauseheyallow creative and critical thinking to be combined
(Saraniero, 2014)n the U.S,all the goals for the nation to prosper center on a wadsds
STEM workforce(Maeda, 2012)indicating tere is a place for ar&nd design education in the
STEM conversatiorOver the past decadleere has been a movement to change STEM to
STEAM by addingartistic skills and proasedqRiley, 2013) Creativity, explored through the
arts when implemented into a STEM curriculum, aprovestudentskill and problemsolving
(Saraniero, 2014)0ne research stu@y Dartmouth College, conducted in 20bbked at neural

and behavior changes of sstudents and nearts students while drawing and painti§gchlegel



26

et al., 2014)The researchers conducted and studied results from fodmooméong magnetic
resonance imaging (MRI) and Torrance Tests of Gredthinking (TTCT) over a thremont
period, using 45 participan(Schlegel et al., 2014The researchers discovered that the art
students became more creative through the restructuring of prefrontal white(®ettegel et
al., 2014) Increasing th use of evidenebased teaching in STEM and infusing the arts into the
STEM curriculumcaninfluencethe cognition of STEM content for students enrolled in those
courses

The United States is falling behind in STEM related assessments andPRidicsky &
Diamante, 2015)With theurgencyto prepare students in STEM, there has been increased
funding at the federal level. The federal STEM budget in 2011 tied&$3.7 billion into
educationBreiner, Johnson, Harkness, & Koahl2012) The Race to the Top competition
which includes STEM as the only viable priority, athbed $4.3 billion to educatigBreiner,
Johnson, Harkness, & Koehler, 2012he central ideas of combinitige artsand STEM
focuses on the raosef creativity and innovation to better educate studédésigherty, 2013)
Students need to posses8lstcenturyskillset r e f er r e d thatiocludesreativitye 4 C0O s
collaboration, critical thinkig, and communication (Miller, 2014 TEAM essentially is the
fusion of the arts with science, technologggineeringand mathematics, enabling students to
achieve in all these areéSaraniero, 2014) Pr i n c i p adtorytofgprogkesshas beea 6 s
inventiveness and creativifiMaeda, 2012)Because there is very little research on the STEAM
model, ann-depthcase study where students are involved with the arts and STEM coursework
at the high ehool level simultaneousig neededT h e s t perdeptiorofdh@ir experiences
could provide educators with insight to whether a phenomexists amongheartsand STEM

courseworkThe STEAM educatiormodelinvolvescombiningthe sciences to helpustents
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comprehend the laws of the world, engineering and technadagiow individuals to change

the world,theartsto enrich thavorld, andmathematicso provide the configuratieneeded
(Yakman, 2016)Few studies haverpvided indepth understanding of the artsSREM
courseworkearning comprehension of high school students.

Purpose Statement
The purpose of this qualitative case stuwa@sto understandhe impact opartidpation

in the arts orSTEM coursework learnqicomprehension fdrigh school students at two high
schools in southwest Floridahis case studyocusdon how students applthe skills learned
through the arts and how teaudentsaapplywhat they acquired through their arts coutses

their STEM cousework and comprehensiofhis casestudywas framed byMa s | o w6 s

hierarchyof needg1943)i n whi ch Masl ow descri b-es the indi"
actualization Gar dner 6s t heor y(195whenainGardngtheerizes théree | | 1 g e

intelligences comes in a variety of forrs,n d E i s n e(R0O0Yon thdingactof the arts

on other areas of the curriculum.

Significance of the Study
Accordingto Schlegel (2014¥tudens who work in the arts learn to be creative, increase
their motor skilk, and possess a high level of percepthether in the visual or performing
arts, artists process new material or contegnisingtheir braingo make connections among new
ideas(Schlegel et al., 2014YVith the recenincreasen STEM educationDauderty (2013)
states the collaboration of the arts with STEM, creating STEAM, ultimatley educates students
better.
The findings of this case studpuldassist educators at the state and local levels when

planning curriculum and instructional goals for tH&TEM programsLikewise, miceeducators
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see the influence of the arts, they @aplement the arts into STEM programs, solidifying
STEAM in high schools and collegeBqually, tie resultof this studywill ultimately create
students who are better prepd for their future, propelling the U.S. in STEM related fields
globally. Accordingto Wynn (2013)n order to meet the demandstiérace to the top
initiative, andin the increased emphasis 8fiEM curriculum and careers, innovationistbe
part of thecalculation.

This case studys significant because firovides building blocksneeded to transform
STEM education t& TEAM educationMore importantly, theoresenstudyis unique in that
research exists on the importance of STEM thedrts individually but is limited when
combined The fundamental goal in education is to make educational results evizhsent
using measurable data like test scqfésts Education Partnership?2012) Researchn the arts
demonstratethe benefits of the arts, ultinedy keeping the arts as a fundamental part of
education in the United StatéRuppert, 2006)

STEM and artcombined are referred to as STEAM. While many educators theorize as to
the necessity of the combination, Steve Jobenadiscussed the link between artistic design and
creativethinking; hecredited the necessity of creativity with his own achievem@kisn &

Harris, 2013) It is also worth noting that in the futuseholargredict that théest leaders will
have an art and design backgroihtheda, 2012)

When students participatetinear t s, t he experiences contrib
developmerdl thinking, social andmotivational skills all of whicharerequired for school and
work (Arts Education Partnership, 2012yts education is disappearing from schools around the
country due to budg cuts and shifting prioritigRuppert, 2006). Yet, studies have shown that

when the arts are integrated into arimwlum, student performance improvéRuppert, 2006).
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With the growing emphasis on STEMucatiorand importance of STEM careers
globally, itis importantto gain an understandirgf studentéperspective regarding the impact
of arts participation orlearning comprehension in STEM coursewdtksearchers note that
every student learns differentlifor example, @cording to Ruppert (2006), learning in the arts
helps students cultivate the awareness that they can be instruments of their own learning.
Leaming through thartscontributes to the expansiondéfss dent s6 i ntell ectual
(Ruppert, 2006)Students irthis case study conneatheir experiences in the arts to
comprehension and achievement in STEM coursewdrtich provides evidence to shamwith
the school districtsurrounding school distrigtandat thestate levelWhile STEM is growing in
status in school districts across the country, the STEAM model has not gained in popularity.
Professor Georgette Yakman has trained approximately @@@hers from 34 different
countries including the United Stat&grea and Qatar, in the area a STEAM education
(Yakman, 2016)Yakmanbelieves by incorporating the arts ir83 EM, studentswill improve
their comprehensioand be better giroblemsolving (Yakman, 2016)The possibility of
creating a STEAM model for school officials to replicate could benefit students in school, their
careers, and the goals of the United States to compete gldbhaEAM collaboration allows for

a richer educational experience for studéB8traniero, 2014)

Research Questions
This case studpn how participation irthe arts impastlearning comprehensidor high
school studentduring STEM coursework at twiigh schools in Southwest Florideasguided

by the following research questions:
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Research QuestiorOne

How do ar$ students perceive skills learned insatasses impact the comprehension of
STEM material?

When a studergarticipates in arts classes, they incorporate whattiaeylearned and
practicedn the arts classes, suchaeative problem solving, develment oftheir ars skills,
andtrial and errorpltimately being able tapply what they learn in @tlassedo other
disciplines(Eisner, 2002) By participating in the artsfwdents develop new patterns in their
brainand create their own artifactsllowing deeper understanding with new con{&ahlegel,
et al., 2014)

ResearchQuestionTwo

How doartsstudents perceive practicasd teaching strategiesed by teachers during
STEM classes inspire creativity?

When teachers provide students with various learning modelsich multiple
intelligences are incorporatestudent omprehension, achievemeand interest increase
(Eisner, 2002)Additionally, when teachers integrdtes arts into othedisciplineslearning new
contentcan be less threatenif@/ynn & Harris, 2013)

ResearchQuestionThree

How do studens perceive theiexperiences the artampact theircreativeproblem
solvingin STEM coursework?

There are similarities between artists and scientists when displaying creativity and
intuition anddeveloping solutions when solving proble(Arcadias, & Corbet, 2015)

Additionally, creativity has showto be broken into phasesiatubation, illumination, and
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verificationwhich canbe linked with various learning experien@eshe scienceSimonton,
2012)
ResearchQuestionFour
How do eachers implemernheartsinto STEM courses at various grades and age levels?
Students and teachers will share the various techniques and strasegids/ the
teacherghrough indepth interviews that will be recorded that helped with their learning
comprehension and how their creativity may have evolved at various grade(¥wnel2014)
Teachersre able to witness growth in students throughout the course cdnidtieerefore have
the ability to provide insighh regadtost udent s6 progress.
Definitions
Terms used in this case stuahe defined in this section and are suppobiethe
literature.
1. Artsi Thetermartsin this studywill refer to visuabnd performingarts,including
painting, drawinggraphic arts, twalimensionabndthreedimensional, music,
dance, and theatre (Eisner, 1994)
2. CreativityT Creativity in this study wilfreferto the imagination or development of
non-traditional ideas (Eisner, 1994).
3. Innovationi Original methods or new ideas implemenit@ the learning process
will be referred in this study to as innovati@augherty, 2013)
4. Multiple intelligences A theory developed by Howard Gardner, that humans possess
multiple types of intelligences will be referreditothis study as multiple

intelligenceq Gardner, 1995)
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5. Problemsolvingi Problem solving is the term used in this study to refer to the
process students use to work through a problem to discover an §asmer, 1994).
6. STEAM1 STEAM is an educational framework that combines the arts with science,
technology, engineering, and mathematics educ@iakman, 2016)
7. STEMi An educational framework that combines science, technology, engineering,
andmathematics educationill be referred to in this study as STEM
Summary

The purpose of this qualitative case studsto understandhe impact of participation
in the arts on the STEM coursework learning comprehension for high school students at two
high schools in southwest Floridahis case studyocusedon how students applghe skills
learned through the arts, and how shedentsapplywhat they acquired through their arts
coursedo their STEM coursework and comprehension.

There has beean increaed emphasis dBTEM education across the United States
(Masson, Klop, & Osseweijer, 2016Jowever, students may not be reaping the full benefits of
a complete education and career preparedness in STEM(flaly, 2015)This study
investigatel theimpact of participation in the arts on the learning comprehension of high school
student=during STEM coursework at two high schools in southwest FloRdsearch exists
among science, technology, emggering, and mathematical educatibaweveryvery little has

been done to see how the arts impact student comprehension in those subjects.
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CHAPTER TWO: LITERATURE REVIEW
Overview

The second chapter ofishcasestudyprovides a theoretical frameworrfthe basis of
theresearch and an overview of literature relating to the arts and SHdiMation has become a
series of assessmis through standardized tests, in which the goal is to eddeatelpp and
prepare the whole child for the futu®TEM sibjectscan be measured through standardized
tests(Miller P. H., 2011) However, onarea of education that dsfficult to assess is the arts,
therefore downgrading the ar tChaptalsvo@mesersas sent i a
synthesis of STEM related studies and various disciplines in théddsionally, the literature
presented in this chapter provides a foundation to the argument for STEAM education rather than
STEM education.

Theoretical Framework

The arts ee needed for the cognitive, sociahd emotional development of children
(Gormon,2010) Bot h Gardner 6s 1989 | ainp | Maish beviedsls he rc @as
(1943)help to enlighten this case studly.addition,Eliot Ei sner 6s t heory stat
models of educational practice at its @&ssner, 1994)

Gardner(1995)asserts that the way students engage in the learning process, analyze what
they have learneénd communicate what is learned, is theialctvay learning takes place, not
memorizing contenfOwens, 2001) Gar dner 6 s Mul ti ple I ntelligen
that an individual 6s i ntelligencemathemates i n Vv a
(c) music; (d) bodilykinesthetic; (e) spatial; (f) interpersonal; (g) intrapersonal; (h) existentialist
and (i) naturalisSmith, 2008) Gar dner 6 s t heor y thaoyyhdwavere begun

schoolsmmediately put hishteories into uséGardner, 1995)Educators generally recognize



34

Gardner6s theory of multiple intelligences, t
(Brummelen, 2009)tisimportant o not e t hat Gardner defines 1in
and psychological potential and that his Ml theory is based on empirical evid&9& The
intelligencefocused orlinguistic and logicailmathematics is viewed a® essentiarea of the

MI theoryin schools todaySmith, 2008) While Bailey (2009) states that the musical, bedily
kinestheticand spatiaintelligenceare normally associated with the atteey are often

overlooked. Emphasizing linguistics and tbgicaltmathematicéntelligence while overlooking
theintelligenceassociated with the arts does a disservice to students who may have biological

and psychological strengths in otherardas.st udent 6 s | earning styl e i
learn newcontent(Kanar, 2014)Additionally, when subjects in school are approached from

varying perspectives, more children will be reached, comprehension can be demonstrated in
several ways, and a c hi Indibed(Gaedden, ¢993)Ti hoen shteucdoenmet sO
comprehension refers to the ability to grasp the meaning of course material and be able to state it

in their own wordgNilson, 2010)

Maslow (1943)statedtha all people have a desire and need forsstéem and self
actualization. Masl owds (1943) Theory of Huma
where human needs are placed on a scale of importance, arguing that the most important needs
of a persommust be met before other needs. For example, students must first have their
biological needs met; food, slegmdwater. Second, students need to feel safe, secure, and
orderly in their environment. Third, students desire to feel a sense of belondiimgthir
relationships. The fourth area on the hierarchal scale, states that students need to feel respect for
themselves and possess ssfeem. Lastly, students need to hssiéactualizatiorand to

develop autonomy and realize their full potent@alvens, 2001)Far too often students are
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motivated by grades rather than by being involved in the process of le@rokana, 2014)
While grades can be a temporary motivator, students develogétfesteem and self
awareness when they figure things out on their own and when they find their purpose in life.
Teachers have the ability to help students realize their full potentialeSelm is based on the
desire for a person to gain strengthhiagement, adequacy, and confidence to live and be useful
in this world(Maslow, 1943) Seltactualization is more specific and refers to-gdfillment
and real i zi ng (Masl@vpi®a3)iSinmply stated) d pereon muwst do whatever it
she is designed for; a musician must make masidan artist must make gitaslow, 1943)
Masl|l owds theories align with biblanevathgifter i nci p
they are to use. If STEM curriculum across the country formally adopted the arts as a necessary
component, irtheory, those students who are blessed with gifts in the arts, could comprehend
and achieve more effectively in STEM coursework pasisibly earn positions in STEM fields.

Elliot Eisner, an educator in several fields, including the arts, conducted qualitative
research and was a curriculum reformer. He believed children learn how to discover the
meanings of things through forms of repentation. Students acquire meaning and understanding
by interacting with the worl@Eisner, 1994)Humans have the ability to distinguish qualities in
their environment, recall those qualitiasd are able to use their imagination to manipulate those
gualities (Eisnetr 2002) Mental images formed by the imagination are created from empirical
gualities that are sensed as a response to the irftéigasr, 1994)

In order forthe UnitedStates to be a global competitor and win the future, children will
needto take on scientific job@etcalf, 2014) The United States has emphasized the formal
setting of STEM educatiofNite, Capraro, Capraro, Morgan, & Peterson, 2@Hi)e quietly

overlooking the ifluence the arts hava STEM coursesThe effects of arts education on other
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subjects is the greatest when the arts are intentionally integrated into oth¢Eemeas 1999)
STEM is a standardsased discipline where science, technology, engineemtymath teachers
teach an integrated approach to instruc(®rown, 2012) As with other core subjects, STEM
courses can be evaluateddssessmentthearts normally cannot be assessed in traditional
formats(Miller, 2011) Technology is generally assessed by outcomes, content and
methodology, and the relationship between prebased assessmdibass, 2012)Whereas
visual andperformingarts assessments may be based on the experienced jaadnen

teacher, explicit standardsr promotion(Stake & Munson, 2008for example, Gardner views
professional artists, plumbers, mechanics, andratst quarterbacks as professions in which
high intelligence can be dispkg in nontraditional way@Miller, 2011) Traditional assessments,
in which students are evaluated in the areas of science and mathematics, are measured with
standardized testStandardized tests do not measure creat{@tgrnberg, 2015Research done
in the arts needs to have the data looked at creatively in order to generate support for the
research, not rely on the results of standardized ({Bis&dwall & Delgado, 2015)Visual and
performing art®offer nontraditionalmodes of instruction and learninglliot Eisner(2002)
presented three criteria fevaluatiormethods in the visual arts: cohereno@sensusand
usability. Opportunitie$or nontraditional educational experiences are equally as important as the
traditional modes of educatidMiller, 2011). Elliot Eisner (2002) has argued that the arts can
serve as models of educational aspiration and practice at itEastr, 2002)STEM by itself
does notonsiderthe learning elements found in the agigmentshathelp students in
developing solutions and original idg@&sley, 2013) As the world changes, educational needs
and goals evolve and change as a response to global(Deedherty, 2013)Arts advocates

emphasizé¢ connections to the community in the

197
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19806s, cul t;oowtheimportanck ef tedh8o®dy arsl innovation in the 21
centuryare emphasize{@obick & DiCindio, 2012) Due to thancrease irstandardized
assessments and STEM curriculum, other modes of education can become ideas of the past.
The arts are disciplines where students learn to think critically and how to analyze. A
cognitive event involves grtype of thinking(Eisner, 2002)Therefore, cognitive functions
performed through the arts include highe v e | problem solving that
interaction and experiences in the wdiiiiisner, 2002)If the goals of the U.Senter or215-
centuryskills in STEM fields, and the arts help students leaahagherlevel, incorporating the
arts into a STEM curriculum would be beneficial to the students and the gdaéotintry.
Gardner(1995)argues students should not be required to jgeone modality of learning but
be able to synthesize through several areas of intelligence, such as4rnyshoaic, visualand
kinesthetic learningOwens, 2001)Therefore, what the students learn and how they learn it
become life skills for adult problem solvir{@wens, 2001)When students receive ansart
education, they are better able to synthesize and carry over skills learned through the arts into
their STEM subjects, learning and competing at a deeper level.
Students who learn better through visual means, and who practice cpeabiem
solvingin arts classes could apply those skills in STEM coursewadcording toBrinkman
(2010) as students develop their creativity, their istsrgrow, they develop persistenard
theylearn to tolerate ambiguif@rinkman, 2010)Once a studerganrepresent what they have
experiencegthe representation helps to expand consciougigsser, 1994)Exposure to an
arts curriculum could potentially allow students who had not considered a career in the much
needed STEM field6Stevenson, 2014p steer in the direction of STEM because they were able

to realize their full potential throughar t i ci pati on i n the arts.

n

c
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the arts can serve as a model of educational practices at i{Eisestr, 1994)combined with

Howar d Gar d(1o85)regarding theevarioys types of intelligences such as musical

rhyy hmi ¢, vi sual and ki nes t(1043)ragarding thd importgancevof t h  Ma
selfactualizing, all support art students, and could help educators steer the focus away from
standardized testing as the ealbof educational standards.

The heories guiding this literature review and research intend to provide relevance to the
combination of Gar dn(2995) with arfocdseoh vistathgttsmicanti | ear ni
kinesthetic | earning, whi |l eeltesiearsd sevalopngentt he i m
of their full potenti al b(943 d ad o nMa swli d w6 €1 Hii &
theory(1994)that arts education fused with core subjects is education at its best.

The arts are unique to education in that they allowesits to develop thegroblem
solvingskills. What students see is not simply a function of what they take from the world, rather
what they make of the worl@Eisner, 2002)The arts teach students how to observe, visualize,
manipulate materials, and ardthe development of the imaginatifviokana, 2014)Since
education serves in the process of how to invent oneself, when students participate in the arts,
they are essentially creating their lives by expanding their consassisshaping their
dispositions, satisfying their quest for meaniaigd sharing culturg&isner, 2002)

In an art class, students may be instructed to draw something, requiring them to look
closely in order to see shapes and lines of the object thayyarg todraw. Smilarly to an artist
a scientist must look closely at their work, both having to observe d@égitgna, 2014)

However, the arts are unique, in that the arts require students to use their imagination more
freely. When students use their imagination, they can see what is possible and what lies beyond

what is right in front of then(Eisner, 2002)Art provides editing experiences while working, so
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students can achieve precision or qugkisner, 2002)Oncea student achieves a goal, figures
something out on their own, and learns to comprehend new content in school, it aids in their self
esteemandsedct ual i zati on, part of Masl owds Hierarc
importance of the role the artiap in other disciplines, tepanking individuals in the sciences,
engineeringand mathematics have offered great insight over the last one hundred years. Nobel
laureates in the sciences were found two times more likely to be musicians or photographers th
the average scientist, and approximagflyimes as likely to be active in the visual or
performing arts(RootBernstein, 2015) Thi s provides validation to
many of the greatest minds in disciplines such as science andmatditts seem to also have
experiences in the arts. It is plausible to conclude that these high achieving professional and
Nobel laureates, may not have reached their full potential without having an arts background.
Related Literature

Research has beeonducted in the areas of creativity, the arts, and STEM education in
recent decades. However, implementation of the arts into STEM coursework is not readily
practiced in educatio(Bequette & Bequette, 2012)he literature dicussed in this review
provides background information on STEd artseducation with the suggestion of renaming
STEMto STEAM. Additionally, the role asteducation and creativity play Aamericansociety
and schools will be addressed. Lastly, the redehers and schools can play, while infusing the
arts into the STEM curriculuwill be discussed
History of STEM

STEM is the collaboration of four disciplines: science, technology, engineering, and
mathematics(Moore & Smith, 2014) The t er mSToEM@ cwaxn yao iined by

and academic administrator, Judith Ramdisil, 2015) I ni ti ally the acrony.
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howeverin 2001, Ramaley who was the President of Winona State University at the time,

t hought SMmardMappehlingdsouriBell, 2015) Science, technologgngineeringand
mathematics are all fields that are outcome based. Ramaley intended to develop a curriculum
where science and mat h s e mdengneaisy, nitinecesdadlynad s 0
integrated curriculunBell, 2015)

STEM courses are deliberate connections that drive teaching practices through student
observation, inquiryand problem solvingRiley, 2013) Engineering is now integrated into the
standardsstudents learn the principles of engineering and are involved in the engineering design
practicegMiller, 2016) It is becoming more common for concepts to cross content areas. The
concepif system models, for exampls,used in the research of nuclear energies and
ecosystems, where science standards focus more on core ideas and practices of the sciences, not
just the factgMiller, 2016). In the last decade, STEM has been promoted biggiehs and
government agencieaugherty, 2013)Generally students engage in lessons in order to learn
how to solve meaningful world probler(idoore & Smith, 2014)Science is about investigating
and experimentingt allows children to develop thesuriosity. Sciencealso addresses questions
l i ke, fAhow do pldeaesiceeltd (Slarmpan, 204 2\herdattecknology is
associated with digital cameras and computers, it also includes simpler tools like scissors and
pencils. Engineeringllaws studentsirst to identify a problemand then develop a solution. For
example, children could use clay in order to meet the challenge of making a figure or model
stand up. Lastly, math includes counting, sorting, identifying patterns, and langoage.
example, comparison words like bigger, smaller, higher and lower, help students use math skills
to sort objects(Sharapan, 20125 TEM education has become a focus in the U.S. because the

country has fallen behind in scientific innovati¢8harapan2012)
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With the recenincreasen STEM education, schools are receiving funding to expand
these programs, leaving funding for the arts out ot#teulation Educators in STEM believia
orderto expand STEM fields, transformation must adouall learnng environments, at more
institutions, in every state and every classr¢&mod, 2018) While importance has been given
to science, technologgngineeringand mathematics education since President Dwight
Eisenhower, the enmasis on education in the STEM subjects are being emphasizedla PK
more so in the last decaf@@augherty, 2013)Currently, the U.S. has placed great emphasis on
STEM education, with the theory that STEM is whigne futureopportunitiedie. The
government devotes $3 billion towards STEM education each year, more than other countries
(Pittinsky & Diamante, 2015Datahaveshown that federal and state agencies, politicians, for
profit and norprofit groups are promoting and funding STEM initiatives with the goal of
making America an economic and political poWl@augherty, 2013)Students in Asian and
European countries are excelling in STEM subjects; American stutareaseen falling behind
(Wynn & Harris, 2013) The rationale for thencreasen STEM education comes from the low
assessment scores in the pasfQ@ears in PKL2 education in the United Stai@augherty,

2013) According to Daugherty (2013) students in America need to beverséed in STEM
subjects to compete in td*-centuryworkplace.

Children areoftems ked t hroughout their schooling
gr ow up ? aarylschook $tuelents of all ethnic backgrounds and genders express great
interest in STEM fields, but that interest drops off once students reach high school and college
(Pittinsky & Diamante, 2015According to Pittinsky an®iamante (2015) the reason
participation in the STEM fields drop off in high school, and college is due to the increase in

difficulty. As the subjects get toughier high school and collegéhere is less fun to be had

N
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when students were in elementand middle schookndtherefore less interest.
Renaming STEM to STEAM

A few studies have shown that infusitiggarts into STEM enables studente see the
world from different perspectives (Wynn & Harris, 2013). The arts play adteyn the
developmenof the imaginatiorandrefinement of the senses;essencethe arts allow students
to have experiensghat encourage explorati¢gisner, 2002)Creativity is needed to have
innovation(Partnership for 21st Century Learnimgg.) Daugherty (2013) has statdthtto
have optimal innovation in U.S. education, there needs to be a strong STEM and arts partnership.
Authentic experiences in the arts and STEM courses can provide prstlng skills within a
st udent 0y and oltrmatelysoctety. According to Daugherty (2013) research has shown
that a key prospective component in fostering an innovative workforce in the STEM fields is the
arts.Creativity is needed for the wddleing of individuals as well as social armbeomic
innovation(Collard & Looney, 2014)In order to make strides in the sciences, creativity must be
understoodHennessey & Amabile, 2010)

James Bequette, a curriculum and instruction professor and art education ¢ooedina
the University of Minnesota and Marjorie Bequedealuationand research director at the
Science Museum of Minnesota, both agaace for art and design education in the STEM
conversationBequette et al. (2012) tracked the beginning of STEeMationwhile
investigating the incorporation of art and design, withgb& of renaming the approach
STEAM. The researchers detailed the connections of prebésead learning (PBL) with the
pedagogy of primarily engineering and art, which develop higtwels of thinking for students
(Bequette & Bequette, 201BL within art and engineering create authentic learning

experiences as students investigate and take from real life experiences including aesthetic
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analysis, which isirmly associated with the ar{Bequette & Bequette, 2012BL can be used

as a tool to motivate students in various discipliesepecially the arts and engineerid¢hen
students use one mode of thinking from one disatimunderstand another, they are able to
synthesize concepts and theo(@siyotte, Sochacka, Costantino, Walther, & Kellam, 2014)
When looking at the outcomes of engineers, city planners, archaadtsther related fielgs
students studying in these areas learn how things work, how they look, and how to balance the
function with the aesthetic viewBequette & Bequette, 2012)

Educationin the twentyfirst century requires deeper and authela#ning withthe
high-quality output(Miller, 2014). Teachers working with PBL projects take the time to focus on
the depth of the content, things that spread through the entire scho@itksay 2016). The
process of designing and creating bring amwmerous ways of thinking and outcomes. An
outcome may be in the form of an idea, concepan object made through an art medium
(Bequette & Bequette, 201For an artist or designer, they go through steps in order te aolv
problem, referred to as design thinking or habits of the rfBeduette & Bequette, 2012James
Bequette and Marjorie Bequette (201r®)ite art educators to get involved and collaborate with
the STEAM education conversati and how it relates to 2kentury goals. It is important to
note thatlame®Bequette and Marjorie Bequette did not create the acr@WaAM, Rhode
Island School of Design (RISD) has been the forerunner in the STEAM mov@besign,
2017) RI SDO0s objectives for STEAM education 1is
center of STEM while encouraging the integration of artiiZeducation and to influence
employers to hire artists and designers in order to dniveviation(Design, 2017)

Engineers and designers appropobblemsolvingin similar ways. First, both an

engineer and a designer must define what the problem is they are trying to solve. Both then
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brainstorm and researchtagy problem solve. Also, the engineer and designer may come up
with several solutions as they refine their work. While people in all types of occupations plan, an
artist or designer plans arrangements of elements in order to create somethin@ecpuette &
Bequette, 2012)Both engineers and artists seek answers to problems in afeisnatwhile
believing that design thinking is a cognitive procsquette & Bequette, 2012dditionally,
Albert Einstein believed the greatest scientists were artistthttdooth are alike in the way they
are motivated by their ideas and imaginatiGuirnon, VossAndreae, & Stanley, 2013)

According to Toni Wynn and Juliette Har(2013) education needs to mot@wvard a
STEM + arts curriculum, ultimaty creating the teacher team. Their goal is to infuse the arts into
STEM, creating a different way of seeing and dealing with the world. STEAM provides
opportunities for teachere partner with each other so that students may learn about various
disciplines simultaneousl¥ynn et al. (2013providebest practices for teachers, on how to
incorporate skills in creativeroblemsolving The teaching techniques build on one anothar in
sequential format, allowing students to apply creative ideas and thoughts in various disciplines.
Lessons and professional development projects for educators are an essential part of the
methodology. Steve Jobs, when workingAgple, often linked teatoplogy to creativity and
artistic design as his main factor for his accomplishm@hiigin & Harris, 2013) Studies
dealing with creative or visual experiences show it does not matter how the arts are taught for the
experienceso benefit the learning outcomes in STERbotBernstein, 2015)

When children go through their elementary schooling, they become more curious in areas
of science and mathematics. In higlvel math courses, efforts becoswo (Wynn & Hatrris,
2013) Unfortunately, when science and math become just quantitative, students lose the

connection between math and kb applications and can lose interest in science as the content
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becomes more diffidt (Wynn & Harris, 2013)If a student leans more toward the righ&in
oriented areas such as art, quantitative orientation loses appeal. In an environment where
disciplinescollaborate such as STEAM, mathematics may bes liesimidating whileremaining
challengingWynn & Harris, 2013) STEAM engages studentsprnoblemsolving allowing
students to use their creativity, ultimately creatinglioieg learners. The most successful artists
and artstudents have shown highly developed technical skills and are highly intell@ttyrai

& Harris, 2013) STEAM allows science students to develop their imaginations and become
moreinnovativewhile allowing art students to beme better technicians and conceptual thinkers
(Wynn & Harris, 2013)

Borregoand Henderson, (2014) stated that increasing the use of edioasee teaching
in STEM higher education could be relevd®ésearch is showing theportance and value of
STEM educatior{Borrego & Henderson, 2014lowever, training at the undergraduate level is
low (Borrego & Henderson, 20140 order to incorporate the arts into STEM, future
participants need to be trained and prepéoethe scope and methods of STEM courses
(Borrego & Henderson, 2014nterestingly elementary aged students have more interest in
STEM that high school or college stude(Rgtinsky & Diamante, 2015)The reason maybe that
STEM education is considered fun in elementatyoolbutthen gets harder in high school and
college(Pittinsky & Diamante, 2015Although there hasat been a mass surge in students
graduating with STEM related college degrees, STEM jobs grew three times faster than non
STEM jobs between 2002011 (Pittinsky & Diamante, 2015)n order for the U.S. to compete
internationaly, have a stronger national defersedfosterhealthier lives for its citizens
STEM workforce is an integral part of the equatidaeda, 2012)There have also been reports

stating the U.S. is lagging behind other cowstriadding to the fear that students will not be able
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to compete in a global econorffyiley, 2013) To achieve the goals the White House has set
forth for the nationconvergent thinkers and innovators need to become parg &TEM
workforce(Maeda, 2012)Integrating more STEM education could aid in a positive shift,
preparing students for a global econofRyley, 2013) STEM jobs are expected to grdwto 18
percenty 20 (Pittinsky & Diamante, 2015)n the U.S. priority has been given to align
standards in order to make education efficient and meas\Ebieer, 2002)yet students in the
U.S. still are not well prepared in sciencel amathematic¢Pittinsky & Diamante, 2015)
Supporters of integrating the arts into the STEM curriculum allows for a richer educational
experiene:n STEAM i s ¢ o mpwentyfestrcéntunysyk iwiltsh, par ofi cul ar |
creativity, collaboration, critical thinking and communication, and is gaining traction across the
country with support from the National Science Foundation, the National Endowment for the
Arts, the U.S. D e (®araniero) 2014By iotégratibgl thecadstinto @ther 0
subjects, students have more authentic learning experiences by making connections in more than
one subjecfRichard & Treichel, 2013)Also, inquiry with openness warious disciplines
enhances the learning experience for studgfask-Barr, Sommers, Ghere, & Montie, 2006)
Wynn and Harris (2013) stated, by adding arts to the STEM curriculum, American
students could turn things around.dpie the fact there are students who would consider
themselves art students, all students can benefit from art experiences. Experiences in the arts
provide students with a means of using their imagination and explo(&isrer, 2002)
Additionally, thearts deliver opportunities for students to slow down and really think in order to
develop a road map for brainstorming, experimenting, and synthesizing inforif¥aticana,

2014)
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Role of the Arts and Creativity

Arts educatn fosters a learning environment that develops pati@ndeesilience and
nurtures creativityTan, 2017)Far too often the arts are not emphasized enough or are
compl etely deleted from a rdingtolEltlo6Esnee(@002)the i on al
arts in America are part of the core subjeltavever theyare not really considered necessary
(Eisner, 2002)Arts are important in developing areas of the brain that are also used in STEM
(Marcoux, 2013)Studentsanillustrate their ideas and new concepts, build models, or express
their ideas through music, poetry, and theater. Many elementary school teachers already
incorporate the arts into learning other disciplirf@harapan, 2012Art education allows for
problembased learning, while students imagine their possibilfigsguette & Bequette, 2012)
In art classes, students are asked to reflect on experemdieieas and are taught to ask deep
guestions about humanifiylaeda, 2012)According toWynn and Harris (2013), the arts are
needed in order to have innovatidie arts help develop creativity andical thinking due to
the experiential nature of the a(Grant & Patterson, 2018)nfortunately many school leaders
view the arts as e x ucatian, Howevdr, a key comporkent in fostaaingc hi | d
an innovative workforce in the STEM related fields is the arts, (Daugherty, 2013). According to
art educator, Elliot Eisner (2002) sométares view the arts as a subject reserved for the
privieged or societyds more elite individual s, wt
for slaves or the offspring of artists. When the arts were introduced into the curriculum, the
reason wabased on a utilitarian rationale rather than acadédaagherty, 2013)

Too often, teachers take pride in the uniqueness of their own discipline and that their area
of expertise has little in common with other subjébBtaugherty, 2013)That type of mindset

creates isolation in the school, and it is not natural for the student learner to keep subjects
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isolated into pockets of content. Reshahas shown when students interact with other students,
teachersand ideas from other disciplines that knowledge, insagid more effective

conclusions resulfDaugherty, 2013)Additionally, studies associated with the arts have shown
an arts education benefits all studentpeeglly students who are at an eoamcal disadvantage
(Ruppert, 2006)

Art educatorgnustadvocate for the arts by explaining to administrators, teachers, and
parents how the arts allow students to explore, be creativeyainlép solve. With the
popularity of STEM education rapidly growing, it is plausible that by implementing the arts into
STEM, students could benefit more from the collaborative effaxsn in the medical field, the
visual arts can be an asset. Physicianssesand medical students who were part of controlled
studies showed benefits from paippiating in courses when drawing and painting were used as
part of the education of visual observing skill build{RpotBernstein2015) The arts create a
learning environment that is favorable to the tead®erd studentsuccess by creating an
environment that promotes innovation, engagement, increased student attendance, effective
teaching practicesnd positive professionakttings(Ruppert, 2006)"

Creativity is a natural part of sedikpression, social development, and innovation,
(Collard & Looney, 2014)it is defined as a moment of insight, spontaneity of expressiwh
brainstormingHanson, 2014)According to Baldacchino (2013) creativity is linked to
experiential learning and multiple intelligences through the &his.modern work force requires
creative problem solving, and individuals who can come ulp métv ideas. Unfortunately,
words | i ke 6creativityod and 0i (Collavdv&lboney,nd ar e
2014) Creativity is correlatetb openness to experiencéSjmonton, 2012)however there are

no perfect formulas that apply towsdoping creativity. Sternberg (2010) conducted a study
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which found that creative people possess six different, yet related sources: intellectual abilities,
knowledge, styles of thinking, personalitgptivation and environment. Creative people are
ableto see problems in new ways and are not bound by conventional th{8kargberg, 2010)
There are individuals who are identified as bareativefrom an early age, sometimes referred

a sgiftedl.’ Those individualsometime may arrive at the best solom to a problem in a short
period of time, or with great simpliciCollard & Looney, 2014)

Another studywasdonein conjunction with the Chicago Arts Partnerships in Education
(CAPE) where public schools brought artists from the community into tuekscto work with
teachers in order to develop curricula units in which the arts were integrated into other subjects.
The CAPE schools were shown in a comparative study, to outperform the students who did not
have exposure to the integrated arts currituduin standardized tegiRuppert, 2006)Also,
research has shown that the arts help expand the right hemisphere of the brain which is the part
of the brain where creativity is fosterddaugherty, 2@3).

McGrath and Brown (2005) conducted a study with the intention of proposing that the
visual arts couldhelpstudents improve their cognition in STEM educaiiDaugherty, 2013)

What they found reinforced the importanddearning through the arts as a way of using
studentso6 visual senses in order to heighten
brain(Daugherty, 2013)Due to the results of their study, McGrath and Br¢2606) concluded

that the visual arts could improve cognition in STEM educatfreblembasedearning (PBL)

can support creativity in STEM courses, bringing creative lesson plans can help diverse learners
and improve motivation and critical thinking skil{8/eyer, 2012) In 2008, The Conference

Board and Americans for the Arts conducted a study on the conndotimsercreativity and

workplace readiness. The study revealed that employers prefer creative individuals to those with
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technical skillgDaugherty, 2013)The results of the study showed a preference for individuals
who can problem solve, develop original ideas, display curiosity, integrate information across
disciplines and identify new patterni®augherty, 2013)
What Schools and Bachers carDo

In early childhood education, the arts are part of the curriculum. Elementary schools
require the artéArtScan, 2014)Teachers of all grades need to allow studenéxplore, be
creative, and to share what they have lear(Mdrcoux, 2013)Most schools across the country
have some type of arts program in their school system with teachers trained in the specific
discipline, such as fine artgsual artsor perforning arts(ArtScan, 2014)Teachers need
professional development opportunities that incorporate bamdigining in order to implement
the same in their classroof®sdmiraal et al., 2017)Schools that value creativitgndto
produce better students than schools that do not value creéitetypberg, 2010) Students
need to have their senses exposed to things like museums and art galleries. Teachers should get
local civic groups, businesses, artists, and the governmemntstire discussion, in order to
sustain the artgClark & Button, 2011)STEM teachers should-evaluate how to incorporate
art into their discipline(Bequette & Bequette, 2012ncorporating the arts into STEM courses
provides opportunities for teaclsao collaborat¢Wynn & Harris, 2013)STEM teachers do not
need to be experts in the alfglarcoux, 2013) Teachers realize that students experience great
integrity and feel a sense of achievement when students articulate an idea through something
madewith their hand§Maeda, 2012)

In addition to helping students set goals and pinogiguidanceteachers often assess
studentsod strengths and weaknesvhethethewhi | e t hey

differentiate theiinstruction. Teachers deal with the challenges of implemeatirnige
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educational standards and best practices while still providing innovative instr{iRiliey

2013) Teachers want their students to succeed in every asfddetand develop their own self
actualizationEducators need to proviémvironmentgor students tonquire, explore,
synthesizeandconstructtheir knowledgé€Cheng, Li, Sun, & Huang, 20163chools continually
assessnocedures in order make improvemefBtankstein, 2004)Therefore, trying to foster
growth, inspiring students, teaching each student at their individual level, all while keeping up
with changes in the world today, educataes @nstantly trying to determine the perfect recipe

to meet the needs of students simultaneously while keeping up with prégesst of their

training, elementary school teachirarn how to incorporate the arts into their teaching
practicesBut atthe secondary level, if a teacher chooses to incorporate the arts into their

met hods, it is an occasional practice. This i
pressured into teaching just the facts, rather than encouraging studeik tmttneir own or
problem solve creatively. In order for students to develop their minds, teachers need to provide
opportunities that allow students to participate in tasks that require speech andiviherayts
provide this opportunityEisner, 2002 Teachers in STEM disciplines need to integrate the
disciplines not departmentalizéCorlu, Capraro, & Capraro, 2014)

Teachers generally desire to help each one of their students succeedhyGerachers
tapintotheideafo r eachi ng each child is to find where
Christian worldview of education, is the premise that all people have been given gifts by God
that they are to use to glorify Hirvery child is born with giftsandtalent A Havi ng gi f t
differ according to the grace given to us, let us use them: if prophecy, in proportion to our faith;
if service, in our serving; the -loEnglishwho t each

Standard Version). Education needs tooéféalanced curriculum and provide opportunities to
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reach students at every level and foster growth. Studdmtdend to be artistic and creative
naturally may often have difficulty learning new content in the other subjects by traditional
means. Thereould be phenomenal future STEM professionals sitting in traditional classroom
settings, learning in traditional formats, méverreceivng the opportunity to flourish in a
STEM career because their giftslents,and strengths were ignored during tresiucation.

All states allocate funds to the arts, even during recessiongver the amount of
money differs from state to state and year to y®ational Assembly of State Arts Agencies,
2014) Policies related to art edation are developed through actions of state governments
governors, legislatures, commissionensd boards of educatigArtScan, 2014)In 27 states the
arts are considered core subjgttScan,2014) It also important to note, there have been many
longitudinal research studies that showed students who participate in arts education have
improved scores on standardized tests in various subjects includingNa&tmal Assembly of
State Arts Agencies, 2014Art educatorgidi n t he studentsdé devel opmen
learning the in the arts classroom. In order to help students to develop their creativity, students
mustpracticehow to develop new ideas, thanalyze their ideas and how to sell their ideas
(Sternberg, 2010)Traditionally when you spend mog®u get morgso far the evidence in
science and math has shown American students in all grades, do not perform well, and yet it is
not an issue of speimd) (Pittinsky & Diamante, 2015Every year, the U.S. government
provides $3 billion to STEM education, much more than countries that outrank students in
STEM (Pittinsky & Diamante, 2015)Schoolsn the U.S. tend to favor students who display

analytical skills and strong memories over creative chil@@&ernberg, 2010)
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Infusing the Arts in STEM

Marcoux (2013) looked at the connections between technology, specifically electronic
devices and comyters that students use daily, and how art and design are visible in aspects of
technology. Evidence has shown that learning and practicing forms of visual and performing arts
enhance areas of the brain. Therefore, by adding arts to the curriculum of SttE&hts would
potentially show gains in achievement. The art experiences involved with the learning outcomes
in STEM areas included comput@ided design, visual thinking exercises, drawpajnting and
sculpting. Additionally, drawing has been asstedawith kinesthetic thinking, which has been
linkedto engineering tasks and skills such as designing and building (étmi$Bernstein,
2015) Studies show that infusing the arts into STEM allows for different wayseaig the
world (Wynn & Harris, 2013)Authentic experiences in the arts and sciences can provide
problems ol vi ng skill s within aClak&Bdtem 20013Wytno mmu ni t
and Harris (2013gxplained that innovatioimcreass quantum adances in all fields. Leonardo
DaVinci, the great Renaissantaster may have marketed his own skills asaatistbut was
also an engineer, mathematician, scientist and botanist among other things. There are more
technical drawings by DaVinci involvingietice and engineering than paintirigsliner &
Nathan, 2011)Leonardo DaVinci was an innovator way ahead of his time. He devoted sections
of his drawings to hydraulics, diving suits, cranes, transmission of motion, lifthgdkgies
and spinning machingZollner & Nathan, 2011)Additionally, Leonardo DaVinci used
techniques referred to as sacred geometry and complimentary diagonals. While one may not
initially notice the use of sacredgeoméatryn. Leonar dodés work, essenti a

completed is setip, planned out, then divided into triangles, circles, parallel lines and
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intersecting points. Leonardo DaVinci used ma
ultimately to complee his art.
In Figure 1, when looking at the parallel lines at the hairline, the top of the eyes and the
upper lip, each parallel line divides the composition of the Mona Lisa into horizontal thirds. The
triangle that peeks above her head, when flippetcedly, createxomplementarydiagonals,
that when intersectethen create a third eye between her eyes. A common drawing technique
when drawing out the human face is to divide the face into fivevethas across. When inner
triangles are addetona Li s a&abner of her lipgine up with the corner of her eyes. Then
several perfect circles are formed with each set of intersecting triangles. Also, when inner
dividing lines are drawn through the middle of the triangles, a line intersecting through the
middle of the eyes, through the nose, then meets at the chin. Additionally, parallel lines of the
triangles connect through the eyhan through the tip of the nose.
Geometry and complimentary diagoneds be seenintheil ustr ati on of Leonar

Mona Lisa(See Figure 1)
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Figure 1. lllustration of Leonardo DaVinciylona Lisa,showing the geometric planning of the

composition, permission fromr. John F. Sase.
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Leonar do LBsaSJgpeircHigors 2 can also be divided up into mathematical
sedions using rectangular grids and vanishing points. Leonardo DaVinci group2 disziples
into four groups of three, keeping the focal point on Jesus in the center. Several horizontal lines
are drawn in Figure 2, that line up the crowns of the heagl$iathds on the table, the hand
gestures of the discipleand the pieces of bread on the taBliso, the composition is divided
into thirds vertically. Lastly, lines from the coffered ceiling, the tapestries on the wall, and the
perspective of the roomldine up behind the head of Jesus.
Geometry and complimentary diagonals can be seen in the illustohli@onardo DaVind s

Last Suppe(See Figure 2).

Figure. 2 Leonardo DaVincLast Suppershowing the geometric planning of the composition
permisson fromDr. John F. Sase

According to Daugherty (2013) have ideal innovation in U.S. education, there needs to
be a robust art and STEM partnership. The skill of observation may be foundation for STEM
professionalshowever it is overlooked in trainig and education for those wishing to pursue
careers in STEM field€RootBernstein, 2015)Some studies have suggested adding the arts to

STEM could improve the workforce of tomorrow. The arts do not just make things look
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aesthetically pleasing to theye they provide innovation through analogies, structures, models
and skills(RootBernstein, 2015).
Connections Across Disciplines

Studies have found correlations between creative people and their hobbies or minor
occupationseferred to as avocational interest; creative people, when compared to an average
person, tend to have more interests and venture into other(ReBernstein, 2015)The arts
have positive effects on many areas in aatlof the classrooniit Bot h psychol ogy ani
psychoanalysis support approaches to teaching and learning in the arts, both have been interested
in the nature, development, and functioning of the human mind, strongly influencing our
contemporary understandiof what it means to be human within a physical, perceptual,
emotional, and social world, and help us form ideas about what human productions are and can
b e(®homas, 2012)Statistics have shown better academic results from students who participate
in thearts(National Assembly of State Arts Agencies, 201dhas been determined that the
most successful STEM professionals are more likely to have skills and side interests in the arts
(RootBerngein, 2015) Successful STEM professionals argue that success in their fields
requires a strong visual and spatial imagination, feymdcoordinationand artistic sensibility
(RootBernstein, 2015)All of these things i@ fostered through the arts. The global economy is
driven by creativity, making the arts esserttted ¢ h i | d 0 Natiendl Assembly af Btate
Arts Agencies, 2014When business leaders were survegédgercent repded there are not
enough applicants with innovative and creative skilational Assembly of State Arts
Agencies, 2014)Companies today require workers with hifder thinking skills and creativity
(National Assembly of State Arts Agencies, 20Mhen creativity is added to a specific field,

the ideas of that field can be propelled furtf&ternberg, 20106tatistical studies of STEM
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professionals have revealed relationships between anisigical, literaryand craft activities
when compared to Nobel Prizasdthe sum of patents or companies establigRedt

Bernstein, 2015)Nobel Prize winnersalong with individuals with patents or who have started
therr own companyare more likely to have had a background in the arts.

Creativity can be learned through experiencespradticesit does not have to be
inherited(RootBernstein, 2015)Even Nobel Prizewinner in scienceli906, Santiago Ramon y
Cajal from Spain, believed creativity and imagination separated the average scientists from the
great scientists. Scientists must be able to think in{thireensions, graphically and have spatial
imagination along with verbal andathematical skill§RootBernstein, 2015)Leonardo
DaVincibés creative and innovative mind seemed
years before the industrial revoluti@olliner & Nathan, 2011)Additionally, sensorimotor
experiences stem from the exposure to the arts, while imaginative engineers work is selely non
verbal and nommathematica(RootBernstein, 2015)The creative aspects of technolalyynot
rely on words, rather imag@s mind, so it is relevant to note, engineering students may be able
to design thingsn a computer, but they need their hands to make ttfRgstBernstein, 2015)

One of the greatestathematicians of all times, Sofia Kovalesg& who was also a playwright
and a poet, placed art at the center of her thinking. Kovalevskaya stated that mathematics was a
science that required creativifRootBernstein, 20%).

According to Sternberg (2010), creativity is a decision and is a skill that can be developed
(Sternberg, 2010)5ince creativity is needed for innovation, it is something that should be part of
every childodés educat i onualddvélagpstieeir geatvigpmdany ways
decisionmakingskills (Sternberg, 2010)a) redefine problems, (b) question and analyze

assumptions, (c) do not assume that creative ideas sell themselves, (d) tolerate arf#)iguity



58

allow mistakes(f) encourage collarationand( g) see t hings from others
creative person simply buys low and sells high, meaning a creative person pursues unknown or
unpopular ideas believing the idea may have potential. They will then persevere through the
resistance o#rs put up toward their unpopular idé&ternbeg, 2010) Sternberg (2010) calls the

idea of buying low and selling high the investment theory.

The most commonly used assessment to measure creativity over the last 40 years has
been the Torrance Tests ofe@tive Thinking Torrance, 1974)Sternberg was inspired by
Torrance However he used his own investment theory on creativity through studies and
research in which he concluded creativity is a decision that one If&tkesbeg, 2010) His
investment theory states that six interrelated yet distinct factors are needed for creativity:
knowledge, intellectual ability, styles of thinking, personality, motivatm environment
(Sternberg, 2010Jnone of St er n bpeoplg @ese presentat with sliffereBt Rinds of
reasoning problems in which there was only one best arf{fSte¥nberg, 2010)An example of
one of the studies dealt with predicting future states from past states, but the participants were
not given completenformation. For example, participants had to make predictions based on a
problem where four kinds of people on a planet called Kywtards, who are born young and
die youngchefs who are born old and die oldalts who were born young ardied old; and
prosseswho are born old and die you($ternberg , 2010An incorrect answer can
demonstratereativity; a creative person will draw upon existing knowledge then see different
outcomes. Manyimes,it is assumed having a high 1Q is associated wititess, which is not
always the case. Creativity can be learned through experiences and is not correlated with 1Q

(RootBernstein, 2015).
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Another study conducted on creativity involved 60 participants. The participants were
given inductive reasoning prolohs; completing a series, analogies, and classifications. The
participants had to solve problems basathe premise thapreceded the problem that was
conventional (dancers wear shoes) or different (dancers eat §htsraperg, 2010)n his
research &rnberg (2010) found correlations with novel or nonconventional responses as they
were related to creative resporngég creative participants were more fluid in their ability to
come up with an answé®ternberg, 20105imply stated, creative people damk in a broader
way when dealing with new ideas or concepts.

There are different types of learners in every classroom. Some students learn best through
visual means, some can simply listen to instruction and absorb the content, while others can read
their textbook then learn and retain information. Education should be personalized; children do
not have the same types of mindsgdindividual differences should m®nsideredGardner,

1995) So many students comprehend reententand even excel in subjects when they are

given the opportunity to infuse the arts into what they are learning. If educators ignore or deny
the different types of minds, education beconn@$orm and is likely to serve a minority of
studentgGardner, 1995)

Data in the Arts and Sciences

There have been correlations found in various studies between the highest level of
successful individuals in mathematissjenceand engineering when those high achievers also
have ararts backgroun@RootBernstein, 2015)Correlation is notausationbut the evidence is
of high interest to educators and those supporters of STEAM. One study looked at the learning of
social studies and science for thanald eighth graders. One group consisted of 225 third graders

from a very lowincome area in North Carolina. The other group was eighth graders from middle
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to upperclassfamilies in Maryland and California. The study broke the children into random
groupsin which they were assigned one of three instructional methods: memorization in group
one, analytical thinking in group two, and a combination of creative, praciahhnalytical

thinking for group three. The first group was taught course content &y éhat the students

would have to memorize informatiolm the second group, the focus on the instructioniwas
analytical or critical thinking. The third group of students was taught in a combination of ways
that emphasized analytical, creatigad pratical thinking(Sternberg, 2010All three groups
completed multiplechoice assessments. Regardless of subject or grade level, the students who
participated in the third group tested better than groups one ¢6texmberg, 2010)Simply

stated, whenreativity was added to the instructional methods, students outperformed the ones
who did not have a creative component in their learning. This method showed that the students
were able to expand on their strengths in order to translate the m@eeralerg, 2010)

Studies done in 1926, 1931, and 1975 shoeadiege students majoring in a science who
were also involved in other avocations, such as photography, drawing, dancing, crafts,
mechanicselectronicsand woodworking showed higher achievementscience when
compared to other the other college students who did not show any interest in Rearts
Bernstein, 2015)Another study of professionals in Israel discovered a correlation with creativity
and intellectuail stimulated avocations. While a study of mathematics in 1904 stated that the
majority of mathematicians reported they had avocations in npetry and art, similarly in
1902, 52% of mathematicians reporteyingmusical avocationfRootBernstein, 2015)

Similar to the math studies, studies of scientists have also found correlations between the success
of scientists and avocations in the arts. In 2013, a study was done on individuals who had careers

in science and wergraduates of Michigan State University. The college graduates who either
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founded a scientific company or who produpatients were more likely to have participated in
drawing, painting, photography, musical composition, dancngther crafts, when cqmared
with other graduates working in the science field who had not produced a patent or founded a
company(RootBernstein, 2015)Companies in the U.S. must compete in the international
marketplace, which has shown thabgucts must be more and more creative and unique
(National Assembly of State Arts Agencies, 2014)addition engineers who exdet at
research or innovatiomeremore likely to tolerate ambiguity, display empathy for eghe
possess skills at inducing patterns, be more artistic, and were usually c(Root8ernstein,
2015) Additionally, the US National Academy of Engineering membegeseven times more
likely to participate in craftske woodworking and metalworking when compared to the general
population(RootBernstein, 2015)

Entrepreneurial endeavors in engineermgth and science have a statistical correlation
when those individuals participatethe arts throughout their livéRootBernstein, 2015)
While correlation is not causation, it is evident that successful STEM professionals who have
avocations in the arts use their skills in their fields. The madetpheeds creative people who
are innovative with products and services, making art education impdmtompete in the
global marketplac@\ational Assembly of State Arts Agencies, 20Rpfessionals in the
STEM fields \alue the arts; a 2013 survey of rtdreer scientists and engineers revealed that
82% of them believed the arts should be incorporated into STEM edu@RtotBernstein,
2015) This survey mirrors the results of a 1947sy where 80% of the scientists listed in
American Men of Scienstated that their avocations in art related areas had a direct effect on
their vocationgRootBernstein, 2015)it has been found that arts and crafts mavide anyone

involved with STEM opportunities to develop their observation skills, their imagination, and
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abstract thinkingRootBernstein, 2015)Furthermore, the arts can provide analogies that help
solve STEM problemgRootBernstein, 2015)According to RoeBernstein (2015) individuals
in STEM fields have stated their experiences with the arts aided in their mental skill
development. Scientists utilize mental tools that are normsdlgaated with the arts; observing,
play acting imaging, modeling and synthesiziffgootBernstein, 2015)

Mathematician Benoit Mandelbrot, someone who claimed to mix math aedeayday,
was the inventor of fractalle stated his draughtsman and his free hand art skills contributed to
the development of his imaginatigRootBernstein, 2015) Al al ways started wi
drawing, which soon felt lacked something, and was aesthgticaimplete. It would improve
if transformed by operations called simple projection or inversion with respect to some circle.
After a few transformations of this sort, almost every shape became harmonious. This playful
activity transformed impossibly diffc ul t pr o b | e mgMandelbrat, 2612, m@0d) e ones
In mathematics, in order for students to exhibit growth in abstraction and generalizations,
teachers should cultivate experiences and reflection, not standlmed B=melmen, Daniels,
& Hyde, 1998)When neuroanatomist Ramon y Cajal was preparing neuroanatomical elements,
he would do freehand drawings in order to interpret what h€RawiBernstein, R15)

Many STEM professionals have reported the necessliging able to manipulate
materials as an artist wou{lRootBernstein, 2015)According to art educator Elliot Eisner
(2002), the arts make individuals more asvaf the world around them. Hands on activities are
often overlooked in schools aneltworld applications. Nobel Prize winner in chemistry in
2002, John E. Sulston, attributed his success in chemistry to being admapeison, an artisan,
a makeyanda doer(RootBernstein, 2015)Another NobePrizewinner, Martin Perl, who

earned that distinction in physics in 1995, similarly articulated how critical the condegts
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he learned in shop class; shop practices, eqmpiesign and engineering draw{iRpot
Bernstein, 2015) fiwWhat we see is not simply a functior
what we mBisner, 2002)Cangtrycting models and working with hand tools iogsh
classes proved to be invaluable to Thomas Steitz, the IRolzelwinnerin Chemistry in 2009.
He stated the knowledge and skills he learned in his shop courses helped him at home and in the
laboratory(RootBernstein, 20%). One method used to develop solutions to problems is
analogizingwhich isthe process of recognizing similariti@he arts have been used by STEM
professionals to identify physical or structural similarities in STEM funcijBastBernstein,
2015) When a student is developing their creativity skills, they simultaneously develop their
perceptual, interpretive and investigative skiNstional Assembly of State Arts Agencies,
2014) The Nobel Laureate in 1912 in medicine, Alexis Carrel credited his surgical stitching
skills to his mother who was a lace mal®ootBernstein, 2015)If the arts can provide creative
stimulation in the sciences as suggeste&biM professionals and NobRtizewinners in
theory, the arts should benefit all studef®ootBernstein, 2015)
Summary

With the growth and emphasis on STEM education, neglugatordeel the arts should
be included ircreating a STEAM model for education. As the reviewihefliteraturein Chapter
Two of ths casestudysuggeststhere issufficientresearch on STEM curricuteotingthe
importance of the arts arlde need focreativityandinnovation.

The theoriestht 1 nspired t hi s r e snalpleiotélligencee based
(1995) Ma sHiemmhy afneeds(1943) and Ei s(1984)obhew therarsashoyld
be an integral part of all school curriomi. High school art classes meet several aspéthe

MI theory; musicalrhythmic, visualand kinesthetic.
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The review of the literature demonstrates the history of STEM, the need for innovation,
andhow STEM couldbe renamed STEAM. The global economy requires workatrgust tobe
knowledgeable andproductive, but creative and innovati{iational Assembly of State Arts
Agencies, 2014)The STEAM movement providesopportunityfor the U.S. to maintain its
role as an innovator in the wor(tMaeda, 2012)The arts assist students in life by helpingm
develop social skills, problessolving skills, aid in motivation and develop sedspec{National
Assembly of State Arts Agencies, 20B4)dthis research coulde beneficial for arts programs

in any school by validating the importance of
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CHAPTER THREE: METHODS

Overview
The purpose of this qualitative case studsto understandhe impact of participation
in the arts on the STN\E coursework learning comprehension for high school students at two
high schools in southwest Floridehis case studyliscoveedhow students apigld theskills
learned through the ariscluding painting, drawing, graphic arts, tdonensional, and thee
dimensional, music, and theateexd how thestudentsappied that knowledge and those
experiences to their STEM coursework and comprehenBiisicasestudy isframed by
Ma s | dierdrchyof needqg1943)i n whi ch Masl| ow descforisdifes t he
esteem Gardner 6s theor y(195amdl Ei ph e(l98onhthéh ¢ 0 gieda
impactof the arton other areas of the curriculum.

Chapter Threaddressdthe research desighat wasused restate theresearch
guestionsanddescribé the setting and participants. In additi@hapterThreeexplicatal the
proceduregor conducting the studgnd defind my role as theesearcherrinally, the methods
of data collectiorandanalysisvasexplainedthe stepshatensuré trustwothinesswasdetailed
and ethical consideratiomsknowledged

Design

Thisis a qualitative investigatiothat used case study approackhis qualitative
researclstudyexploral a contemporarphenomenoin areaktlife context(Yin, 2014) A case
study approach was selectegthuse the participa@swn perceptiorof the impact the artsave
ontheircomprehension in STEM coursewariasdetailed through interview#\ case study
approactwasappropriatdor the studybecausehe investigation fociex on specific
participantssix to eighthigh school studen@nd four to six STEM teacherat two locations,

within a reallife setting, over a period of tieg andncluded a variety of datdCreswell, 2013
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Case studies are a cormmform of research used in a variety of fields such as psychology, social
work, education, community planningnd sociologyYin, 2014) According to Creswell (2013)
case studies have been popular in psychology, medandéaw. The need for a case study may
come from aneedto comprehend some social phenoorefYin, 2014) Simply stated, a case
study provides a researcher the opportunity to focus on acaaseswhile studying real life
pergectives from small groups, school performance, or even organizational prqd@sses
2014) An investigatolin a case study will use various ways to gather information to explore a
contemporary bounded system over a peridihtod (Creswell, 2013)Therefore because there
has not ben much discussion or reseaorhhow the arts influence STEM, seeking participants
who have experienced both could provide insight to educators in the future, &ied BIrEAM
researchFurthermore, naltiple cases exist where studeats] teacherare involved in both the
arts and STEM coursex different schoolamaking this a collective case studgreswell, 2013)
In a collective casegdy, a researcher purposefully selects multiple cases to show the varying
viewpoints of each cag€reswell, 2013)In the presentase study, the intemtasto illustrate
the experiences of multiple casstidentsand teachesin the arts and STEM programs &ina
high schodd in southwest Florida.
Research Questions

Research Question One

How do arts students perceive skills learned in arts classes impact the comprehension of
STEM material?
Research Question Two

How doarts students perceive practices used by teachers during STEM classes inspire

creativity?
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Research Question Three

How do students perceive their experiences in the arts impact their cpratiem
solvingin STEM coursework?
Research Question Four

How do teachers implement the arts into STEM courses at various grades and age levels?

Setting

The setting for this qualitative case stwdgstwo different schools in the same school
district One of the gesfor the case studyas a unique high schotiat has an established
visual and performing arts academy, referred to as a, W& has also incorporatedSTEM
program The pseudonym thatasused for this school during the studySsuth County School
The South County &hool has approximately 2,8&tudents with a student population that
consiss of the following: 69%White, 15% Hispanic, 109Black, 5% mixed, less than 1% Asian.
More than half of the students receive a free or reduced lunch. Almost a tthiestifdent
population is exceptionatiedent education (ESE), requiring special servitas. South County
Schoolsite was chosen, not just because of its convenience, but also because of its distinctive
combination of agand STEM programs of study for the high school students. The g@duati
rate for this VPA school is 82%, and the scho
school has twicbeenselected by the state of Florida asfats Achieveschool, which
recognizes thartistic achievements of the studentsyriculum and rgor at the school.

South County Schoapened in 2001 as @atademynhigh school, where studergslecta
major as hey enter the ninth grade. South Countiz&@lwason ablock schedule, consisting of
four 90minute periods each dagouth County Scho@iminated block schedulingp 2008 and

funding ceased for th@ecademyprograms. The arts program maintained its high standing in the
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community with ag competitions and rigagven with the switch from 9fhinute periods to a

48 minute periodIn 2014, thdormer visual and performing ardicademy was given the
distinguished title VPA. The program is continually changing as school leaders try to alter the
master schedule for the coming school years, implement an audition and portfolio process of
acceptanceand secure funding for adjuncts to teach other sections. Aa¢anal Art Honor
Societyhas been added a notable group at the school in the last year. The STEM program was
hatched in 2011, when the school brought in an enginetaoteand obtaind a STEM grant.

Since 2013, the students in the STEM program have competed in an annual event district wide,
which includes robotic and design competitions.

The second location for this case studi@th County Schodglpseudonym)another
suburban comphensive high school in Florida with close to 2600 students. The school is an
International Baccalaureate (IB) school with an actively growing STEM program. It is an older
school in the same school distract South County Schoahd has been in existeraenost 60
years The student populatiaconsists of the following: 70% White, 13% Hispanic, 1004ck,

4% mixed, less than 3% Asian. Approximately 36% of the students receive free or reduced
lunches neither one of the high schoa¢sa Title | school. Thgraduation rate for this IB school
is 87%, and the school grade has fluctuated b
years. The school also has earned the distinguihedichieveaward from the state of Florida,
while maintaining a long runng National Art Honor Societgn its campus.
Participants

Therewerel1ltotal participants in this studyinterviewed gvenstudentparticipants for

this study four participantsvereselectedrom South County School, atlreestudents from

North Courty School The participantsvereenrolled inSTEM coursesncluding atechnology
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basedandengineeringcoursesand & least onarts class simultaneousht the time the
interviews were conducte®tudentsvere ingrades 1612 at the time of the interwes and were
from one of two suburban higithoosin Florida.

Additionally, | interviewedfour teacher participants who teach a STEM course and have
at least one of the student participants in claeth high schools are unique because they offer
specialzed programs. South County Schaoéa VPA school (a school with an identified special
focus on the visual and performiags)and has aawardwinning STEM programNorth
County hool is an International Baccalaureate (IB) school with an actively ggo8TEM
program. Studentseveidentified first through the assistance of guidance counselors. Guidance
counselors have access to studshiedulesind computer software thigentifies students who
meet the criteria of the participants needed in this sashy: art and STEM courses
simultaneouslyStudents wreselected based on th@lowing criteria:students are
simultaneously enrolled in an arts cdowddse and
creditability to the stud{Creswell, 2013)Research participantsanegiven information about
the casestudy,so theycouldmake an informed decision whether they degideparticipate in
the study(Leedy & Ormrod, 2001)

Purposeful samplojpwasused in this case studgoth theparticipants aBouth County
School and North County Schookveprovided information explaininthe research problem
and phenomenon of the stu@@reswell, 2013)The participants wreinformed so they
undersbodthe research problem of the case st{@heswell, 2013) The participant s
descriptions of their experiencpsovided multiple perspectives and diverse viewshis case

study(Creswell, 2013)
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Procedures

After | successfully defenddtie present studyroposalapproval from the Institutional
Review Board (IRBwassoughtand approved (se®ppendix A) The school district for the
South County School and North County Schoatsubsequently swited for permission to
conduct the research.

Oncethe school districapprovalwasobtained, the nexdtep in conductinghe present
research asto requespermission from the principals of both South County School and North
County Schooand therinform and ask for permissida conduct interviews and use thesart
rooms for the interviewgsee AppendiB). | provided the principalswith my research plan,
purpose, and research questions. Secohdiformedthe ars and STEM teachensith the
purposeof this study(see Appendix C)

Guidance counseloet South County &ool and North County Schoaidedin the
identifying of the studenparticipantsat each school site securehe total ofstudent
participantsneededor the case studyarticipantavere required to beimultaneously enrolled
in arts and STEM courses. Participantsreidentifiedwith the use of district softwatbat
searchd student schedules for the courses tveyeenrolled in Once studentsereidentified
andnotified of the esearchl introducedmyself,andinvited studentgo participate. Once
parents and participants seghand return the doublseided conserassent form, initial meetings
for interviews verescheduled with the studer(see Appendix D)

Students, parentagdministrators, and teachergmginformed of my research methods
and data collection beforehandwias important for me to gain the confidence and trust of the

participants (Creswell, 2013)0 achievedata triangulation, tieetypes of data erecolleced
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includingopenrended studenndividual interviews,open-endedieachetindividual interviews,
photograph®f student workand classroorabservationgCreswell, 2013)

Individualinterviews vereheld int h e s t usdlasses. Shénteraiewswereheld in
the arts roomsdue to the format dhearts classes; classrooms are set up where students work
independently on projects in work stationsinterviews verein a location of the classroom pre
arranged with the ateaches, sothat classroom disruptisivere kept to a minimum. All
interviews wererecorded using the afpragon Dictationon aniPhonefor later transcription

Additionally, student workwvasphotographe@ndimages vereconverted to PDF files, to
be accesed and saved in Microsafford. All datathat wascollected vasbacked up
electronically on a hard drive and external flash drive

Observation®f participants sengeas another source of evidence in this case study,
allowing for casual data to be colledi(Yin, 2014) The analysis of the data inclutla constant
comparative approach in which the data collected from the participastoompared to existing
data as themes and findings emerdgéemoing and notetaking also adlie the analysis of data,
which includel jottings, narrativesand drawinggYin, 2014)

The Researcher's Role

As an art educator, | have a deep passion for the arts, and understandisgtoflants.
My role in this reseatcwasto conduct theénterviewswith the participants in this case study and
to collectand analyzall the data. My assumptions in this case studyrareed bymy personal
experiences as a formersstudent and current aducatorWhile in high schol, | recognized
my learningstyle was visualand | flourished in environments that encouraged creptiviglem
solvingrather than rote learning or memorizati@&eing required to memorize facts and details

in order to pass a test was stressful and ramhymtive for me. Throughout all my studies, the arts
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have been part of my learning style, and how | comprehend new mdtbahévethat students
in STEM courses most likely find successSSIMEM courses when they combine skills learned in
the arts couess with STEM content.

| believe inthe importance of all different styles of learning. With the regemthin
STEMeducation, | see a need for the arts to play an integrahpgars movement. Therefore, |
interviewed severhigh school students whagicipate in both the arts and STEM programs, to
understandheimpactof participation inthe arts on students learning comprehension in STEM
coursework

| am an art educator at the South County School. While the participants from that site
werenotmy students, | realize they may be familiar with my position at the schbeteare no
students alorth County School, who lew of my position within the school distriet the time
of the interviews

My research allowdstudents to tell their stories aagperiencs, while they explaiad
thelearning strategiethatworkedbest for them. dicknowledgehat | may have hiasdreason
for conducting this case studynd recognize that | must rely strictly to the results provided by
participants without manipua t i ng t he p arlhavecbeep anratt édgcatdr ®reodeb a ¢ k
20 years, and | am currently a VPA department chair. During thaptmed | have worked
with many core subject area teachers on ecosscular lessons, participating in the roliean
arts expert. Additionally, | have facilitatesicademyshowcases in which the core subject
teachers displayed atintegrated projects at an sshow. | have had astudents participate in
the STEM competition foiour years and have witnessed homativity influences engineering

and science. lbelieve thaby allowing students to tell their own stories, share their own
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educational experiences with the arts and STEM courses, and by providingnajeeh
guestionstheywill provide the connectionsatween the arts and STEM

As part of my introduction to each student participant, and to ensure trustworthiness, |
informedthe participants of my own experiences as a high schadtadent. | explaiedhow
my experiences prompted the desire for thiestudywhile stressing they share their own
honest experiense

Data Collection

For the present case study, datescollected using interviewghotographs of student
works, and observationgnterviews weregeneral, opeended questions that fo@ton the arts
and STEM. Student worksvereviewed and photographed documenevidence of the
participant s 6 ahensian.ObsardatioSsTopbtticipantsngeoedin their
assigned classrooms, in which | obseraetivities, conversations, anateractiongCreswell,
2013)
Open-Ended Studentinterviews

| interviewed svenarts students whaverealso enrolled in STEM course&dditionally,
| interviewedfour STEM teachers who have the student participants in &asgonses to open
ended semstructured questionsexerecorded usingny iPhone with the recorder application
Dictation Dragonand then transcribed to teRecorded transcriptsese saved in Microsoft
Word documents oahard drive and an external flashwdriEach interviewasedfrom 3045
minutes, providing enough time for rich descriptions and response&l threepersonal days
and time after schoadpread out ovemmonthto conduct interviewdnterviews took place in
t he st ud e nlthavedchoaan tharts rocomshecause many times itasccomfortable

environment where students work independently on projects. | will not be a distraction ts the art
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teachershere whereasn a STEM classroom, an interview could disrupt instructioterviens

with STEM teacher participants took pl ace

OpenEnded Student Interview Questions

1.

2.

Please introduce yourself.

Describe your experiences antiat you believe are yostrengths in the arts.
Whatarts mediado you enjoy working with?

Tell me about an aproject youbelieve yousuccessfily completed Why do you
believeyou were successful with the project?

How do you define creativaroblemsolving?

Tell me about &TEM clasdesson yowbelieveyou comprehendedeil. Why do you

believeyou were successful with the project?

. Describe your comprehension of new STEM material when your teacher allows you to

integrate creativity and askills into an assignment.

Describe your comprehension of new STEM material wherdelivery or instructional
method does not incorporate the arts.

Describe an assignment or assessmenbgtiaveyou did well because of your creative

solution.

10.Is there anything else you would like to mention about your experience vatmdrt

STEM coursework?

The first three questionsereintended to put each participant at ease withrbkeas the

interviewer. The questiongeremeant to build trust andpportwith theme, so that the

participants f& comfortable throughout the intervieficcordng to Yin (2014)there are five

levels of questions in a case study. Questions one through three fall under Level 1 questions;

n
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friendly, personal viewsand nonthreatenin@rin, 2014) It is important that participants provide
detailed and haest responses to the questidhsrefore establishing a level of comfort in the
beginning of the interview alloedfor ease of responses with further questions.

Questions four through sixereintended to provide an opportunity for stateto explain
events when they fettonfident when selrespect and autonomy were part of their story.
Defining creative problem solving is placed between questions fowsiabdcause it is
important for students to identifyow their creative skills lay apartin other areas of learning.
Questions four through six follow a logical sequence from themes in the questions to the design
of the study(Creswell, 2013)Participants descrildgheir successes and probkswmiving
approaches within their coursework.

Questions seven and eigi¢reintended to provide participants with the opportunity to
describe how their learning comprehension of STEM content may haveffesadby their
creative approach. Theserekey questionso the research; what the difference is with learning
new STEM content when creativity or the atepart of the learning procesuestions seven
and eightocus on understanding the phenomenon in the gtodswell, 2013)

Questions nine antO allowed participants to provide a final analysis of their own learning
styles and opinions regard taheir learning experienceStrong interview questions provide
insightful perceptions and attitudgem the participantgéYin, 2014)

OpenEnded Arsand STEM Peer/Teacher Interviews
Open-Ended STEM Teacher Interviews
Interviewswith four STEM teachers who have the stutdparticipant=f the study in
their classesverealsoconductedIn addition to mterviewing students on my personal days, once

interviewswerefinished with students, | interviesd STEM teachers individually regarding their
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personal insightf the participants in the case studgacher interviews providansight into the
participans 6 b e h avi o r¥n, 20l )dn additionitovpedding insightegardingthe
student participantsgpe r r e v i e ws achieverhehtend data ecaleetion psodiden
external check of mgesearch questions ancethodg(Creswell, 2013)Responses to open ended
guestions wre recorded on a smartphone, and then transcribed td eadhers wre
interviewed to offer f eedba gplblemsolvinghRecosld udent s
transcripts wresaved in MicrosoftWVord documents on the hard drive and an external flash
drive.
Teacheindividual InterviewQuestiors
1. Describe the methods instructionyou use in which you beliewsur students learn
STEM content best.
2. What differences do you see between the STEM only students and $heSFEM
students?
3. Whatarts media dgou believeyour students enjoy working with?
4. Tell me about an arts project you believe your students successfully completed. Why do
you believe your studentsane successful with the project?
5. How do you define creativeroblemsolving?
6. Tell me about a STEM class lesson you believe your students comprehended well? Why
do you believe your students were successful with the project?
7. What are your thoughtboutconverting STEM to STEAM at the high school level?
8. Is there anything else you would like to mention about your students in this study?
The questions listed above are intended to get general feedback from STEM teachers on what

they have seen in their classms when they implement the arts and how stttdents compare
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to nonarts students when it comes to performance and learning comprehension in their classes.
The general purpose of interviewing STEM teachers is to corroborate certain findings, while
maintaning an operended nature to the questiqiysn, 2014)
Photographs of Student Work

Students wreasked to provide examples of their work fronsartd STEM courses.
Students providdassessment information in their own wqridssonobjectves what they
learned from the assignment, and what connections they madellect evidence of the
st ud e n tpmjectsranr SAKEM coursewoduch as visual aidserephotographed with a
digital camera.

An example of a student prafecan be seen in the illustratiohthe human heart (See Figure 3).

Figure 3. Student drawing, showing the human heart, permission findsey Gill.
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Observations

This case studiook place inartsclassrooms, creating an opportunity for direct
obsevations(Yin, 2014) The classroom teachers introddeee and providd my purpose for
being in the classroom, as a doctaahdidateconducting research on how the arts impact
learning comprehension in STEM coursework. THsed participants to feel more relaxed
with my presence in the classroom to conduct my observa@servations an important tool
for a researchewho iscollecting dataA researcher needs hote the phenomenon in the setting
through the researciies o w n (Cressvells261R8)The phenomemn of interest in this case
study is not basedn historical facts, rather environmental and social conditions that can be
observedYin, 2014) The obserationstook place while participant&ere in their classrooms,
where their workspace and environmemitild be observed, providing additional information
about the participan{¥’in, 2014) My role asthe researcher chardyandevolved during the
observationgCreswell, 2013)creating dialog with the student participa{s the observations
wereconducted, | recortithe physical environment, activitiemnd my personal reactions
(Creswell, 2013)

Data Analysis

My role astheresearchefor the presenstudyrequired that | concurrently analyze data
as it evolve. Theapproach to analyzing the data must be circular rather than linear in approach
meaningl could notandyze one point then go onto the next. A circular analysis involves moving
from the various forms of data collection, from participants and circling through how therelata
interrelated Creswell, 2013)Therefore, | usita corstantcomparative approachhile analyzing
the dataConstant comparative data analysis adithe comparison of findings as data emedrge

during data collection. According to Yin (2014) the findings during data collection néed to
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descriptive, while eXpring and explain the meaning in the findin@s.organize the data, | ude
reading and memoing as part of the spiral data analysireadthe transcriptsso that kcouldbe
immersed in the detail¥he process of rereading the transcrgllswed meto get a sense of the
whole interview before breaking the interview ipiecesCreswell, 2013)Adding notes,
memos, key phrasgand ideas into the field notetsoaidedin theprocess of explorinthedata
(Creswell, 2013)

As aresearcher collects dataey anticipate pertinent implications will come to the
surface(Creswell, 2013)Reallife happenings intertwine in a multifaceted manner, rather than
in a linear 6rm, creating a need for direct interpretation of datia, 2014) The researcher
determines configurations in two or more categories, which will take the form of a table,
conceivably a 2 x 2 table, which illustrates the asdion of two classificationgCreswell,

2013) After the chitawasassembled into Word table,| wasableto see if therevere similarities
and differences between participaritbis enabl& me tolook for patterns within cagmries
(Creswell, 2013)Some participantsadsimilar experiences when enrolled insaahd STEM
courses. Teachers notitkow ars students usktheir creative influence whesroblemsolving
or how the students appro&cimewcontent.

Classifying the data by using categoriagbregationtec at egor i ze t he parti
feedbackplace unorganizedeedback into categoriesndascertairpatterns and themgdselped
meto documenthe account of the cases being stud@aswell, 2013)l viewedthe data and
then simply pukdmeanings from the single instance without looking for numerous occurrences,
making a direct interpretation (Creswell, 2013, p. 199). | ted#ke data, and then

reconstructdthe data in more consequential ways.
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Lastly, | interpreedthe data as part of the analysis for the case stadlye present
study, he participargdinterviews vere analyzed, then tifeedback categorized create a
detailed description of each case gederate overall themes

Trustworthiness

Numerous proceduresare taken to ensutietrustworthinessf this qualitative case
study, includingcredibility, dependabilityconfirmability, and transferability.
Credibility

The credibility ofthis case gidy dependdon the richness of the information the
participants provid@éand my ability to accurately describe the detitead to t¢arify my
researcher bia® validate my research. As the researcheophmerted on past experiences,
preferences, angreconceptions, (my own experience with arts). As the researcher, | inevitably
allowedmy experiences to influence the approach to the case 8fiydgnalyticalabilitiesrelied
on aproficiency, keeping up with linked research, safeguarding accluaadsgtriving for
credibility (Yin, 2014).Lastly, thick and detailed descriptiom$ participants, settirgyandthe
feedback from interviews bamean imperative part of the research.

Dependability and Confirmability

Dependability refers to the consistendytlee findings that are discovered through the
interviews. Through student interviews, patterns and connectierrsmade through the
feedback from the participan#&dditionally, peers in the field of education who have
successfully completed the doctg@lrneyofferedinsight The guidance and advioéa peer
who has successfully completed their dissertatiamvizluable, thereforatilizing the expertise
and experiencaf those professionaisasalso usedl had peers review miyndingsbecausg
research checked by an external source iatihe dependability of my research (Creswell,

2013).Confirmability demonstratgthat the findings in this case studwre supported by
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empirical factsBoth dependability and confirmability are addressed thrdlghich details

within the context of the study.

Transferability

Another way to confirm trustworthiness in a case stadgdetermine if theihdingscan
be transferred in other education settinggnsferabilityin this case studyefers to the
possbility that findings could be transferred in other contéXis, 2014) The artsvereshown
to help students comprehend the material h e s tinlSTEMncobussés, future students
enrolled in STEM courses coulldenbe encouraged or even required &otjgipate in some form
of the arts. In addition, STEM teachersrwa b | e t o add their insight
the STEM coursework and assessments.

Ethical Considerations

One conceivable ethical issue when conducting a case study is coafiteito ensure
valid feedbackand forparticipants to feel at ease and give honest feedback during the interviews,
| useda pseudonynifor all participantsinformed consent forms fgrarentsand assent forms for
studentarticipantsvasused to secure paission to interview participants. To assure
participants and their parents that no haraseoneduring theresearcland that the research
could benefit the field of education, the purpose of the study and interview questiens w
provided before any piacipants agreagto participate. All data collectedagsaved on password
protected devices. Also, teacher participarggevprovided with an overview of the study, the
purpose, and how this study could benefit educalbnposition at the schodladno influence

on the study. The participants skdtheir experiences. Lastly, participanterinformed that
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theycould havelecide not to participate in the study at any time during the study, without any
reason or penalty of any kind.
Summary

A case studylesignwasused inthis qualitative research becaube research involka
study in a realife setting(Creswell, 2013)The studentparticipans in this case study shdre
their experiences with the arand STEMcoursesThe setting wereaVPA and IB public high
school in the same school district in southwest Florida. Before any studsetsolicited for
participation | had to obtairpermissiorfrom the IRB and the school district conduct
interviews | acknowledgé did not allow any bias to come through as the participahdsheir
own story. During the interviews, participants anediO operrended questions. All the
guestions héa clear purpose, which all@dthe participant$o share their experiences in the
arts and STEM openlyleachers whavereinvolved in the STEM coursesesealso interviewed
with questions relating to their fields. The dat@sanalyzed witiNVord tables, allowing mt®
interpret the data directhnd to see if any natural generalizationsld be madeTo determine
if this case study shows trustworthiness and is valid in the field of educaealbility,
dependabilityconfirmability, andtransferabilitywereall evaluatedTransferability vas
evaluated because of the possibility thatfihdings could be transferred in other contexts. The
richness of the information the participantsde available provided credibility to the study.
Results of the studyeveconfirmedthrough peer reviews of the findindsastly, the ethical
consideratns in this case study cergdion the privacy of the participants and securing the data.
All the participantdiada pseudonynthosen for thepgand all devices where datasstored are

password protected.
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CHAPTER FOUR: FINDINGS

Overview

Thecentral faus of thepresent casstudy wado discovertthe impact oparticipation in
the artsonlearning comprehensidor high school studenturing STEM coursework at two
high schools in Southwest Floridehis chaptereportsthe findings of the case studyd
includesindividual descriptions of the study participanisesentation of the themaad
accompanying subthem#sat emergeduringthe data analysigndresponses to the research
guestions according to the findings of the study.

Participants

| interviewedseven high school students and four high school teach#ns case study
The participants are from one of two public high schools, in the same school district in
Southwest Florida. Student participants were interviewed during clasgenmeisson was
given prior to the interviews. Teacher participants volunteered time after school or their planning
period for their interviewsArtifacts of student work ereprovided by participants. Some of the
photographs were provided to me through email.t\Mbshe artifacts, | photographed during
follow-up visits to classrooms.

All of the participants were eager to share their experiences and thoughts during the
interviews.Table 1 (below) contains student participant profiles previously desctheedgeof

the student participants, gendand their most active area or interest in the arts.
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Table 1

Student Participant Profiles

Name Age Gender Arts Area of Interest
Andre 18 M Music

Gavin 16 M 2-D Art

Lynn 17 F Theatre

Robert 17 M Music

Steve 17 M 3-D Art

Theo 17 F 3-D Art

Zach 18 M 2-D Art

Andre

Andre anl18-yearold student participant in the study, isenior at th&outh County
High Schoolandhas been involved in the music and engineering programs since he was in
middleschool.As a high schoattudenthe has successfully completid Advanced
International Certificate of Education (AICE)chemistry and is currently enrolled in AICE
physics. Andre has taken algebra Il honors, tested out of college algebra andsstattsis
currently enrolled in Advanced Placement (AP) calculus. Presémttire is taking his fourth
year of engineering at the high school level.atd®participatesn the school orchestra program.
Andre can play the cello, pianand is learning th guitar right nowReading music is practically
effortless to Andre. Even in middle school, playing music came easily to Andre without much
practice Andrestatedft he arts, music particularly, I  have
always been good a iArtdre described music as luassionneverthelessheplans on going
into engineering as a career.
Gavin

Gavin is 16 years old arajunior at theSouth County schoolCurrently he is in

engineering Il and his third year of taking visual afesses. He has participated in engineering
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competitionsand art shows over the last two ye#@dditionally, Gavin is enrolled in advanced
topics in mathematics and PA4CE physics. Gavin enjoys drawing with traditional art media
and working with computs, especially CAD software. Gavin explained that visualizing his

ideas before he makes somethwwgether by hand or on a compytesmes effortlessly to him.

AWhenever I create art, I am visualizing in m
evenfinished it makes to process easier and fluid f
oriented and analytical. AAnalyzing all of th
am making it, | think helps me be successful

Lynn

Lynn was anther student participant in the present study. She is 17 years old, a senior at
the South County school, and a member of the Visual Performing Arts Academy (VPA). She has
taken musical theatre, actingll, and is currently taking acting IV, a directintass and is
enrolled in engineering Il. Lynn plans on going into marine biology and possibly studying for her
LPN so she can work while going through college. Lynn has been acting in plays and performing
in musicals since the age of eight. She descrilesas g and singing as her p
|l ife | have had a passion for things I|ike Jan

12 shows since the age of eight. Lynn also enjoys the technical side of a theatre production,

especiallyoperatinphe soundboard. She explained Athereod
acting, costume design and | especially |l ove
Robert

Robert is a 1#earold senior at th&lorth County school. Robert has been varyolved
in the music program at his school. Robert ha

band all four years of high school. He plays tenor saxophone in which he is the section leader
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and has played that instrument since the sixth grade. Hplalsothe piano and clarinet. Robert
is very proud of his role in the school dés mar
music program at his high school, Robert is in the International Baccalaureate (IB) career

program with a focus on engine®g at his school. He stated he is looking at going to college for

bi omedi cal engineering. Al am interested in d
great interest to me and seems | i ke an emergi
Steve

Steve is d 7-yearold senior at theSouth County school. He had two yearsvisual arts
and is currently in ceramics. Also, Steve is in his fourth year of engineering. Steve has
successfully completed the required math and science courses for graduation; physics, biology,
chemigry, algebra |, algebra Il, geometry and is currently enrolled in advanced mathematical
topics. Steve is not sure if he wants to go to college. He describes himself as an outdoor
enthusiastvho enjoys working on cars, boats, fishirgndfixing and buildirg things.fl like
working with my hands, whether t ntaking something out of clay éixing a brokenrdown
boat , I am determined to be successful with w
himself as a patient and determined young man. Longhesdrojects or fixing things attracts
Steve whether in or out of school.
Theo

Theo is al7-yearold senior at théorth County school. She is currently enrolled in
ceramics Il honorsand engineering, design and development cMeseover,Theo is takng
AP physics and has a 4.7 weighted grade point average. She loves math and found calculus and
statistics to be some of her favorite courses. In hettifrex she enjoys painting and drawing but

doesndt afeamead of garicolar strengths. Whaeowing and building vessels from the
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coil method in ceramics are her favorites. Theo prefers to make practical pieces or utility type of
objectssuch as bowls and cupather than sculptureBMy strengths in ceramics, at least, are
going on the wheethrowing bowls and vases, and making vessels from coils, stuff that be
ut i | Thecepthns®@n going to college after she graduates and majoring in engineering.
Zach

Zach is a 18year oldsenior who has been in engineering classes since middle school.
He always wanted to be an engineer until recently. Zach is in his second art class. He has always
loved sewing and desigmg with fabric. As a senior, Zach decided to pursue a major in fashion
design and has recently applied to college. He describes hamsgkative person and enjoys
brainstorming ideas for projects and fashbra ch conf i dently decl ar ed,
is problem solving. | am really good at creative thinking, coming up with ideas, imaging
solutions and working through therhpp s i n  tZdchke consideas dhimself bright and a
nonconformist to the routine and standardization of the traditional psdilicol system.

Table 2 (below) contains teacher participant profiles previously desctiteedumber of
years they have taugtihe subject they teach, and whether they think STEM should become
STEAM.
Table 2

TeacherParticipant Profiles

Name Years Teaching Subject STEM to STEAM
Mrs. Amber 3 Technology No

Mrs. Bozeman 18 Science Yes

Mr. Dilbert 7 Engineering Yes

Mrs. White 14 Mathematics No
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Mrs. Amber
Mrs. Amberis a teacher participant in the present study.istaughttechnology
classes for three years. She used to teach Microsoft productsplegastlyteaching an Adobe
Photoshop class. Studemisrk towards getting a certification in her classes. The Adobe
Photoshop class is not an art cjass atechnology class in which students learn how to use the
various tools in the prograrMrs. Amber usesanschooWwhen she teachea program that
al ows the students to see a mirror i mage of ¢t
along with Mrs. Amberds steps, and she can al
t he studeniiVlsi Iceo nMip uane rd e mo nlansclodliseidentsawatthany s on U s
computer on their own computer screens, then are given time to complete the required steps. If
they finish the assignment early, | require them to be editing something, anything for that matter
in Photoshop. The students have to twrally be working in the program to continue learning
i tMrsb Amber does require students make things in Adobe Photoshop, so the products created
are visual in nature.
Mrs. Bozeman
Mrs. Bozemarns a teacher participant in the present study. Mrs. Boaéms been a
high school science teacherfor 18 ye&t6re ear ned her bachel ordés deg
education with a specialization in biology, ancha st er 6 s ,icurriciduchencat i on
instruction. Currently she is teaching biology and human anatothglaysiology.In addition to
having students conduct labs, she also incorporates visual instructional methods and practices
intoherclassesi| f i nd by ideasandndéoiparaging a eaviety of teaching methods
into every lesson, my students dowevell on their assessments when compared to using only

one teaching method. Alsbuse guided notes, where | print notes and diagrams from my
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flipcharts, but | eave certain aredmsherbl ank for
anatomy classe students have to learn the names of all of the bones and muscles. Mrs. Bozeman
has students create thvéenensional models out of various materials

An example of a student project can be seen in the illustratitre human &nd(See Figurel).

Figure 4. Studentmodel of human handghowing thenames of the bongpermission fronMrs.
Bozeman
Mr. Dilbert

Mr. Dilbert is teacher participant in the present studye&mecdhis college degree in
electrical engineering and computers. He worked aseatriell engineer before becoming a
public-schoolteacher in Florida. He has taught seven years &dhi County school. The

classes he currently teaches are applied engineeliihgnd afourth-yearclass called technical



9C

knowledgeMr . Di | diealrkmo@wledgepas an electrical engineer for twenty years has
helped him bringreavor | d experiences to his c¢classroom.
background, the best way to teach engineering is to teach students the concept but then make the
studentapply the new knowledge. 0 Mr . Dil bert beld.
students is through several steps. First students are presented with the new lesson or concept.
Students are then instructed on the software or method of building sometaimgneering.
Then there is an activity or lab that goes with what the students have learned. Students are
required to design and build something as part of the lesson. These methods allow the students to
master the content. His engineering classesiadustry certifications, compete at the local level
in STEM competitionsandcompeteat the state level.
Mrs. White

Mrs. White is a teacher participant in the present study. She has been teaching
mathematics for 14 years in Florida, some of which welie@rShe has taught algebrd,|
advanced topics, and AP statistics. Mrs. White brings visuals into her mathematics lessons and
has examples of student work hanging all over her classroom. She also enjoys varying her
instructional practices to meettheeds of all the different types
it is important to make learning relevant to the stud#nss, so | always try to bring reavorld
applications into my | essons. 0

Results

This section is organizetiematically and aarding to the research questiombte
themes, subthemes, aoaldes that were generatiedm the dataare displayed in Table Blore
than 60 codes emerged during analysis of the data, and from thesmaslistinctclusters

emerged as subthemes. Theteaimes were subsequently placed mterarchingnhaturally
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occurring groupsiesulting inthe three major themes of the study: Life Skills, Success in the

Classroom, and Proficiencyable 3 below shows the results of the major themestrgrbes

and codeshat emerged durindata analysis

Table 3

Thems, SubTheme and Codes

Major Themes

Sukthemes

Codes

Life Skills

Success in the
Classroom

Learning Patience Projects take time to develop and create (14)

Practice

Learning Vsually

Brainstorming

Building or creating takes tim@3)

Struggling while éarning develops patien¢el)
Practice a skill repeated(9)

Work through mistakes (7)

Research all aspects of an assignment (7)
Preparing for a performan¢e)

Years of involvemen{l4)

Start learning youn{L2)
Schedle time(11)

Sketching ideaf9)
Repetition(9)

Sketching ideas

Trial and error(8)
Achievements after practicin(@)
Learning through steps procedure$?)
Time consuming6)
Determination(5)

Building projects with hands; creating visuals 13)
Use of diagramsmagesand photograph&l3)

Clear comprehension with visual gitll)

Creating things through visua$1)

Drawing a picturg6)

Visualizing while working (6)

Use of 3D printer (4)

Dissections allow for visual learnir{g)

Group work(9)

Problemsolving (9)

Experimentation (8)

Openended projectér)

Think outside the box/outside guidelines (7)
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Knowledge

Proficiency Time

Collaboration
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Various solutions to a prodn (5)

Handson activities (8)

Make functioning itemg8)

Opportunities for real experiencéd

Make something that is usef{n)

How students are going to use knowledge (6)
Make content/material pertinent (5)

Prectical (5)

Experimentation (8)

Combined instructional methods (8)
Blended strategies (7)

More time helps learning comprehension (7)
Time to learn in various way§)

Time to plan (6)

Fully understand (6)

Time for discussin (6)

Time provided for research (6)

Breaking content into smaller pa(s
Instruction over several class peridd}

Time for formative and summative assessméfits

Students brainstorm togeth@)

Develop own solutiong3)

Helps students with mastery (6)
Analyze ideas/solutions (6)

Students put ideas/concepts in their own words (5)
Dialog using terminology (5)

Students with varying gifts/talents (5)
Take ownership (4)

Students teach each other (4)
Balanced teams/groups of students (4)
Flexibility (4)

Student centered (3)

Theme Development

The central focus of the present case study was to discover the impadi@pation in

the artsonlearning comprehensidor high school studenturing STEM courseworkThe

individual interviews of student participansovided theparticipantsvith an opportunityto

explain how theyelieve theyearn bestThemajorthemesof the study emergedom analysis
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of the student participarddiscussion of their experiences in the arts classes and STEM classes
Additionally, when interviewedndividually, thefour STEM teachers the studyreinforced the
themediscovered during analysis of the student deitee STEM teachers the studydiscussed
their ownteaching practices, arts studemtsd norarts students in their classes.
Major Theme One: Life Skills

The first major theméhat emerged during data analysigslife skills. The central theme
to oneds education cent dfe Studentswanttelpepreparadgfort he i
their adult livesStudents learned the life skills of being patient while learning something new,
and thevalueof practicing something new until one masters the new 3ki#. process and
purpose of an educationagsoncer ned with fostering a student
deeper meaning of what they are learr{idgner 1994) During interviews in this case study,
student and STEM teacher participants answered several interview questionpaanpants
provided visual examples of their work. Through this prodéssfirstmajortheme of life skills
evolvedSci ence teacher, Ms. Bozeman expl ained fim)
learn something, where they are going to use this knowlaagehow they can apply this
knowledge. fl students understand the why, where and how, they are more inclined to take it
seriously, and take the time to really absorb, rather than try to memorize the infoor{idon
Bozeman interview, 100118). She explaned further, when a student values what they are
learning, they are more patient with themselves while learning new concepts and nvslelieal.
participants may not have used the terminology of life skills, student participants described ways
they usd the arts in varying situationsicluding their STEM classeStudents need to be patient
when learning something new. Patience allows for persever@mient participant, Lynn, who

has been heavily involved i n tweeksid|eamthélmes many
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of the main charact@rhesusin A Mi d s u mme r 0 slt wakihgrchfor m®for éva m
reasonsthe short amount time to learn my lines and the gender chiracterme being a girl,
having to play a guy. My main thing was repeg the lines and having my friend read back my
l ines when | got them incorrect, 1 f | got the
(Lynn, Interview. 10/19/18)Students described how practicing something helps them master the
skill. Whether its years of theatre and musical practice or practicing math problem mastery,
practice does make perfect.

Steve described how he has developed the ability to work on cars and boats, something
he will most likely continue into adulthood. Several stugemticipantdescribed learning
patience through trial and error, problem solyewgd persevering through their arts classes.
Robert, a senior in high school, described his schooling experience as he became more involved
with the marching band and IB pragn at his school. Robert learned to be patient with himself
as he struggled and learned new things. He also described how important practicing something
was to him in order to improve. Through the interviews, student participants described how
practicinga musical instrument or lines for a play built their confidence and help foster the
notion practice makes perfect. Developing patience and the value of practicing something new
are skills that transfer into various areas. Students can apply these léfegnstiher classes and
in their future careers.

L earning patience Thefirst subtheme discovered within Major Theme One was
learning patience.t8dent participants felt through the arts they learned how to be patient when
working with musical instrumentnd making objects or drawings from scratch. Developing
patience through the arts was transferred int

and especially their engineering classes. Students felt that by allowing themselves time to learn
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someting new, making mistakes and struggling at times were part of the learning process. All
the student participants were able to describe projects in their engineering classes that took time
to develop and create. Another theme that emerged was practicentStoonsistently described

how they practiced playing a musical instrument, memorizing lines for agmdysketching to
develop art skills.

Robert explained his experiences with the school marching band. Every summer the
marching band practices not onheir instrumentandmarching skills, but also their half time
performance for the football games. Robert described the time and devotion he needed to assure
he knew the musical selections to play on his saxophone, but the timing and his specific
placemat at any given moment of the routine for halftime. Robert also describes having to be
patient with himself and others. Robert believes playing any instrument is a time commitment.
Fortunately, Robert came from a family where everyone plays an instrurhergupport and
encouragement from his family benefitted Robe

I n addition to being a member of the march
program which signifies he takes challenging and rigorous high school coursesjblys his
marine biology, engineering, and computer technology classes. Robert is looking at majoring in
biomedical engineering, dealing with prosthetics and artificial organs. Robert is interested in this
because he feels it is an emerging field. Robejoys learning new things and takes pride in his
accomplishments. He described experimenting with new concepts and ideas as he is learning or
At weakingodo something. Robert described workin
He performedatdi st ri ct and state | evel with his solo
perfecting his solo gave him momentum. At times Robert stated how he reflected on his own

musical selection, he stated Al definitely ne
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Another prgect Robert worked on that required patience was a group project in his
engineering class. Students were given the task of designing a fire house. His group had to work
together, which was challenging at times because not everyone pulled their elyhtaw
with this design project was the fact | took too much responsibility an did not rely on my team
enough. | ended up creating a lot of | on my own, which was a little stressful, but it allowed me
to sort of grow in my design abilities 8ketchUp Evertually my team helped, but it still took
me a | ot of time and wo rinkially Robed sketchéd,deasthat er vi e w
included all the necessities of a working fire house including a kitchen and sleeping quarters, all
staying in the paraaters of a certain amount of square footage. Students had to research costs,
building supplies, codeand the functionality of the working space. Robert described the fire
house design as a team project, that took a lot of time and patience. His te@oftusae
calledSkechupt o put all the el ements of the fire hot
their design.

Lynn, another engineering student who loves singing and acting describes herself as an
arts enthusiast. She has been acting and sihgingntire life. Lynn had to audition to be
accepted into the VPA program at the south county school. She also has strong interests in
science and engineering. Her experiences in the 12 different shows she has performed during her
life, have taught her nmy lessons and helped her develop into the young lady she is today. Lynn
has had to be patient with herself and peers throughout many performances while learning lines,
memorizing parts, knowing when and where to walk on stage. Everyone makes mistakes, so
learning to be patient with others, even though Lynn must depend on others, takes time. She has

learned to roll with the changes, as she practiced her craft.
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One performance Lynn described caused her some anxiety, but she persevered. The lead
rolein AMids u mme r 6 s Nwagrbmoved froen ghenperformance two weeks before the
first show. Lynn was assigned the lead role, Theseus, requiring her to learn all new parts in a
two-week time span. Lynn was originally assigned to play the part of PhilostratelsShe
described the difficulty of playing the opposite gender. Lynn explained how she was required to
be on the stage a lot. Through this experience, she developed her patience more so than previous
performances due to the short amount of time she haamo he lines. Lynn also learned that
her patience and dedication paid off when it
Lynn explainedbne techniquéow she learned her lines so quickly; she repeated her lines with
anyone that would rehearsetivher and she recorded herself speaking the linés. r eal i zed
through this experience | could accomplish anything if | set my mirdatadworked really
har d. |l am quite proud of myself for being ab
(Lynn, Interview, 10/19/18).

Theo is a ceramics, drawing, paintilaying future engineer. She also thoroughly enjoys
mathematics. Theo described herself as analytical and a problem solver. While she takes on large
challenges in all of her academics, cem@ms where she has had most of her arts experiences in
high school. Through hand building, modeliagd wheel throwing, Theo displays patience as
she builds a vessel through a lump ofclayWhen | | earned how to throw
made so many miskes. Pieces of clay were off center, causing the entire pot to be uncentered
when finished. The most common problem was making the clay too wet in the beginning. When
| added too much water, the clay would come completely off the base, so in timetlidan
correct amount of moisture needed to build a clay pot on the wheel, it just took time and a lot of

mi st akeso ( The o, Theoexpkined she gets ides kddmdodking & qrtworks of
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others whether online or through books. She thenIs&etout her ideas and concepts before
beginning the hand building process. Theo explained how she likes making things that are
functional, practical and the process to make it is logical. One of the projects Theo described that
took some time to completdhat she was pleased with, was three coil shakers. She varied the
size of the set but added similar motif designs and coloration. Her approach became systematic
once she perfected how to make the perfect coil. After the coil method was mastered, she
succesfully attached each coil, one to another. She decided to use the end of a paintbrush to
attach the coils. This method proved aesthetically pleasing to Theo as well.

Steve is in his fourth year of engineering and third year of an arts class. Currentty, Ste
is taking ceramics, buite has always enjoyed drawing as well. He also enjoys taking things apart
to figure out how they work. Steve explained his determination when fixing things. He described
an experience of being out on a boat, when the boatbookerd and | eft him stra
only choice in the situation was to fix the boat. As Steve took various parts and equipment apart,
he eventually figured out what was wrong with his boat. The patience he has developed through
some of his schooling prep him for this occasion. Steve explained, through the processes of
sketching, hand building in ceramics, and trial and error, Steve learned to take his time when
trying to find a solutioni One of my favorite art proagnects wa
octopus. Il knew with scratchboard, there was
it made me take my time and be very careful with every scratch mark | made. | knew when | was
about half way done it looked pretty good, so it gave medhé&dence to keep going.
Eventually | finished it, it took a while, but | got first place in an art show! So, all of the time |

put into the scratch art was worth ito (Steve



9¢

Zach shared his experience from the summer of 2018, Wleeiak a fashion college
summer camp for high school students in New York. In one of the classes, Zach worked with a
team of people, all with a creative misdt, who worked together to create a magazine. The
magazine was a fashidype magazine, that ihaled articles and photo spreads. Zach explained
how the students went out on the streets of New York City to get ideas. They had to brainstorm
and problerrsolve together which took patience for the entire group. Zach explained, it can be
fun and test youpatience at the same time when working with several people who all want to be
heard and have their ideas expresée8.o met i mes peopl e on my team w
other, it was so annoying. But | realized, everyone just wanted to make sure we heatdabe
We eventually started listening better to each other, and taking turns when sharing ideas, so |
guess we figured out how to communicate as we

Practice. The second sutheme that emergddbm Major Theme Oa was practice.
Through the interviews was how much studesatisiepractiang their craft was discussed often.
Several of the students brought up how they took engineering in middle school, learned to play
an instrument in middle schgaind one female pacipant started performing in plays at the age
of eight. When students practiced their craft, they learned to schedule their time better and found
personal satisfaction when they saw the rewards of the prdotperformancewhether a
musical solo, oa lead role in a school play, student participants realized how dedicating time to
practice in the arts carried over into other courses. Participants realized the act of practicing
transferred into solving problems in their STEM coursework.

Steve discussed his visual arts classes how he lacked confidence in his abilities in
drawing initially. Through continuous sketching for tdimnensional or thredimensional

projects, his sketching skills improved at a steady pace. Through those experiencessn the art
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Steve stated how his sketching abilities transferred into his engineering class. When beginning
new projects in his engineering class, Steve
seesfnAs | have gotten bet tteing, lihave alsp noticed, | havé as s e s
gotten better in my engineering class. | have to sketch ideas for engineering class, and maybe
because | have gotten better in art, néade me feel more confident when | am working on new
projects i n e negwvieweld/d2/18Hedas peert able to transfer his beliefs
about practicing to his projects and design development in his engineering class.

Lynn discussed the amount of practtoae she devoted to her theatre performances. She
spends hours rehearg by herself and with peers to learn lines for a school play. Theatre has
been a passion for most of her life. Lynn explained how repetition through practice helps her.
She has also helped with the sounds and lighting for performances. Recently, wdisend
helping Lynn rehearse for a school play. As Lynn said her lines, if she was incorrect, her friend
would read back her | ines wuntil Lynn got it r
correct lines, her friend would move on to the next linerLielated this recent experience to a
competition through the Technology Student Association. The Technology Student Association
was having an issue with an-demand video they had to work with, including the sound,

microphoneand burning a CD. Lynn elganed how some of her peers grew frustrated with the

technological difficulties they were havingWe had a | ot of i ssues witdht
burning the CD6s, so it kind of took a |l ot of
thisbeitcoul d that be 1it? Is this 1 t? What if 110

Interview, 10/20/18).Lynn persevered, using trial and error and not giving up, to fix the
problem. She knew if she continued to apply things she had learnedusigyvgihne would

eventually be able to solve the problem.
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Andre, a music and engineering student admitted when he practiced something, he
became very good at, if he did not practice something, his position slid back to a middle tier. He
explained how in nadle school, he practiced the cello often, becoming one of the top musicians

in the orchestra. As he entered high school, Andre began to take several rigorous courses, which

ultimately cut into his practice time formusicAr t s | f e e | lidtionhoatbeecause nat ur
|l have always been pretty good. When | donot
practiced, |l could be at a higher 1l evel, Il jJu

practice requiredtoela t t h e dré, mteroiew( 18/H2/18Andre explained how he learns

thing quickly and feels fortunate to have that ability. With the guitar and keyboarding in high
school, Andre explained, the more he practiced, then presented to the teacher, the further he was
ableto move forward. He acknowledged the benefits of practice, but honestly admitted his
practice schedule was like peaks and valleys; sometimes he could practice a lot, and other times
he could not. The time it takes to practice has currently transferredmtd r e s Al CE phy s
and engineering classes. When working on a lab in physics, Andre has learned to make the steps
and procedures taught by his teacher, part of his own classroom student practices, from safety
during a lab to writing a completed lab rep@d\ndre described in detail an engineering project in
which he and his group had to design something that launches a tennis ball. The teacher placed
one restriction on the students, the tennis ball launcher had to function like a trebuchet, a type of
catpult, but it could not resemble a trebuchet. Andre detailed the various other engineering ideas
his group experimented and practiced with. One idea, Andre called a flywheel; there were two
wheels rapidly spinning, the ball touches the wheels, and ité¢maatediately shoot through.

After brainstorming with the group, Andre and his peers decided to have a tennis ball on a tee.

They had a golf club swing and hitit.Last year i n engineerthahg we h
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launches a tennis ball, but thevas a very big restriction of nothing that resembles a trebuchet,

or functions like a trebuchethat messed up a lot of people, they all went for the same thing.
Wedbre going to do what is called a fl yhwheel,
ball toucheghem,and they are spinning like this, so theymediatelyget shot through. | started

thinking tha was dumb, so after brainstorming with friends, | capeavith the idea to have

ball on a tee and hawegolf club fall and swing, thenthi i t . 't didndét work th
have practiced the idea some more, and changed some things like how to hit it, the position,
weights and swingo ( Aftedthegrojectwas fimishedi Andve 10/ 12/ 1
explained although he and his gpopracticed severadeasthey felt they could have made some
changes to their tennis ball launcher even after the teacher assessed their assignment. Andre
thought they could have changed how the ball was hit, the position, weights and swinging.

Ultimately, more practice may have proven perfect.

Gavin is a visual arts student who thoroughly enjoys his engineering class, so much so he
plans on majoring in engineering in college. Gavin also enjoys science but has found this year,
eleventh grade, to be hisughest school year in science. He described how in the past three
years of his schooling, his art skills have steadily improved. Gavin initially took an art class as a
ninth grader just to earn his high school arts credithBdiscovered half way thragin his ninth
grade year, he felt he was pretty good at art. During his-ggatte year, he really saw himself
improve, and found the most tedious projects to be his most successful. Gavin enjoys drawing
with thin markmaking techniques such as pencil,azetl pencil and scratedrt, dl of which are
time consuming and take lots of practice to develop skills with those mieta. t h c ol or ed ¢
|l didndét realize how much |l ayering really is

want to rush though a drawing to get it done, no blending or shading. But then | realizedts



10¢

that difficult. | have to start light, and layer colors as | go. The more | tried this layering
technique, the better my dr aGavinmbgcritedhtow hefir&avi n,
visualizes his ideas, then goes through various sketching phases until he feels confident to move
forward with a final version. Gavin expressed how he becomes determined and never gives up
when trying new things.

In his engineeringlass, one project Gavin felt proud of when finished was a portable
arcade system. The learning intention was for the students to design and build a portable
computer, that was small, and easy to use. So
practiees which he developed through his visual arts classes helped prepare him for this
occasion. Similar to Gavinds approach to art,
ideas, then plan out his steps to create the final piece. Gavin applied theraetices to his
portable arcade. He started out thinking and listing what he nedade, how to make it
portable, materials. Gavin then began sketching out how he wanted the portable arcade to look.
Once the simple sketches were complete, he movedcosdting his ideas in a program called
Solidworks Gavin explained his original sketches almost look exactly like the finished product.
Gavin concluded the simplest way to complete his project was through 3D printing.st ar t ed
asking myself questia am | creating a portable system or portable computer? For simple use?
And then | went through and changed it into an arcade system. Then asked myself, what do
portable things have? A case? Alrighthas so |
to be custom made. | completely mapped out everything, drew out a complete case design, it was
120 millimeters by 100 millimeters Hey 160 mil
measured all the dimensions of a Raspberry Pi, a small ginglel omputer. Then Gavin

mapped out where everything was going to go, like puzzle pieces. When Gavin put all the pieces
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together, everything fit the first time, which amazed Gavin. Gavin stated his practices in the arts
really helped him through all the stepsdeveloping and building his arcade computer.
Major Theme Two: Success in the Classroom

The second major theme, success in the classroom, developed from the sub themes of
learning visuallyprainstorming, and reabvorld knowledgeThe arts experiencesusient
participants describeduring interviewshelpedthemwith various other aspects of their
educationOne ofmethodghe student participansdated they found helpful was learning with
visuals. Participantdescribechumerousvays in which visual aidpictures, and diagrams
helped them understand new ideas or concBuisng the interviews, | could see myself in
some of the students. | was a visual learner throughout my schooling. Many of the students
described examples or instances of learning sanghew through visuaides or making
something visual like a pictur@ccording to Eisner (1994) visuedpresentationhelp to expand
consciousnessliltimately helping students to become more successful when learning new
material.Student participantfay not have all used the same vocabulary to describe the various
visual aids, however, the effectiveness of learning through visa®videntWhether students
completed drawings themselves, or had access to visuals, in either case, students Hesgcribed
viewing something made learning new content easier to comprehend.

When students participated in haraisactivities theydescribed how effective the
process was when learning new things. Students described building, taking thingsnapart
manipulatng various items while learnirguring the interviewsAdditionally, leaning through
handson activities was discussed by all of the student participants. Students enjoyed working
with their hands and felt they learned very well by usirag thethodZachdescribed how

learning out of a book, readingr taking notes, was not very helpful. Zach described how he
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could only retain a small part of what he read from textbabile creating something with his
hands helped his learning comprehensténeating smething with the hands h&g himto see
how things work.

Students enjoyed brainstorming ideagether independently or with peensd felt it
was helpful in finding solutions to problems. Students do not want to have someone just tell
them the correctreswer theywant to discover solutions on their own. The process aides in
mastery on learning new concepts and creating new ideas.

Additionally, students were successful in their classes wherktiey what theyvere
learning was relevara@nd how to applyt in the real world Mrs. White, a mathematics teacher
and teacher participant in this study, explained how she tries to make content relatable for her
studentsWhen students know how to apply new material to their own lives, why they are
learning someting, and how they will use itheytend to be more successful with learning
comprehensiorStudents want to know why they are learning something and how they can apply
it in their lives. Therefore, reaborld knowledge is so important in the classroonstuidents
cannot see how or why they must learn something, the content is meaningless.

L earning visually. The first subtheme to appear within Major Theme Two was learning
visually. Student participants all described various modes of instruction by theM $3achers.
STEM teachers used typical instructional methods; lectures, demonstrations, projeasgabs,
discussions. One of the most common forms of learning the stpakticipantsdescribed as
useful was learning through visual meansvorkingwih oneds hands. Many ar
engineers had their spatial sense cultivated by blocks, Tinkertoys and othetirtineasional
toys: one famous example is Frank Lloyd Wright, who played with blocks at an early age

(Zemelmen, @niels, & Hyde, 1998)
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Theoloves ceramics, watercoland drawing. She finds looking at visual examples of
concepts, ideas, and learning the meaning of new vocabulary helps her most. Seeing what
something looks like or giving a visual language to tiewgs helps her learn new concepts and
ideas betteWhether looking at a diagram,achatr a phot ograph i n a text
PowerPoint presentation, seeing something helps Theo understand, compyehemeémber
more effectively. When desigrg a new piece of pottery, Theo will research other vessels,
looking on the internet and looking through art books. She looks for ideas to inspire hér lown.
kind of have a photographic memory, | guess. Maylie anthyol ke looking for ideas around
me Once | 6ve seen something, |l wusually donot
something, | kind of go through my memory of images, mixing things together, trying to come
up with new ways of doi ng ({Theo loogssatolors, (extunes,o |, I nt
patterns, and shapesthin other pottery piece3heo then deciddsow she is going to
incorporate and synthesize features she faastheticallypleasing into her own works of art.

Theo felt learning things through viswahseasy anadhatural. When her STEM teachers teach

new content through visual means, Theo is able to grasp new content more rapidly. Theo stated
she can learn through other modes of instructiomvever, learning visually was her preferred

mode of learning.

Zach, thebudding future fashion designer overwhelmingly preferred learning through
visual means. He admitted that other subjects can be difficult for him to learn new things if a
teacher does not provide visaadisor visual outlets for learningdis engineeringlass provides
many opportunities for learning through visual means. Zach described the assessments in
engineering as a true measure of his learning. On the tests in his engineering class, the questions

would provide visual diagrams and images. The imagdbe tests made questions easier to
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interpret,andtherefore Zach stated assessments in his engineering class were better assessments
than other subject&.]| cannot stand having to read a text
t hen t ak ¢errilble at leaminhg that waymif | can look a picture of something, or even
mess around with my hands, taking something a
need to take notes. |l dondt even lave |te@arnteu d
(Zach, Interview, 10/12/18).

Gavinenjoys drawing and feels his drawing skills have improved throughout high school.
Gavin explained in most of his classes, there is not much visual instruction or learning tools
provided to him. When he is\gn the opportunity to learn through drawing, he does
exceptionally well with comprehension. Gavin detatéskectionabs in his biology class.,
Gavin explained his thought procesgken dissecting a worm, frog, a mouse, and andt
compared it to hisgers. When the students are working through their lab, during the dissection,
theyare required to draw each organ. Gavin explained how many of his peers would draw simple
shapes, such as circles and ovals fororgansf you dondét hareay det ai | s
looking at? It might be the lower intestine, this is the heart, but if you just draw a circle, and you
are pointing at that circle &t just a circle. When you actually draw out that mouse or that rat and
you can visualize and see where everyghini s it hel ps you. You donot
understand it, 0o ( Ga&avinexplainedwitheeach dissegtion, he@lvavis2 / 1 8 ) .
every detail as he sees it. This allows him to remember all the parts, their locaticemdize
shapdong after the dissection. Gavin takes tirme andenjoys working with the tiny details.

I n Gavinbds engineering class, he explained
they designed and printed on a 3D printer. Gavin found some mathenkeiedgebraand

geometryuselesso himunless he knew how and why he had to complete a probidagure 5
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and Figure 6, Gavin had to designdinclude the dimensions and weights of a tapered pin slot
and radial swing block. For Gaviwhenputting the mathematscand design together, he was

able toancreate accurate visual representation of the items.
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Figure 5. Studentdesign and computer drawing of a tapered pin plemission fronstudent

participant Gavin
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Figure 6. Studentdesign and computer drawing a radial swing blockpermission fronstudent
participant Gavin
During Steveds interview he discussed seve
Traditional educational settings do not align
learning.Steve explained, if he could figure things out wheag his hands, his interest in the
activity was maintained and he was determined to complete the task. Steve explained how his
visual arts classes have helped him develop his-Bgaedoordination, ahhow to express what
he sees in his mind. Engineering class has helped Steve fix problems and buildithings. h a s
helped me explore more and to think about what | am drawing and hdraviat. In
engineering classve haveto draw out everything beferwe start. fis like an assembly line, or
step by step pr oces s olhegseéhangenexperiétnoesagefoloweslw, 10/ 1

Steveoutside of the classrooas well Steve enjoys working on boats and cars, so much that he
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plans on becoming a meafic when he graduates from high schéoWwh en a t eacher | ¢

just fall asleep. I Iike figuring things out,

like my ceamics class and engineering class so much, | get to work with my,reamdislike

working with my hands. Engineering helps me figure out a problem and how to build stuff.

That s probably why 1 6d |Ii ke to be a mechanic
Zach discussed hands activities throughout his interview. When he traaglio New

York to participate in a fashion summer camp, the entire experience involvesldmaadtivities

from designing the layouts to finalizing a completed fashion magaive sketched what each

layout was going to look like, where images would gbekre we want text and titles. Sketching

out the layout helped us visually translate our ideas into this magazine spread we were

designing, 0 ( Za c hnendineeting class, Zaeh,discLs3dd baa@dctividios .

as being his favorite way ofdening. He built a robot that had to put a ball through a lamop

hit other targets. Zach worked with other students to complete this project. He explained how

they would spend time into the evenings working on their robot design and prograrinhing.

believe we were successful with the robot design because of the teamwork iasyech lot of

kids working together for one cause, which was to create a robot that could put a ball in a hoop.

There was a programmer, a builder, an electrical peeswhdesiger. We all came together to

do it | believe we presented so well because the objective was so clear. | did the designing and

some of the programming, while my teammates h

10/12/18). Figure 7 shows the completeabot in a competition where the objective was to dunk

a ball the fastest.
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Figure 7. Studentdesigned robotpermission fronstudentparticipant Zach.

Zach viewed handen activities as fun and more interesting. Haadsactivities did not

seem like wark, even though Zach was learning through the process. Zach preferred learning

new concepts and ideas through haodsctivities, it is his favorite way to learn, and he feels

handson activities produce betteroutcomBsl. r eal | vy t hiytoko, and dcourse f un

i tn@écessary. As soon as the artistic side of it or the creative side comes into it, my mind just

wanders everywhere. | can picture things in my head really well, my mind will just go a million

miles a second thinking ofalltheewy s t o desi gn the roboto (Zach,
Theo, as a ceramics student, gravitated towards k@andstivities in her schoolinghe

explained she enjoys painting athéhwing butbuilding and forming shapes with her hands is the

most satisfyingi | 6 m not the best drawer or painter but

what makes you strong in it. | thinl&tmore about creating and expressing your ideas and
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t hought so ( Th e o, Theéorgeéteboredidaring, lectdrds in2mskldh& Ipses
focus. She absorbs new information when there is a collaboration of instructional methods.
When her teachers combine activities and projects into new matéreal learns and retains
new content better. When a teacher is having studentsaoé&® in class, Theo finds herself
drawing pictures or diagrams to keep herselfengadged. r eal | 'y despise sitti
when they are just spewing words at you and vy
method for me because Ilgetvg bor edo ( The o, Théorstatedrthe arte should1 0 / 2 4
be integrated into all classes, and that all students should be required to take arts classes because
handson activities help everyone truly learn.
Brainstorming . The second subtheme to erge from Major Theme Two was
brainstormingIn order to initiate brainstorming, a student must first identify the problem or the
task, then gather information about it to mix with the information they already know. Student
participants enjoyed brainstonngy as part of their educational process. Brainstorming allowed
students some creativity to their problem solving. Student participants described how
brainstorming was incorporated when students worked in groups, hagtnged project ideas,
and through sétching ideas for projects. All of the student participants discussed brainstorming
ideas in their interviews.
Lynn added a unique perspectimaegard tdrainstormingComing from a theatre
backgroungbesides acting and singing in theatre productignn also enjoyed working with
costume designs, sets, lightjmgnd sound. Lynn learned to experiment and practiced
brainstorming when trying to come up with how the stage and actors should look. She was able
to creatively think how an entire productioroskd look while working with an entire caghe

also discussed her most challenging role in which she had to play a male character. Lynn
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practiced different gestures and voices to develop the character. She simply brainstormed various
approaches to plapis character. As a member of the Technology Student Association, Lynn
incorporated those brainstorming skills while in a recent competition. Her team was having
technical difficulties during a competition. Lynn was able to problem solve and brainstorm
possible solutions to help her teammates during the competitiom stated heproblem
solvingtechniques involved thinking of solutions inside and outside the box.

Robertdescribed his own way of brainstorming involved creative problem solving as a
way ofviewing a task, sangthe obstacle and visualizing possible outcorfesdescribe
sortingout the obstacles as he works towards a solubowe. of the exampleRobertdetailedin
his interview is how he brainstormed ideas for a fire station. The pwegsca group assignment,
Robert explained some of his frustrations working with several other stufieBte. me t i mes it
frustrating when working with others. We all had different ideas, and each one thought their
ideas were the best. But after working thgb some of the ideas, and eventually listening to each
ot her, we worked through t heUlpnately hisgroup ( Robert
successfully brainstormed together to design a fire house, keepinig thérassigned guidelines.
R o b e roupdhad takeep within building codes, specific square fopsagkecosts to design
their fire station. In Figur8, the floor plan othefire house showkow the students placed
rooms such as locker rooms, living room, a loyrgel a game room. Figugeshows the aerial

view of the fire house in a designated location.
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Figure 8. Studentdesign and computer drawing of a floorplan for a fire hppeemission from

studentparticipant Robert

Figure 9. Studentdesign and computer drawing of an aerialnplor a fire housgpermission

from studentparticipant Robert



