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ABSTRACT
Combined hreedimensional, haptienalbed, virtual reality (3DHE VR) systems allovstudens
to actively engage and explore various science concepts by leveraginfriemstly and
immersive interfaces. Successful implementation of these learning tools in science classrooms
hinges upon teacher perceptions of the technologyds p
Prior studies using the Technology Acceptance (TA) Model (TAM) suggesiepvece teachers
have greater TA compared toservice teachers. This study sought to explore how BD/R
designed to diminish Ease of Use (EOU) issues, influenced TA (through reported preferences)
between preservice and irservice science teachers. Five -pegvice and five iservice
teachers reported Perceived Utility (PU) and EOU upon using ABBR system (zSpaé® to
learn science concepts. Quantitative data were collected fromaptke postest content
assessments. Qualitative data were collected and transcribed from field notes and sterview
Both teacher groups evidenced learning gains mported EOU using zSp&ce However,
preference fothe technology compared to traditional methods varied between teacher groups.
Sampled preservice teachers held a significant preference for handsctivities for instruction
whereas irservice tedaers reported greater TA, citing its potential to increase student interest in
science and opportunity for personalized learning. This research suggests that when perceived
EOU is mitigated, PU may more readily mediate TA amongeivice teachers as thegn
envision the use of 3D HE VR technology use in teaching practices. Further exploration is
needed to leverage-mmer vi ce teachersd <classroom experie
technology into their science instruction.
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Introduction

Computer based technologibave become a staple of the-12 educationalandscape
since the 1990sAs computer power has increaggt Mo o r Leaw, snstructional technologies
have become more robust in itheapaility for personalimg learnirg and providinghigh
quality content to the user. Theesearch literatureon technology enhanced learning
environments hadocumentedhe benefitsof technological tool$n the K-12 scienceclassroom
in scaffolding the inqginy process(Anastopoulouet al.,2012) as well asscientific modelling
(Wu, 2010) With rapid advances in computer hardware, edunatitechnologes can create
uniqueand vivid learning experiencegth threedimensional 8D) images, haptic feedback,dn
reattime user interactionsLederman (2000) has described the possible positive impact of
technology for students when it is situated in developing specific scientific competencies and
pedagogically appropriateghus, making science more accessible agstablishing a clearer
relationship between science and technology its€Herefore, thepotentialbenefits ofa user
friendly, multi-sensoryinstructionaltool, using 30D hapticenabled HE) andvirtual reality VR)
technologieswithin a single platform invites new questions fothe science education
community.

Teacher@impressions and assessments of novel instructional émefsindamentalfor
the use of instructional technology in the science classrepetificallyin their willingnessand
ability to adoptandintegrae technologyinto their teaching practicesPrevious research by Teo
(2014) hasaffirmed a dominant narrativéhat preservice teachers hold greafBechnological
AcceptancgTA) thantheir in-servicecounterpartsThe Technology Aceptance ModgITAM)
indicates that TA forms from the intersectionte®b constructstheu s e Eadesof Us€dEOU)
and UsefulnesgU). Historically, these technologidsad required a steep learning curve, where
EOU was hinderedoy those withoutcomputer kowledge or skills. However, emergent
technologies like 3D, HEand VR are each intentionally designed to bammersive and
interactive as well agntuitive to the use(Earnshaw Gigante, & Jonesl993). Prior research
suggests that tineegratidnasr basgéd upaom ¢chkimcoriceong with EOU (Baek,
Jung, & Kim, 2008; Mumtaz, 2000), even among younger andgmace teachers who are part
of the digital generation(Li, Worch, Zhou, & Aguiton, 2015)This begs the question of how
teachers, whepresented with instructional technologies that do not require training or computer
skills, perceive the utility of these emergent technologies and their use in the science classroom.

With the advent of these eawyuse devices,tiis unknown how prsavice and iR
service teachers perceiaeceptance of thedechnologiesvhen EOU is mitigated byatural
usability. This paper employedAM (Davis, Bagozzi, & Warshaw, 198@nd used by Teo
(2014) to explore preservice and irs e r vi c e PereeisedBageros @e (PEOU) and
PerceivedUsefulnesgPU), the iwvo components oT AM, upon using3D HE VR technology.
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This sngle caseconsisted ofiive preservice and five iservice teacherssing 3D HE VR to

virtually build series and parallel circuits amaplore the anatomy and physiology @ virtual

humanheart Through individuals reporting their preferences for both E@arning)and U
(teaching)for using the technology for sciengestruction groupso6 responses m;:
to explore differentiall A behavior.

Affordances of Three-Dimensional, HapticEnabled, Virtual Reality for Science Instruction

Virtual reality is defined as using computeased technologies to replicate the effects of
the 3D world by using interactive objects to producerars sense ofirtual presenceBryson,
1996).Virtual presence (or more simplgresencg is the psychological perception of beiimg
another environment although physically situated in reality (Slater, McCarthy, & Maringelli,
1998; Witmer & Singer, 1998)Presencecomprises ofnvolvement and immersion to have the
user Afpercei ve t hat t hey ar e i nteracting d i
environmento (Wit M27). I&olvBmentgslefinedadl 88 8usetr sod6 abi
control he virtual environment with minimal distraction from the outside environméfitereas
immersion describethe qualitiesof the virtual environmenfsensory engagement and realistic
features) as compared to the real worldechnologieghatrender3D images with a perception
of depth,createtheillusion of 3D space foiseemingly realistic useénteractiors (Eschenbrenner,
Nah, & FuiHoon, 2008). Some emergent virtual reality technologiesdseichaptic, coupling
3D visualization and haptic stimuliHaptic or touch feedback allows for user interactwith
tactile sensation (hardness, weight) through force feedJacles & Minogue, 200&hrough a
HE hardware device.Users able to manipulatnd feelobjects within the 3D spagas if they
were maniplating them in reality (McLaughlin, Hespanh&a Sukhatme, 2002). Haptics may
also be used to experience abstract scientific phenomena to help students conceptualize unseen
forces, like van der Waals interactions between molecules (Lee & Lyons, 2Q8djjtic
feedback has been empirically shown to contribute to an immersive experience for the user
(Jones & Minogue, 2006)

Since 3D HE VR systems amesigred for user involvement and immersion, it is
hypothesized that these tools have a great potentiatitece presence for theser (Witmer &
Singer, 1998). Inducement of pesence issignificant as learnezomputer interactivity
(invol vement) and representational fidelity
understanding, motivation, engagemant learning outcomes compare®tBimensional (D)
interventions (Dalgarno & Lee, 2010According to a study bylLimniou, Roberts, and
Papadopoulo$2008 chemistry students who participated 3D learning sessions understood
mol ecul es & snicalueactiomdbeter vahandconpdred to learning the same concepts
using 2D computefbasedanimations. As an adddmknefit,the authorgeported thafistudents
were enthusiastic, as they had the feeling that they were inside the chemical reactiong and the
were facing the 3D molecules as if thergre real objects frorfsiclo f t h &8dh Thug .
3D, HE and VR technologies have been researched in a variety of instructiorekts,
demonstrating success in bo#athing and learninfpr surgical traimg (Cannon et al., 2014;
Fang, Wang, Liu, Su, & Yeh, 200Go mo | | , O6Tool e, Cz astudyng k i &
dance(Eaves, Breslin, & Van Schaik, 201 physicalrehabilitation (Levin, Weiss, & Keshner,
2015 Shin, Ryu, & Jang, 20}4andtherapy forengaging insocial interactions (Smith et al.,
2015).
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Largely, 3D, HE,and VR technologies haveeen utilizedseparately fomadult users or
learnerswith fewer studies explorintipeir affordancesor younger learnerdite, 201§. Three
dimensionalVR technologies havehown there aréearning gains for primary level students
(Bouta & Retalis, 2013) as well as a greater efficiencyytamger learnets under st andi n
science concepts through immersive engagement (Stull, Barrett, & Hegarty, 20ir3)al
presenceand its relationship to student learning is a growiie¢d of research(Hite, 2016
becausaisers may become more engaged in learning activities due to the realistic contexts these
Ssystems provide to Adesi gn immese ivinuglfleatningl ear n
environmentso (Cho70).Yim, & Paik, 2015, p.

Pre-Service and InService TeacherdJseof Technologyin Classroom Instruction

| ndi v iusewhtechnblogy habeen documented and measured and continues as
advancedechnobgy becomegprevalent in workplaces, homeand schoolsEarly researcliof
technology acceptanet u d i e dititudes eowasd8 technology (Taylor & TqdtR93 and
u s eaccemiance of technologPdvis & Venkatesh1996. From this workthe PU and FEOU
of computerbased technologs have been shown tone di at e an i ndi vidual
behavior; as suchthese two constructgattitude and acceptancedmprise TAM(Davis, 1989;
Daviset al.,1989) An extension ofTAM would bein exploration ofteache s 6 per cepti o
computefbased instructional technologies. Barriers to teachers using technology in instruction
have been largelyelated tocomputer literacy and comfortability (Ertmer, 1999), historically
prejudicing inservice teachers who had legsess to and familiarity with computer technology.
As computers have become ubiquitous, recent studies using TAM have not found any significant
relationship between age and gender for attitudesards computerg¢Teo, 2008).Although
research continues showdifferences in technology acceptance between teaglteesethose
with a shorter length of service held higher levels of technology acceptance (Teo, 2014).
According to Teo (2009), preervice teachers indicated their imijness to utilize technodyy if
they perceived incorporating the technologguld beuseful to their teaching practicedVhen
teaclers held this positive perception of technology, they were evaluated asefficient and
effective educators for their students However, preserei e t eac keficacybin sel f
implementing technology into their teaching practices is dependent on their experiences with
these technologies (Magliaro & Ezeife, 200A) litmus test forusersin PU (andless important
to PEU), is learning (content) usitige technologyresearch by Saadé and Bahli (2005) found
improved learning outcomes for the individyahyed an important role in explaining future
intention (acceptance) of using the technology for subsequent leariiingrefore, ¢éachers,
whose occup#on is content understanding, may find their own learning an important point in
their PU and ultimately technology acceptance and future intention for classroom use.

This invites the question of why -gervice teachers are viewed as luddites in using
instructional technology. THeazy User Mode(LUM) by Tétard and Collan (2009), described a
user 6s wunwil | i ngnes sduettoexedidnoopew effore whert teaditibnalo | o g y
methods have sufficed in the past. Arguablysenvice teachers magew new technology as
too complicated or simply inferior to their existing pedagogical practic&esearch in
pedagogical discontentmertan further clarify this issue asits defi ned as fAthe
experiences when the results of teaching actipns p ct i c e s ] fail to meet
(Southerland, Sowell, & Enderlie, 2011, 489). This is important as experiencedsarvice
science teachers are more resistant to modifying their practice; yet when they experience this
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dissonance, they becemeceptive to new teaching strategies, influenced by both cognitive and
affective factors (Southerland et al., 2012). Therefore, a study that would wish to evaluate TAM
among teachers would need to measure not only content gains when using new techaoblogy

also explore the affective perceptions of their PU and PEOU to ascertain future clagseoom
Therefore it is important to explore teachérperceptions(in-service and prservicg of the

viability of technology a$earning tools for their studesit Based upon this dichotonbetween
preservice and irservice teachersTeo, Lee and Chai (2008) recommesed further studies
comparing irservice and p,eer vi ce teachersd perceptions o]
emergent instructional toolsPreviols research has examinedsmrer vi ce teacher so
for pedagogical approaches in teaching science, and sampled tqachiestudentspreferred

using 3D, HE, VR compared tonosttraditional (e.g. textbook, videos, simulations, eteeans

(Jones etl.,, 2016). Furtherresearch is needdd explore how teachers from varioukevels of
experienceank their acceptance goreference for novel technologiagainstotherinstructional
approaches.

Studies ofteacher attitudes and acceptahese ledto researchnvestigating teacheds
pedagogwhileusi ng technol ogy. Research exploring
how it functions within their pedagogical schema led to the development Getiaological
Pedagogical Content Knowledge (T€K) model Koehler & Mishra 2009). The TPACK
framework seeks to explain tlenvergence of the following realntd teacher knowledge:
pedagogical and content knowledge (PCK), technological and content knowledge (TCK), and
technological and pedagogical knowded(TPK).While TPACK offers arich conceptual frame
to understand the situated nature tedching Mishra & Koehler, 2006)jt has limitations.
Moreover, PCK can be difficult to measurerovided teachingitself is a complex and iH
structured domain (Kdeer & Mishra, 2009). Witlihe addition of a technological component to
the already complex and elusive measurenoérRCK, this has made quantifying TPACK in
research aifficult task Most recently, mfluences from the learningiencesusingthe desig
experiment scheméCobb, Confrey, Lehrer, & Schauhl@003)have ben employed to support
new models of teacher relationships with technoleggh as the classroom orchestration
framework (Dillenbourg & Jermanr2010; Kollar & Fischer, 2013). This newonel emerged
as a means of understanding the role of the teacher throughout the planning, arranging, and
conducting of a lesson within a technojagnhanced learning environment.

To add to this body of researchistexploratorystudyexploredpre-service and irservice
sciencet eacher s per EE PR instuctonal adchnotogy 30Dl (zSpddeand
conceptualizations oits potential use in the classrooniThis work is to further investigate
findings by Teo (2014) that teachers with shorter lengtf teaching service, held greater
technological acceptance than longer serving classroom teachbes.choice tosample and
compare preservice and irservice teachers using thidM model (as a lens of analygisvasto
understand wheEOU use diminises (e.g. neither teacher group has had prior experiences
with zSpac8, a technologyintentionally designed to be intuitive and interactiv@w doesPU
influence technology acceptanbetween teacher groups®s participants learn science content
using the technologygcould thataugment h e  PWY?eThi® gork builds on otherstudiesthat
recommendresearchon teacher8 perceptions of cuttingdge nstructional technologieso
explore how they wouldadopt hem into their teaching practices (Test al, 2008). More
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i mportant, this research may reconsider how t
pre-service and irservice) to support student learning using emergent technologies.

Methodology

The following researchugstionsvere investigatead this study

1) Is the use of 3IHE VR technologyto teach series and parallel circuits and the anatomy
and physiology of the human headsociated with learning gaifar pre-service and in
service teache?

2) What are pre-serviceand inservicesciencet e a ¢ pezcepsiohsof the pedagogical
utility of 3D HE VR technologyand what are thenespectivepreferenceascompared to
other instructional strategiésioreinteresting andhcreases their understandjfig

3) How are perceptionsdifferent between peservice and irservice teacherson the
pedagogical utility of 3DHE VR technology as compared tmther instructional
strategiegmoreinteresting andncreases their understandifig)

Participants.

This study was conducted with five pservice and fie inservice teachers in an urban
area of North Carolina using a 3E VR system (zSpaé®. Purposive samplin{HesseBiber,
2016)was chosen of teachers by level of experience (no classroom experience vsgnvpore
teacher candidates and some clagsr@xperiences with igervice teachergnd among those
who had no prior experiences in using zSffaeehnology This wasto ensure participants had
equivalentskills (i.e. none) withother 3D, HE, and VR technologies This component of the
sampling proess is important as prior use (Prensky, 2001) may influence (or in this study,
prejudice) techology acceptance (Teo, 2014T.herefore pre-serviceteacherparticipantswere
recruited from a graduaten@sted )sprogram in science educatiorin this secadary science
certification program, students were enrolled in a 1.5sy@grid program, where students took
both seated and onlirdassesEach partici pant within this gro
science fieldandhad completedhost oftheir mursework (24 out of 33 total houra)the time of
the study. The selection criteria for prgervice teachers included those who hadcoatpletel a
teaching with technology course, nibreir studenteaching internshipto ensure they held no
prior knowedge of technologpased pedagogiesorl assr oom experiences 1in
Thein-service(i.e. active @ll-time classroom teach@rparticipans were recruited from nearby
schoolswho held current state certification in secondary math andiences.All individuals
with interest had their teacher experience quantifiedir formal teaching experienaanged
from 2 to10 yeardM = 6.6,SD= 3.58) fora combined 33years of formateaching experience.
Although some of the kservice teachersould be ascribed as early career teaclyserally,
in-service teacher®f any experience levehre remarkablydifferent than the preservice
counterparts.Prior research suggests that any use of technology in instruction influences
t e a c atteudes @and use of computer technologildirim, 2000). Also, longitudinal studies
and metaanalysesndicate that teachers learn a great deal about their profemstbdevelop
self-efficacy when theyenter theclassroom duringstudent teaching (Hoy & Spera005) and
in their first few years of teachin@Marso & Pigge, 1989).Since the preservice participants
have received the vast majority of the training (courses), but not the experience (student
teaching) of teaching, these magt be considered asmilar groupsandworthy of comparison
in their learningwith andpedagogicaperception®f zSpacé.
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Equipment.

This study utilized the zSpdtsystem that combise8D images with feedback within a
VR desktopbased environment The zSpac& VR hardwareis desktopbased that uses
stereoscopic images to produce 3D imagAkhoughdesktop VR hardware produckess user
immersion than other hardware systems like head mounted or projection VR sy$ids)s,
Childers, & Jones2019 Lee, Olwal, Ishii, & Boulanger, 201B it can providea robust
interactiveVR experience for the usdflite, 2016; Jones et al., 2016The systemsonsists of a
central processing unit (CPU), a-R¥h-high definition liquid crystal (1080p, 120Hz) 3D
stereoscopic display screeomplete with builin tracking sensors to track the viewing angle of
the user, a-button stylus with integrated haptic technology and infrared LEDs for manipulating
interactions within the virtual reality space, and a set of polarized eyeglassesflattive
sensors to track head and body movement intimal (zSpac® 2016). This hardwareis
complementedvith 3D and VR software applicationto createdetailed3D simulatedimages,
which appearboth within and outsidef the screenthat can be manpulaied (e.g. rotated,
zoomed, dissected, etdy the user with an HBEtylus. Figure 1showsthe components of the
zSpac@ system.

Figure 1.zSpac® 200 display (zSpafe2014).

Specific VR technologies leverage aspects of prior user experi¢ncesiuce EOU
issues. The user interface is designed to be intuitive and easy to use withrhelidg and an
ergonomic stylus, requiring no prior experience and only a few minutes of use to fully utilize the
device (zSpad 2015). The zSpac® technolgy uses hardwareomponentsof which any
teacher wouldhave prior knowledge, including a pencil (stylus), glasses (eyewear), and VR
interface (computer screen). Whereas other VR technologies like Head Mounted Displays
(HMDs) are comprisel of hardwaretechhologiesthat are confining, unfamiliar, and can be
disorienting for usergSharples, Cobb, Moody, & Wilson, 2008 using HMDs in the
classroom, teachecsa nnot v i € w t tuhespedesods)irdtise VR environment. With
desktop VR, teachers mamonitor students, and aid them (by taking the stylus) in navigating
their environment. With this modality of VR, there are means for teathdent interaction in
guiding the experience, scaffolding the conteith reattime interadon.
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Intervention.

Each participanhadthreehours of total time on the zSp&csystem. The firsthourwas
devotedto basic use othe system: wearing the eyeglasses, navigating using the siytlis
manipulating objects in the virtual spacé&his self-directedtime providedparticipantspractice
moving, rotating, scaling and dissembling objawtsg theHE stylus. Afterwards, prticipants
were guidedndividually by a researcheéhroughtwo separate curricular modules, dmaur for
each modulegxploringthe huma heartandelectrical circuitsrespectively

In the first module, participants explored #reatomy and physiologyf the humarheart,
felt a simulated heart beat with th#E stylus, viewed vocabulary connected to heart anatomy
(e.g. left atrium, rightatrium, left ventricle, right ventricle, superior vena cava, inferior vena
cava, pulmonary artery, pulmonary vein, aqréa)d investigatedhe pumping action (structure
and function) ofthe four cardiac valves.Figure 2 shows the zSpé&timterface (noin 3D) for
the human heart module.

Figure2. zSpac& 200 display(not in 3D) of Heart Modul¢Hite, 2014a).

In the second module, participants learned the parts of a circuit (e.g. wires, battery,
switch, bulb), discerned the difference between samesparallel circuits, viewed current flow
in a circuit through simulated electron movement, and troubleshot circuits by adding or
subtracting components to build a functional closed ciréigiure 3 shows an example of the
zSpac8 interface (not in 3Djor the circuit module.
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Figure3. zSpac& 200 displaynot in 3D) of Circuit ModulgHite, 2014b).

Data Collection

Prior to engaging with conteibtased softwargyarticipants were given a ptest on the
human heart and circuits, lasting approxietathirty minutes.Upon completion of theiBD HE
VR experience, they were given a ptes$t on the human heart and circuits, respectively
evaluate their knowledge of (1) the anatomy and physiology of the human heart and (2) series
and parallel circiis. Both assessments are found in Appendix Fhese two content domains
were chosen because they represent relevant science concepts taught in the middle grades.
Content validity of each test was ensured by a panel revidauoéxpert science teachessth
6-12 science certification. Reliability was completed using the KRignardson (KR) 20
formula as a check of the internal consistency of items. It is applicable for this analysis as both
tests assessed a single homogenous domain of knowledgeoanitems of varying difficulty
in a single, untimed test administration. The first assessment was aligned to the concepts of the
structure (anatomy) and function (physiology) of the heart with 13 selected response it@ms and
performancebased task omardiac circulation. The KRO0 value was 0.664 which is within
acceptable range for a classroom test (Reynolds, Livingston, & Willson, 2009). The second
assessment was aligned to concepts of electron flow in series and parallel circuits with 13
selected esponse items and performasised task of evaluatingseries and parallel circuits.
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The KR20 value was 0.205. Both content assessments were used in a prior research with
teachers=10) and & grade studentdNE22) using the same zSp&deardware andoftware

(Jones et al.2016), with KR20 reliability values of 0.750 and 0.745 respectively. The
reliability values for teachersdé scores (0.66
the small sample size and greater heterogeneity of dokmawledge for within the teacher

group, leading to ceiling effects on pastsessments (Reynolds et al., 20@3pecially in the

circuit assessment

Furthermore, participants were asked prior to instruction on the heart to use a white board
and drawarrows to show cardiac blood flow into, withignd exiting the heart and label major
blood vessels and chambers, indicating the location of the four heart valves. Prior to instruction
on circuits, participants were asked to identify circuits in senésparallel, as well as interpret
the functionality of circuits baseoh images of hypothetical circuits (see AppendixoB both
assessmenjtsProficiency was scored with a rub(®eeAppendixC) developed byhe same four
expert science educators. Intater agreement was 95% and 94% respectively.

Additional qualitative datawere collected through operended interviews lasting5
minutes in length.The 13-questioninterview protocol was developedy 4 expert science
educatorgo explore r e s p expediences Isaéning science using al3B VR system, how
this technology may be usadthe K-12 classroompreferences for learning scienead types
of instructional methods for teaching sciencehe interview protocol was informed iya v i s 6
(1989 TAMt o expl ore respondentsod accEeDNewnewe and
protocol included questions aboeidse of using a 3BIE VR system, positive and negative
attributes of using the system, benefits and challenges of using the system in ananatructi
context, andgersonal preferences ftgaching andearning with technology The final question
asked participants tmompare theizSpac@ experiencevith other forms of instrutnal methods
or strategies to teach scien@e. teacher instructiorhandson activity with materials, models,
simulations, textbook, videos and reading on the interrégrticipants ranked their preferences
by mostinterestingand whichbest increased your understanding a scale of 1 to 80fe
indicating most prefeed and eight atheleastpreferred. Each interview was audio recorded by
the researcher for transcription, coding, analysis, and reporting. The interview protocol is
available in AppendiD.

Analyses

To determine if participants had learning gairenf the use of this novel instructional
technology,the data were analyzed with paired, twetailed ttest (alpha value of 0.05) to
examine whether there were differendes pre-service and irservice teacher scores on each
assessment Nonparametric gin tests were used to evaluate gainssingle individuals and
itemsfrom pre- and postassesment for both teacher group$his type of analysisvas done to
reduce erroby analyzing only the signs of the difference scodegeto the low number of test
items and sample sizéf there are more positive differences than negatineecan rgect the null
hypothesis (for @ample size of 10, it would be 8 positive values for ataed alpha = 0.05).
The interview datasge Appendix D,question B) ranking zSpac® to other instructional
methods (which was more interesting and increased their understandmegnalyzed between
teacher groups by comparing means, calculating standard deviation, and dexiginggfrom
an unpaired-test at 95% confidence
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To qualitativelytriangulatet e ac her s 6 p e d a gfdhisiinstaudtiongd ®gl c e pt i ¢
interviewdatawere transcribed froraudio recordingsourced from teacher utterances duatig
zSpacé sessions and final interview The dataverepooled fromboth sources andugteswere
codeda priori by researchers according to thAM framework (by PU or PEOUconstructs
To provide the reader context and add trustworthiness, an audit tradondsactedto source
participant (i.e. preservice teachdt-5] or in-service teachdi6-10]) quotes.

Results
Tables 1 and 2 show the results ofthe pre-service and irservice teachedscardiac

assessmertshe heartcontent assessment (Table 1) #imel hearbpenended assessment (Table
2).

Table 1
Results ofContent Assessment of the Heart,-Beevice and Irservice Teachers
Teacher
Participant Pre-service In-service
Score Score Differ Sign Score Score Differ Sign
(Pre  (Posttest) ence Test (Pre  (Posttest) ence Test
test) test)
Teacher 1 3 11 8 + Teacher6 10 11 1 +
Teacher 2 6 10 4 + Teacher7 4 9 5 +
Teacher 3 5 12 7 + Teacher 8 4 11 7 +
Teacher 4 10 10 0 None Teacher 9 6 10 4 +
Teacher 5 6 13 7 + Teacher 10 3 9 6 +

Note Maximum Score was 13 points.
Sign Test, Alpha 2ailed,p < 0.05

The sign test had 10 positive scores out of 10 teachers famalug <0.0020, indicating there
was significant improvement between the-pssessment and paestsessment (Table, Dn the
content assessment of the heart

Table2
Results of Dagment Analysis of th@penrEnded Assessment of tHeart, Preservice and Irservice Teachers

Teacher
Participant Pre-service In-service

Mean Standard Mean Standard Sign Mean Standard Mean Standard Sign
Score Deviation Score Deviation Test Score Deviation Score Deviation Test

(Pre (Pre (Post (Post (Pre (Pre (Post (Post

test) test) test) test) test) test) test) test)
Orientation ® 4 0.548 6 0.671 + 3 0.548 6.5 0.758 +
Orientation 2 6 0.707 7 0.894 + 5 0.707 6 1.095 +
Labeling
(Major
Vessels) 2 0.000 8.5 0.447 + 0 0.000 7.5 0.866 +
Labeling
(Atria and
Ventricles) 5.5 0.612 10 0.000 + 5 0.612 10 0.000 +
Labeling
(Heart
Valves) 0 0.000 0 0.000 None 0 0.000 0 0.000 None
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Circulation

to the Heart 6 0.671 10 0.000 + 4 0.671 7.5 0.866 +
Cardio

pulmonary

Circulation 3.5 0.274 7.5 0.500 + 1.5 0.274 5.5 0.418 +
Circulation

from the

Heart 4.5 0.447 7.5 0.000 + 3.5 0.447 5 0.707 +

Note. Although heart valves were visible from insttion and represented on the whiteboard, they were not labeled
in the software program. Participants were not expected to have any different level of knowledge from pre to
post on this topic, but item was represented to see if there was a changeknaivgdge.

Maximum Score was 10 points per category.

Interrater agreement on document analysis was 95%.

Sign Test, Alpha 2ailed,p < 0.05

aQuestion asked which direction blood flowed from top of heart (towards the head)

bQuestion asked which directidniood flowed from the side of the heart (towards the lungs)

In the preservice teacher groua comparison of the p@ssessment mean (6.a0)the
postassessment mean (11.20)the operended assessment of the heart indicatsinificant
difference (two-tailed, alpha = 0.05, g 0.024) displayedin Table 2 This includes the
parti ci pantssaodes wherdtrasingardiaa kirculation within a 2D crosectional
representation of the hearfThe sign teshad 14 positive scoresout of 14 items (excluding
labeling of the heart valvesor a pvalue < 0.0001, indicating there was a significant
improvementtwo-tailed, alpha = 0.05n understanding heart orientation in relation to the body
(head, lungs), cardiac anatomy (major vessels, atria,icles); and cardiac circulatiorlpod
movement towardswithin and out of the heart).

Tables3 and 4 show the results of the circuit assessmanpse-service and irservice
teachersfirst on thecircuit content assessment (Tal#g and second, thecircuit openended
assessment (Table.4n Table 3, he sign testindicated5 positive scores out of 10 (i.e.
remaining five were null), indicating there was not enough evidémelue < 1.246]1two-
tailed, alpha = 0.05to indicate significant improvemeé between prassessment and pest
assessmerdministrations

Table3
Results of Content Assessment of Circuits;der@ice and Irservice Teachers
Teacher
Participant Pre-service In-service
Score Score m Sign Score Score m Sign
(Pre (Post Test (Pre (Post Test
test) test) test) test)
Teacher 1 10 10 0 None¢  Teacher6 10 10 0 None
Teacher 2 9 10 1 + Teacher7 10 10 0 None
Teacher 3 8 10 2 + Teacher8 9 10 1 +
Teacher 4 8 10 2 + Teacher9 10 10 0 None
Teacher 5 10 10 0 None¢ Teacher 10 8 10 2 +

Note Maximum Score was 10 points.
Sign Test, Alpha 2ailed,p < 0.05
&Ceiling effects impacted prand postscore differences.
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Participantsdé individual and items scores
electron fow, and predicted functionality of various circuits is shown on Tabl&hk sign tes
indicated18 positive scores out of 22 scores for-aapue < 0.0043two-tailed, alpha = 0.05)
indicating there was a significant improvementthe understanding o$eries circuits, parallel
circuits, electron flow, and components of a functioning circuit.

Table 4
Results of Document Analysis@penEnded Assessment@ircuits, Preservice and Irservice Teachers

Teacher
Participant Pre-service In-service

Mean Standard Mean Standard Sign Mean Standard Mean Standard  Sign
Score Deviation Score Deviation Test Score Deviation Score Deviation  Test
(Pre  (Pretest) (Post (Post (Pre  (Pretest) (Post (Posttest)

test) test) test) test) test)

ID of a

Series

Circuit 9 1.115 9 0.664 None 9 1.443 10 0.964 +
ID of a

Parallel

Circuit 9 1.115 9 0.634 None 9 1.443 10 0.964 +
Direction of

Electron

Flow in

Series

Circuit 6 1.206 9 0.634 + 5 1.545 10 0.964 +
Direction of

Electron

Flow in

Parallel

Circuit 6 1.165 9 0.634 + 5 1.545 10 0.964 +
Removal of

Bulb in

Series

Circuit 7.5 1.054 8 0.685 + 7.5 1.373 8 0.940 +
Removal of

Bulb in

Parallel

Circuit 7.5 1.054 8 0.685 + 7.5 1.373 8 0.940 +
ID of a

complete

circuit 9 1.115 9 0.634 None 9 1.443 9 0.908 +
ID of an

incomplete

circuit 8 1.055 8.5 0.644 + 8 1.382 8 0.940 +
ID correct

battery

orientation 7.5 1.054 8.5 0.644 + 6.5 1.400 8.5 0.913 +
ID correct

application

of aswitch 8.5 1.076 10 0.707 + 8 1.382 8 0.940 None
ID correct

application

of electron

flow 7 1.073 10 0.707 + 7.5 1.373 8 0.940 +
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Note. Ceiling effects were pronounced in this curriculum as participants had prior knowlesiggte# series and
parallel circuits.

Maximum Score was 10 points per category.

Interrater agreement on document analysis was 94%.

Sign Test, Alpha 2ailed,p < 0.05

Summary statistics including means and standard deviation values forthieofine
serviceteacher groupnd inserviceteacher groufor each assssmengiven in the studyTables
1, 2, 3, and 4are shown in Table.There were a few significant relationshgfsote first, both
the preservice groupwiith a preassessment mean 00 anda postassessment mean Df.20
and the irservice group (with gre-assessment measf 5.4 anda post assessment meah
10.00 on the heart content assessmeateboth significant(with atwo-tailed, alpha = 0.05, p <
0.024andatwo-tailed pvalue < 0011, respectively. Next, for correctly tracingolood flow to,
within, and out of the heaft.e. the openrended hearassessmejtboththe preservice group
(3.94 for thepre-assessmerand 7.06 for th@postassessméhand inservice group4.75 for he
preassessment mean aBdO0 for thepost assessment medrgd significantgains(with a two-
tailed pvalue < 0.004and a twetailed pvalue < 0.007 respectively. The openended
assessment analysis farcuits revealed that the prgervice grougwith apre-assessment mean
of 7.73 and a post assessment meah8.91) and the irservice group (with a prassessment
mean of 7.45 and a post assessment mean of 8.86) wersigpuificant (with a two-tailed p
value< 0.011 anda twotailed pvalue < 0.031) However, for the circuit content tdkere were
no significant changefrom pre to post assessment, fefther teacher group.

Table 5
Dependent ITests of Preserviceand llis er vi ce Te a cAllédssessmerisc or es f o
Heart Circuit Heart Open-Ended Circuit Open-
Content Test Content Test Assessment Ended Assessment
(Table 1) (Table 3) (Table 2) (Table 4)
Teacher Pre In- Pre In- Pre In- Pre In-
Group service  service service service ~service  service  service  service
Pre-
assessment
mean 6.0 54 9.0 9.4 3.9 2.8 7.7 7.5
SD 2.5 2.8 1.0 0.9 2.1 2.0 1.1 1.4
Post
assessment
mean 11.2 10.0 10.0 10.0 7.1 6.0 8.9 8.9
SD 1.3 1.0 0 0 3.2 2.9 0.7 1.0
p-value 0.002*  0.011* 0.090 0.208 0.004* 0.007* 0.011* 0.031*

Paired ttest, Alpha 2Ztailed. *p < 0.05

Table 6 displays the paired differences between-prer vi ce t esanMicer sd a
teachersd responses bas e dmoremeresting.Partieipantewerien st r u
asked torank zSpae® as compared to severther types of instructional strategies used in the
traditional science classroom: reading on the internet, watching videos, use of textbooks,
simulations, models, hanas activities with materials and teacher direct instruction.
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Table 6
Teacher Perceptions of I nstructional Options, R
TeacherGroup Pre-service N=4) In-service N=5)

Group Standard Group Standard

Mean Deviation Mean Deviation p-value
zSpac@ 2.25 0.500 1.40 0.548 0.047*
Readingon the Internet 7.25 0.957 6.00 1.000 0.099
Videos 5.00 0.816 5.00 1.000 1.000
Textbook 7.50 0.577 7.80 0.447 0.406
Simulation 3.50 1.291 3.80 1.304 0.741
Model 4.50 1.291 440 1.673 0.925
Handson Activity with Materials 1.00 0.000 1.60 0.548 0.068
Teacher Instruction 5.00 1.826 6.00 1.581 0.407

Note A score of 1 indicates the most agreement with the statement, 8 the least.
One preservice teacher was not given this question during the interview.
Unpaired ttest, Alpha 2tailed. *p < 0.05

Table 7 displays the paired differences between-prer vi ce t esanMicer sd a
teachersdé responses based wupon science instr
sciencetopic. Participants were asked tank zSpac® as compared tsevenother types of
instructional strategies used in the traditional science classroom: reading on the internet,
watching videos, use of textbooks, simulations, models, hamdgctivities with materials and
teacher direct instruction.

Table 7
Teacher Perceptionrsf | nstructional Options, Ranked by Al:1
Teacher Group Pre-service (N=4) In-service (N=5)

Group Standard Group Standard

Mean Deviation Mean Deviation p-value
zSpac@ 2.75 0.957 2.80 1.789 0.962
Reading orthe Internet 8.00 0.000 5.20 2.775 0.087
Videos 6.75 0.500 5.80 1.304 0.215
Textbook 575 1.258 460 2.408 0.419
Simulation 3.75 1.258 480 1.643 0.329
Model 425 15 7.00 1.414 0.026*
Hands on Activity with Materials 1.00  0.000 260 2510 0.249
Teacher Instruction 3.75 1.500 3.20 1.483 0.599

Note A score of 1 indicates the most agreement with the statement, 8 the least.
One preservice teacher was not given this question during the interview.
Unpaired ttest, Alpha 2tailed. *p < 0.05

Both pre-service and irservice teachegroups hadsignificantlearning gainon each of
the four assessments in the two content domaifbe lack of change fronpreto post
assessmentsn certain itemsndicaied there were ceiling effectdue to a rangef-instrument
constrainton the circuit assessments as compared to the heart asses¥eeatsearticipants
scored highly on both piest and postest there was a poor visualization of variarfBaynolds
et al, 2009)in their contentknowledgeof circuits (Table §. This may also indicatéhat
participants had a better content knowledgsesfes and parall€ircuits than heart anatomy and
physiology In-service teachemainkedthe virtual reality £Spacé) option of instruction much
higher thanpre-serviceteachers for a more interesting experience (Té&plend approximately
equal forincreasing their understanding of the science topic (T@ple In-service teachers
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ranked immersive and interactiexperiences (using models, teacher instruction, textbooks and
internet reading) akessinteresting for science instruction, yeteteachers had similar results
with a higherpreference for handsn acivities with materials (Table)6 However, when askie
what instructional modality increased their understandimye-service teachers morgrongly
preferred virtual options (zSpdtesimulation3, and teacher instructiomver other types of
instruction (Table7). In both instancegreservice teachersrgferred handen activitieswith
materialsas theirfirst option methods forbeing more interesting (Tab& andincreasing their
understanding of science content (Table

During interviews, teachers were askedtfifeywould preferto use the zSpaeystem as
compared to traditionahethods ofnstruction Participants were asked to reference theit-ib
VR experience exploring the interior and exterior of a human heart to a complaaablison
dissection of an animal hear pre-service participnt(Teacher 1}aid
I t hink | |l i ke the traditional ways better
every now and again, but | feel like if you did it all the time it would lose some of its
gpark and not be as interesting.
This indicatel the preservice tacher acceptance of technolotgid only in PEOU not
acknowledgingPUt o st udent soO c o nWikepdqueriadto anmaivee tsatharn di n g
(Teacher 2)she replied:
The 3D HE VR experience] questions was [sigbur understanidg of the fact that
science isnd6t a bunch of facts, it1tibs amto
people telling you the heart is this or that or circuits do this or that.
The insavice teacher clearly recognizédw the technology nyabe scaffolded to explore this
essential concepicknowledging botPEOU andPU in the TAM framework

This finding wasreplicated ina separate question wherarticipants described how
learning in a 3DHE VR environment was differentrom traditional practices of teaching
science One of thepre-service teacher(Teacher 3)s a i Idhink ifikind of encouragethe
students in class more than in just using the textbooks. But sometimes, | think the real
experiment w oThi$ wachiereackmowlgdd the utilily of the instructional tool
(EOU) yet held adecided preferencir traditionalmethods. Conversely an inservice teacher
(Teacher 6yemarked

This gave the opportunity to be able to question things and discover depending on what

the useneeded. So, when | was having difficulty understanding the heart, | was able to

stop, refocus the heart where | needed it to be, @and 4t 0 @ ia a atassroam, if a

student doesn't understand it, you don't always have the tools or capability t@ show i

another way, or a second way, or a third way. Wkacg with this program it gave a lot

of opportunities within the program itself to be able to look at the problem in a different

way.

In this example, then-service teacherreferencedboth PEOU and PUof TAM through a
pedagogical lens. In her experience, sheecognizedthat studentsstruggle with lakbased
activities that present information in only one formathereasthe 30 virtual world afforded
additionalopportunities to explore scientific phenena through differentiated instruction

To understand part i cwoddacaontestdeacharsenere askedthetrs 1 n
preferences in using zSp&cas a dissection tool in the science classrodnpre-service teacher
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(Teacher 4yeplied
[di ssection] , but][viawh Hike@wdting thingstopemand thexfeelng n a |
they are real, you know how the organs feel and the tactile aspect of it. But, | think that
in terms of anatomy, all of the same goals [of instructiorifred zSpacé virtual frog
you could[do] with the real frog.
In this casethe preservice teacher acceptéte usefulness of the technology as a pedagogical
tool, yet her personal preference would pretenohnologicabdoption in the classroom. An-in
serviceteachelTeacher 5)elated that she
i ke[ s] bothél think the kids Ilike it [diss
don't know in terms of actwually | earning i
step or they just rip the frog apand da't try to find any structures.
In this instancethe inservice € a c & &cceptance of the technologyas not only rooted in
TAM, but also includedPK, where prior experiences in dissection have yietdeed resultsfor
students Another inservice teachefTeacher 7) said
| would prefer doing itonthe zSpdte because | dondt necessar.i
mean, | realize they raise the frogs for scientific purposes, but you are killing something
that was alive so you can cut it open. ddazSpac®, you ae not harming a living thing.
This teacher acknowleddethical issues of dissectiolikely sourced from their experiences in
the classroom wherstudents may hold religious or moral principles barring them from
participationin authenic scientific activity

Limitations

Due to resourceestrictions (i.e. expense ofequipment andaccess toparticipants)
findings and the generalizability of this study are limitebherefore, the degree to which this
sample is representative of teache & p e r ¢ e pHEI VR instructiohal t&cihology is
unknown. Because of ceiling effects seen with the circuit pre and post assessomtent area
findings within thestudyare limited Based upon the findings between these groups, sampling
from a lrger population of preervice and irservice teachers would provide more information
about t e a cdesofisstuctipmalenttieodse n

Discussion

This researchstudy explored prservice and s er vi c e teacherséo p
technology acceptae using a 3CHE VR technology platform called zSpédte In this case
neither groupvas likely tohave technological fluency in this medium tavpege one side or the
otheras digital immigrants or digitadatives (Prensky, 2001). THiading proposeshatfeelings
of insecurity reported by teachers mrcepting andadopting technologywhen teaching
technologically savvy students (Teo, Lee, Chai, & Wong, 2009) magdukeratedvhen using
the zSpac® platform with sufficient training opportunities This study suggests hen pre
service and irservice teachers have similar technological backgrogedsthe same level of
knowledge andexperience with a novel form of instructional technolalgt is designed for
intuitive use)as a proxy forequivalent PEOU, teachersare now free(er) toaccess their
pedagogical belieffprior experiences teachimgithout and with) technology (Ertmer, 2005) to
increase theiPU, consequentlynfluendng their TA. This idea is supported by this study in that
content learnig mattered to sampled participangst varied amonghe teachegroupsto how
theyperceivedhe technology as a viable learning to&lreservice teachers viewed their change

Electronic Journal of Science Education ejse.southwestern.edu



Hite, Jones, Childers, Chesnutt, Corin & Pereyra 18

in understanding using zSp&cas a novelty, whereas-service teachers saweir own learning

as a strong indicator of helping students learn complex abstract content (like circuitee and

hear). TPACK suggests that the confluence of content knowledge (CK), pedagogical
knowledge (PK) and technological knowledge (TiKp r o dhe ¢ypes of tlexible knowledge
needed to successfully integrate techrm@®l| ogy u
In this casealthough there were equivaleperceptios of EOU (or TK) in both groups(as

reported and shown by learning gainshmth teacher groups in this studiy)-service teachers

had an advantage over their less experienced peefBAirby accessingtheir CK and PK
capabilities forenvisioning how it would be used in (thesgience instruction.

Previous studies have denstrated preservice teachers held more progressive attitudes
towards computer technology as compared to expert teachieesesults from this study found
in-service teachers held more progressive attitudes toward4E3WR technology as compared
to novie teachers.Both groups gained knowledge when using the zSpagystem; éarning
gains suggest thatisersperceivedboth EOU and U from the perspective of a teacher and
science learner. Controlling for PEOU using a novel technology typ&U was the lage
mediating factor for TAbetweenthe two teachegroups. This was exemplified wheboth
groups describeBEOU, however,only in-service teacheralsodescribed it$U in thar science
teaching practice According to a study b¥enkatesh(2000), factorsof a useb self-efficacy,
motivation and emotion plaga considerable rol@ formingearly perceptions about the ease of
use of a new system. These variables may dispiopatly affect novice teacherdyindering
their progression in their technologgceptance processeshe interview dataevealed thain-
service teacherkeveragedcontent and pedagogical knowledge souraeanftheir classroom
experience to describe their preference for and acceptancerE3IR technology. According
to a study i Baylor and Richie (2002), successful technology integration was predicted by
teacher openness to change and the percentage of technology use with &bdraps these
experiencesnay facilitate aform of technological pedagogical discontentment (Sexémd et
al., 2012; Southerland et al., 2011) whedneect experiences demonstrating the efficacy of the
technology (e.gpersonal exploration using the technology to personally asssssof use and
experience their owoontent learning), teachers maggin toseltexaminetheir current teaching
practices in lieu for technologgnhanced classroom activitissteach abstract science concepts
(Hite, 2016) Therefore, further work regarding appropriate professional development (PD) for
preservice and irservice teachers with novel types of instructional technology is needed.
Findings suggesh-service teachers uskeir technological, content and pedagogical knowledge
to mediate their instructional practice evh accepting novel technologiesTherefore PD
programs should@onsider leveraginghis situatedexpertiseencouraging irserviceteachersas
early adopters afmergenthigh P/EOU)forms ofinstructional technology. Conversely, for pre
service teachers, findings suggest they have little to noxdoiateintegrating their knowledge
for utilizing novel technologies in science teaching. Therefore, PD fesqukéce teachers may
entail viewing experienced teachers (observation, video)iteggaohingemergentechnologesin
the classroomPreservie teachersnay beable to develop thetechnological, pedagogical and
content knowledgand acceptance of technologjjuated in a genuine classroom context.

Ethical approval: i Al | procedures performed in studies
acordance with the ethical standards of the institutional and/or national research committee and
with the 1964 Hel sinki decl aration and its | a
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Informed consent:il nf or med consent wa alpartlzipaats inceided ih r om a
the study. o
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Appendix A
SelectedResponséieart and Circuit Assessments

Human Heart Assessment

1. How many chambers are in the human heart?
A) One
B) Two
C) Three
D) Four

2. Where is blood pressure the highest in the heart?
A) Aorta
B) Atria
C) Ventricles
D) Pulmonary Vein

3. The hearbeat (sound) heard is made bligh of the following?
A) Contraction of the ventricles and atria
B) Emptying of the veins
C) Closing of the heart valves
D) Draining of the arteries

4. Two large veins drain blood from the upper body and from lower body and empty it into the
of the hiea
A) Right Atrium
B) Left Atrium
C) Right Ventricle
D) Left Ventricle

5. Which part of the heart pumps oxygen poor blood directly to the lungs?
A) Right Atrium
B) Left Atrium
C) Right Ventricle
D) Left Ventricle

6. Which part of the heart has thicker heart muscle: The atriantricles?
A) Atria
B) Ventricles

7. What is the function of the left atrium in the human heart?
A) To receive oxygedmich blood from the left and right pulmonary veins.
B) To receive oxygetoor blood from the left and right pulmonary veins.
C) To receive oxygemich bloodfrom the superior vena cava, inferior vena cava and coronary
sinus.
D) To receive oxygeipoor blood from the superior vena cava, inferior vena cava and coronary
sinus.

8. Complete the following:
The ventricle receives blood from the atrium amapsuit to theaorta.
A) Right, Right
B) Left, Left
C) Left, Right
D) Right, Left
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9. The aorta supplies oxygenated blood to the body. What category best describes the aorta?
A) Artery
B) Vein
C) Capillary
D) None of these

10. The amphibian heart is a&ambered heart, shown heréd/hat is the consequence
of having 1 fewer chamber as compared to the human heart?
A) Oxygen rich and oxygen poor blood mix in the ventricle.
B) The heart does not contract with as much force. Ty
C) The lungs are not as effective in oxygenating blood.
D) The atria leak lbod back into the ventricle.

amphibian

L)

atrium

ventricle

11. Please look at the diagram of the heart to answer the following question.
When contracted, the left ventricle pumps oxygeh blood to the body. What
is the purpose of the aortic valve (shown with an arrow) that sepahatéeft
ventricle from the aorta?

A) To prevent blood from flowing back into the left ventricle.
B) To prevent blood from flowing into the aorta.

C) To push blood into the left ventricle.

D) To push blood into the aorta.

12. Without the heart, what function would thedy not be able to do?
A) Move blood around the body and to the extremities.
B) Exchange Oxygen and Carbon Dioxide in the blood.
C) Separate oxygerich and oxygefpoor blood.
D) Provide energy to the skeletal muscles.

13. Which correctly identifies this phase of thediac cycleheart ventricles relax and the heart fills with
blood?
A) Systole
B) Diastole

14. If the heart muscle were to enlarge and thicken (as seen in the picture
what would be the effect on heart function?
A) The heart would pump more blood and faster.
B) The hearwould pump more blood, but more slowly.
C) The heart would pump less blood, but faster.
D) The heart would pump less blood and more slowly.

15. What correctly describes what occurs during a heart attack?
A) The heart tissue starts to beat out of control
B) The heart 8sue begins to beat out of sync.
C) The heart tissue dies from a blocked artery that feeds the heart muscle.
D) The heart tissue dies from a blockage inside the atria or ventricles.
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Circuits Assessment

1. What is the best description of electrical energy?
A) transmitted energy
B) a special form of heat or thermal energy
C) potential energy in a different form
D) the energy of moving electrons

2. A student prepared four electric circuits using a battery, wires and three light bulbs.
Which circuit can makehe three light bulbs light?
A) A
B) B
C) C
D) D

3. How many paths can the current flow in a series circuit?
A) None
B) One
C) More than one

4. Look at the image right of a series circuihat would happen if one of the light bulbs
were to burn out?
A) All the other bulbs would gout.
B) Only one of the other bulbs would go out.
C) The remaining bulbs would get dimmer.
D) Nothing would happen to the other bulbs.

5. Look at the image right of a parallel circuit¥hat would happen if one of the light bulbs
were to burn out?
A) All the other bibs would go out.
B) Only one of the other bulbs would go out.
C) The remaining bulbs would get dimmer.
D) Nothing would happen to the other bulbs.

6. What is theresistanceof a radio that uses a 9 Volt battery and carries a current of 3 amps?
A) 3 volts
B) 27 olms
C) 3 ohms
D) 0.333 ohms

7. One light connected to a battery would be compared to two light bulbs connected in
series to the same battery?
A) Brighter
B) Dimmer
C) The same
8. Charge flows from the terminal of the battery to the ecauge of the force of
between unlike charges.
A) negative, positive, attraction
B) positive, negative, attraction
C) negative, positive, repulsion
D) positive, negative, repulsion

9. Inserting a switch in a complete circuit allows whaftthe following to happen?
A) The flow of current to be increased.
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B) The flow of current to be constant.
C) The flow of current to be stopped and restarted.
D) None of these

10. Adding more batteries to a circuit will increase which of the following?
A) Resistance
B) Curren
C) Voltage
D) None of these
11. The instrument shown is used to see if materials conduct electii¢tich of
these groups contains items that could complete the circuit?
A) Rubber ball, plastic comb, nail
B) Paperclip, penny, screw
C) Cork, dollar bill, cotton ball
D) Pencil, eraser, plastic spoon

12.El ectrical wires are wra
A) It helps to conduct the current in the circuit.
B) It helps to warm the current in the circuit.

'-:-1_:1:9
C) It helps to insulate the current the circuit. Eﬁ

D) It helps to maintain the currentthe circuit. <

13. Which statement about the types of electrical current is
correct?
A) Electrical current that flows first in one direction and then in the other is called high frequency current
(HFC), which is obtained from batteries.
B) Electrical current thaflows in one direction only is called direct current (DC), which is obtained from
electrical outlets.
C) Electrical current that flows first in one direction and then in the other is called alternating current
(AC), which is obtained from electrical dets.
D) Electrical current that flows in one direction only is called low frequency current (LFC), which is
obtained from batteries.
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Appendix B
OpenEnded Heart and Circuits Assessments

Where does the blood go?

Where does the blood go?

Using your whiteboard marker, trace
the path of cardiac circulation:

Blood flow into the heart

Blood flow within the heart
Blood flow out of heart.
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1. Which of these Circuits is series? (Write either A or B)
2. Which of these Circuits is parallel? (Write either A or B)

3. Inthe two circuits above, draw arrows to represent the flow of electrons.
4. What would happen if you removed one light bulb from circuit A and did not reconnect any wires?
5. What would happen if you removed one light bulb from circuit B and did not reconnect any wires?
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Examine the following circuits. Put your answers in the boxes below the picture. Pre Post

State yes or no if the circuit will work, meaning that the bulb(s) will light, when you flip the switch to the “on” position.

Will Circuit #1 work? Circle YES or NO

If Yes, Circle the bulb or bulbs you think
will light up.

If No, describe why and indicate this on
your diagram.

Will Circuit #2 work? Circle YES or NO

If Yes, Circle the bulb or bulbs you think
will light up.

If No, describe why and indicate this on
your diagram.

Will Circuit #3 work? Circle YES or NO

If Yes, Circle the bulb or bulbs you think
will light up.

If No, describe why and indicate this on
your diagram.
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Will Circuit #4 work? Circle YES or NO
If Yes, Circle the bulb or bulbs you think will light up.

If No, describe why and indicate this on your diagram.

Will Circuit #5 work? Circle YES or NO

If Yes, Circle the bulb or bulbs you think will
light up.

If No, describe why and indicate this on
your diagram.
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Appendix C

OpenEndedHeart and Circuits Assessment Rubrics

Responsd Answer
Scoring

Heart Module 0 points 0.5points 1 point 1.5 points 2 points
blood circulation to
the top portion of
blood circulation | the body (head,
to the top portion| brain) and
Where does the bloo¢ No Incorrect of the body descending to lower
go? (Top) response | N/A (Lungs, eto (head, brain) extremities
Incorrect blood circulation to
Where does the bloo{ No (Body, arms, | blood circulation | both sides of the
go? (Sid¢ response | N/A etc) to the lung lungs
Has proper labels
Improperly | Labels as Labels as Artery | for both Aorta and
labels Aorta | Artery or Vein | or Vein (with Superior Vena Cava
LABELING: Major | No and (without one proper and/or Inferior Vena
Blood Vessels response | SVC/IVC proper name) | name) Cava
Atria and Atria and
LABELING & Incorrect Ventricles are | Ventricles are Atria and Ventricles
ORIENTATION: labels for mislabeled labeled with are correctly labeled
Right versus left atria and entirely incorrect AND correctly
Atrium & Ventricle No ventricles (up/down, orientation of left| labeled as left and
Labels response | (aorta, etg | left/right) and right right
Connects Labels to
LABELING: Heart No heart part (Aortic or
Valve Labels response | N/A Labeled N/A pulmonary valve)
Begins in
the wrong
location,
arrows Correctly
going the traces from LA| Correctly traces
CIRCULATION: wrong way, | toLV (wrong | from RAto RV | Correctly traces
Blood circulation TO | no no clear side of the (ignoring through SVC/IVC to
the heart response | movement | heart) SVCI/IVC) RA, RV
Indicates that
blood leaves ta
Incorrect- the lungs Correctly traces
no through PV or | out to Lungs
indication of | PA (not with opposite Correctly traces out
movement | labeled), return return(not to Lungs (PV) and
CIRCULATION: no to and from | from lungsis | properly labeled)| opposite return (PA)
Cardiopulmonary response | lungs unclear only one side (correctly labeled)
Begins in
the wrong
location,
arrows Correctly
going the traces from
CIRCULATION: wrong way, | RAto RV Correctly traces | Correctly traces
Blood circulation no no clear (wrong side of | from LA to LV through LA to LV,
FROM the heart response | movement | the heart) (ignoring Aorta) | out of Aorta
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Response / Answer
Scoring

Circuit Module 0 points | 0.5 points 1 point 1.5 points 2 points
Identificaion of a no
Series Circuit response | N/A incorrect (B) N/A correct (A)
Identification of a no
Parallel Circuit response | N/A incorrect (A) N/A correct (B)
No Clockwise
Direction of Electron relationship | arows Arrows coming | Counterclockwise
Flow in a Series No to the (positive to in both directions| arrows (negative to
Circuit arrows battery negative) from the battery | positive)
Completely
backwards
No (positive to
Direction of Electron relationship | negaive) with | Arrows coming | counterclockwise
Flow in a Parallel No to the clockwise in both directions| loops throughout the
Circuit arrows battery loops from the battery | parallel circuit
The circuit would be
open; the function
Circuit would | not work (maybe| that the missing bulk
Removal of Bulb no continue to with some interrupts electron
from Series Circuit | response | N/A work explanation) flow
The circuit would be
still be closed as
electons have
Circuit would | work (maybe different paths
Removal of Bulb no NOT continue | with some interrupts electron
from Parallel Circuit | response | N/A to work explanation) flow
Circuit will
no Circuit will work, no bulb Circuit will work
Circuit 1 response | not work circled N/A with bulb circled
Circuit will not
Circuit will not work, with logical
Circuit will not | work, with basic | explanation (wire
no Circuit will work, no explanation missing; interrupts
Circuit 2 response | work explanation (wire missing) electron flow)
Circuit will not
Circuit will not work, with logical
work, with basic | explanation (both
Circuit will not | explanation ends of battery mus
no Circuit will | work, no (battery is be attached for
Circuit 3 response | work explanation wrong) electron flow)
Circuit will Circuit will work | Circuit will work
no Circuit will work, no bulbs| with one bulb with both bulbs
Circuit 4 response | not work circled circled circled
Circuit will Circuit will work | Circuit will work
no Circuit will work, no bulbs| with one bulb with both bulbs
Circuit 5 response | not work circled circled circled
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Appendix D
Interview Protocol

=

Did you like using theSpacé system, yes or no? Why or why not?

2. What was different about learning with this system compared to learnyogiinmegular
science classroom?

3. Do you think you learned things with this system that you could not have learned
othewise? (If yes, please explain).

4. Were you able to navigate easily using the system?

a. The Eyewear?
b. The Stylus?
c. Moving around in the Znvironment?

Did you have any problems seeing the objects you were investigating?

Were there parts of thastruction that were confusing?

What did you like best and least about usingztBpac® system?

a.Negative:
b. Positive:

8. If you had a chance to use the system to learn science most of the time would you prefer
to use theSpacé system than the traditi@ahways you learn science?

9. If you had a chance to ugSpac@to learn science, for example, dissecting a shark,
building a fire alarm with circuits, or exploring the inside of human body, what topic
most interests you and why?

10. A typical lesson in sciemcmight involve a teacher reviewing the anatomy of a frog with
the whole class. In small groups, students might dissect the frog to examine the structure
and function of its organs. kBpac&you could learn about frog anatomy by taking it
apart. Whiclof these methods would you prefer and why? As a student, what do you
see as the benefits and challenges of each of these?

a.Benefits:
b. Challenges:

11.Did you think the experience felt realistic?

12.When you reflect on your learning, what is helgfuhot about learning withSpac&to
addresses your educational needs?

13. Complete this tableFirst, describe howSpac&i s di f ferent than the

listed. Then rank order {8, where one is most preferred and 8 is least, one of which

beingzSpacé) your responses for the questions in the two remaining columns.

No o

How is Other Instructional Which is more Which increases
zSpacé method interesting? your understanding?
Different? (Ranking 18) (Ranking 18)

Teacher instruction

Hands oractivity with
materials
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Model's

Simulatiors

Textbook

Video (example:
YouTube)

Reading on the Internet
(Blog, website)

zSpac8
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