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LearnloTVR: An End-to-End Virtual Reality Environment Providing Authentic

Learning Experiences for Internet of Things

ABSTRACT:

The rapid growth of Internet-of-Things (IoT) applications has generated interest
from many industries and a need for graduates with relevant knowledge. An IoT
system is comprised of spatially distributed interactions between humans and
various interconnected IoT components. These interactions are contextualized
within their ambient environment, thus impeding educators from recreating
authentic tasks for hands-on IoT learning. We propose LearnloTVR, an
end-to-end virtual reality (VR) learning environment which helps students to
acquire IoT knowledge through immersive design, programming, and exploration
of real-world environments empowered by IoT (e.g., a smart house). The students
start the learning process by installing virtual IoT components we created in
diferent locations inside the VR environment so that the learning will be situated
in the same context where the IoT is applied. With our custom-designed 3D
block-based language, students can program IoT behaviors directly within VR and
get immediate feedback on their programming outcome. In the user study, we
evaluated the learning outcomes among students using LearnloTVR with a pre-
and post-test to understand to what extent does engagement in LearnloTVR lead
to gains in learning programming skills and IoT competencies. Additionally, we
examined what aspects of LearnloTVR support usability and learning of
programming skills compared to a traditional desktop-based learning
environment. The results from these studies were promising. We also acquired
insightful user feedback which provides inspiration for further expansions of this
system.
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http://www.youtube.com/watch?v=f7PybJ5O01Y

LearnloTVR:An End-to-End Virtual Reality
Environment Providing Authentic Learning
Experiences for Internet of Things

Introduction
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In this work, we aim for the learning goals defned by Lechelt [68] which encompasses:

1. understanding the basics of loT components (e.qg., sensors and actuators)
2. understanding how these components interact with each other in an overall system
3. employing basic programming skills to create loT applications
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[68] Susan Zuzanna Lechelt. 2020. Introducing the Internet of Things in classrooms through
discovery-based learning and physical computing. Ph.D. Dissertation. UCL (University College
London).
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discovery-based learning and physical computing. Ph.D. Dissertation. UCL (University College
London).



] Figure 2. IoT course structure
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Related Work

o oT2EAEMMEER:
1. A PLATFORM FOR LEARNING INTERNET OF THINGS ( Zorica et al. iR2014FE 2 R)
2. Courses,Content,andToolsforInternetofThingsinComputer ScienceEducation ( Barry et al. F32017% X)

Introduction to technologies used (14 classes)

1 Introduction to Internet of Things
Designing and implementing hardware systems
Programming microcomputers and microcontrollers

Defining scenarios (2 classes)

Assigning the context to individual teams
Defining scenarios within the given context
Presenting a model of the solution

Developing web services (6 classes)

Designing and implementing web services for
automatization of smart environments based on the

reviously defined scenarios
ENCOES hed . .
IoT RAF BRI
Developing web and mobile applications (8 classes)
Designing and implementing web and mobile EZERRE
1 applications for automatization of smart environments 2 AEABHR

based on the previously developed web services
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Related Work
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2. RiftArt: Bringing Masterpieces in the Classroom through Immersive Virtual Reality ( Casu et al. /320158
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3.  XRStudio: A Virtual Production and Live Streaming System for Immersive Instructional Experiences (
Nebeling et al. 1220218 K)
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Related Work
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Theoretical Framework

e Cognitive Theory of Multimedia Learning (CTML ) Z 5822241 5%, [R B fARichard E. Mayerf?20024"Multimedia
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Theoretical Framework

e Cognitive Load Theory (CLT) BB R EER, 7£1988F HJohn Swellerdt ¥R REAR R B, SwelleriR B EERET A
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Theoretical Framework

Embodied Cognition E & :24%0, HWilson R. A., Foglia L.J?
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LearnloTVR:An End-to-End Virtual Reality
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Emotion

Brain

Body

. Environment
? 2 2018 © Raja Selvam

= Behavior

Cognition —=

Embodied Cognition: Cognition, emotion and behavior are all embodied and
embedded in the brain, body, as well as the environment. They affect each other but
emotion is primary, as emotion is a stronger mediator of cognition and behavior.
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System Overview

e Virtual loT Components : AR E LR T E AR YEEEEH
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System Overview

e 3D Block-based Programming Language : ltBFZE E RA3DFE
RFES, B —{EBlock#BERETAL— AL Ak, WA RTLIEFR
NE— eGSR RIE,

o TEEERMEP, fSHBlockly( Goolge \HIFRTEHELEE, R EEFT

EITEEVIE, B—RAEMAMESE, NHAHENZHATU
ETRE, ERNARNESERNERE S —E ot rE
BERRENBH

o TEIULIDIHEIED, XoB T EXNEEBES, B 2if. while,
if-else. switch..%, BIYMEXIER T R RBIZ A RN E R

#H, B EsetPinThRE AR R EServo B iE, a-1 BIE AR b-1 $E#lservoiR &)
a-2 BRRIoTE S b-2 e B ISR
FservolEEAE
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System Overview

e Installation Interface :{EAERIGE B, FIEEIIVRIRR 2 PRIEEZER B, 407 FIE £ & — (8 25 Bt =R 25 2k s
BREEANER ESAMNEEFAESServoiZMITH, EEBREMZMERT BEM,

o URENEL, FERABTELESEIE—ETHEComponents in the library), REFENTH 2 R EEHSEZEEYH L
(EHEET), NTEa. ARFAE—EEE L EEAHERMREGIL(PIN), #pinhiZI ¥ FEMpinEL, 2 RGEIZR 2 MH Rk
STEREANREINTED, 2 AZSELE T2 BRNREHERTENAE, IR Servol)EHEEER, WEEMEXBE
HEEFMTEITHMBERE, ATUEREERKR, INTEC.
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System Overview

e  Programming Interface : AR MZIMEERERIDILRZLRICTAR BT, 24 W UERMEMEREG RETHIE
B, WREEREF2ER BRERENEETENARBlock, MEa-1, REBIREZVE R FHEEREETHR
12, a2, ZRICELBEMA XY BRI 2 P ETEERSER, MEe-3,

o EEFREBZE—(ARFEETHERRE SEXTRE—BEETHAIUSE RN T —E B BFMTHiLR. 228
3. EAATEEE R B R R B R,
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System Overview

e  Multi Device Programming :[R T LEMRHIE— R {E, YEMARMERMWIKEBREZERE, T EFRFRFEETRIXXAE
CBIINEREERETE—EM2E EMEEMELBEITH. EFEREEREEEEER RELH THREZEMRNEK
&5 %, tEzRiRE — @A container "MEBITE, EAURFERAEBLERBIFXRBHS FEIAR), REALEH
ARRR, TFEDb-1. b-2, REZ Uk ContainerfI EE M A FI LI EEB B ZI T RESE S =, Nt —RKERBMAILE
FIE IR B Z RTHUIT X R (RO RE, REBMEEIERRERERET.
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System Overview

Exploration Interface : Br T ¥ BRIP4 R,
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LearnloTVR: An End-to-End Virtual Reality
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Experiences for Internet of Things
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LearnloTVR: An End-to-End Virtual Reality

Environment Providing Authentic Learning

Experiences for Internet of Things

System Summary: A Detailed Scenario

e hands-on learning experience B2 E K TEEI 2R —ES24L BB EE2TYHMEME4L, thBERIE—EBEM,
FRMBHEF T L EETRAMNE o, WiEE TREXIBETHREWNE b, BEKLBPERMMPIMEC, HRMFIRTIREKZIE
BERE{EERE N/, ATLAX i Display Reading:ZIBIEH, INEle, E T2 &R LIERER BT ANEf, #ARMXIEMAE
BHITIEE, MRFAZEAERT oTHHEERBINE g KESTRAREEENESMNE h Nt—RAIAEBodFLM 2%
FIg EE4TH, it BEH NNELEEEIITH.
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- \\ =
L
[} A\ 'i f 3\ 5
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T 5523 (405 &< 74L5
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User Study Evaluation

o IHAEFHEITMIEsessionEITHFEHAEZEFEE, EELISUS System Usability Scale, Rt 7] MR AEST

o RELEHM2JFFEIDREEFTEITLLE, LIFIAREFTZ2E RN,

o AMIEAETHEMEE T A (Educational Efficacy Efficay Usaility A9 8] BTG, #8424 BEE(NSE 4, 9
BEE), FEAIN8V25m, E24FZ B E P T%BEE R A R FAIREMIEE, 83%%F I E FHHRARFHIHE
1EEe, 177%r B VREeER, (BEMERMN MRS ER

o RBIZHI, BHEEMEWIIERMRA, L£EMRLSTEMpre-test, FHEZRF BEHNYEHREBERRIBAIRIE, th
SR LA, RE. REEEERNAENERE.

o I HPIHEITIRIZ( Servo + BBEIHBGAIES + 1741

o {EFH2:EBHIHMEE, M b HhRBIZR( KR FE, BB, aTEREM. EH R 1EI5ER)

o RETHEBEZIBTSUS REATAMERMS
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User Study Evaluation

o THERIBRMNITHER, HRIMWMBET Type Key Competency Time M sD sig.
. Pre-Test 0.2708 0.25449
o 2 4k AT B s K1:Component Type Identify | — e Z=-4.141 |
ﬁﬂﬂ Eﬁ 'ﬁz CES E’]{ﬁn %%Bﬁé% E’] tt a E and set a PIN mode 2:?:‘-Test 03:23012.22012543 p<0.001 |
ZHIREGE. MTHE., SDIEEE, Prel-Test 0.6458 | 042934 " 743;
. 10T Specific Knowledge K2: Digital vs Analog Post-Test | 0.9583 | 0.14116 | _ 0‘006 ‘
PEMEFMITER. Gain 0314531243 |
— . o Pre-Test 0.2925 | 0.24825 | _ i
° ﬁ.l. g;]- sSuUS FI:IE] % ' Fﬁ' ”& IEI E"] fj\%l ?5 75.4 K3: Com??nents functlot\ and it | pEE | Disos3 Z=-4.289
capability understanding i o AED 5 p<0.001 |
fARIERERR, FREEZE TR Pre-Test | 0309 | 03454 |
- R - Ka: Conditional(if If-else)  |Post-Test | 0.8483 | 0.19437 |~ °%|
1E%EEEMB%F53%%@ETEVR?§WI Gain 0.540372995 0,901 |
R — = . Pre-Test 0.3542 0.3753 i i
o LS RS RIS R HEZA L K5: Loop(Update, while)  |post-Test | 0.7771 | 0.23819 i 3 :'ggf |
B SRR RRAS AR EY S| _O42MoiEe |
7 Computational Thinking K6: variable(assignment)  |Post-Test 0.8033 0.20967 o
BRI AR, . 8 : : p<0.001 |
Gain 0.548405563 ‘
K7: Numerical calculation(Map Pre-last D233 | 2=l Z=-3.932 |
Post-Test 0.8154 0.23498
value map wrong or +,- ) p<0.001 |
Gain 0.583461215 ;
K8: Function(wait, :'e'TTeSt g:z;z g';zzzi z=-3.789 |
map,AnalogRead) ost-lest : : p<0.001 |
Gain 0.507940139 |
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User Study Evaluation

o ([HAAEKEMEMSH(A Qualitative Study on User Experience ): 7S E®IZEh, — i EAXFRRESENRRBIE LM
Windows, Icon, Menu, Pointer Rt EITERET T E, AMRFLET2DFRHEDIRT Z P ESREETHN. Z
BERBHOM(H, 1K), FE1926AF, SEZAEBAEALAEFHRELE SEHFETRFEERENRESN,
HAp4GnREEERE, EifBLearnloTVRRAMMIMIBEFMARBERE T ZREHESHIDHEENA R,

Animation
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Example loT Applications

o LearnloTVRIEAFRIMBERESHKRNE, ARXREH=-ESEETHEHSEERNVARERNE:
o HEMNEKRMR ELERERAFRAIINE, RIERENE B BHKER.
o HEREIARK EAREEXSEEHENAN, ARRAKTEBEANEANRFBURZREZES, Bb%EMH
o BEMtImMRM EXEIFXRMHTEEN, REAEETTEMENRRSET RS FNIREE LMEES) S
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Discussion & Future Work

Educational Benefit of Immersive Programming ;LR IRIEHNHBEEHFEERME. ILIBCEZZREE N RS
Symbiosis Between Virtual and Physical Learning: IS BE RSB HE, BEZE ArduinoZ B2 WER, LearnloTVREEMR—E
XEMAR, MATHEEATPRPEERMERE, HRERAKR RUSAUUENRTARBESENEFSHETES,
Collaborative loT Learning Experiences: i {F2 B B LR EZHIHEER, R ERZHEMETESBRNERGEEEEHE RKG
FESHERKREFEE - ROBERECE,
Continuation of the User Study

o [EREAFRBMERETHEMLHE,
Scalability of the Programming Interface

o  RAR3DmEER EXHAENBRERZETYILSEREH FLUFTEMINEEEMNAXEZHERE, EEAEERERXH

EE BRI R,

Making LearnloTVR Accessible to the General Public

o  #t¥LearnloTVR MR A BREITHE S AIRRAT R 7 BIZRET, &8 B R5E S # RobotAR A] LUR RERTHIEE /1,
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LIMITATIONS & CONCLUSION

o LimitationFEARMEME D, A VRIREAERAEKE, BRERS, VREEMNERWEEXFTZHBNTELS. RBENEF
SEMMEERMCHEEMNA—LEHATERKER, VREMPESREMR, AILEBERTREDET, ZETLIE@ES
RMUES, FRiEHERENEEFEETES,

e  Conclusion#J&B5, LearnloTVRF] AR 3D#RIES N ARHEST, TR 240 BREMNBE URSE 50%, EF—EMBE K.

o RIKLearnloTVREHERMEIT AR (FIRETE github), AILIZEEZ2 4 BRMIFRSEMEAMNE, HEESZ VREBZTIREER,
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Connection & Comments
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Meta-AR-App: An Authoring Platform for Collaborative Augmented Reality in STEM Classrooms
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https://dl.acm.org/doi/pdf/10.1145/3313831.3376146
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Connection & Comments

Embodied User Experience Sensin
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Connection & Comments

o RIRAIHIE TTBERE(HFE AR L
o loTHIYIHRFERTUEMNRERIRELEREREXDE, EEMEXABERE LEIEENEE Wil
ITiEImOTAR 2N EETNEE,
o IoTERAIFEMIAIEE A X EBEEHRIRERRE, HINER AIZETLIDHREL, ZEEHHIEHE
IR BRERRE I,
o VREIXRTESTEAMEZEFEA .. & BlocklyiaARX, MEAIZEE
o XRTEMELHMIZ ANfE, 1EEHEERERE EREEYE .
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