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the people”, a research programme on human-machine interaction.
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Learning factories in engineering education
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Learning factories in engineering education

. students learning with a learning é AAEE  team )
fa_lcto_r)_/ in additi_on to Ifectures ha_lve a project
significantly higher increase in

professional and methodological
competences than students learning

only with a lecture
(Aymans, Horn, & Kauffeld, 2018)
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Learning factories in engineering education

» practically oriented learning
environment

« aim: develop broad variety of
competences

» learning factory at TU Braunschweig
focuses on energy and resource
efficient manufacturing

« “Experience lab”: a physically
scaled modular model of a real
factory process chain
—> offers realistic processes and scenarios
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Learning Factory is located in the Research Lab

« real factory
environment

« all dangers and
safety issues of
any shop floor
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Augmented Reality

/ S  itcam \ * AR safety instructions
project (both shop floor and learning factory)

AR introduction to the learning
factory

* technology:
» Google Tango
» handheld devices (Smartphone)
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Augmented Reality
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Studies

* engineering students from the master
ﬁﬁﬁ lecture

« voluntary participation

[ ]
ﬁ * never worked at the experience lab or
in the research lab before

usability F
t

* no incentives

* NnoO negative consequences

tablet

AR vs. @@“ﬁ‘ ﬁﬁ
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Study 1: usability
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! demography ! ! flow (Rheinberg et al., 2003)

etc. Usablllty (Santos et al., 2014; Brooke, 2002)
knowledge (retrospective & post)
etc.
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Study 1: results (selection)

+ trading is very sensitive
+ orientation in space is good = supports well

+ coloring is intuitive: emergency = red, other = green

— augmented elements are too real looking and cannot be distinguished from the real world
- wish: make augmented elements more distinguishable (e.g. emphasize signs brighter
so that it is clear that it is AR)

— AR is perceived as distracting, as the environment is rather ignored while searching for
further AR elements
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Station.Assembly

9 Station Assembly.
— 137m ©

Hier findet/der Zusammenbatwon Grundkorper und Deckelistatt. Die Deckel gibt es in den
unterschiedlichsten Farben und werden in €iném anderen Fabrikteil gefertigt und hier angeliefert.

Beim Zusammenbau wird der Deckel von der Rutsche gelegt und zunachstauf den Grundkérper aufgelegt.

8 Verletzte betreuen

® Notausgang
— 204m

E Verlassen sie das Gebaude im Brandfall (iber die ausgeschilderten Fluchtwege.
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Sicherheitsunterweisung

URERSPRINGEN

Wir achten sehr darauf, dass keine spannungsfiihrenden Teile beriihrt werden kénnen. Zudem gibt
es Sicherheitsmechanismen, die im Fehlerfall vor einem gefahrlichen Stromschlag schiitzen.

Trotzdem kann es z. B. durch Besch&digungen dazu kommen, dass die schitzende Isolation von
Kabeln unwirksam wird. Herausgerissene Kabel sind ebensc gefahrlich. Wenn dir eine solche
Beschddigung auffallt musst du sofort die Anlage ausschalten und einen erfahrenen Betreuer vor
Ort informieren. Auf gar keinen darfst du einfach weiterarbeiten.

2URLCK: WEITER

tribution B” geladen

Es gibt Grundkdrper in verschisdenan Ausfihrungen: Es gibt
30-gecruckt oder spritzgegossen sind und Aluminium-Grundkérper.

m oberen linken Bereich. Stelle hierfiir sicher, dass die Schutzkappe auf

UIBERSPR:GEN

Unfall

ogenannten Grundkorper in
Won dort

rundkoper aus Plastik, die

2umicx

21 wo muss ich das Messgerit anbringen?

lessung der Spannung kisnnen wir ebenfal
derheit unseres Messgerites. Folgend,

das Zangenmessgerst flir die Strommessung verwenden, Dies ist eine
miissen durchgefiihrt werden:

1. Ermittle die richtige Phase, indem du an den blauen Durchfiihrungen der Technischen Gebaudeausriistung (TGA) die
Beschriftung i 2

die Station ermittelst und d gehbrige Phase abliest (L1, L2, L3)

2. Das Drehrad auf die Einstellung fiir eine Wechselspannungsmessung V-~ stellen

Messkabel (méglicherweise noch im Etui) an der Unterseite des Messgerats farbrichtig anschliefen.

Durchfiihrung der Messung:

Filhre die Messspitze mit der schwarzen Markierung zum blauen Messpunkte (Bananenbuchse) mit der Bezeichnung N

er Spitze entfernt. F die Spitze nicht in die
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Study 2: tablet vs. AR
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Study 2: descriptive results

4 ) 4 )
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Study 2: results preferences — AR prefered

+  “With a distance description one is shown where what is located. One is not as disoriented as with the
tablet app.”

+ “In the AR application, you become personally active so that the learning content is effectively
received.”

+ “The localization of different security-relevant objects is crucial and is improved by guided searches
with the AR application.”

+ “By walking around and looking at the screen, the stations of the factory can be viewed much more
closely. It is more fun and therefore more motivating to learn in a playful way. But you are very
distracted and concentrate only on the screen.”
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Study 2: results preferences — tablet prefered

“In the AR application it was clearer which items were meant, but the focus was more on finding the
items than on the information.”

“Due to the familiar operation of the tablet app, | felt that it was easier for me to absorb information.”

“I am familiar with the use of a tablet and can concentrate fully on the content of the learning material.”

“The AR application is a bit confusing. With the tablet you know exactly what to do in which step.”

All eight participants of the study indicated that they would have preferred to have the learning content
taught by a lecturer rather than via AR or tablet.

- They want to be able to ask questions and hear side stories.
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Our learnings

« AR via handheld device is easy to use for students without being introduced to the
technology.

« tunnel vision: AR concentrates attention on learning content/screen, while the
surrounding environment fades into the background.

« The additional visual impressions of AR can be exhausting/overwhelming for students.

« The most real looking AR elements are not always the best choice in learning
settings. - students want to be able to destinguish between augmented and real world
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Room for questions

Raum fir Fragen
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Thank you for your attention.

Technische Universitat Braunschweig
Institut of Psychology
Department of Industrial/Organizational and Social Psychology

Spielmannstr.19
38106 Braunschweig

www.tu-braunschweig.de/psychologie/abt/aos

M.Sc. Nine Reining * n.reining@tu-bs.de
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