Touching the Moon: Leveraging Passive Haptics, Embodiment
and Presence for Operational Assessments in Virtual Reality
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Figure 1: Visuals of the 3D environment created for the study presented in this paper. From left to right: overview of the
surveyor 3 crater - view of an immersed participant wearing the astronaut gloves in front of the physical mockup - virtual

representation of the assembled package (barbell).
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1 INTRODUCTION
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the instantiation of operational design elements that guide the organ-
isation and flow of personnel, communications, hardware, software,
and data products involved in a mission concept
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2 RELATED WORK
2.1 Real-World ConOps Assessments
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2.3 Validity of Using Virtual Reality
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3 EXPERIMENT
3.1 The Apollo 12 Case Study
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Figure 2: (a) Back and (b) front views of the gloves with our controller. (c) The controller nicely fits inside the mockup’s carry
mast when grasped, completing its shape to a tube. (d) High-fidelity mockup of the carry barbell as used in real-world analogue
field studies (credit: NASA). (e) Low-fidelity mockup of the barbell used in the VR field study.
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Figure 3: Outline of the hand controller features
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3.6 Procedure and Measurements
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Participant category Gender Job title Domain of expertise
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Table 1: Summary of the participants’ profiles. The indicated job titles and domains of expertise were self-reported (*withdrawn

from the quantitative analysis)
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4 RESULTS
4.1 Quantitative Analysis
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Table 2: Demographic descriptive statistics W rom » ® su s ss m fFrwm s
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mow ff o owp(F(, )=.  p=41)nr mwn x
wn ff ®now wp M og x s(F(1, )=
p=.1) X oox sgnfi » wma m ff
§ S Wgwmr pPprsw rg ff sz (F(1, )= .1
p=. " mpy=. ) sxp s s sw
e Ppr gmMx Prsm s x s g & w 4 S
» (s T Sgur 4 “gur )
4.1.3 System Usability. ff s rx s« ®S S Wws
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No Mockup Mockup
No Gloves Gloves No Gloves Gloves
x o X o x o X o
Ownership 4 1 T4 4.4 41 11 4 1
gm 1 41 11 4
General presence 1 1 1 14
Sp »r S w 4 4 4 1 111 1
Realness 44 4 1 1 41
S s waws 11 1 1 1
(Grabbing) TLX 1 4 1
Gr wmg) w ) 11 1 111 144 144
(Grabbing) Physical demand 1 1 1 - 1 4
(Grabbing) Time demand 4 1 4 11 1
Gr wg)Pr rmaw 11 1 4 1 4 ‘ 14
Gr  wg) fir 1 1 4 1 4 4 1
(Gr  wmg) rusr W 41 11 1 1 1 1
(Carrying) TLX 4 1 1
(Carrying) Mental demand 1 1 4 14
(Carrying) Physical demand 1 1 1 1°1
( rr wg)Twma mw 14 1 1 1
( rx wg)Prx xmaw 14 1 1 111 1
(Carrying) Effort 11 1 11 1
( rr wg) Trasr W 17 11 1 ’ 1’ 1 14
Table 3: Descriptive statistics for the dependent variables.
» (s T Tgur ) sgnfi » ff s «x (wgm x wp)) B R (mgm x o owp) T
s x x X% M RESH W NS WS us e S sgmrx xgr spr x wp
W xox mOm X mw oS ] P s wmup
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»Prx PWS o su ® SS W wg S Pp &
B X RSP X Wg s s®» ®»Tru w s pr  ss Instructord (Mockup): ‘T think it was more realistic because
Pr PRS & W wrg MWW W W Sp x you feel the resistance of the gloves that you wear and you lose the
prow e w x feeling of having a controller in your hand. You have the feeling of
T sme ®» s r s @™ S W roau ne not working with controllers but with something that is real.”
sr s r S ms wup) r R TS
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(a) Ownership

(c) IPQ: general presence

(e) TLX: grabbing task time demand

(g) TLX: carrying task mental demand

(i) TLX: carrying task effort
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(b) IPQ: realness

(d) TLX: grabbing task physical demand

(f) TLX: grabbing task score

(h) TLX: carrying task phys. demand

(j) TLX: carrying task score

Figure 5: Barcharts for dependant variables whose results show significant differences.
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Manager2 (Mockup): Feeling the weight is extremely important.
Because when you do those kinds of simulations in VR, you're factoring
out a lot of elements that during the real-life execution of an activity
really make a difference. The weight... the inertia of an object is one
such thing. So to have an understanding of not just how big something
is visually, but also how heavy it will be... I think it’s something that
really adds tons of value, quite literally, to the simulation.

= e sm 0w r swwmg srmowl( wp)
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Instructor1 (Mockup): It is more realistic to wear virtual gloves
when you also feel that you wear them physically. Grabbing the
mockup became more difficult, which is realistic, when I was wearing
the [real] gloves. Grabbing and transporting it without the gloves felt
much easier.

Astronaut2 (Mockup): I was struggling with the bar that kept
slipping out of my hands. The task was not any different from when I
was not wearing the gloves. But now it was like... more complicated.
And Frustrating.
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4.2.2 Implications for ConOps Assessment. 1 m's rowrm ng
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Instructor2 (No mockup): “The controller design means you
need to keep pressing down the button through the gloves. So that’s of
course more effort.”
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Scientist4 (Mockup): “With gloves I had to have my hands much
more open. So you have to use more strength to grab it [the mockup].
You can say that it felt heavier because I couldn’t fully close my hands.
So you have to use more strength, it becomes a physical experience.”
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5 DISCUSSION
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Element Apollo Feedback Compilation Quote
P wng s » N s mp » W X sur s "We got back to the ALSEP and started a normal
WgNg W ¥ w gr as wm  deployment.[..] as soon as we put the packages
MR N Mg X Mg WP S X WIXWg SSu down on the surface, they began to accumulate
dust"( r s mx Jr p 11 )
G s g P W s swmw wmgs wm wwus the gloves don’t want to stay closed"( = »
gM S ST W WSW ¥ oomsS W » 11 )
pr ssux
x xr we S s x o gs x & s "The workload carrying it out was just about the
rsx W OmRS W 8 s same as I had guessed from working on Earth. The
rmox swg m ws wswg 1 r hard part is holding that weight in your hands.
T [...] the combination of the weight, the fact you’re
moving along, and the fact that the gloves don’t
want to stay closed tends to make it fairly difficult
task”" ( w ) 11 )
us r mss Tr mss sw ® X g s W "It’s not your legs that get tire; it’s a combination of
s x x rr Wg S your hands and arms and it just makes you tired."
(» » p 11 )
R OPS WUPr WA WS T rx s ¥ ®mg S W S S W "I would say it would be acceptable to carry it this
» ss & ms r x x wm  way fordistances up to 500 feet. You will want to
» o wg have a strap that fits over your shoulder, or some-
thing like that" (  ® o 11 )
Table 4: Compilation of the Apollo crew feedback [17, 47]
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