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Abstract

The presence of human geclogists is held by some Lo be essental to the conduct of
field geclogy on remate planetary surfaces, so a field study was conducted 1o observe
ard characterize the mature of that presence. This study was conducted in the Mojawe
Cresert of Southern Calfornia at the Amboy lava field, a landscape that is analogous to
terrain on Mars, Two experenced planetary geologists were interviewed and chserved
during the conduct of surface operations. Each subject then wore a head-mounted
video carmerafdisplay systern, which replaced Ris natural vision with video vision, while
alternpting to concuct further surace explorations,

In this study, rmethods of ethnographic ohservation and analysis have been coupled
with chject-ariented analysis ard design concepts to begin the develepment of a clear
path from chservations in the field to the design of virual presence systems. The exis-
tenice of redurdances in field gealogy and presence allowed for the application of
methads for understanding complex systerms. As a result of this study, some of these
redundancies have been charactenzed, Those described are Al dasses of continuity
relabans, including the continuities of centinuous existence, context-constiluent continu-
ities, and state-process continuities, The discussion of each includes statements of gen
eral relaticnshins, logical consequences of these, ard hypothetical stuaticns inwhich the
relationsnips would apply. These are meant to aid in the developrment of a theory of
presence, The discussion also indudes design considerations, providing guidance for the
design of wrtual planetary exploration systerns and other virual presence systems. Con-
verging evidence regarding continuity in presence is found in the nature of psychologica
dissaciation. Specific meathadalagical refinernents shaulid enhznce ecological validity in
subsequent fiele studies, which are in progress,

i Introduction
1.1 The Human Role in Planetary Field Geology

Historically, the manned and unmanned space programs have been
thought ro be at odds, with more scientific benefit supposedly derived from the
unmanned missions. Certainly it made sense to send unmanned probes to Jupi-
ter, Saturn, Uranus, and Neprune, Flvby imaging, plasma measurements, ob-
servation of star occultations, and other activities were brilliantly performed by
the Voyager spacecraft without the aid of enboard humans. Scientific surface
exploration ol the rocky planctary bodies will, however, benefir significantly
from human presence.

Field geologists are acutely aware of the mitations of autonomous robotic
spacecralt relative to the demands of planetary surface exploration, According

to Taylor and Spudis (1991, human presence is essencial; “The complex yet
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subtle nature of geological materials requires powers of
observation, pattern recognition, and synrhesis not pos-
sessed by automared devices. Such preprogrammed ma-
chines are also not capable of raking advantage of

surprises” (p. 2477,

“Field study . . . absolurely requires human geologists
tor be involved infimately. The goal is o understand
planetary processes, geologic formations, and planetary
history at all levels of detail. Field study is theretore a
protracted and complex operation. I requires time and
ability to think abour observarions made o the feld. It is
an iterative process, requiring the capability of repeared
visits to a field arca interspersed with laboratory analvses
and revision of working hypotheses and conceprual
models™ {p, 2477,

“The most important factor in doing field work prop-
erly, besides the rraining, talent, and experience of the
geologist, is the presence of human powers of thoughe
and observacion at the held sice™ (p. 254,

Establishing that presence on Mars, [or example, wall
be a challenge, not only because of the olwious technical
difficulries of the Hight and the habitation, bur also be-
canse adequare exploracion of Mars requires traversals of
thousands of kilometers. Given the likelv consoraints of
life support svstems, human surface mobility, and safery,
limiting the manned rraversal radius to perbaps 50 km,
much of this work is likely to be done via remoete control
from a ceneral Mars base {Sroker, Mokav, Haberle &
Anderson, 1989; NASA, 1989). However, geologists
{Taylor & Spudis, 1989 warn: “[[|f remote operation
becomes too cumbersome . . the operaror will concen-
trate mere on mechanical aspects of the work and less on
the meellectual ones™ {p. 2545,

Daring the preparations for Apollo missions to the
moon in the 19605, related concerns regarding lunar
surface operations and tools were addressed in field stud-
s conducted by the ULS. Geological Survey office ar
Flagstatt, Arizona in cooperation with NASA (e.g.,
Swann, Batley, & Regan, 1967), These analog Beld stud-
ies were central to the design of NASA manned lunar
surface exploration misstons (e NASA, 19730, Sim-
|m'|§.', buman [actors questions |'t'.g:1rding Future cxplm';l-
tion technologies might also benefit from analog field

studies, As technologies for future manned exploration

missions advance, machines are likely to increasingly
mediate between remote geologic sites and human ex-
plorers. Thus, it is increasingly impaortant to ensure that
these more complex tooks, and the associated operations,
accommodate the actualities of human exploration of
planerary terrain. One way to approach chis is ro observe
geologists at work in the tield, ro analyze the role of
presence in gu(}iugic field work, and to derve user-based

gruidelines for exploration systems that mediate presence,

1.2 Mediated Presence

Telepresence is a form of mediated presence in
which local behavior 15 referenced to a remote environ-
ment, In the ultimare celepresence systern, the human
would be able to explore the remorte environment in a
manner quite stmilar to that of exploring the proximal
environment, This can be conceptualized as the projec-
tion of natural human capabilities 1o a distant environ-
ment, or as the distant environment being virmally re-
created ar the location of the operator, In the former
view, the user’s vision could be linked wo remote cam-
eras, other sensory links could be eseablished, and the
user's gestures could drive the motions of remore actua-
tors, This is the usual conceprualization of telepresence
{Akin, Howard, & Oliveira, 1983a; Akin, Minsky,
Thiel, & Kurtzman, 1983b.c). In the larter view, the msk
environment could be digitzed and recreared a8 a virtual
inreractive environment surrounding the human opera-
tor, with proximal actions transformed into remote
OIS,

Given thar over 99% of the surtace of Venus has re-
cently been digntized at resolutions approaching 300
m/ pixel by the Magellan spacecralt, and thac Venus is
being explored virtually via computer graphics tech-
niques (e Jong, Saunders, Hall, & McAulev, 19910, 1
15 not hard to imagine the emergence of such a model-
based approach o remote planetary surface exploration
via telepresence. Further confidence in the concept can
[ galinud {rom work in prepararnon Foar furure surface
rover missions, As an engineering test of equipment and
algorithms conducted by a NASA-industrv-universicy
planetary rover imagring ream, 10cmy pixel digital tee-

rain model data of a 150 by 60 m area in Death Valley



MaGraesy 377

has been acquired by laser ranging, Thar dataset, along
with terrain data from the Viking Mars missions, has
been used to create virtual planetary terrain environ-
ments in a virtual presence svstem developed by the au-
thor and his colleagues at NASA Ames Research Center
(McGreevy 1984, 1988, 1989, 1990, 19491, 1993,
“Computerized veality,” 1990 Daviss, 1990; Phillin-
Ziv, 1991 Rayl, 1991; Stewart, 1991; “Plancts of the
mind’s eve,” 19917, The nexr step s to link these virtual
LEITalng [o rovers at remaote sites to enable action at a
distance via model-based relepresence,

Many planetary surface exploration objectives {Stoker
etal, 19849 can be met through the use of unmanned
rover vehicles that are teleoperated via telepresence by
scientist/astronauts on the surface of the planet itself, in
orbit around ity or back on Earth. The collective objec-
tives of a generation of explorers could be met by an ad-
vanced form of computer-supported cooperative work in
which a distributed team of explorers could work at
many sires, exploring in concert. Snll, a certain amount
ol rover autonomy will be necessary, since even very
shorr transmission delays will degrade driving and other
low level tasks, despite the patential for some operator
adapration (Held & Durlach, 1991, In fact, even when
time delay 15 not considered a significant factor, driving
via telepresence, “can lead to poor control capabilities
and hazardous operating conditions” (McGovern, 1991,
P 1940, Thus, the very remote rover should be able to
get itself from place to place, and do other low level
tasks, with only supervisory control from the human
aperator(s).

[t will be important that che rover svstem itself, not
just the user interface ar the control site, be compatible
with the demands of the field geologist. Recent concep-
tual designs of planetary rovers { David, 1990, Pivirorto
& Dias, 1989; and Fig. 1 from Cal Tech’s Jet Propulsion
Labj raise some doubts about the potential for “eye-
hand-rerrain™ interaction of a sort comparable to that of
human geologists in the field. It is imperative to have
design guidelines based on actual geologic field work to
present to rover designers 1o order to ensure the best
possible design.

Augmented telepresence systems could provide super-
human sensory capabilities, such as mulnspectral vision

Figure |. Concepiual design of g rebotic roving vehicle for planetany

surface explarotion foredics [P

to aid in the identification of materials, and could also
combine archival environmental data with currently
sensed data to provide a more complete picture of the
task environment to the user. Telepresence systems aug-
mented with such “forward simulation”™ capabilities, and
utilizing judicious and emporary decouplings between
the local and remote environments, have been shown to
allow greater efficiency in teleoperations (Conway, Vale,
8 Walker, 19907,

Telepresence technology can be available sooner than
truly intelligent autonomous robors, and it provides a
mede of operation that complements total ausomarion,
augmenting the robustness and flexibility of surface ex-
ploration capabilities. Properly orchestrated, telepres-
ence has the potential to combine human intelligence
with achievable robotic capabilities to enable extensive
surface exploration, with reduced technical risk and en-
hanced safery, while enabling the planetary geologist to

conduct field work i a {nearly) natural manner,

1.3 Presence

At a NASA/NRC symposium on telepresence,
automation, roborics, and human factors, the late Allen
Newell of Carnegie-Mellon University suggested a fresh
approach to the study of telepresence {Shertdan, Kruser,
8 Deuesch, 1987, p. 3245 “Ir scems to me this notion
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of telepresence provides a very interesting cxample in
which before one can get very far . .. one has an im-
mense need for a theory of presence.” Later in his intor-
mal remarks to the group he commented, *[ Trying to
move to produce devices thar get [che effect of| telepres-
ence, one is working on extremely soft sand in the sense
that we don't have any good theories of what's happen-
ing in the human when [experiencing] the notion of
‘presence.””

Theaoretical 1ssues related to presence and relepresence
are receiving renewed arrention. Sheridan (1992} 15 seek-
ing objective measures of presence so that theory can be
grounded on repeatable observations, Loomis (1992 is
gaiming insights via reviews of literature on closely re-
lated phenomena. These works serve as essential cle-
ments of a theorerical foundation.

As a further step toward a theory of presence, 1t seems
altogether worthy ro start with the humble act of obsery-
ing humans experiencing presence in the real world. Thas
is, however, rather too diffuse in itself. Since planetary
surface exploration is conducted both remorely and via
actual presence, it seems an appropriate task domaim in
which to abserve presence. Some practical good might
come of it. While it is beyond the scope of any one paper
to develop a complete theory of presence, empirical
study of human—terrain interaction 15 2 worthwhile and
perhaps fresh place to starc, '

Beyond any practical utility of the potencial results of
such a study, it is evident thar field geologists are partic-
ularly appropriate subjects for che study of presence. The
essential purpose of field work in geology is to establish
the presence of the geologist within the terrain of inter-
est 50 that he or she can exploit that presence in order to
understand the environmene, One might ask how pres-
ence aids in the understanding of geologic environ-
menes, and what is the nature of thar anderstanding
from the point of view of a field geologist?

Field geologists are also particularly appropriate for 2
study of presence because they are so mutessely present, so
assiduously engaged with the environment, and so in-
tensely interested in the layout and component details of
the terrain environment as it is revealed by virtue of their
cxplorations. The field geologist does not follow the
paths of least resistance, nor merely the “available paths

of locomotion” (Gibson, 1979, p. 43}, The individual
field geolomst does not “move through the same paths
of its habitat as do other animals of 1ts kind™ {Gibson,
1979, p. 43). Thus, field geologists are acutely sensitive
to subtle “affordances™ {Gibson, 1979, p. 127).

Finally, terrain itselt provides richly complex, highly
structured, and vared environments in which to be pre-
sent. Rather than study presence among the rectilineari-
ties, the clutter of readily named discrete objects, and the
hurman-scale convenicnces that typity the artificial world
of culture, one might find a more raw and direct form of
presence among the natural terrains of planetary sur-
faces. But terrain is more than a static collection of
shapes to be among. It is a record of its own creation by
a complex series of events, that is, terrain preserves a
geologic record that is readable. It has stories o tell.
“They have a different vocabulary, a different alphabet,
but you learn how to read them™ (Mclhee, 1982, p.

199, It 15 this rerrain language and this story that the field

geologist seeks to decipher by virtue of being present.

2 Method

The observation and characterization of the behay-
1ors of one culture by another are the domain of anthro-
pology, and specifically, of ethnography. This ethno-
grraphic field study was intended o provide initial
familiarization with the field activities of ficld geologists
as they explore a scientifically interesting terrain environ-
ment, [t was done to gain an understanding of presence
and vireual presence as thev apply to planetary explora-
rion. The study represents only the fiest of several
planned field trips, so s not intended to be complete in
itself, This first trip was not designed to prove anything,
but rather to search our clues and insighes for furcher
investigation. The study is a first artempt by the auchor
tor observe the actual behavior of eld geologists in the
field, and o test methods for doing so.

In terms of theory, ethnography has a viral role, which
is clogquenty deseribed by Hammersley and Atkinson
{1983, p. 179): “An important teature of ethnography is
that it allows us to feed the process of theory generation

with new material, rather than relving on our previous
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knowledge of cases relevant to the theoretical ideas wee
wish to pursue, In this way the fercilicy of the cheoretical
umagination can be enhanced.”

The dara collection methods emploved included:
pretrip questionnaires (a list o open-ended questions
with written responses), unstructured (e, depth) inter-
views conducted in the field, direct observation (as a
nonparticipanty of typacal tasks, and comparison of tasks
conducred using direcr vision with these conducred us-
ing & head-mounted videocamera,/ display system, Much

of the activity was recorded on videotape for later review

and analysis.

Inrerviews are particalarly helpful, Bat must be ap-
phied with caution so as not o impose soucture on what
the user has to sav until that structure has & more solid
grounding. As a result, so called "unstructured™ inter-
view techniques are often used early in an ongoing eth-
nographic investigation, and increasingly structured in-
terviews come later. The initial interviews, therefore,
included open ended questions, 10 which each subject
was enceuraged to fully answer a general question, and
was often [urther prompted for elaboration, rather than
being steered roo rigidly along a preconcetved line of
thought. It is important to note that the purpose of
depth interviewing is to provide freedom for the respon-
dent to answer the questions as fully as he or she sees fir,
andd to provide ample opportunity for the subject to in-
troduce ideas as needed to complete the response.

Berelsom and Steiner (1964, p. 31) poant out that
“Characteristic depth interviewing involves cirensive use
of the ‘nondirective probe,” a query designed 1o produce
furcher elaboration without influencing the content of
the response in any way.” This kind of query was used as
appropriate, and to good effect, While such verbal sub-
tleties may read as mere ancedocal excess to some, the
courcive or noncoercive qualities of key interview seg-
ments are a source of evidence for the enthnographer,
Thus, for example, while it may be no surprise that two
different subjects comment that thev can, say, calibrate
their sense of space by moving about and comparing
predicted distances and locations with those observed by
ad hoc experimentation, it is indeed a very significant
ﬁlldillg when the speaificity of the response is unpro-

voked by the interviewer. Also, when a simple

“Okay .. ." from the interviewer, after a pause by the
subject, when an important topic seemed not ver plaved
out, prompts the subject to reveal an unanticipared and
surprising fact, the value of the nondirective probe is
made clear.

The principal goal of ethnographic reporting is to
share what was observed. To share the deseniption of
one culture with another, i this case, that of held geolo-
grists with virtual presence engineers and scientists, is
known as “ethnographic rranslation™ { Spradley, 1979, p.
205 An ethnography can embody such a translation. In
the words of Fetterman (1989, p. 1393, “An ethnogra-
phiv is primartly deseriptive in nature.” The most sub.
stantial data produced by this method, as it was applied
at Ambov, are the statements of the informants and the
record of their field behaviors. Key excerpts and deserip-
tions of both are provided in che Resules section. It
should be noted that the method used was intentionally
ethnographic, and as such, an ethnographic narrative 15
an appropriate form of data. Such a narrative provides a
more contextual description of the behaviors of the sub-
jects than, sav, a list of their behaviors, In addition,
rather than considering lengthy or numerous quotes as
anecdotal, as one might in a classic engineering paper, in
an ethnography they are essential. Ferterman goes so far
as to write (1989, p, 115) thar verbatim quotations are a
“sine qua non of ethnography.” Narrative and quotes
may be rather more difficult to interpret than a graph of
quantities, but they serve to document the rich interac-
tions ameong the exploration behaviors, as well as the

interactions berween the explorer and the environment.

2.1 Site

The study was conducted at the Amboy lava field
in the Mojave Desert of Southern California. This site
was chosen becavse of its scientific interest to planetary
geologists, and because its peology has been extensively
studicd in the ficld by the first subject, It was also reason-
ably accessible to the participants. General nming of the
trip was determined by the desert climare, which 1s toler-
ably warm in springtime. The timing also allowed the

study team to take pact ina JPL-led field trip to Mars
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analog sites in Dyeath Valley and environs juse prior to
the Ambaoy field study.

2.2 Subjects

Both subjects are plancrary geologists from major
universities who have participated in previous planctary
explorations, are active in current research, and will
likely participate in future exploration of Mars and other
terrestrial bodies. The first subject s an expert on the
Ambory lava field. The sccond subject 15 expenenced with
the scientific use of wlepresence equipment in che field.
Two mformal suljects were participants of the JPL field
trip,

2.3 Procedure

observed and intervicwed as chey worked inan explora-
tion environment. Similar field activities were repeated
with each geologise wearing a head-mounted video cam-
era/display/recorder to replace his narural vision, Wear-
ing the video vision system, the geclogist was essentially
using a telepresence simulacor, simultancously playing
the roles of operator and teleoperated field system, (Al-
ternatively, the real rerrain can be thought of as simulat-
ing the ultimare virtual terrain, and the geologist is chus
seen as exercising the user intertace of a virtual enviren-
ment svstem. ) The field acrivities were videotaped by the
study team. The wlea was to obtain a baseline under-
standing of exploration behavior, and then to step back
from presence as a way to clicit comment and to stimu-
late observations regarding electronically mediated pres-
ence. The ability of the user to think and act eflectively
could be expected to be reduced by an attenuation of the
natural sense of presence, and 10 was hoped thar this
would bring out useful informartion abour user require-
ments, The Amboy trip was a ficst attempt at this proce-
dure.

2.4 Equipment

An B-mm cameorder (Sony “Yideo Walkman”

model GV-9) was used o record the field activinies, sup-

ported by several bartery packs and recharging units, and
numerous videotapes, The head-mounted camera/ dis-
play/recorder worn by the subjects was configured ac-
cording to the specifications provided by the author, and
was implemented by Jim Humphres and Joe Deardon
of Sterling Federal Systems, a contractor to NASA Ames
Feesearch Center. The head-cam system consisted of a
head-mounted platferm, a pair of video cameras, two
video displavs with eyepieces {video viewfinders), an
H-mum video cassette recorder in a “fanny pack.” a boom
microphone, a bele-mounted bateery pack, belt-mounted
suppert electronics, and connecting cables {Fig. 2a). A
camera field-of-view of 207 vertical by 23° horzontal
was displaved on each of the displays without magnifica-
tion or minification, so that objects subtended the same
visual angle whether vieweed with or without the head-
cam. Figure 2b is a rypical view of a band-held sample.
Ome camera could supply imagery to both displays for
brocualar imagery, or each camera could provide a sepa-
rate image to cach eyve for stereo imaging. The primary
maode used ac Amboy was biocular, with stereo capabil-
ity intended only for system development use in the
ficld.

3 Results

The results of the field study, as explained in the
Method secrion, are narrative descriprions and verbarim
quotes derived from observations of the activities of field
gealogists at the Amboy lava field, gqueries about those

activities, and interviews conducred ar che site,

3.1 First Subject

The firse subject initially gave a concise lecture to
outline his interest in the field site in a planetary context,
He described the relationship between features observed
on Mars, dark and hght streaks downwind of promi-
nences such as cinder concs, and a porentially analogous
feature at the Amboy site. He used orbital photos of re-
gions of Mars containing the streaks, and aerial photos
of the Amboy lava field, oo illustrare his commenes (Fig,

3a). His incerest centered on the processes that created
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Figure 2. Sead-mounted display spstemon wse. {Left) Geologlsn wedning the head- mounted

comerafdisployfrecarder spsten, and belt containing battery pocks and controis, nspects o rook samle,

iFight] The sormple as seen by the peologist, The exireme depih of focus couses the background W obscure

the beundgries of the sormple i ths sl image but mohon sacaliox elimingted the problem in the field,

Figure 3. Siiils from wadestoped wierdoe with, ond demanstrations by, the fiest peolegist, (Left) The geologis! points Lo the cinder cong in the air

ehota ond s associoted dark sirook. The ainder cone iself looms behing

pier] Fine dextenty s asec (0 e QR mesiicked Gescr! Davement,

which is cormporatiie 1o thot in the dank steeak. (Right] Geolagist at o lecal rammorm of elevation, gesturing 1o emphasize the importonce of oblique

sigsang from small aircrafi.

the features, and he explained three hypotheses ro be
tested against observations in the field. He then tra-
versed the field to demonstrate and discuss these obser-
vations. When asked about the selection of specific sites
for field worl, the subject described the process of acrial
reconnaissance.

3.1.1 Gestures Augment Descriptions, As the
subjeet c};plaintﬂ cach of the candidate processes respon-
sible for the fearure, his gestures acred our the process,
referenced to the aerial photo of the Ambeoy lava field
and sometimes o the field itself. After unfolding the
map of the Amboy region, the subject oriented the map
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so it would spatially correspond o the environment.
Thus, gestures representing the prevailing wind, for ex-
ample, were made aleernately relative to the environment
and relative to the map, aided by the spatial correspon-
dence between the environment and its representation.
Gesrures referencing the cinder cone were small arcles
drawn with the index finger around the cone on the
map. The streak was indicared repeatedly with a linear
sweep of the index finger. The wind was represenced by
a flat hand, sweeping over the map from the upwind ro
the downwind direction, the palm indicating the direc-
tion of the wind. Such gestures were used, for example,
toy describe the hypothesis that the cone acted as a wind
shadow tor wind-driven sand, thus leaving the dark
streak in the shadow zone.

Erosion of the cinder cone, the basis for the second
hypothesis to explain the formation of the dark streak,
was acted our with a pecking gesture of the index finger
on the image of the cinder cone, The movement of the
eroded marerial downwind was acted oue with a series of
gestures. First, there was a gesoure like picking up fine
particles with all of cthe fingers straight, the tips forming
a cirele around the cone, and coming together at the
cone, followed by a picking-up gesture. Then with the
fingers “halding™ the eroded marterial, the hand was
moved along the streak on the map as if to sprinkle the
cinders along the streak. To describe the third hypothe-
5185, that the cone creates a turbulene wake thar creares the
streak by sweeping ir free of material, the subject made a
scoop-like hand shape and then made a spiraling, brush-
ing-off gesture where the axis of the spiral ran along the

streak away [rom the cone.

3.1.2 Sand Sampling Traversal. The subjecr re-
lared stories abour previous field trips to Amboy and
discussed the deposition of material by wind, He ex-
plained a strategy of sampling wind-driven sand thar
determined a traversal. To sample the discribution of
windblown sand parallel to the streak, a linear array of
sample sites was required. A compass was used to deter-
mine the azimuth of the path. The sampling crew
sighted on a teature in the distane mouncains and cra-

versed in chat divection toward the landmark, sampling

every # paces, They judged the location of each sample
site by reference to environmental features around them
that were then locared on a high resolution aerial photo,
The resolution of the photo was such thae chey could
resalve creosote bushes of about 1 m across.

It should be noted that an arbatrary lincar traversal in
the hummaocky Amboy lava field landscape would be a
major challenge to any sort of vehicle, Curvilinear out-
crops of solidified lva fows alternate with sand-filled
depressions. The outcrops are sometimes Stecp, appear
tor be about 6 feer in heighe on average, and generally are
split at the top (pressure ridges) creating a steep crevice
down the center of the outerop. The subject commented
later that some of the best rock samples are near the vent
of a volcanic flow, and that the ability of a rover to tra-
verse from the edge of the flow to the vent is an issue,
given the distance and the hummeocky terrain, He added,
“We have to be able to ger co the liccde nooks and cran-
nies, or over the pressure ridge, or down into the crack
i the pressure ridge, We have to have that degrree of
mobility to look for the things that are useful to us in the
feld.”

The subject demonstrated the taking of sand samples.
These included bulk samples with a scoop thar collects a
few handstul of sand, and surface samples using ape,
Each sample was collected and placed inro a plastic bag,
The bag was then labeled with a marking pen with an
alphanumeric code indicating collector, field site, and
date. Ad hoe experiments to obtain a rough estimate of
the proportions of the components of sandy material
mcluded the orickle test and the “taste™ test, both of
which were demeonseraced by the subject. The subject
scooped up a handful of sandy material and allowed a
thin, steady stream to fall, while observing the behavior
of the falling material. The sand falls pretry much
straight down, while the silt and clay are carried on the
breeze by suspension. The “raste” test is really a fine tex-
ture test to differentiate between sile and clay. Sile
“rastes” gritty on the reech, its particles being larger than
clay particles, while clay 15 “smeooth and chocolatev,” the
stbject said, as he rasted some, and simultaneously

rubbed his thuml and forefinger together.
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3.1.3 Rock Sampling, Rock sampling was then
demenserated and discussed. The kev petralogic ques-
tion 15 to identify the rock. A rock sample, “typically fist
sized,” needs to be representative and not weathered,
Asked about recognition of good samples, the subject
said that acquisition is & problem, requiring that “we
smash a lot of rocks” to find a good sample, and that a
gealogst always has a hand lens to look ar crvstals in
detail to observe possible alteration due to weathering,
A he acted our the actions he described, the subject de-
seribed the visual evaluation of the sample: “We have to
e able to pick a rock up. We have to be able to break it
apen. We have to be able to orient it with respect to the
tlumination, so that we can see che rexmire, or so that we
can see the crystal faces. . L IFwe have cur own tllumi-
nation source, then some of those problems are solved,
bur ir’s not quite that direct because sometimes we want
the light so chat it's glancing off of the crystal faces. It's
not simply a case of floodhighning the sample. .. 5o
rypically what we do in the field 15 pick a rock up, ger it
into position with the sun, and then rotate it so that we
can see whar we're after,”

The subject found and discussed several examples of
desert pavement, a surface arrangement of materials in
which rocky fragments are mosaicked together, jostled
together by water and wind, on top of fine sandy mate-
rial. The subject exhibited fine dexterity in gently lifting
“paving” materials from cheir bed of sand, silt, and clay
(Fig. 3b). He observed that such surfaces are commaon in
the dark streak zone, contributing to the low albedo of
the streak. “That's a reflection of this high rurbulence in
the wake of the cinder cone, where the wind is coming
along and scouring, removing the loose sand, and carry-

g it away,” he said,

3.1.4 Aerial Photos and Oblique Views. The
subject led the interviewers to high ground, from which
he pointed out different kinds of terrain within the lava
field. When asked about his decision to visit a particular
site on the ground, based on its appearance on the high-
resolution aerial photo, the subject was asked, “What if
vou were here for the first come and didn’t have an acrial

phatograph?” The subject replied, *1 don’t think 1 could

[mitke such a decision]. It rakes the air photo, it takes
seeing the position of this [kind of site] in relation to
other occurrences which one would want to go and look
at on the gmumL texer, [E's nor a s;in'lplt‘. call made ar one
locarion, But instead takes looking at the surface in many
places and putting the geometry together for the field as
a whole ™

Aerial photography, and direct viewing from the air,
were held to be very important to the process of con-
ducting fiekl geology, “Doing this kind of ficld work, it's
fairly commen for us to start in the laboratory by look-
ing at the available remote sensing data. And not just
conventional air photos like this, but any other kind of
data we can get, as well. And then going into the field,
doing a reconnaissance of the field as a whole, And then
overflving it. We commonly will rent small planes o fly
ower the area. It gives you a perspective thar vou can’
get any other way, The air photos are not adequate.
There are things thar the eye can detect that remote sens-
ing cannot. There are relatiomships that we can see from
that low alticude perspective that vou can't get, either on
the ground or from orbit, lets sav, And so thar interme-
diate altitude acrial reconnaissance is an important part
of the kind of field work thar we do.”

The subject was asked o elaborate on the utility of
owerflight in a small plane. “1c's difficult to describe, cer-
tamnly in a quantitative sense, what one does on an acrial
reconmaissance, Ie's the perspective of geometric rela-
tionships ol different units that you can’t appreciate
when vou're standing right on the surface, You don’t
have that overview. [t's also because vou're there, You're
seeing it in color. You're seeing it with your own eyes.
And from an efdigee peripeciive. And from many different
perspectives, because the plane can fly around [Fig. 3¢)
and give vou whatever geomeny vou want, to sce the
areas that you're interested in.” [Tralics indicate subject’s
emphiasts. |

Asked about the altitudes of choice for the overflights,
the subject responded: “Typically what we deo, and this is
a good case in point here, we begin ar about 10,000 feer
and do a spiral descent over the whole field, coming
lowrer and lower, and then we begin to identify specific
areas of nterest. Ir may be the cone or it may be the
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flow, And then concentrate on making specfic observa-
tions 1 these areas.” Uminterrupeed during his pause o
think, and then prompted for his thoughts with,

“Okay .7 the subject then continued: *T guess the
other thing I'd say abour doing that aerial reconnais-
sance 15, generally it's more than one person whao does
that. One person s assigned to take photographs. The
other person is assigned to make the abservations. He
can’t do both at the same time. And ics inceresting that
when we ger back and we debriet each other, the person
who was making the observations will bring our much
maore detail than che person making the photographs.
The person making the photographs will focus on fea-
tures of interest, but thar person won't really understand
what it is they were photographing.”

Asked o describe the sort of informarion the observer
has that the photographer docesn’, the subject replied:
“The person who's making the observations sees the
whaole field of view, and sees che geometric relations of
one feature to another. The person that's making the
photographs has a very narrow field of view, and will
tocus on features of interest, bur loses the overall conrext
of thar fearure,”

Later, the subject poinred our thar most geology in-
volves looking ar cross secrions, as in highway cuts or
along fault scarps, and that the scale of such fearures 15
on the order of tens of feer. He noted that ac Amboy,
one is more concerned with the planform, and that is
whv acrial reconnaissance 15 inportant. He also said thar
aerial reconnaissance 15 important tor channels, paragla-

cial features, and other features chat are planform.

3.2 Second Subject

The second subjece rock as a poinc of departure the
question, “What if I were here for the fisse time?” He
initially addressed the question from a perspective of
sclentific goals, and later revised his priorities based on
scientific process. Flis first pricrity would be, he said, o
identify the marerials in the region, to determine how
they got there, and their relatienships to the other mate-
rials 1y the area. While noting thar he could determine
“tn abour halfa second™ thar che basic macerials in the

arca were sand and basalr, he addressed the question asaf

he had no prior knowledge, and demonstrared che ap-

proach he would take.

3.2.1 Sampling Demonstration. Given the re-
vealing interplay of locomotion, manipulation, percep-
tion, and cognition observed in the subject’s sampling
demenstration, the briefactivity is discussed here in de-
rail. Surveving the surrounding environment, the subject
observed in mock innocence of the place, “Well, chere™s
light stuff and there’s dark smuff)” Thar immediately
prompred the subject to walk swiltly in about 12 paces
to the nearest outcrop saving, “Let's look ar what the
dark sruffis.” Arriving at the low margin of the ourcrop,
he crouched for a better look and commented thar he
was looking for an unweathered surface. Seeing a hikely
sampling site, he then stood up, pulled out his hammer,
and rook four steps through the low rocky margin of the
outcrop to position himself to break off'a rock. Taking
the hammer in both hands, he bent to hit a low rock
three times, shattering pieces free. He identfied one of
the picces chat flew off to a distance of abour 13 inches,
picked it up, and inspected ir.

Lo inspect the rock, he brought it to within abour
12-15 inches ol his eyes, having rotared his forearm
above the elbow, and his wrist, in a right to left rotation
of abour 180° from the picking-up orientation. He then
rotated his lorearm and wrist an addittonal approsi-
mately 307 to the righe, then rapidly rotated left to righe
07, then back right to left 907, Finally, he rorated the
sample {rom the bottom to the top, about a quarter rota-
tion, 1 his fingers. Throughout che manipulation, the
sun was above and to che left relative to his view of the
sample, The subject then rejected the sample as being
weathered, commenting, “Pretry cruddy scuff?™ He then
hit the Jow, partly shattered rock an additional seven
tirnes, slighely shifting his left foor o the left to gain bet-
ter leverage as the hammer blows came from right 1o
left,

He then crouched ro inspect the fresh rock face re-
vealed by the hammering, His body cast a shadow on
the fresh rock face so he shifted his position for a better
sun angle, He positicned his eve close to the fresh rock
face, straight above ir, ar a distance of about 15 inches,

while rubbing it with his fingers to feel its rexture. Ar
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Figure 4. Sul's from videotoped intervew with, ond demsnatrations by, the second peologi. (Lefi} The geologn! ciosely vwews o resh rock face in
oreer 1o chserve ghnts of embedded crysials. (Center) Aviw fram 0 iocs! mesamm of elevation frgwdes wiormaton at the regiona! scafe, (Right)

Tt poalopst troces porailel arcunte ferms in the basall

this point. he declared that it was a fresh surface, that it
was dark, mafic rock (igneous rock rich in magnesium
and iron and comparatively low in silica). and proceeded
to describe the weathering process thar had prompred
his effores.

The subjece then looked very closely, from abour 12
mches, at the fresh face, ar an oblique angle of abour 457
relative to the roughly horizontal rock face (Fig. 4a). He
then moved his body so as ro move his eyes around in an
clliptical trace, such that the rock face was positioned ar
the apex of a cone with an elliptical base. The eyes
moved as far as 2-3 inches ro the left, 2-3 inches to the
right, and plus or minus 1 inch in the verrical direction.
He explained that he was looking for the glints of sun-
light off the individual erystals embedded in the rock.,
The erystals were phenocrysts, he explained, crystals
larger than the surrounding rock matrix, that were
formed prior to the eruption thar carried them ro the
surface. Regarding the phenocrysts, he commented,
“The easiest way to pick them up is by moving vour
head around and looking for the ghints that come off the
individual cryseals.”

It is highly instructive to compare the eve-hand-ter-
rain relationships shown in Figure 4a with those of the
conceptual rover design in Figure 1. This comparison
makes it vividly obvious that the realities of field geology
must be made clear to rover designers.

Turning his attention to the outcrop in general, he
commented on the surface of the rocks, which were cov-
ered with small pic-like fearures called vesicles. Then his
artention to texture moved to an even larger scale, and

he commented on the soructures of lava extrusion. The
canonical extrusion pacterns on land being aa (“ah ah™)
and pahochoe (“pa HOee HOcc™). This led the subject
to try to find a ropy texture in the outcrops to illustrate
the likely pahoehoe pattern of the Amboy flow. (Aaisa
very blocky flow. ) He commented that deep erosion
makes such rexrures hard ro find.

3.2.2 Overviews and Context. The subject then
spontancously set out to find 2 locally elevated location.
“Omne of the first chings that vou're going to do at a site
like this, and probably the fiest thing 1 really would have
done if T had never been here before would have been to
gerup as high as T can and just look around, and see
what it is I see, Because vou can always characterize
things better Iy looking dewn on them and gerting a
broad view. If vou were going out here and doing geol-
ogy the firsc rime you would do everything vou could to
get vour hands on some air photos.™

This would enable the explorer to undersrand where
he s, and to understand the regional contexe, according
to the subject, If there were no air photos, he would
climb to the highest point, much as he had just done, he
said, to obtain the necessary overview of the regional
context (Fig. 4b).

The scale at which one worked, he said, might depend
on one’s questions of the moment, or one’s approach, so
that ar cimes arrention would be focused on: microscopic
details in a rock, or a whole outcrop, or the lava field and
cinder cone taken together, or a region kilometers on a
side, or larger arcas at the scale of plate tectonics, or even
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global scales. “To really understand the geology, vou
have to work ar all those scales.™

Feeturming to the use of air photos, in the context of
scale, he said, “you're going to rely heavily on remote
sensing to establish the regional context and select care-
fully [rom that regional context the places where vou can
get the most science from local intensive field stady.”
Commenting later on related uses of aerial photos in
gealogical ficld work, the subject commented thar local
investigation of such features as sand-filled pressure
ridges, combined with a recognition of their appearance
from the air, allows one to extrapelate to the rest of the
field. This informarion yields clues abour the directions

of the lava flow, the process that created the local rerrain,

3.3 An Unanticipated Resuilt:
Observation of Chance Discoveries

One of the Ambaoy subjects as well as one of the
geologists on the JPL Death Valley field crip were ab-
served as they made chance discoveries. This & impor-
tant because it is commenly argued that machine ineelh-
gence lacks the ability to take advantage ol surprises,
while hnnmans excel ar this. Ir is worthwhile to make
nexee of how such an event transpires. During an incer-
view the study team conducted on the Deach Valley trip,
a meologist had commented thar science is “observing
anel reacting to the unexpected” and that no prepro-
grammed rover could do that, Rather than being com-
pletely unexpected, however, the two observed cases of
chance discoveries were examples of what might be
called prised chance discoveries, Accumulated observa-
ticns during the traversals, coupled with prior knowl-
edge and previous held experience, were brought to bear
on uncxpected, unconscious observations,

In the firse case, the geologist had carlier been discuss-
ing her belicf chat green epidote, a medium-high tem-
perature metamorphic mineral, could be found i the
ared. She based this on her knowledge that metamorphie
rocks are common in the arca, and the fact thae she had
even seen green glints on rocks from the car as it ap-
proached the Avawarz fan, the sice of the interview, So,

based on her knowledge, and a chance observation, she

hypothesized that she was likely to find such a rock in
the area,

Later, she was talking about the fact that an alluvial
tan is a good place to look for rocks because many sores
ol rocks are washed down [rom the mountains. As she
saicd this, she gestured to indicate the sweeping vista of
the mountains, Then she paused, as if reflecting on
something. She then looked in a particular direction as if
to confirm an observation, and said, “Now there’s a
great face of green epidote way over there, That’s one of
the best ones ve seen.” She then walked over to che
rock, protruding from the ground, Bent down to touch
the rock suface, saving, “This 15 a case where you can
actually see the crystals picking up the sunlighe,”

Thus, the geolegist had been primed to find green
epidore, and had, in the back of ber mind, as a back-
ground process, so to speak, some pare of her interpre-
tive skills assigned to look for green epidote. Later,
though consciously attending to another topic, she had
chanced to ehserve the flash of the green crystals in the
sun. She chen |'mux::d i mentally review the event, de-
termined the direction to look to repeat the observation,
and consciously saw the epidote.

In the other observed case of primed chance discov-
ery, the second subject in the Amboy study, who had
earlier noet been able to find an example of the ropy tex-
ture associated with a pahoehoe lava flow, was standing
o an outcrop discussing the appearance of pressure
ridges inaerial photos. Suddenly, he hesitated, resumed
speaking on his topic, then halted in mid-sentence. He
scanned the surface of the outcrop in front of him, and
said that he just noticed something interesting. After
completing his point about the pressure ridges, he
pointed out the subtle bur undeniable partern in the sur-
face of the ourcrop. It was berter appreciated by standing
back, he noted, as the pattern covered a large arvea, sev-
eral feet on a side. Lighe colored sand pareially filled the
lovwr grooves between multiple, parallel, rounded ridges
of dark basalt, enhancing the three dimensional pattern.
The pattern traced arcuate, parallel curves in the surface
of the outerop, which the subject indicated with sweep-
ing gestures of his rock hammer (Fig, 4c). Thus, ina
situation similar to the observation of the green epidote,

the subject’s foreground activity had been interrupred by
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Figure 5. Geoloprts MIMD view 65 he decossed foss of contesa {see text)

a background process which had found the parvern he
lad continued o seck,

3.4 Results Using the Head-Mounted
Camera/Display

While wearing the head-mounted camera/display
system (Fig. 2a). both subjecrs artempted to identify
materials, attempred to differentiate weathered Trom
wnweathered surfaces, used rock hammers to achieve
fresh surfaces, and made interpretations based on recall
of similar environments, The first subject spontancously
concentrated on 5:1m]31ing issues, including interpreta-
tion of fine visual derail (e.g.. Fig. 2b). The second sub-
ject spontaneously concentrared on locomortion, particu-
larly the notion of building up a menral model of the
terrain, {Significantly, this subject was also in Ambaoy
testing a device to digitize the rerrain with a laser imag-
g svstem. )

As soon as each subject donned the head-camera fdis-
play, he commented immediately and negatively about
the poor resolution of the head-mounted display /camera
relative to natural vision, { Each was reminded thar he
was to do the best he could, as il the system were the
only means available to explore the environment, and 1o
comment on his difficulties. ) The monitors provided
approximatcly 200 lines of video over the vertical ficld of
view of 207, The lack of stereo vision provided in the
head-mounted display prompred both subjects to use
alternative cues to make spatial judgments. Both subjects
found that by adjusting the manual iris controls of the
video cameras, contrast and detail could be dramatically

improved when looking at the very dark basalt or very
bright sand,

3.4.1 Effects of Marrow Field of View. The sub-
jects both commented that the narrow ficld ol view of
the visual system { 207 vertical by 25" horizontal) re-
duced contexr, The subject who focused on sampling
issues found thar the narrow field of view reduced the
information needed to understand che environment of a
sampling site: “The narrow ficld of view is a real con-
straint. I lose the context of where T am. And even scan-
ning, panning, 1 don’t have the feeling for where I am.
Thar's a real constraing,™

Reelating fine detail, such as the orientation of fluted
vesicles, to the region as a whole was especially dithculr
with the narrow field of view, even though the imagery
was correlared with head-movements, This is illustrared
in Figure 5a—c, three views of the environment sur-
rounding the subject as he noted the loss of context. The
view in Figure 5a, which is up and to the left relative to
the view in Figure Sh, includes the cinder cone in the
distance, and a portion of the outcrop, Figure 5b shows
asmall area of the outcrop as the geologist approached
it. Figure 5¢ 15 a close-up view of the outcrop seen i Sh.
The inset box in Figure 5b s the approximate outline of
5c. In the close-up view (Fig. 5¢), the subject was able to
see the details of the vesicles well enough ro judge
whether they had been eroded by wind-deiven sand
{*lueed™).

Later, the subject backed off from an outcrop of basale
to see more of the surrounding area of the outcrop, n
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Figure 6. Scencs from the HMD averses of the second gealopist, (Left] A relativaly egsy path between the sutcraps, 0s seen by the peoiogist,

#

desp pressue ddge at the toh of an cuterap,

order to compensate for the narrow field of view, but
fournd it unsarisfacrory,

The other subject was particularly descriptive of his
experience n dealing with the narrow field of view, say-
ingg that he felr, “significantly hindered by che narrow
ficld of view. The thing that bothers me about that is
that what T try to do with my eyes as a geologist when
I'm our in the field s T use my eves o establish my frame
of reference. In other words, T use my eves to get the big
picture, to get the context, ITT look down and T find a
rock and pick that rock up, T know where it came
from. .. . The problem is, what 1 have to do with this
[video vision system] on, its like T have to build up a
virtual model in my brain, .. T can only scan a very small
segment of what [ see and so T have ro remember what
was immediately oft to the side of it, And it makes it a
lor harder for me to get a feel for the geological conrext.”

Traversal was also significantly atfected by the narrow
field of view. While walking on sand and low protruding
rocks berween the large basalr outcrops (Fig. 6a), the
geologist commented that his strategy was to look
ahead, note key features, and trv to keep track of those
Features as he moved through the terrain. Ar one poine,
he arrived at the base of a large ourcrop and knelc to in-
spect the surface, but hit his knee on 2 rock, He hadn't
Built up a good encugh “virtual terrain model™ he said.
Later, trying to traverse a ditcult, rocky area {Fig. 6b),
the subject used the head camera to warch cach place-
ment of each footstep, saving that the environment was
“too geometrically complex for me to buld up a simple
madel in my brain of what's where.” The subject was

suftficiently confident to climb to the rop of a six foor

{Center) Geclomst's wew as fie indicates o froversa! pool beyond o gecme

trically comitlex jumnble of broken basalt, (Right) The peologist steps aorass o

high basalt outcrop, 1o step across the deep pressure
ridge (Fig. 60)

i

and to walk briskly down the other side,
Atter a lengrhy traverse, the subject found himself un-
sure of the direction back to the starting point, saving he
fele chat his sense of direction was impaired. He felr that
his mental model of the terrain was inadequate to sup-
port his sense of direetion because of having “poor
dara,” that is, information accumulated while walking
with a hmited field of view, modest visual resolution,
black and white imagery, and no stereo vision, He had a
generally corvect idea of the roure back, and was able to
sight familiar landmarks from high ground. Bur soon,
the subject got shightly confused again regarding the di-
rection back, and had to again reorient with a visual
scan. It should be noted that to view the tape of the im-
agery seen by this subject 15 even more disorienting,
since correlated head movement informarion is unavail-

able,

3.4.2 Other Self Motion and Positioning Used
to Interpret Space. Both subjects adopred straregies
involving self morion and position to make spatial judg-
ments. To understand the configuration of nearby out-
crops, one subject commented: “T have a poor sense of
depth perception without moving around a bit,” as he
rocked left and righe, shitting his weight from foot to
toot. Review of the head-camera tape confirms that he
achieved motion parallax so thar the nearby ourcrop
looked very three-dimensional and stood our clearly
trom the ourcrop behind i,

Traversal and interpretation of slope also required spa-
tial judgments based on bodv-referenced perspective
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cues, Where the sandy traversal path sloped, and no
rocks appeared in the visual scene, the subject could not
judge the slope. Reviewing the head-camera tapes, it is
evident thar the resolution and contrast of the displays
were insufficient to communicate the texture cucs assoc-
ated with sloping sand. {During an carlier demonstra-
tion of the system, 4 user had experienced similar difh-
culty judging slope in a brighe, sandy, rock-free area,
even with steren.) A different sandy slope had a rock-
sand interface ar che top, and the slope was interpretable:
“For the sand and rock contact to be where it is, either it
would have ro be up and close or very much farther
away than [ know it to be based on textural cues that |
can see in the rock, .., P'm using head angle plus my
perception of range |ro judge the slope].”

As desenibed 1o the previous section, one subject ex-
perimented with his perception of distance by walking.
He picked out a feature some 20 to 30 feet ahead and
slightly to the side of his path, walked thar distance with-
out looking at the fearure, then looked down and to his
right to see if the feature was where he expected 1o oo be,
It was.

This calibration of space via locomotion was not lim-
ited to the use of biocular vision. During a brief demon-
stration of the head-cam for an astronemer/ manager
during the Death Valley teip, the user spontaneously
commented on his need to calibrate his sense of distance.
Afrer discussing his perception of the sparial arrange-
ment of nearby rocks, the user said: *Now, the nexe
question is ‘Do T have it calibrated?” Thar s, [he points
about 107 below che horizontal] Tean eell thae chere 15 a
point of rock sticking out here and there is another rock
behind [he points about 5% higher]. What [ don’t have a
good sense of at the moment is how close Tam o that
point of rock, so Pm going to try walking over there.”
He walked, knelr, touched che rock, and stoed up.
“Ohkay, I find thar with a small amount of locomotion,
knowing how long my strides are approximarely, 1 begin
1o get a sense of how far things are away. So after doing
this for a while T chink T would be able to look around in
sterec and have some idea of how far something is from
e, ... So b chink vou can get this calibrated fairly well

by moving around.™

3.4.3 Sampling and Judgments. Baoth subjeces
attempted o make judgments regarding the nature and
condition of outcrops, and the utility of samyples taken
from rhose outcrops. Since the camera and display sws-
tem lacked color capabilicy, the brown weathering rind
was impossible to distinguish from unwearhered dark
gray basalt unless the brown surface was also lighter,
which it somerimes was, Withour color imagery one
subject confused small clay filled vesicles with pheno-
cryses {crvstals imbedded in the matris of the Basalt),
which made a poor sampling location appear to be a
good one, Both subjecrs said that color imaging 1s abso-
lutely necessary for a geological telepresence sysrem.

Wiclding the rock bammers while wearing the head-
cam, the subjects were somoewhart tentative. This ap-
peared to be mostly due o the limited ficld of view, butr
also due to the fact that the cameras were shightly offset
from the positions of the subject’s eves. The first subject
made increasingly large swings of the hammer as he
gained confidence with the svstem. It appears that posi-
triening the left hand near the target for the hammer
blowws was a helpful compensatory gesture {Fig, Pa—c).
The subject found the system adequare for guiding the
action of breaking off a rock sample (exhibiting a high
degree of dexterity thar was clearly driven by subtle strat-
egyv), and to enable him to observe weathering of the
sample so as to reject it from a petrologic point of view.
He did so on the basis of seeing weathering phenomena,
mncluding white material lining a vesicle, that contrasted
well with the dark basale. The second subject tended o
inspect the fresh face revealed by the hammering that
remained part of the outcrop, rather than the piece thar
broke oft, when wearing the head-mounted cameraf
display. This may have been due to the difficulry of keep-
ing track of the prece knocked off by the hammering,

The limited resolution of the video vision system
made it difficult for the suljects to adequately survey
sandy arcas when walking or standing, though the first
subjece was able to repear the trickle test of sand. Mov-
ing the head-mounted video camera much closer to the
sandy accumulation between the basalt outcrops, and
rubbing the material between his fingers, he was also
able to ditferentiare tiny eroded basalr particles from

sand, siltand clay.
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Figure 7. Scenes from HWD sampling aotialy of the first geologst, (Left) The harmmer & positioned at the point ta be struck, o5 the e hond s

pasitioned o et ocate the point ond e catch the freed somple. [Center] The some event shown i g, but from the paing of view of the peolegisn,

(Right) The pealegist takes o lorge Bockssng with the sledge bamimer, veell outside his fizld of vew

4 Discussion
4.1 From Ethnography to Design

In a tascinating and seminal paper, Forsvthe and
Buchanan {1989 made a substantial contribution to the
promeotion of ethnographic techniques for the develop-
ment of user-based computer tools. They propose that as
a minimum, designers should be willing to gather
“knowledge™ data via well designed interviews with us-
ers. They assert (p. 437) that it might be preferable to do
a thorough ethnographic observation and analvsis except
that “under pressure of time and money, most [knowl-
edge engineers| appear to want to spend less rather than
more time with their experts.” Perhaps if the connection
between ethnography and design were moere clear, more
precise, the ideas of Forsvthe and Buchanan mighe yer
catch on.

Ome path from the field to the system can be seen in
the face that the methodology of ethnographic observa-
tion and analysis is srikingly related to objecr-oriented
analysis and design. Ethnographers have decades of ex-
perience in the analysts of culture and component behav-
iors via ficld observations, and a rich diversity of litera-
ture on methedology and criticism, [See Ferterman
{1989, Hammersley & Atkinson {1983, Spradley
(197497, Clifford & Marcus (1986), and Jacobson {1991
for useful access poines to the literature. | They have de-
veloped many ways to observe, query and analyze behay-
1ors, as well as valuable insights regarding methodologi-
cal issues and the relative contributions of observing and
theorizing. Ethnographers do nor, of course, move be-
vond observation and analysis to design,

In his book, Oéfect Ovignted Desgn (19917, Booch
describes a methodology which clearly maps, although
he does not say so, from the output of ethnographic
analysis to the design of systems, In addition, Booch
presents his analvtical strategies in a manner thar moti-
vates—more svstematically than appears to be done in
ethnographic circles—rthe underlying issues about why
one must, and how one can, idenrify redundancies, di-
vide and conquer, categorize, identify hierarchies, etc.,
basing his arguments solidly on the nature of complexity
and how to understand complex systems.

According o Booch {1991, p. 373, *Object oriented
analysis 15 a method of analysis that examines require-
menes from the perspective of the classes and objects
found in the voecabulary of the problem domain.™ This
kind of analysis provides an access point to introduce
cthnographic analysis to object onented design, il one
interprees “vocabulary of the problem domain®™ i its
broadest sense, and one inclusive of the notion of the
“vocabulary™ of terrain (Mclhee, 1982, p. 19). Thus,
there 15 a clear path from field research {observing ex-
plorers or other users in the field) to design of virtual
planetary exploration systems {and other user interacriv-
ity svstems ), via ethnographic observations and analysis
coupled with object oriented analysis and design.

Among the methods of decomposition of complex
systems is the identificarion of hierarchies. “The nwo
most important hierarchies in a complex system,” Booch
writes { 1991, p. 549, “are its class structure {the kind
of * hierarchy) and its object soructure (the “part of”
hierarchy).” One can and should develop the more obwi-
ous class structures for kinds of terrain morphologies,
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kinds of rocks, kinds of minerals. These, however, could
readily come from rextbooks and would not really be
much improved by ethnographic ficld observations, ex-
cept to idenafy the focus of a pardcular geologic field
study. Similarly, the more obwvious olject structures,
such as the “part of ™ (class) structure of a landscape,
from the mineral constituents and embedded crystals to
the constituent parts of a lava field, might be better ob-
tained from textbooks than from ethnographic fickd
stugdies.

What the ethnographic approach can more usefully
bring to objecr-oriented analysis and design are the more
subtle and less obvious redundancies, and object and
class hicrarchies, and the relationships among them.,
Some of these are claborated in the following analysis of
ficld geology and presence. The path from ficld work 10
design guidelines may well be cleared by such joint ap-
plications of ethnographic and object-oriented methods.

4.2 Field Geology and Presence

Ficld geology and presence can be viewed as com-
plex systems, and methods for understanding such sys-
tems may well apply. The essential approach is ro divide
and conquer, which depends on the existence of redun-
dancies, providing the potential for decomposibility into
kinds and parts, and identification of hierarchies. Thus,
as a minimum requirement, field geology and presence
must cach have some redundancy or they cannot be sim-
plified. According to Simon (1969, p. 221}, “If a com-
plex structure is completely unredundant—if no aspect
of its structure can be inferred from any other—then it is
its own simplest description. We can exhibir it, but we
cannot describe it by a simpler structure.”

Om what basis can it be said that a person is present in
an environment? Is it just a matter of obvious bodily
presence, and thus not redundant? What, if any, are the
redundancics of field geology and of presence? A candi-
dare for redundancy in field geology is the common pur-
pose in widely disparate field behaviors of recognizing
and emphasizing continuities. With presence, a candidate
for redundancy is the diversity of forms of continuiy
thar together seem to account for its character. In both
cases, the central notion is continuity. This fundamental

similarity is reasonable given the evident fact that the
essential purpose of ficld geology is to exploit presence.
For the purposes of this discussion, a few definitions
are helpful, A terrain is a terrain environment. An envi-
ronment is the context of its constituent locations, ob-
jects and features, Objects, locarions and features are
identifiable chunks of environments, such as landmarks
and samples. Objects, locations and features can be -
ronmoenrs. J";ﬂ l:l]\'il'{_)l'lmi:rlr C(]'I'Itﬂi"ﬂ- ONe O more I'Tff'l"
ents {consrituents), that are the locations, objects and for
features whose coneext 15 the environment. Humans are
actors which are objects, Another definition is also uselul
in the following discussion: Gesrure is purposeful bodily
movement, which includes locomotion and mampula-
tion, as well as movement which can express or empha-
size ideas, emotions, etc., or convey a state of mind or
intention. | Definitions derived from Guralnik {1970).]
A virtual planetary exploration {VPE) system is a virtual
presence system that can operate in one of two modes:
{ 13 The virtual environment serves as a telepresence
buffer enabling the ficld geologist to explore a remaore
planetary location via a remote rover, or (2) the virtual
environment is decoupled, if only temporarily, from ac-
tion at a distance, for planning and other purposes.

4.2.1 Continuity. Ethnographic observations ac
Ambaoy, research into the nature of ficld geology, and
experience with virtual presence systems strongly sug-
gest that a synergistic organizing principle involving rec-
ognition, reinforcement, and exploitation of continuirics
is fundamenral o field geology and to presence. Conti-
nuity is the state or quality of continuousness, and is
synonymous with connectedness and coherence, an un-
broken How or series, the whaole cloth, There are, as will
be argued below, several major classes of continuity in
field geology and presence: the continuities of continu-
ous existence, that is, the persistence of governed en-
gagement; context-constituent continuitics, the primary
ones of interest to field geologists being related to geo-
logic context and its constituents; and state-process con-
tinuities, linking the flow of observarions to more stable
representations, geologic processes to the configuration
of terrain, and the process of exploration to the strucoure
of planets.



392 PRESEMCE: YOLUME | NUMBER &

In general, the analysis is based on the norion that the
essence of presence in field geology is to recogniee, rein-
force, and exploit continuities in the environment. If chis
whea is valid, then it would follow that the degree of
presence varies direcely with the extent that continuirics
in the environment are recognized, reinforced and ex-
ploited. A hvpotherical situation that could rese chis is
the following: If group A s subjected to a preponder-
ance of continuity relations i an environment, and
group B is subjected ro a preponderance of discontinuiry
relations in an environment, group A will have a greater
sense of presence within che environment. I this is
found o be trae, then virtaal planetary exploration sys-
rems should promaote the recognition, reinforcement,
and exploitation of conrinuity relations in virtual plane-
tary environments, The following discussion Turther ana-
Ivzes the continuities of presence and their implications.

4.2.2 Continuities of Continuous Existence.
There are several kinds of continuity in field geology and
presence. Probably the most compelling of these is the
constraint that abjects (including the sell) and environ-
ments have continuous spatial and temporal existence,
Objects are irrevocably held in relation to environments
{and, by definition, o other objects that comprise envi-
ronments). They persist in relatton to one anocher with-
out even momentary lapses in the continuity of their
continuous existence. In addition to acquicscing to this
Tundamental gerststence of enpagenent, they must acqui-
esce to the persistence and continuity of physical laws
that govern phivsical relations amaong the existers. They
cannot, for example, insrantaneously translare, rorarne,
change scale, skip about in the stream of time, or change
torm. They cannot viclate the gross integrity of space,
time, matter, or energy. The continuity of continuous
cxistence 15 the persistesice of governed cugagement.

The continuiry of continuous existence also applies to
the connection of thought and action in objects that are
sentient and animate. Thought and action persist in gov-
erned engagement. For example, the continuiry benween
the will and the moror functions thar provide locomo-
tton and manipulation can produce translations and ro-
cations of onesell relanve to objeces and within environ-

ments, or of aljects relative to onesell, Buile on chis

foundarion are continuity of rranslation (persistent and
soverned translation of objects relative to the visual sys-
tem, or of the visual svstem within environmenes) and
continuity of rotation {persistent and governed rotation
of objects relative to the visual svstem, or of the visual
svstem wichin environments). Because of these continu-
ities of continuous existence in natural presence, one's
views of, and interactions with, objects and environ-
ments cannot instantaneously change, but st fow,
evolve, and transform, This continuiry prevails withour
fanfare under conditions of ordinary presence in narural
environments, and is in fact difficule to defeac. Indeed, it
i precisely this tenacious preservarion of continuity, of
governed engagement, that is the essential condition of
presence.

The continuity of continuous existence is the glue that
binds the will, via locomotion and manipulation, to pre-
dictable ranslation and rotation relative to objects
within a relatively predictable environment. Thus, the
explorer has the opportunity to correlate willed action
with rhe resulting sensory inpuc so as w enhance his or
her understanding of the spatial arrangement of the en-
vironment and its constituent objecrs, The field geolo-
gists observed at Amboy exhibited and described exactly
such behaviors. They moved themselves relative o the
environment, and moved objects relative o themselves,
in order to understand them. They observed the envi-
ronment from orbit and high ground, spiraled down
from high altitudes 1o light planes ro abtain dvnamic
ablique perspectives, measured terrain with their paces,
claimed o accumulare mental models of che environ-
ment by visual scanning as they walked, oscillated
shighely about a point in space to observe the glint of
sunlight from crvstals in rock faces, and turned rock
samples over i cheir hands. They used all of the perspee-
tive cues to advantage. They relied heavilv on various
maodes of locomotion and manipulation to aid visual
exploration,

These exploration behaviors indicare thar field geolo-
gists depend on the persistence of governed engage-
mene, on continuous and predicrable results of willed
acrion, in the exploration of rerrain. It can be expected
that the conducr of ficld geology, and the sense of pres-
ence, would be degraded by engagement berween the
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geologist and the rerrain which 1s ungoverned and incer-
mittent. Further, the sense of presence experienced by
the geologist relative o the terrain environment can be
expected to vary directly wich the extent to which the
continuities of continuous existence are recognized, rein-
forced, and exploited. These assertions could be rested
with the following situations: (13 1f group A experiences
a high degree of continuity between visual experience
ard locomotion/manipulation, and group B does nor,
then group A will have a greater sense of presence, (23 1F
group A interacts wich a virrual world char enforces con-
tinuity of translation and continuity of rotation, and
group B interaces with a world that allows peicher, then
group A will have a greater sense of presence. (33 10
group A interacts with a world based on the persistence
of governed engagement, and group B interaces with a
world based on transitory and arbitrary discontinuitics,
then group A will have a greater sense of presence.

I a virtual planetary exploration syseem 1s to provide a
sense of presence, it must support the continuiries of
continuous existence, thar is, the persistence of governed
engagement. While rhese continuities are very difficult 1o
violate in actual presence, they are readily violared in
computer-generated environments. In fact, the evolu-
tionary improvement of virtual presence systems is cen-
tered on the systemaric pursuit of such continuirics.
While design elements such as head-tracked, head-
mounted displays and hand gesture tracking devices have
already been applied to virtual presence svstems based
on an intuition of appropriatencss, the notion of persis-
tence of governed engagement provides a more solid
theoretical underpinning, and provides a framework tor
additional improvements. Even designs which are in-
tended o radically warp and manipulate presence, rather
than slavishly replicaring everyday presence, can benefit
from the conceptual notion of persistence of governed
engagement.

4.2.3 Gesture, Measurement, and lconification.

The continuities of continuous existence, deseribed
above, enable the linkage between the intellecr and the
environment via bodilv gesture. Gesture at Amboy was
used ro measure and icomifv terrain and rerrain-related

processes. Gesture, in the form of paces, was used 1o
measure errain by both formal subjects, as well as one ol
the informal subjects, This measuring was done in con-
cert with their predictions regarding the result of the
gesture relative o the resule achieved, Gesrare measure-
menes alse included, bur were noe limived to: the “raste™
(fine texture} test to differentiate between silt and clay,
the trickle test of sandy material to measure the relative
amounts of its components, hardness resting of outcrops
by hammer blows, mass testing of samples by hefoing,
measurements of tactile texture with linger rubs, and
measuring the terrain by chmbing hummocky outcrops,
stepping over jumbled blocks of broken basalt and across
pressure ridges, and traversing the field a number of
paces and checking resulting locations against local fea-
tures as seen in an acrial photo.

Gesture was also used o characrerize {in more ab-
stract ways than measuring as above) and idencify terrain
features and processes, ina manmer that amounts to co-
nificanion, as when the fiest geologist/subjece made sim-
ple bur characteristic gestures thar were dynamic icons
representing key features and processes at Ambov, These
included the cinder cone, dark streak, and wind. as well
as the transport of sand and the rarbulent scouring of
the surface downwind of the cone. The ereation {or at
least reinforcement) ol a gestural icon was observed
when one geologist repeatedly seuang has rock hammer
in sweeping arcs to indicate a diagnostic pahochoe tex-
ture in a basalt outcrop (Fig, 4¢). During the interviews,
both geologists frequently used a combination of hand,
arm, and head gestures, and occasionally more animated
ones, to illustrate and embellish their discussion points.
For example, one geologist made very descriptive ges-
rures regarding overflights of the terrain in small planes
and the resulting visual implications (e.g., Fig. 3¢).

Presence provides the opportunity for bodily interac-
tion with the rereain, This interaction appears to be wco-
nified and laver vsed as a desenptive deviee, a commum-
cation aid, and a mnemoenic tool. Te would appear that
without presence, the formation of such gesture-based
tcons would be greatly impeded, to the detriment of un-
derstanding. Tt seems likely thar gesture-based jconic
representations are continually congealed, dissipated,
revised, applied, and reinforced during field activity (not
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ter be construed as excluding additional derrvations from
the interpretation of maps, air photos, theoretical pro-
cesses, erc.) and that the operation of this process of ico-
nification via gesture 15 an important component of the
FENSC Uj" !][’L‘-.‘;C] LA

The key assertion here is that a significant benefir of
presence to geologsts in the field is their opportunity to
measure and iconify terrain with gesture {though not
necessarily doing so consciously). This would suggest
that the degree of presence varies directly with the extent
that the rerrain can be measured and iconified with ges-
tures. A hypothetical sinmation to test this suggestion
might be as follows: If group A is able to measure and
wonify terrain with gestures and group B s not, then
eroup A will have a greater sense of presence in the rer-
rain, Design implications for virmal planetary explora-
tion systems would include enabling field geologises to
measure and iconify terrain with gesture, and deriving
grestures for the operation of virtual planetary explora-

tion systemns from natural field gestures.

4.2.4 Context-Constituent Continuities. Con-
text is the circumstance, environment, or situation that is
relevant to a particular event or object. It is the fabric in
which a thread resides, The referent of the conrexr, the
thread in the fabric, might be called the constituent of
the context. Thus, a hierarchy built of continuity rela-
tions between contexes and constituents is called a con-
text-constituent hierarchy, In the specific application of
field geology, the context of interest 15 the geologic con-
rext, s the focus s the geslagec context-constituent hierar-
chy. Field geologists traverse this hicrarchy of relations
in a very distiner and orderly way during the process of
planetary exploration,

As synonymaous expressions tor geologic context, the
Amboy geologists used phrases such as “the feeling for
where I.am,” “where a rock came from,” “frame of
reference,” and “the big picture,” that 15, the geologically
relevant environment. This includes proximal objects
and events as well as less than obvious influences on em-
placement and modificadion (such as an ancient, distant
umpact event whose ejecta altered the nearby terrain).
This contextual information is used o feed the genera-

rive imagination of the geologist so as to aid in the incer-

pretation and visualization of the configurations, events,
processes, and forces that together created the terrain,
thereby constructing the “Big Pieture™ (McPhee, 1980,
pp. 78-82; also see McPhee, 1986, pp. 43-61 and 143-
154, and Compron, 1985, pp. 25-27).

The essential structure that imposes cthe contexe-con-
stituent hierarchy on the process of exploration is the
complex system that constitutes a planet and its anre-
lenting processes of alteration. Unlike complex techne-
logical systems, however, there is a less discrete nature to
this hierarchy. There are no black boxes connected by
wires, There exists, however, the potential to exhibit
levels of abstraction, where cach level is based on lower
ones, but is also interpretable to some extent in its own
terms without requiring a probe into che complexity of
other levels, Thus, crystals compare to erystals, rocks to
rocks, CUICTOPS tO OULCTOpPS, SITES [0 sites, Teglons to re-
gions, and planets to plancts, Traversing down the hier-
archy, the strategy of divide and conguer applicable te all
complex systems enables the explorer to meaningfully
subdivide planets into regions, reglons into sites, sites
into outcrops, etc., and thus cope with the cnormous
complexity of the total system one chunk at a time, at
the appropriate level of detail. Aided by the “informa-
tion hiding” provided by levels of abstraction, the field
geologist must nevertheless traverse and relate all of the
levels of the hierarchy in order to construct the big pic-
ture,

In a concrete example, the geologist/subject who had
previously done scientific field work at Ambeoy had
started with Mars, found features of interest (the dark
streaks), and locared comparable featares on Earch, The
streak on Earth ar Amboy led to identification of the
Amboy lava field and the encompassing desert as the
next contexts in the hierarchy to be explored. An air
photo of the lava field was obtained, followed by owver-
flights in small planes to develop an understanding of
the site and its context. Based on aerial views, the lava
field could be conceptually subdivided inte chunks such
as the basalt lava outcrops, the cinder cone, the dark
streak, and the areas filled in with sandy material that
had been brought in by the wind. To cosely investigate
the nature of these regions, surface exploration was nec-
essary, The wind tarbulence created by the cinder cone
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wis found to account for the jostling of desert pave-
ments inte place (especially with the aid of verv ocea-
sional rain), and for the continual scouring of its surface.
Thus, a relatiemship was recognized to exist between the
fine structure of the desert pavement, observed during
surface exploration, and the dark streaks seen in the
acrial and orbital photos, These streaks, previoushy un-
derstood onlv ac the higher, less detailed levels ol the
context-constitnent hierarchy, could new be related
dewn, via intermediate levels of abstraction incloding
the lava field and its sandy desert environment, the cin-
der cone, the eroded basale outcrops, and che sand
blown onto and berween them, to the very rocks and
sand of the desert pavement thar comprise the soreaks.

In another example of traversing the context-constit-
ent hierarchy, the surface environment at Amboy was
observed by one of the gealogises to consist of “light
stuft ™ and “dark stuff.”™ The dark stuff was differentiated
inter pares likely to vield unweathered samples, and pars
unlikely to vield such samples, By breaking off a piece
with a hammer, the dark stufl was differennated into a
sample and the rest of the outcrop, The sample was cate-
gorized as either having an unweathered surface, or not.
Those with unweathered suwrfaces revealed chat the rock
could be differentiated into a fine grained matrix and
melusions. The inclusions were phenocrysts, that is, im-
bedded eryseals, one of several kinds of possible inclu-
sions, Individual erystal faces reflected sunlight to the
eves of the geologist, and were seen as glints. Under
1 magniheation, the facets themselves could be seen,
At this point, after several “kind of ™ and “part of  sub-
divisions, the geologist had subdivided the originally
undiflerentiated environment down to the level of the
erystal facers in a phenoeryst, while maintaining knowl-
edge of the hicrarchical relations that connect the envi-
ronment to the facets,

The ability to traverse the hierarchy of context-consoit-
uent continuity relations during the course of surface
exploration is ameng the most essenrial capabilities that
ficld geologists bring to planetary exploration and that
auronomaus rovers cannot. The field geologist takes full
advantage of presence by pondering field relations s
situ, at the place of their realization, and by directly in-

vestigating the implications of those ponderings while

thewv are fresh, in the locarions where they are most rele-
vant, with the greatest freedom to discover confirming
or disconfirming evidence.

Orderly traversal of the context-constituent hierarchy
during the process of planetary exploration 15 a formal-
tzation that bas most likely been arrived ar through the
evolution of professional technique. I this process of
Butlding up a model of context relationships s funda-
mental to presence, and not just to field geology, then
creation, moedification, and maversal of 4 context-constic-
uent hierarchy, though perhaps in a disjointed and un-
disciplined manner, is likelv to be a general process that
occurs inall who interact with unfamibiar environmenes,
This might be tested in the following situation: If group
A has a well-developed context-constituent hierarchy
and group B dees not, then group A will have a greacer
sense of presence, I is useful to note that the existence
and robustness of the hierarchy can likely be tested one
context-constituent relation ac a time,

Implications for the design of virtual planetary explo-
ration svstems include the importance of supporting tra-
versal of the context-constituent hierarchy, rather than
INPOSINE 4 CONTFATY SITUCTUre On user-cnvirenment or
user-system interactions, Further, since development
and traversal of this hierarchy is one of the key purposes
of geolegic fiekl work, sufficient resources must be pro-
vided to support that work during actual planetary ex-
ploration via virtual presence. In particular, the ngidity
of the eperational time line thae was characreristic of
Apollo mission lunar field work must yield during future
explorations to the intellectual character of the explora-
tion task.

Because the ficld geologist expericnces the environ-
ment at varving levels of abstraction, and variously at-
tends to chunks within those levels, and because compu-
taticnal power will always be inadequare relative to the
complexirty of reality, the virmal planetary environment
system should not represent the environment with a umi-
form level of detail, Instead, the available complexity
should be managed in a fashion that correlates wich the
dynamic requirements of the explorer by allocating it to
the currently activated levels, and currently attended
chunks, of the context-constituent hierarchy, The henefit

of such a strategy could be tested in the following situa-
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tion: If group A conducts field geology in a virtual ter-
rain using a virtual planetary exploration system that
allocates complexity according o the needs of the user,
and group B conducts field geology in the same terrain
using the same VPLE system, but distributing the same
amount of complexity uniformly throughout the virtual
environment, then group A will experience a grearer
sense of presence in the terrain, and will perforn its geo-
logical tasks more effecrively,

4.2.5 State-Process Centinuities. In general,
state-process continuities are relations between the scaric
aned the dynamic, the invariant and the variane, the form
and the flenw. Such continuirties relare state representa-
tions to process representanions. As Sunon {1969, p.
229 asserts in his seminal work on comples systems,
“The correlation berween state description and process
description 1s basic to the functioning of any adaptive
organism, to its capacity for acting purposciully upon its
crvironment,” This correlation s essential to che con-
duct of effective field geology since emplacement and
aleeration processes are generally inferred from the state
of terrain, and becavse the overriding objective of field
geology is to wransform the flow of on-site observations
and interprecations into more concrete, lasting, and
communicable forms, With respect to presence, state-
process continuities are the relations benween continu-
cns existence and real or abstract objects derived from
thar flow which chen stand relatively unchanged in the
strearn of time.

The How of observations, the comn of Tield presence, 1
mandated by che continuities of continuous existence
and exploited by the field geologist, bur to be analvzed
and understood, this Tow must be correlared wich scare
representations. To accumulate and profic from the trea-
sure of observations, they must be banked in a stable
torm. In field geology, these include descriptions of the
state of the terrain and its previous states, the stare of
existing kneswledge abouat the terrain, the state ol a geol-
ogist’s understanding of the terrain, and any descriptions
of the terrain that may be useful for its interpretation
(g, scientific papers, maps, plan-view orbical or air
photos, oblique orbital or air photos, surface photos, or

skerches).

A map, erthophotomap, or oblique acrial view or
photo enhances the understanding of geolegic context, a
lact appreciated quire early in the era of acrial photogra-
phy by Lee {19227, Views from lecal maxima of terrain
elevation also enhance this understanding. These over-
views provide a stable, integrated frame of reference rela-
tive to which further observations can be arrayed. Tt is
tor this reason thac ficld geologists greathy value the op-
portunity to view terrain from above, In the opinion of
the 1.5, Geological Survey field geologist David Love,
the subject of MclPhee's book Rising fiome the Plaing
(1986}, it is valuable and satisfing to “put the geologic
seene into a broad perspective.” As Love offered chis
idea (p. 149], Mcl'hee reports, “we were sitting on an
outerop at ninety-two hundred feet and looking ara
two-hundred-and-seventv-degree view™ of the Rocky
Mountains. | Love | also said, reflectively, T guess Tve
bBeen on every sumimic [ can see from here” ™

The transition from overviews to surface traversal and
sampling changes the emphasis of a geologic ficld inves-
tigracion from one of working primarily with state de-
scriptions to one of working primarily with process de-
sCripions soas to convert them or relate them to state
descriptions. The flow of observations has to be con-
stantly filtered, codified, and accumulared to create the
abstract and comprehensive description that comprises a
scientific understanding of the terrain. This necessity
muanitests itsell’ in the compilation and annotation of
maps, the making of photographs and sketches, the sum-
marization of key points in feld notes, and the wcomfica-
tion of salient features and processes, Thus, state descrip-
tions are created and maodified by conversion from, or
the establishment of stable relationships with, salient
clemenes in the Aow of abservations.

Crverviews of terrain are connecred srep h}-‘ step o the
flow of held observations, At some point early in the
exploration of the field, the geologist obtains or creates
ONE OF MO OVErview representations, such as maps or
orbital or aerial photographs. Where possible, acrial re-
connaissance provides dvnamic, oblique viewing of ter-
rain which helps to bring out, through relative motion,
salient features of terrain in ways chat maps and still pho-
tographs cannot. In the field, views from lecal maxima

of rerrain elevanon help to relate the overviews to views



from the surface. Also, alignment of a planview aerial
photo or map of the terrain with the terrain iself enables
the everview to be brought into greater correspondence
and continuity with the terrain it represents. First, the
axes are aligned. Then, featares are brought into corre-
spondence by recognizing them in both the map and the
surrounding scene. Once the connection is made be-
rween the features on the map, and those in the sur-
rounding scene, the surrounding scene becomes a readily
accessible extension of the global state descriprion.

This progressive extension of connections beoween the
overviews and the surface views, spanning the concep-
tal chasm between a global state representation and the
flow of observations, s an essential process in establish-
ing an informed sense of presence i the terrain, This
sense enables the feld geologist to readily bring the
stream of abservations, via the surrounding scene, into
correspondence and comtinuity with the global state de-
seription, the global geclogic context. At a surface loca-
tion on the terrain where the surrounding scene has been
made conceprually continuous with the global stare de-
scriprion, cach instantaneous view can be related o that
larger context by relating i to the surrounding scene, A
narrow field of view, such as that imposed by the head-
mounted display used at Amboy, inhibits this acquisi-
tion of 2 working awareness of geologic context. With a
wide field of view, the *what™ and the “where™ can be
apprehended simultaneously and with the appropriate
division of labor for che visual system, since the paralo-
veal regron is more functional for objecr discrimination,
while the peripheral visual field is more functional for
self-localization and interpretation of self-motion in the
world (Haber, 19825, Another factor is that a narrow
ficld of view requires the geologist to correlate a smaller
solid angle of rerrain, one having lewer salient features
than a naturally wide ficld of view, with the totality of
the encompassing scene. In short, a narrow field of view
reduces the continuity berween the immediate flow of
observations and the developing hierarchy of state-pro-
cess relations,

If these assertions are correct, then it follows that che
degree of presence in terrain varies directly with the
quality of the apprehended srare descriprions of that ter-
tain, and to the extent that they can be correlared with
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observations made wichin that terran. This relanion can
be tested by the fellowing situation: If group A has a
well-developed state deseription that can be readily cor-
related with observations made within terrain cccupied
by group A, and group B has a poody developed seare
description or a diminished ability to relate observations
to state descriptions ol the environment, then group A
will have a greater sense of presence in the terrain, It also
follows from the foregoing arguments that the degree of
presence varies directly with the instantancous field of
view, This can be tested with the following hvpotherical
situation: If group A has a wide field of view within an
environment and group B has a nareow field of view,
then group A will have a greater sense of presence,
Dyessigrn implications for virtual planetary exploration
systems are that stare-process continuity relations should
be supported. Field geclogists should be provided with
available relevant state descriptions, such as maps and
images, and support for understanding the continuities
between the images and ad hoe virtual views, For exam-
ple, on a map of the local rerrain, available within the
virtual environment, a cursor should indicate the carrent
location, dircetion, and field of view. As another exam-
ple, photographs from traverses should be relared o the
locations at which they were made. The virtaal presence
svatem should also support creation, development, and
elaboration of state descriptions, such as the skerching of
features, the collection and annotation of snapshots, and
the taking of notes. Finally, it would alse be helptul to
provide field geologists with a wide field of view display
of the virtual rerrain, such thar che ficld of view of the
camera or projection matches that of the display with
respect to the field geologist. In addition, it would be
useful to provide a capability for viewing panoramas

from local maxuma of elevation.

4.2.6 Discontinuity and Dissociation. Just as
these diverse kinds of continuity relations are the foun-
dations of presence and ar the service of field geology,
they can also reveal their character as discontinuities,
with the result that presence is diminished and field geol-
ogy suffers. Not knowing one's position on the map,
and gerting turned around and lost with respect to land-

marks, are typical examples of momentary or lasting dis-



398 PRESENCE: YOLUME 1 MIUMBER 4

continuities in field geology. In the natural world, a
sense of presence flucruates with the ebb and fAow of its
component continuities, but certain of them cannot be
readily eliminated, such as the correlation of head mo-
tion and visual experience, or physical exposure to the
clements, Thus, one can feel a sense of discance but still
be irrevocably present toa large degree. In a virtoal
world, however, certain continuities are ditfficult to
maintain, some of the most fundamental are readily vio-
lated, and the redundancy of continuities must be
worked in concert to maintain anything like a genuine
SCNSC Of 1_'!['CS€I1IC'I3.

While gross violations of continuity do nor generally
oceur in the ordinary experience of presence, they are
commonly experienced in dreams, in virtual environ-
ment systemns, and by watchers of movies and television,
The film and advertising industries in particular have
elevared discontinuities to an art form. In fact, Music
Television (MTV) with its so-call “rock videos™ has in-
fluenced the visual style of high rech media in recent
vears with a radical increase n the number and kind of
disconcinuirics, These include discontinuities of visual
and auditory How, the flow of events, and logical juxta-
position, to name just a few. As a result of this stvle,
viewers may enter a state approaching suspended pres-
ence.

A more senious and telling example of loss of presence
through discontinuity is the dissociation induced by di-
saster and life-threatening accidents, Victims of these
events routinely report a sense of detachment from their
bodies, a sense of remoteness, feelings of unrealioy, a
sense of psychological distance and of functioning like
robots (“Strange feelings,” 1991 ; “Scientific achicve-
menrs and discoveries: 1991, Dissociative disorder,”
1992, Evidently, when the {ii,.‘i{(_‘:]'l,l.’i,],‘l,l]if‘:-’ of disaster or
accident strikes, negatively altering the envirenment ina
surprising, out of context and disruptive manner, against
one’s will, one’s usual or habitual relationships with the
environment are greatly disrupted. {This evidence seems
to confirm the hypothesis that if group A Interacts with a
world based on the persistence of governed engagement,
and group B interacts with a world based on rransitory
and arbitrary discontinuities, then group A will have a

greater sense of presence. ) Given the role of continuiry

relations in the sense of presence, one would expect a
diminution of the sense of presence when disascer or
accident strikes, and that is precisely what is experienced,
Further, social discontinuities seem likely to lead to g
loss of the sense of social presence, accounting for such

phenomena as alienation and anomie,

4.2.7 Summary. From the above discussion, it
should be clear that presence and field geology (which is
fundamentally premised upon presence) exhibit exploir-
able redundancies, This makes it possible to decompose
presence and field geology into simpler structures by
applying the methods of analysis of complex systems.
The redundancy in ficld geology is the common purpose
i widely disparate field behaviors of recognizing, rein-
forcing, and exploiting continuities. Wich presence, the
redundancy is the diversity of forms of continuity that
together seem to account for its character, In both cases,
the central notion is continuity, This fundamental simi-
larity 3 reasonable given the evident face chat the essen-
tial purpose of field geology is o exploir presence in ter-
rain environments. There are several major classes of
coneinuity: the continuities of continuous existence, that
is, the persistence of governed engagement; contexe-
constituent continuities, the primary ones of interest to
ficld geologists being related to geologic context and ies
constituents; and stare-process continuities, linking the
flow of observations to more stable representations, geo-
loygie processes to the configuration of terrain, and the
process of exploration to the structure of plancts,

By observing and analvzing presence in field geology,
a domain where it is essential, subtle aspects of presence,
such as the characteristic continuities, can be made ex-
plicit, whereas they might be less pronounced, and so
less observable, in more mundane and evervday exper-
ences of presence. By understanding the nature of pres-
ence, and its specific applicabality ro field geology, it is
possible to develop theory-based and user-based guide-
lines tor the design of virmal presence systems for plane-
tary exploration, It seems likely that the continuities that
characterize the presence of field geologises in planetary
terrain also operate, though perhaps with less intensiry,
within the sense of presence expericnced in other do-

mains, and indeed among all who experience presence.
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4.3 Methodological Issues

4.3.1 Observation of Field Behaviors. While it is
clear thar geologic field work has a very significant com-
ponent that is unobservable directly, that is, the mental
activity of the explorer, the behaviorist approach enables
the actions prompted by thar thought to be obscerved
directly. By prompting explanations, introspection, and
comment, it is possible to supplement observations of
hehavior with annotations obtained directly from the
subject, which helps to draw attention to the most rele-
vant aspects of the overt behaviors,

The approach of having the subjects perform “rypical”
tasks was instructive, Rather than obtain a mere descrip-
tion of field activities, the goal was to observe them
closcly and in the context of the rask environment. This
task environment was initially viewed as the physical
environment, but it became clear during the Amboy
study that equally relevant is the structural contexr of the
mortivating scientific field study. This nonphysical con-
text was missing at Amboy, but is now recognized as
being of substantial importance.

While instructive, the observation of “typical” tasks
was also ultimarely unsatisfying. The context of any
given rask within the motivating structure of actual geo-
logical field rescarch was either artificial or missing.
Since one of the subjects had spent a considerable
amount of time at the site for previous scientific re-
search, the rasks he selected were essentially reenact-
ments. This previous experience provided a globally mo-
tivating framework and rationale for the behaviors, and
clearly indicated the links berween actions and ideas. It
did not, however, provide a coherent or comprehensive
view of the fabric of field acriviry, the emergence of ideas
and actions, or the specific contexr and motivation, the
antecedents and consequents, of a given behavior.

The other subject, having done no previous field work
ar che site, performed a more disconnected ser of generic
tasks including orientation, overview, traversal, rock
sampling, and rock identification.

The engagement of the subjects with the terrain, and,
therefore, their degree of presence, was attenuated be-
cause of overmodulation by the observers. This resulted
in rather discontinuous, out of context exploration be-
haviors. As a result, the author resolved to change the

approach for the nexe studics, so that the subjects would
be far more engaged, and the observers would exert far
less influence on behavior.

4.3.2 On-Site Interviews and Queries. For the
Amboy study, it was expected that presence in the envi-
ronment would be conducive to a rich interview re-
sponse from the subjects, as that presence would likely
stimulate the user into a frame of mind comparable to
thar experienced during acrual field work. While no
proof of the validity of this conjecture is here offered, as
might be abtained by interviewing a control group in
the lab., based on the resules of the interviews conducted
in the field, it appears to be a valid and useful approach.
Evidence of this is that references to che terrain during
the interviews were frequent and detailed. Thus, while
the inrerviews were “unstructured” in the classic sense,
they were structured quire appropriately and usefully by
presence in the rask environment. This would seem ro be
a notion that would generalize well to other subject and
task domains,

4.3.3 Use of the Head-Mounted
Camera/Display. Usc of the head-mounred camera/
display prompted the subjects o introspect and verbalize
concretely on their use of vision, visual information, and
mental models of the environment, relative to their
tasks, This provided valuable information that may not
have otherwise emerged. In particular, the limited field
of view of the svstem prompted one of the subjects to
say thar it was his top priority for improvement. He also
called for (in priority order) betrer resolution, color, ste-
reo, and having the camera/manipulator configuration
berrer match his cye/hand configurarion. There was
never a thought that cthe video vision system was better
than presence, of course, but experiencing the effects of
limited vision in a realistic exploration environment has
likely provided the geologists with a more specific and
focused understanding of the importance of these visual
parameters relative to their work. This kind of experi-
ence should improve the utility of the telepresence re-
quirements these users generate,

It was expected that loss of the peripheral visual field
due o the limited field of view of the head-camera/dis-
play woukl have a detrimental impacr on the subjects’
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general sense of position and coenttion {Haber, 19825,
The specific impact of this on geological field work,
hewever, needed to be demonstrated concretely, Other-
wise, 10 would be too casy in the heat ol engineering
eradenfts to limit the field of view of a teleoperated sys-
tem and the visual display of the conerol svstem., The
personal experience ol the ultmate user with the poten-
il limications on successtul field work, hke that which
was provided ar Amboy, will be a decisive factor in get-
ting such theory-based considerations applied to real
systems. Without that experience, 1t is doubtful chat the
role of field of view in field geology would have been so
vividly appreciated. It is parcicularly significane thac the
both geologists decried the loss of context resulting from
the loss of a wide held of view . Withoue the intervencion
mmposed by the use of the HMID, such potentially valu-
able evidence for a theory of presence would have been
far less likely to emerge.

Even so, given how very disruptive the use of the
HMD turned oot to be, it would be difficule to convinee
a geologist to use the system in the field o do profes-
sionally important work, on the usual limired budger of
time and money. The system was intended as a device to
take a small step back from presence, and the step s too
large to be acceprable. That in itselt is an interesting re-
sult, given the complere lack of time delay, the match
between the gesture input and “end effector™ output,
and the match between head-motion and “image
update.” Clearly, the virtual presence systems o be de-
signed for exploration of the moon and Mars must take
such matters into consideration,

Another negative factor aboue the headser was the face
that it was front heavy, and rended to slip relative to the
face and for weigh oo heavily on the nose. Comfort of
head-mounted displays must get careful ateention for
any loemg-term use, particularhy for use in the feld.

T test whether field of view is indeed the key factor
in loss of context, 1t would be reasonable to go into the
fleld wiath goggles that merely Iimir ficld of view bur hasve
no effect on resolution, color, stereo, or CAMEra-eve pu:-si-
tion mismatch, This, however, is also likely to be resisted
by a geelogist conducting a professionally important
studly tor the very reason that it might well impact nega-

tively on his or her sense of presence in the field.

4.3.4 Recording Observations with Video. The
use of videotape to record the field activities and inter-
views, as well as the sulyect’s view through the head-
camera/viewer system, serve as “experiential field notes,”
recording complex field behaviors for later review. Video
allows the behaviors to be repeatedly observed, applving
avariery of criteria and attending to different derails.
The video record captured the rich environment of the
terrain and the derails of the actions taken by the field
scienists in that tereain. Since the subjects were -
structed to introspect and ralk abour cheir activitices, the
video/audio recorder also caprured this information,
and did soin the precise context in which it emerged.

Bevond stepping back [rom presence, the other two
purposes of the HMD video recorder svstem were to
capture the foial visual expericnce of the subject and to
record the geologists point of view and his comments as
he wene about his work. Recording the video vision sys-
tem imagery as it was presented to the subjects in the
field provided an exact record of the tocal visual inpuc oo
the subjects. Viewing che recording while wearing the
head-set isell s very comparable to the visual expenence
of the subject, with the important exception that che im-
agery changes independently of the passive reviewer's
head motion. As a result, it is an unpleasant expericnce,
Plavback on a small monior reduces the unpleasantmess,
but the spatial disorientation remains. This further indi-
cates the importance of head-tracked imagery for caprur-
ing the experience of presence, wich the caveat thar che
geologists felra loss of context, even with head-tracked
imagery, when the field ol view was small.

The goal of recording the toral visual experience may
not be worth the decrement in on-site visual perlor-
mance, but the recording of scenes from the point of
view of the geologist could be obtained by other means.
Specifically, a tiny video camera with a wide angle lens
could be mounted very near to one eve at the side of the
head, and the imagery recorded on a VCR 1na fanny
pack. A Turther elaboration would be ro add a parrow
field of view video camera to the other side (for balance)
of the head, judiciously pointed, to caprure detail in the
center 257 or so {the “pseudofovea™) of the total ficld of
view, i1 a manner analogous to the use of high-resolu-

tion insers in high-performance military head-mounted
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displays. The addition of a boom-mounted microphone,
such as the one used at Amboy, would be unobousive
and would provide valuable in-context verbalizations
[rom the geologist,

4.3.5 Stepping Back Farther from Presence.
Additional trips to exploration environments would be
uselul for expenimenting with further increments back
from presence using video vision and other telepresence
rechniques, In fact, such a trip was conducted by MeKay
and Stokeer of WASA ARC in 1992, The researchers re-
motely controlled an underwater rover using a head-
mounted display and separate console control svstem.
The system was used in the conduct of scientific explora-
tion of lakes in the dry vallevs of Antarctica,

Another approach mighe be to allow a studene in geal-
ogy to wear a head-mounted camera system and to have
the field geologist, sited nearby at a control facility, in
communication with the surrogate. The communication
between the two, the recorded imagery, and post-field
trip interviews might be quite revealing, 1f the project
was done as part of the training of a student field geole-
gist, and the controlling field geologist was the mentor,
it seemns likely that the intellectual context would be suf-
ficiently rich to be a contribution to the study of pres-
ence in the field, By using the unobrrusive camera sys-
tem of the sort described above, and providing a large,
high-resolution color monitor for the controlling geolo-
gist, the difficulties of degraded visual performance
could be largely reduced to a level comparable to likely
furure planetary mission capabilities.

4.3.6 Toward Greater Ecological Validity. The
ethnographic approach to knowledge engineering ap-
plied at Amboy, observing geoscientists as they con-
ducted tasks commaon in field worl, was instructive but
limited. Focused studies in analog environments like the
Ambaoy lava field provide an opportunicy for exploration
technologists to observe and analvze exploration behay-
1or in the ficld, but, as noted above, the approach taken
of observing “rypical tasks™ was found to infroduce a
large element of discontinuity, Yet contimury in many

forms was found to be essential to the character of pres-

ence. Thus, 1t 15 evident that 1t would be valuable as a
next step to accompany geologists on purely geoscien-
tific field trips, conducted for the purposes of the geolo-
giﬁtﬁ in their own wav. The structure il'rq'-{'.us,'c.{{ b pmﬁtﬁ-
sionally meaningful geologic field work would provide a
significant contribution to the organization and purpose
of abservable ficld activities, This would enable the ob-
servation of a full spectrum of exploration behaviors ina
far richer comtest than was done ar Ambaoy.

In fact, the first phase of such a plan has already been
implemented with completion of an ethnographic study
trip by the author to the 1801 Kaupulehu lava flow of
the Hualalai volcano on the island of Hawaii with a dif-
ferent group of field geologists, These scientists were
comducting the first phase of a mulntrip geologic field
study, which is still in progress. The Hualalai site is par-
ticularly relevant to planetary exploration as it 1s consid-
ered by the geologists to be an analog for comparable
sites on the moon and Mars,

L4 Conclusion

The ethnographic study of field geclogists can
vield information thar is not only useful for the develop-
ment of planctary exploration technologies, but is also
applicable to the development of a theory of presence.
Mg o means to these ends, a potencially useful linkage has
been established between ethnographic ohservation and
analysis, and object-oriented analysis and design, via
methods for understanding complex systems, particu-
larly the wdentification of redundancies. As a result of this
study, the enterprise of field geology has been characeer-
ired 10 a new and potentially useful manner. l"llr.l'|'I.L'I',
some testable wdeas about the nature of presence, espe-
crally the presence of field geologists in planetary terrain,
have been offered. Finally, a more solid basis in applica-
tion and theory has been provided for some of the basic
approaches to the design of virual presence systems, and
seme new design concepts have been introduced.

One of the reasons for svstems designers to learn
about the needs of particular users is to gain an under-

standing that will vield design guidelines o make sys-



temms that are structured, and that function, in a way that
15 inherently familiar to those users. Thus, the operation
of the system is metaphorically related to the real-world,
non-computer-based application, and the user’s knowl-
edge abour the rask domain is applicable, to a valuable
extent, to the operation of the svstem. For paperwork,
the desktop metaphaor suthices. For planetary explora-
tion, including field geology, an exploration metaphor is
required, The resules of chis ethnographic field study
offer some concrete and specific concepts to develop this
metaphor, which could well apply to a broad range of
virtual presence systems,

Bevond suggesting improvements in equipment and
systems, a berter understanding of the subtle and power-
ful role of presence in field geology will enhance appreci-
anon and utilization of the unique qualities and capabili-
ties that humans can apply to planetary surface

exploration.
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