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Visualizing a 3-D Geological Structure from Outcrop Observations: Strategies Used by Geoscience Experts, Students and Novices 4. DISCUSSION
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Presented at the special session on "Visualization in the Geosciences” To an expert, it seems obvious that the way to approach this task 1s to draw a map. This was not obvious to the novices.
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) Discussion question. Do you think that the proper inference here 1s that:
N[ ) (a) We should teach students that they must make or use a map when they are doing any kind of field work?
1 : Q U E STI O N §37 i 3 - RE S U LTS b) We should teach students about the power of spatial thinking and encourage them to consider using a
p p g £ g
e i spatial representation to organize their thoughts and observations when confronted with an unfamiliar
How do people manage to create a mental image of a three dimensional geological structure from the All experts, most advanced students, and a few novices, recorded their Less experienced students generally made accurate observations, but these By comparing what observations participants recorded with what model they problem?
limited, scattered information available in outcrops? observations onto the blank paper in the form of a map or map-like were 1mperfectly matched to the needs of the task: they painstakingly selected, we 1dentified two failure modes.
representation. They organized their observations on the paper such that the recorded 1rrelevant information (e.g. presence of bushes), while failing to (c) We should allow students, especially in courses for non-majors, to use the organizational strategy they
More particularly: 2-D space of the blank paper represented the earth’s surface. In contrast, note essential information (e.g. which way the layers were slanting). (1) Participant did not observe or did not record a specific attribute of the are most comfortable with and not force them to use the conventions used by professional geologists?
: L . o most of the novices and a few of the advanced students recorded their outcrops. This was the most common failure mode among novices.
e How do novices and experts gather and record relevant field information , , , , , . G , ,
» How do novices and experts reason from their observations toward a model of the shape of observations 1n chronological order, from top to bottom and left to right on Experts began to develop a spatial hypothesis about the shape of the (2) Participant observed and recorded the relevant attribute(s) but failed to
the structure? the paper, as though they were taking notes in history class. structure after observing the first few outcrops, which they then tested at integrate information spatially. . . . o .
o SHHCHE : : : subsequent outcrops; inexperienced students did not express a spatial Allocation of Attention: Spatial Thinking in Geosciences
 How do students who have trouble with this task differ from successful students and expert . . . . , , ’ , . .
ientists in their underlying spatial abilities, learning styles, and strategies? Key to Ogamzational Strategy Codes: 5 = spatial, Ch = chronological hypothesis until confronted with the scale models. In this quadrant, participant drew o . . . L . . .
geoscien yng sp : g Styles, gles: it o7 b Reconded b Porieinn In this quadrant, participant on information they had observed One major difference between learmng?y from. nature in the field  Geoscientists use a W.1de range of spatial thinking strategies in
st T R S e a7 At all levels of expertise, participants neglected the interaction between recorded well and chose well. but not recorded (or guessed). a.nd learnlpg through a lab(?ratory experimentis that n a fl?ld set- owr work, as summanzed n t.he table below.. Spatlal. thinking
Y, Strategy “Stratigraphy” Dip Direction Angle Outcrops elevation Distance . . . . _ _ _ _
TR ¢ ' : : ‘ topography and structure, which led them to incorrectly dismiss one ffmg there 1sF an ogerwhelmlpg profusll)m.l of Vlslzlally accessible .1n sklllshzge unc.llerzzz)l(l)lé))has1(216?l in K-12 egucatu()in (National Re
N2 Ch ° ‘ - . ormation. For the novice, 1t 1s not obvious what to pay attention search Council, , and thus many undergraduates come to us
A g N3 Ch . . y y plausible model. Observations recorded versus model selected: Concave/convex bey . .. . Yy undergta .
£ N : to. with little practice in applying spatial thinking in a methodical or
2 M ETH O DS S ) , T ] ool imronded b iresriont sustained fashion.
u odel intenae invesltigalors 1 . . . . .
NI Chas . - - Y s .Recorde(} enough Did NOT record . Which attributes of the outcrops participants paid attention to and
o , . L , , , . o s : : . ' 5 son Symmetric 1nf0r.mat10n to enough.lnformatlon chose to record may give us a window into (a) what attributes ~ The weakest novices in our study exhibited only the most el-
V.1$1.1ah;1ng a geologic struc?ture from .outcrop 1nf0r.mat10n 11.1volves .two of the most Fmall.y, they completed standar.d paper and pencil assessments of spatial ability, plus a g 2 o : : " require concave to require concave they found conspicuous and/or (b) what attributes they under-  ementary of the spatial thinking strategies: “describing.” The
distinctive aspects of geoscience learning: (a} learning to. think .spatlally about Earth questionnaire assessing verbal/visual preference. O, ) . ) ) ] 350 "N < stood to be important for the task at hand. strongest students and experts, in contrast, utilized multiple spa-
phenomena, and (b) learning by direct observation of nature in the field. Both can present S s sech o C e .. 2 Selected NI, N3, N7 N2, N6 SRR :
e s 310 S1.S2 S4.S6.S7. S8 SO | S3.S5.S10 tial thinking strategies.
difficulties for students. CIRCLE ALL OF THE FIGURES THAT ARE THE SAME AS THE FIRST FIGURE IN THE ROW. 3 o8 S ch . . . . . < Profile of model A: concave, elongate, steeply-sloping, symmetric concave ’ ? ? ? ? ? ? ? e The shape of the outcrop and colors of the 1&}761'8, which were
9 s . . . . Topographic profile Gl, G2, G4, G6, G7 G3 .
. . . o SIC s . . . . . BE1 B2 E3. Ed irrelevant for the task, were the most noted features.
To explore this learning and thinking process, = || 2N\ H | \y ; TR : .. e e The overlying/underlying relationship of the red and yellow ) i Tt e
. o (v . 1 the 2.D water level tas articipants are shown a . S o o o o . axononty o patla inmking in Geosciences
VYG have deve.lol,) ed a Slmphfled version of the ilra:;ingz (I))f a ttﬂte(li bc}tt;e 1;}151) ke 1o sgetchhin the g gi s . . . . Did NOT G5 N4, N5 layers was Conspicuous. N Category — Descripjon . Examples
fleld geOIOglst S taSk’ based on a Set Of position of the water if the bottle were half filled. 2 2 G4 S +Ch o o ° ° MOStfrequently Ch0S€n m0d€l Select concave °® Dip direction was more Often noted than Strike direction. T I. Describing recognizii’g, replemb%e’ring, and%emmun?caé;lg the Qbserving apd recording strike and
14 artifi C i al Out CIroDs %9 6GOut Cro S” are ma d e Of 5 = G5 Ch ° ° ° ° / % . Novice classif ing, twp— or Fhree—dlmen31(?r}al shapei internal stmeture, .dlp; elasgfymg cl'ouds.by their shape;
“p . ) . p . o &) G Chas . . . . Asymmetric / ‘ o TOPO graphy was COmInOIlly lgIlOl'ed. ¢ y gﬂ)ecr:sst;c;no?rtlgéolg fr(t)ls:tlon of objects, properties or identifying a fossil by its shape.
I'@d and yeHOW StI' ata Of palnted plYWOOd. We WOI'k@d Wlth fOllI' gI' OllpS Of paI'UClpaIltS. G7 S ° ° . . - . o . o . PY Metric Scale (both SiZ€ and diStanCﬁ) was almost universally : | | E/([)zrlltllglllllsat}fr;f ;I;ngpsl}elaé);sr,o i;rtlllgltluiizilcs)lr;r;t;ltlons or ?g:;sge‘élugefgiletgﬁ’;(f)a;;;?;(ilonci’s
, , , . ELS . . . . 360 In this quadrant, participant In this quadrant, participant did . | |2 Manipulating| e ation, or partial removal, either mentally or | to reconstruct the sequence of
, , e undergraduate non-science majors from a 4 year liberal arts college : B2 S . . . . 340 . . . ignored. . with the aid of spatial representations, deformation.
Eight such “outcrops” are installed on our : e . . . Z OB s+Ch : . : : 330 observed all needed informa- not record enough information to | Combiming spatial information obained Totegrating information Zbout the
' ' ' * undergraduate science majors in a competitive summer mternship program e ' : — " tion but failed to integrate choose correctly (failure mode 1) Bxpert | |2 Synthesizing/) nonsynchronously rom diverse sources imoan | LLECR LS S I BN
cAmpus 50 - as to constrain an Imaginary e Geoscience gr aduate students revorded aimibute Sﬁiﬁ?glﬁ;ig;flilii 31?113;313 24 24 i 3 < Profile of model B: concave, elongate, steeply-sloping, asymmetric tiall ( f ] dg 2 ) Y . When accompanying PartiCiPantS in the fleld, one of the most : ntegrating gtse;rrtlliltlgrg?)I;Sjls—;;n;;cl)gteesirgiejegjleerﬁiIc?foe(:lxir?tz.a ¥ | envision the shape of a geologie
“ ’ ”? isti ic profi spatia atlure mode 2). -y : L. | . . e
gZOIOgical structure,” of a realistic shape e professional structural/field geologists Topographic profile P Y striking phenomena we observed was the difference in visual L | Ierting el ot s
an SCalc. . . : ! - interpreting those particular sh:a es, structures, orientations ats'a con§equenf[:e of motion along a
In the examples below the highlighter colors show how we coded the data Examole of failure to soatiallv inteerate ohservations vertnent o focus between the experts and the novices. The experts, and v ;zldl/(9fposité9n§_ Pb h srike-slip. fault
Relationship bet et and the authentic field seolosists’ task and are keyed to the table above. p lp SR p /Y g . . p some of the more experienced students, looked all around, gath- N implicatons of the oberved and merpreted | Prediting where packets of ofland
o After an 1ntroduction to the field clationsnip petween our experiment an € autnentic 11€1a geologists” 1ask. o . . . modacl Cnoice along e convex,/concave dimension. . . . 0 : . . - Fredicting ig:llcsgve:;:? Erogseis:e;;fsst:céauy p;‘:dézgszsgﬁ?t g:St.Wﬂl be found in a fold and thrust
Map of outcrop localities. ocologist’s task. we led the participants | | Surprisingly, there was not a clear novice to expert gradient 1n success at ;rmg ll)nform}zlmﬁn. fr;)m 360 hofham.muth ﬁld at df13tli1nces ranging ! fj‘s‘jflaﬁ:eaﬁjl’%fij;l fmcessesf:lhtmutb bel
MAP KEY Topographic contours infeet ~ ®  "Outcrop" location . d d 11 ( ’th . ht i . ? Example Of ChI’OIlOloglCal EXample Of Spatlal plelng the lntended IIlOdel. The more IlOtable contrast was IIl paI‘tICIPaIltS’ rom beneath their feet to the horizon. aIly oI the NnoviCces, 1n 6. Using Spatal metaf)h(l))r, or mental frﬁtch o think about the gricéll(i)f;?gﬁedjzgiziox?giggfsa
L | Structural contours; ~ ------ Trace of structural 1mmnaiviaua . O C C1 OUtCro S, 1m a . . . . - . . . . . : : : N '_ ) etaphors d%str%bution of processes or properties that are etrolo ” S diacrams in sica
— e cashed where erocee et e e prede termi}llle d or derg Theyp could organizational strategy organizational strategy strategies for approaching the task: what information they paid attention to, conira.st, fpald atielllltIOIl 0\1;}1}; to tbehm(lill'\]lﬁugl outcrop that was di Metaph e s some dimerion e petology. TS iagams n physic
- P o ’ . . . . . . . reCt y 1n Ir Ont O t c1. y mlg t t 1S DC ! Ins .iredb Bloom’s Taxonomy of Educational Objectives (Bloom, 1956)
4 | observe each outcrop as long as they e Anxiety (about getting lost, poison ivy, snakes, where to go how they rec.orded thelr information, and how they reasoned from T ' J
N Tt S s p q i to the bathroom) } observation to interpretation. | , , , L
// A ) wanted, and were encouraged to use D ont find all the rel ) (IS ARAY o ke Lo e P | e i For modern children, an overwhelming fraction of significant
320 | | . . s | / bk o 5 . . . ,q o . .
/ / __________ . ~ /| pencil and paper to record anything they )K student find a lt _edre e;/anltl outcrl;)p 5 ) = i ) L events and information appears within a field of view only a few
- P . ° | | . — ., oncave onvex . . . . .
T X — |  thought important. j;(f student correctly }f dentity t ehroc typles. . e I S p. =L Stesply-sloping Shallowly-sloping Steeply-sloping Shallowly-sloping P e e tens of degrees wide. We hypothesize that modern life has inad-  Suggestions for Instructors:
' 330 o frloT rofe of R7H foclS €4/05] VS QY mmetric symmetric mmetric mmetric symmetric mmetric e e : <.t . . .
i '/ B ‘ hlc' stli(c,lent cogrect y igure out the age relationships among = @'\?‘3" \\ , , o M o . . - | vertently conditioned people to pay attention only to information
i 2 o N N\ When they returned to the starting point, tCe rocl dyers! - 1 fold - e o e o ; ~— P that is directly in front of them, and that students carried that e Fight blinkered vision! Explicitly stress the importance of
| - . : o g . | A L . ( > . . . . . . . . .
| we asked them to select which of an omplex structures (faults, overturned folds, etc.) R R Vo I\ (b | e 7 E . . . - - - habit into our experiment. observing in all directions and at various scales ranging from
~ | array of three-dimensional models could * Technology (compass, GPS, topo map) , » T /s ® . > b Dy - " the out to the hori
: | . L | . o0 o font e of Tns 730 Jelle S = | VPN | e outcrop to the horizon.
! ’ / e e U VA best represent a partlally burled, ° Intefplay between Vlsuahzmg structure and hpr’theSlZlng RS v, "“\ &l S1 S2 S4, S5, S6, S8 WL Computer 27" TV Movie Classroom Face-to-face  Artificial
: /" : - 1 A\ f L G1, G2, G3, G4, G6 o ) el O Book monitor screen screen  chalkboard conversation  outcrop ) . , ] ] ,
] partially eroded structure containing the about formative process [t -- 1, B2 T  For novices in our study, dip direction was more salient than
“ // ,f ".‘ eight observed outcrops. We asked them S EEERE: =y T Nee y ° : | : : L . 42 41 13 36 48 12 33 strike direction. Consider introducing dip before strike, at
5 \ 4| o explain their choice, and we " TR S . e s N R least until students have established a conceptual
& = 7 videotaped their answers. o RCSnEE | 5 ) i | A y A e understanding.
”/'/ ‘\‘ / B _ -" _ _ | ' __ L ReaIIStIC Scale StrUCtureS (nOt lab table top) . _ Iz i L <«— Note irrelevant information N6 G7 ® N5 N4. G5
/ % /\ éD sg.ructulljres (noF corfnputer sclzr.eeln) A 2 e e Consider building a set of “artificial outcrops” for teaching
/ | ° eeply-slopin eeply-slopin Sl page 1 ¢
//' e \\ omoine o Servatlon rom mu tlp c OUtcrOp S . Participant N4 (page 1 of 2) Participant G1 StAs{/)rllénlmlettr)icg StAS)E)rlT}:mletrr)icg purp()ses on your oOwn Campus.
Ao ( N e Cannot see entire structure from any single vantage point v N . . .
N ./ o e Most of structure is buried This student observed and recorded all of the information needed to choose . .
\ \ T ). - . . S ! . . . 13 . . . 99
\ /\ > + Relationship between structure and land surface (topography) As the experts observed each outcrop, they scanned their surroundings for g . ' correctly between the convex and concave models, including the dip o Exfphc.llt.ly d1scgllss SI.)atlal. thmkm(g1 as a Q/ﬁy to aII)Proach
e Visualize structure landmarks and observed spatial relationships among outcrops. In contrast, 37 direction of each outcrop and its location relative to a prominent landmark untamiliar problems in science and as a skill to cultivate.
e Communicate visualized structure many novices focused on only the single outcrop in front of them at the (Lamont Hall). Yet she failed to integrate the information spatially, and
moment and did not look back or around. chose an incorrect convex model.




