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Abstract:

GIS has already evolved dramatically since the early efforts of the 1960s to create
comprehensive software for handling geographic information. This presentation reviews
two major developments of recent years: new data sources, and the emergence of
critical spatial thinking.

Early GIS relied almost entirely on the paper map as a source of data, and
developed sophisticated techniques for digitizing, scanning, and editing. By the 1990s
the Internet and World-Wide Web had become major sources, and the development of
standards by the Open Geospatial Consortium has facilitated both download and “live”
access to remotely stored data. Remote sensing has become a major source of many
types of GIS data, and advanced methods for segmentation, classification, and
validation have been developed.

Development of positioning technologies, especially GPS, have made it trivially
easy to determine position on the Earth’s surface to better than 10m. Instantaneous
upload of GPS data has now made it possible to reconceptualize GIS as a dynamic,
real-time technology, a vision that is far removed from the essentially static perspective
of earlier decades. Tracking provides a new source of extensive spatio-temporal data,
and is prompting a search for appropriate techniques of analysis and modeling, and
appropriate hypotheses and theories of spatial behavior. RFID is also capable of
providing detailed locational information and tracks. All of this suggests that in future it
will be possible to know where everything is at all times, raising frightening ethical
questions about surveillance, but with enormous benefits in many domains.

However we still lack effective technologies for indoor positioning and
navigation, and for capturing 3D representations of interior spaces -- GIS is still
essentially a technology of 2D outdoor spaces. Potential markets for such technologies
are vast, making this one of the more challenging and rewarding areas for GIScience
research.

Perhaps the most interesting development in new data sources of the past few
years has been the advent of volunteered geographic information, through the
empowerment of thousands of citizens in the creation of map data. It is now possible for
virtually anyone to create high-quality geographic information, and Open Street Map
provides a spectacular example of the potential of VGI. Crowdsourcing of geographic
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information, and extensions of the concept of citizen science to mapping, open
unlimited possibilities. Research is now under way on fundamental questions associated
with VGI: 1) Who does it, and why, and how can others be motivated? 2) What types of
geographic information are most amenable to crowdsourcing? and 3) What can be done
to assure the quality of the resulting information? VGI is especially powerful in
time-critical situations, including emergencies and the updating of framework data. The
presentation includes examples and some preliminary research results.

The advent of Google Earth in 2005, and parallel developments by many other
companies and agencies, have radically changed the nature and objectives of GIS
education. Instead of concentrating on training an elite corps of professionals, society
now faces the question of what everyone needs to know, in an era of readily available
mobile phone and WWW applications dealing with GIS functionality. Yet our
education systems spend almost no time systematically developing these skills. More
broadly, spatial intelligence has been identified as one of the fundamental types of
human intelligence, and yet unlike the others is rarely given directed attention.

Critical spatial thinking can be defined as the thought processes that occur in the mind
of an intelligent user of GIS. It includes attention to many of the research issues of
GIScience: scale, uncertainty, social impacts, and ontologies. But without adequate
skills in these areas, users of sophisticated GIS functions run the risk of making
elementary mistakes and misinterpretations.

The atomic elements of spatial intelligence are spatial concepts, some of which
are acquired in early childhood, and others of which may never be acquired even by
highly educated individuals. The systematic study of such concepts offers two major
benefits. First, it constitutes an approach to the enhancement of spatial intelligence, and
thus to more thoughtful and scientifically rigorous use of GIS. Second, it provides a set
of organizing principles for the interface of GIS technology, offering to simplify
dramatically the demands placed on users when they encounter GIS for the first time.

The presentation includes a discussion of a selection of spatial concepts, ranging
from the simplest to the most advanced. In each case arguments are presented to
illustrate how critical spatial thinkers have an enhanced understanding of the concept
and its nuances, and its implications for effective use of GIS. More broadly, it is argued
that experienced users of GIS have an essentially different way of thinking about the
technology and its applications that leads to much more rigorous and objective
applications. Thus it should be possible to devise a test to evaluate a person’s critical
spatial thinking skills.

11



(HEREH S R T LOF LVWFE ]

XA Ty EF¥AILE

%wE

1960 FARUCHIBIE SR A 2 2 0fEN Y 7 b U T ZAEL2RB DI E 572 GIS IE, L
Me, BIZ2E(L 2R T CT& /o, AR TR, £F, FLVERZREL LT —F Y —x¢&
7 VT 4 ANRZEMBEOHB, LD 2 KIZOWTm L 2,

IO GIS X, T—% VY —R L LT, MHKICKESIKTFL, TITET VXA ARAF ¢
=27, WREICBET D @R NBAR A e ST E T, 1990 FERICR D L. A F—F Y bR
WWW 23 FB A Y — R L7 . F£7-. Open Geospatial Consortium (2 K HEEHELIZ L - T, =lFH
WZoHDT—F N DOTHH T n—RTEDLLIIRoTz, VE— MBIV TN, 872 GIS
T=BOFRERY —A L0 - S8 - BEEICBIT 2 emr e HIE b I S v,

(LB AN OF I FRIZ GPS (X, FERIC MBI HIERF i E O E % 3322 10m LA T CHEE TX
%o Flo, GPST—X OBFREOT v 71— RIZk > T, GIS ZERITY T AX A Liphiffit LT
AR TE 2L 2AHETETRBY, ZOMHER, AEMICHNR O THSTLZ L E2EXD
ERRHEDIEN DD, b T v X v T ITIRER RS T — & B iR U, 22 TENC RIS B o
RET U THAR, G - BEERICR T 2P AR LT 5, RFID (FEEA o> B B8halilksiil) &
T, M ALEE R ERBE AR TE D, 2OVl 2T RTR, sk, [2TOLONE
BEZICHDLONEMDZ L] WA THDLZLERELTEY, < O TER2EIEE D
EHINTRINDKE, BHICET 28BS L MENRMEZIET 200 R THS I,

LU, BNONEFHISCT 7 o 7 — 3 v WEBZERI O 3 kote 7 VEH O 2h7e Biiffic >
WTIE, WERIZBHER 4Ty, ZORICEALTE 2IE, GIS X, WEZIIAREMICZIE, 2
WITDBEAMOEAN T D L WD E D 2GR, 2 5 W o 75T 3~ 21 E 22 i3 E R T
b, O R, HEMERBIFOMESIICENT, 200 E KR b RENTF L UL
HEDHLLOLE LTS,

BEOHLWT =2 Y =X I LT, ITFICBIT L5 b BREOERIT, #iIXT—2 0
ERICIERICE K OFRSABICSINT D 0D KT T ¢ TRIMBEEHR (V6I, i.e.,
volunteered geographic information) M TH A9, 4 H T, bR EEE 7 HERER
EEDZEDRARRTHH EV S THIEE TIERW, =7 A M) — b=y 7L, EAZ VG
DOELER 22 TREMEZ R T, FIEO LWEFITH 5, HFFERO 7 70 Ky —2 v 7 (BERO
2L, A F—Fy FTCIEIERAXOIMT ZED 52 &) ROHRIK 5 il BB
BESHRIEDS . FTREMEA MERZ2 b DIZ LTV D, BIfE, VGLIZBE L7z, LLT D X 9 2 fARr 72
FEIZOWTOMFEREITL TS, 1) fERVIGE, EHLTITH>OMn, LT, AIXED
WO 2B T VIGIZSMT 2RISR D002, 2) 77U R = U ZIZENTWAHDIE, €5
W o RO MBEHR N2, 3) MERE LT TEIBEROBEMRIET DT E D LD ?

12



VGI 1, BARFRPEART =X OH T &\ o7z, RN EEREHR & 72 5RPUT IV TRIZ IR &
BT D, RBEERTIE, FOLOTHBRIERREZ WL ORI T 5,

2005 FED Google Earth ®HEL, 72, Th EWAT L7122 < OB L DRSS AT K
V. GISEBEOMHELHMIL, BIAICEL LTz, MHEICAFTE 2H\HELESA v —F v b -
TV =33 T GISHERED IR X DBUE, AR NMEEL LTV DI, HMFE o= Y — MME
ERL—=u 7352 LTRSS EARATH > TBL SLERH D HDOIHTN, LW oTlog
M 282 ThHD, LInL, DILOIOEHE L AT LT, 29 LIEAF L ORRIIBAFEICIZ
LA ERFRZFINT I 2o Tc, S HITRWBLED B F 21X, ZEMI 72 mE, A OmOf b 5
AR DD 1 D ThDHERRINTILE AN, O & IXRRY | B2 EERN Db 2
EIRIFE A ERNST,

7V T 4 VIR ZEREE (critical spatial thinking) (X. GIS DEIFZRFIHE DL T
ACLLZEEZBBRETHLLERTEDLILDOTHD, T, BB, REFEN, s, 4+
i o— Lo e HIBRIE AN E DL < OBFEREICK LT RIBICETR B DO TH D, 29\ o7z
YR DU R EAT A e b | B R GIS HRRE AT T 538 28, IR 2R & Ok o T fif
WaE BT famiEnrd 5,

ZEIHIEI D b o & b R/ MERRER TSR TH 228, 2 9 W o e EEoFiziE, JiRBNTHE
BAER b DO LB LN, BERHE2ZTIEATIZR L TESERRNELLOLH D, £ o
TR DOERRIZRFTRICIE, FIZ 2 2OFmRH D, 5 11, Z O EDIX, ZEMiemsE
M ETE, KVERNBENRART, BPRICHE R GIS OFANRTE DL L 912Rd, HF2iz, &
DN ST, GIS DA ' F—7 = A ADERLIELRMETE | GIS OHIFE DA Z BIIC
Bk TE %,

ARRERTIE, OIHFNLONLEERLOE T, kx REMBESICONWTERT S, Hx O
T, 7 VT 4 ANRZEBBEER, W L TEBESESED =2 T v A, GIS ORhRA7F]
HOERAERS BRCEL0E2HIRT 5, LDIRWERTHZIX, GIS ORBREZFEATL 22— —
X, GIS it & 2 DIEHIZOWT, D N L IFAREMIC R D BEHELZHIZOTTEBY ., £
N R CRBINZIGHAN DN D 2 Ewm UTtn, Z0fmE & bIZEDIIL, fE#x Ao,
7 VT 4 INVIRZEMEBE AX NV OFMTEEBRLTE S 5,

13



