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Mapping Regional Settlement in Information Space

L. J. GORENFLO AND NATHAN GALE

L.E.A.R.N., 2204 Chestnut Street, Port Townsend, Washington 98368
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Received December 12, 1988

Determining patterns of settlement interaction in the absence of direct evidenge
Is an important consideration in regionally oriented archacological inquiry. In'the
following study we introduce the concepts of alternative spaces, and transformed
map representations of these spaces, as possible approaches to this problem. The
southern Basin of Mexico is examined as a particular case in point, with settle.
ment pattern maps developed in travel time space for the Late Formative through
Late Toltec occupations in this region. Through arranging sites in terms of their
accessibility to one another, such maps provide a foundation for systematically
proposing groups of interacting settlements in each time period examined. The
proposed patterns of spatial affiliation are used to explore the role of information

processing in the sociopolitical evolution of the southern basin. o 1990 Academi
Press, Inc.
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INTRODUCTION

Of the several areas of analytical inquiry that have attracted the atter
tion of archaeologists over the past several years, one of the most widely
endorsed concerns the spatial analysis of archaeological data. This re-
search emphasis appeals to the fundamental nature of human behavior:
simply stated, the remains of past peoples, both at regional scales (Hod-
der and Orton 1976; Johnson 1977) and at scales restricted to the area
within the site or within the household (Carr 1984), always occur m ,
space—just as all modern activity does. In attempting to understand the
spatial behavior of the past, archaeologists often turn to human geogra
phy, where spatial problems are of primary concern. But as geographeﬁg
have discovered, the notion of space is replete with underlying meaning ’
Often it is within the complexity of this hidden meaning that the most
important insights on spatial behavior may be found. "j

In the following essay we examine select aspects of space in the context
of past regional organization in the southern Basin of Mexico (Fig. U{
Data on past regional adaptation in this area have been collected througl? '
a series of intensive archaeological surveys. The results of these surveys
are published (Parsons 1971; Blanton 1972; Parsons et al. 1982; 1983).
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242 GORENFLO AND GALE

providing a remarkably detailed picture of prehispanic settlement ;
southern basin as it evolved over time."* Examinations of regiong] ;
nization often must deal with the question of settlement interaction,
ticularly where complex societies which incorporate several commuy;
are concerned. In the southern Basin of Mexico, the frequently undy
ing terrain and central lake system would have presented major ¢}
lenges to the spatial integration of separate communities. To understa;
better the nature of these challenges, and their effect on regional sey
ment, we transform the geographic space of the southern basin it
space which is based upon travel time between places. Such a tran i
mation arranges settlements in terms of their relative accessibility t
another, and thus provides a foundation for proposing clusters of int
acting sites. These patterns of spatial interaction, in turn, enable
examination of several important anthropological questions; in the pa;
following we explore one of the most fundamental of these questio
namely the role of information processing in sociopolitical evolution,

SOME METHODOLOGICAL NOTES

Relative Spaces and Travel Time

One of the most important developments in human geography in recen
years has been the emergence of relative space as a perspective for
study of human spatial behavior. Geographers now widely recognize tha
the spatial context of many human activities cannot fully be described ir
terms of the physical, Euclidian distance measures associated with ab
lute space. Studies in a number of different contexts suggest that “‘real
space is as much a product of economic, social, cultural, and psycholog

ical considerations as it is of physical composition (cf. Watson 1955,

Higerstrand 1957; Bunge 1966:53-60, 179-187; Muller 1978; Gatre

1983:43-80). Spaces which incorporate such considerations may be. de
fined by employing appropriate measures of separation or proximity.

One of the most instructive means of studying alternative spacesﬁfi&, .
through their representation as transformed maps, arranging various
places in terms of the proximity measure of interest. The work of To'b’léf
(1961) in particular has been instrumental in providing the mathematical

and computer cartographic means of developing such maps.

The present study employs travel time as a basis for depicting Spaﬁ?l}f"
relationships in a regional context. This choice is based upon a very
simple proposition: in cases where settlement interaction requires th’,&ﬁ}" :

* See Notes section at end of paper for all footnotes.

il
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vement of individuals between places, spatial separation is repre-
- 4 more accurately by travel time than Euclidian distance. For ex-
pTe, two settlements situated very clos? to one another in geographic
ace, but separated by a rugged mountain range, may have more diffi-
lty interacting with each other than w1th a third §ettlement.located ata
éater geographic distance over more easily negotlated_ terra11_1. Insucha
_depicting the mutual proximity of se?t‘d.ements sqnply in terms .of
%graphic separation is misleading if one 1s interested in their potential
interaction. ‘ ' o
In focusing upon travel time, we do not \ylsh to imply that th1§ is the
ly way in which to view spatial relationships. Neverthgless, this mea-
re of separation has proven useful in.several gquraphlc research set-
hgs. In the context of individual behavior, travel time appears to be one

of the predominant measures of proximity used by individual decision

ers, both to assess distances between places and to guide their spatial
ctivities (Cadwallader 1976; Burnett 1978; MacEachren 1980). In tkze
ontext of regional geography, researchers have shown that an area’s
egional organization experiences fundamental changes as developments
, transportation modify its travel time space (Marchanfl 1973; Clark
977). Recently, travel time has been proposed as a basis for regional

yransportation in the northeastern Basin of Mexico during the late pre-

ispanic—early Colonial occupation (Gorenflo 1990). Results from the lat-

ter study suggest that during a period of occupation in the basin when
regional efficiency would have been particularly important the transpor-
_ution network present enabled close-to-minimal travel time movement

between places. These examples of previous research help to support the

_ proposition that travel time is a useful measure of proximity, largely as an

indicator of spatial accessibility. Moreover, in the absence of modern

_communication systems, conveying information between places would
have occurred primarily through individuals carrying messages. In S}lch a
_ setting a space defined upon travel time thus provides insights on infor-

mation flow—leading to the notion that travel time space might also be

considered information space.

_ Thefirst step in producing maps in travel time space isto obtgin data on
the time it takes to move between various places. Detailed evidence for

4actual travel times in the southern Basin of Mexico during prehispanic
~ periods of occupation of course is unavailable. But one can acquire other

types of information which enable the systematic estimation of travel

limes. In the absence of beasts of burden, human movement in this settir}g
Would have taken place over land by foot, over water by canoe, or in

ips it is unlikely
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purpose of estimating travel times between places in the prehispanic b
one must consider three different situations: (1) travel velocity op |
(2) travel velocity on water, and (3) travel overnight.

In the first case, the speed with which people travel by foot ove
tends to be a function of the slope of terrain. A formula calibrated f
empirical data on soldiers hiking in various types of topography eng
the estimation of walking velocities for different slopes (Tobler, pers
communication; cf. Imhof 1968): "

— —3.5[s + .05
=6e | !

where

v is walking speed, ,

s is the slope of terrain (calculated as vertical change divided by hoy
zontal change), and

e is the base for natural logarithms.
This function is symmetric, but slightly offset from a slope of zero.
estimated velocity is greatest when walking down a slight decline, wi
velocities reduced at lessening rates both for decreases and increases
the slope negotiated. '

Dugout canoes were used to travel across the central lake system'in #f
Basin of Mexico at the time of Spanish conquest, and we shall assun
they were used during the time periods examined in this study as
These canoes had to be poled or paddled constantly in the absence of an
appreciable current, their movements often restricted to corridors clear

in the lake reeds (Gibson 1964:364). Spanish comments about canoe trai}é!"
in the basin during the early sixteenth century suggest that this mode of
transportation was about one-third slower than travel by foot over level

ground (Cortés 1908:67-69; cf. Alden 1979:174; Hassig 1985:64). Thi$

produces an average velocity of 3.33 km/hr when traveling over water. -

Finally, for long journeys we shall assume that trips of 8 hr were the
maximum duration traveled on average in a single day. This Valuef"‘ng
slightly greater than the daily average of 6 hr traveled by professional
Aztec burden carriers (Sanders and Santley 1983:246), allowing fo'

slightly increased trip duration due to an assumed reduction in the weights
carried. Eight hours of actual travel would enable a long day’s journey
during daylight hours, with sufficient time remaining to arrange for ne-
cessities such as food and lodging. For each trip exceeding 8 hr, therefore.
an additional 8 hr of rest time is added to its duration. No point in the

study area is estimated to be more than 17 hr actual travel from any othét'

point. ;‘

We employed the above three principles to estimate the travel times

between a set of locations in the southern Basin of Mexico. To provide’"
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{ematic coverage of the study area, travel times were calct,ulated ona
_5.km grid of 25 sample points placed over the area of interest. To
‘ufe complete coverage of this area, estlmat.es were generated for
el between each point and all 24 others.' Working with a 50-m contour
P, travel times were calculated for 1-km intervals, apd then §ummeq as
fI-,opriate to connect sample points. On the a.ssumpno.n thgt interaction
ween settlements would involve movement in both d}rectlops, the two
mates for each pair of points were averaged to provide a single travel

Transforming Maps into Travel Time Space: Trilateration and
Bidimensional Regression

Given a collection of estimated travel times between several locations,

the problem now becomes one of finding a configuration of points guch
hat the distance between each pair matches their travel time separations

4 nearly as possible. Probably the best known method for approaching
s task is multidimensional scaling (cf. Golledge and Rushton 1972;

~ Kruskal and Wish 1978). A less familiar alternative is Tobler’s trilatera-

tion procedure—the method employed here because of its wider range of
éfaphic results, providing greater insights to the nature of the relative

_ space concerned. Because technical descriptions of this and the other

methods used below to produce settlement maps in travel time space are

ot widely published, we briefly outline their main characteristics in the
following pages. ‘ .

_Denoting the travel time separating points and j as dy, .th_e problem
faced here is one of finding a set of coordinates which minimizes the
quantity 2 (d; — d;*), where d;* is the Euclidian distance between the
new coordinates of i and j. In other words, we want the new set of

interpoint distances d,* to represent the travel time distanges d; with the
minimal amount of overall error. Trilateration is an iterative procedure,

employing resultant vectors based upon d; values, which adjus'ts a con-
figuration of points such that 2 (d; — d;*) is reduced at each 1ter_at10n.
The algorithm and key formulae for this procedure may be found in Ap-

pendix 1.

~ Once a travel time configuration of points is obtained, one must de-
velop a map in travel time space. Here we employ a technique for com-

paring two planar configurations of points (Tobler 1977, 1978), a method

of bidimensional regression based on the classic Work of Thompson
{1917). This is organized in a manner analogous to simple linear regres-

sion, and solved via a procedure which minimizes the (squargd) differ.ence
between the actual configuration of points and the configuration predicted

by the methodology. However, instead of exploring the relationship be-
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tween an independent and dependent variable which comprise sig 1
servations, the variables of interest comprise pairs of observations g(;
a dependent variable W, consisting of observations in the form (4 .v)
an independent Vagiable Z, consisting of observations in the forﬁl (sx
the mapping Z — W, or (x,y) — (&,7), in the simple Euclidian case ¢4

written
[ﬁ} g Bu —Brz| |x
Al = + .
14 o Bz Bul |y
Here the least-squares problem becomes one of estimating the param

ay, 0y, By, and By, such that the quantity ,
(1/n) 2w, — 2)* + (v; = 0)7)]

is minimized. ,
A more general linear relation may be defined by the following affi

transformation:
{fl] _ |, Bii Bz | x
14 o Ba1 B2z | V]
This is of particular interest because of its capacity to handle nonline

tran'sformations, within which linearity is incorporated as a special ca
In simple unidimensional linear regression, the slope is defined as Ay}

In the analogous unidimensional curvilinear case, the slope at any point

on a fqnction can be defined by the derivative dy/0x. Moving to t
dimensions, the nature of a curvilinear transformation can be approxi
mated by the local derivatives, of which there are four at each point:
o da 9b oy
ax’ 3y’ ax’ ay’
Thus the matrix of B coefficients for the linear affine model becomes
ot o
ox dy
av  ab
ox dy
in the noplinear case. In this manner, any differentiable transformaﬁ@
may be viewed as the conjunction of an infinite number of local transfor

mations (Tobler 1977:12-13). We employ the more general, nonlinedl

affine model to transform geographic space into travel time space in the
southern Basin of Mexico.
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B using estimates of bidimensional regression parameters one can
odict values of the coordinates (#,9) given values of coordingtes (x,y).
conjunction with the results of the aforementioned trilateration proce-
re itself, these estimated points help to produce a series of graphic
jstrations which convey the nature of transforming one space into an-
per. In Fig. 2, the arrows (displacement vectors) represent the discrep-
cies between the original configuration of geographic space and the
nfiguration of travel time space after a least-squares Euclidian fit. In-

(erpolation yields the generalized vector field of discrepancies in Fig. 3.

nd the orthogonal square lattice corresponding to the original space may
o redrawn to represent the transformation as a warped grid (Fig. 4). We
s this transformed grid below to plot the locations of settlements in

qvel time space.

INFORMATION SPACE IN THE PREHISPANIC SOUTHERN BASIN
OF MEXICO

Having produced a representation of travel time space in the southern

Rasin of Mexico, we now examine configurations of settlement within it.
As stated above, the arrangement of sites in such a space provides a more
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spective locatjons in travel time space, in the southern Basin of Mexico.
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FiG. 3. i ) ”
o 3h . Interpol.ated field of displacement vectors, resulting from the transfi Fio. 4. ""Warped
geographic space into travel time space, in the southern Basin of Mexico e

Toltec, and Late Toltec (Table .4

ds of prehistory encompass a wide
a. For each period of inter-

Terminal Formative, Classic, Early
onsidered together, these five perio

range of sociopolitical change in the study are
, we plot settlements both in their original geographic locations and in

iravel time space. Two conventions are employed in constructing these
maps. First, because our ultimate interest concerns information process-
ing within a regional settlement system, we simplify the original site ty-
pology proposed for the prehispanic Basin of Mexico (Sanders et al.
1979:55-56) to focus solely upon levels in the administrative hierarchy.
ost notably, the four types of villages (small dispersed, large dispersed,
small nucleated, and large nucleated villages) are all treated as adminis-

"iratively equivalent. Similarly, although we preserve the distinction be-
liween provincial centers and regional centers on the settlement maps, we
accord them identical administrative roles with regard to subservient

sites.’ The result of these assumptions is a three-tiered hamlet—
illage~center administrative hierarchy. On occasion fourth level centers
were present in the basin during different phases of its prehistory—

lake system, and the relati . :
travel. In particular, this ?:nvtila}; stlow ;Iln ovement associated with canoe  including, probably, the T erminal Formative and Classic periods. But
’ stretching underscores how inaccessib because these centers were not located in the study area, we do not

one side of the lake w . X : -
For the purpose of ;Sr(f;(;rsni;he Otther dur ng prehl?pamc times.? consider the fourth tier of information processing.
g patterns of interaction and information The second convention employed in producing transformed settlement

exchange, we focus upo
riods of occupation in ?hgsgi?}iomged.Setﬂemel}t patterns from ﬁve.pe attern maps concerns the definition of spatial aggregations of sites.
rn Basin of Mexico: the Late Formative, Drawing upon the notion that settlements in travel time space are ar-

f?r;lzile(l);al'b?ﬁs f(t).r proposing patterns of settlement interaction and,
, information exchange. We examine th i .
order to evaluate the role of inf i s e e
‘ e ormation pro i ion
sociopolitical hierarchies. processing in the eVOlUthﬁ
usliii? dlscuks)s%nfg tge transformed settlement patterns themselves 'k’!e
some brief observations about travel ti i o
basin. The interpolated v i i e e o
. ector field (Fig. 3) and warped grid i
space (Fig. 4) are particularl i i B
y useful in this task. Two characteristics ¢
: : . cteristics 0
gllgrhrlansg‘orrtr:atl.on f.rom.geographlc space to travel time space are note
forma{i.on Zree;lg:tl Wlﬂz, Xl gerllleral the changes resulting from this trans
great. As will be seen below, the corre i ifts in
| )t gre \ , sponding shifts in
isrci,;tilacilmentﬂl}ocaﬂon likewise tend to be relatively slight, though 1gn seve’ré
) Seces ! eill seem to rf?present adjustments toward locational regulaf
! )}; : cond, ft e most obv1ous_ modification due to the transformationisan
pansion of the central portion of the study area—corresponding to th

s
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TABLE 1

MAJOR ARCHAEOLOGICAL PERIOD PHASES .

ARCHAEOLOGICAL
PHASE FOcus
YEAR
I
1200-
SECOND
1100- PHASE EARLY "

INTER- TWO POST- oLt
1000-| MEDIATE CLASSIC MazAPAR TOLTECh
300~ pggiz coYo- "EARLY

. TLATELCO TOLTEGH
700-
PHASE
600-{ MIDDLE THO XOLALPAN "CLASSICH
a 500~ | HORIZON CLASSIC
4
o 400- PHASE
Eé ONE
I 300-
Y
200-
100~
o TERMINAL
Loo- FORMATIVE CUICgILCO
s00-| Frmer PH. THREE-B "TERMINAL
.| 200-| FIRST = |-----=----- CUICUILCO RMATIVE"
8] PH. THREE-A vI FORMATIEE
o | 300-| INTER-
2 | s00- MEDIATE |PHASE TWO-B TICOMAN III
<
81 coon LATE "LATE :
) FORMATIVE |TICOMAN II | FORMATIVE!
600- PHASE TWO-A TICOMAN I .
700-
1 i 1 t

ranged in terms of their relative accessibility to one another, we define
two typ_es of spatial aggregation. A first level aggregation foZ:uses upon .
the affiliation of hamlets with higher-order settlements. Here we associaté,,x
each hamlet with the higher-order settlement that is closest in travel time .
space. Thus a hamlet which is most accessible to a particular village is
linked administratively to that village, while another hamlet which is most
accessible to a particular center is linked administratively to it. A second‘f”f
level aggregation, in turn, focuses upon the affiliation of villages with.’
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er-order settiements—in this case, centers. Once again, association is
sed upon proximity in trave] time space, linking each village adminis-
ively to the most accessible center. In the process of defining a second
vel aggregation, all hamlets previously assigned to a village in the first
vel aggregation are carried along as ‘‘village aggregates,” and thus ul-
mately also assigned to a particular center.
We begin our discussion of transformed settlement locations with the
ate Formative (First Intermediate Phase II; 650-300 B.C.) period of
ccupation. This period was characterized by a substantial increase in
sulation from the preceding Middle Formative, and provides the first
vidence of a three-tiered settlement hierarchy in the Basin of Mexico
anders et al. 1979:97-98). The emergence of this hierarchy is thought to
dicate the development social ranking and centralized political authority
the southern basin (Sanders 1981:172). Despite the presence of numer-
us villages and hamlets throughout the study area, much of the popula-
on during the Late Formative period resided in centers. The geographic
atterning of sites during this period has been interpreted by other re-
carchers as three clusters of settlement in the southern Basin of Mexico:

_inthe northeastern portion of the study area (the lower-middle piedmont
of the Texcoco region), in the southeastern portion of the study area (on
the edges of the deep soil alluvium east of Lake Chalco), and in the

south-central portion of the study area (on the northern and southern lake
hores near the junction of Lakes Xochimilco and Chalco; Sanders et al.

1979:98).

_ Maps of both the original geographic pattern and the transformed travel

time pattern of Late Formative settlement are presented in Fig. 5. The
ransformed map, coupled with the systematic aggregation of sites based
upon accessability, suggests the presence of five settlement clusters or-
_zanized around centers: in the northeastern portion of the study area (the

lower-middle piedmont of the Texcoco region), in the central portion of

. the study area (the alluvium, and lower and middle piedmont, east of

lake Texcoco and northeast of Lake Chalco), in the southwestern por-

( tion of the study area (the alluvium, and lower and middle piedmont,

primarily in the western Ixtapalapa Peninsula), in the central southeastern

"'Dortion of the study area (the alluvium, and lower and middle piedmont
_ east of Lake Chalco), and in the far southeastern portion of the study

region (the middle and upper piedmont southeast of Lake Chalco). In

_addition to proposed patterns of settlement interaction, we note two char-

_ dcteristics in the travel time map. One is a tendency for hamiets which are
!ocated near one another in geographic space to bunch very close together
intravel time space—a phenomenon for which we offer a possible expla-
Nation below. A second tendency in the travel time map, less obvious

- than the first, is the locational adjustment of several villages and centers
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ochimilco region; Sanders et al. 1979:102). The'transformed map for
inal Formative indicates the presence of nine clusters of settle-
.e ?;o in the northeastern portion of the study area (the lower and
mi iedmont of the northern Texcoco region, east of Lake Texcocq),
dd: fﬁe castern portion of the study area (east of Lake Texcogo, one in
. 111 vium and lower piedmont, one in the lower and middle pledmont),
gia_ uthe southwestern portion of the study area (the alluvium, lower
; mont and middle piedmont of the Ixtapalapa Peninsula anq southern
gdm of Lake Xochimilco), and four in the southeastern portion of the
?ée area (two in the alluvium, and lower and middle piedmont, on the
. }}:eastern and eastern shores of Lake Chalco, and two predf)mmantly
H(?{;e middle and upper piedmont east of Lake Xochimilcp; Fig. 6):
The Classic period of occupation (limite;d here to_ the Middle Honzogl,
phase 11 [earlyl; A.D. 550-650) in the B‘asx'n of Mexico was dominated by
kiyzhe state centered at Teotihuacan, with its influence ex.tend.mg throug{l;ogt
much of Mesoamerica during the century exa_mmed 1n.th1s study. d's is
w il known, the emergence of this state (d_urmg the First Inte:rme 1a‘;e,
Phase IV; 100 B.C.-A.D. 100) coincided Wlth much of the basin popu a-
"%ib‘n residing at the center of Teotihuacan itself (Sanders et al. 1979.105—1
' "(‘),6). The period of occupation presently focused upon dates to sev.eral1
enturies after Teotihuacan’s rise to preeminence, and was char_acterlze
', within the Basin of Mexico by a resurgence of settlement 01_1t31de of the
great center (Sanders et al. 1979:110-111). The _southe?rn ba§1n conta{ned
4 relatively uniform scatter of small sites during this period, spatially
interspersed with three centers. Our transformed map suggests the pres-
ence of three settlement clusters associated with these centers: In
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FiG. 5. Late Formative settlement, in geographic space and travel time space, in
southern Basin of Mexico. Left, original; right, transformed.

to establish relatively equivalent spacing between neighboring villages
and centers. Both of these trends persist, to a greater or lesser degree,
the travel time maps for the succeeding four periods examined as wel

The next phase of occupation examined is the Terminal Formative
period (First Intermediate, Phase I11; 300-100 B.C.). This was a periodof
striking regional change throughout the Basin of Mexico, characterized
by continued population growth and the emergence of large regional cen-
ters at Cuicuilco and Teotihuacan (Sanders et al. 1979:98-102). The na-
ture of settlement in the basin as a whole may indicate the presence of two
very complex chiefdoms (as defined by Service, 1971). Although neither
of the two main centers were located within the present study area, they
undoubtedly exerted an influence upon it—requiring that we keep their
presence in mind while examining patterns of Terminal Formative settle-
ment. A number of smaller sites occurred throughout the southern basin, .
in all likelihood ultimately subservient to either Cuicuilco or Teotihuacan.
A three-tiered settlement hierarchy continued in this area during the Ter-
minal Formative period. Previous researchers have suggested the pres-
ence of three groups of sites in the southern basin during this period,
separated by areas of sparse occupation: in the east-central portion of the
study area (the lower-middle piedmont of the Texcoco region), in the ] .
southeastern portion of the study area (the Chalco region) and in the " Fio. 6. Terminal Formative settlement, in geographic space and travel time space, in the
south-central portion of the study area (the Ixtapalapa region and north-  southern Basin of Mexico. Left, original; right transformed.
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the eastern and northeastern portion of the study area (enCOmpa"
several environmental zones east and southeast of Lake Texcoco)
southwestern portion of the study area (on the western portion g
Ixtapalapa Peninsula and southern shore of Lake Xochimilco, preg
nantly in the alluvium, and lower and middle piedmont), and in theksx
eastern portion of the study region (east of Lakes Texcoco and Ch
encompassing predominantly alluvium, and lower and middle pied
Fig. 7).
The fourth phase of occupation examined in the present study j
Early Toltec period (Second Intermediate, Phase I; A.D. 750-950)
ulation in the entire Basin of Mexico declined during the Early T,
occupation, the total being only two-thirds that of the preceding p
(Sanders et al. 1979:129). In contrast, population in the souther
increased—probably a reaction to the fall of Teotihuacan at the end
Classic period, and the subsequent reduction in its regional dominatj
an administrative and population center. A three-level settlement hi
chy continued in our study area, with previous researchers defining
clusters of settlement in geographic space: in the northeastern portion
the study area (the northern Texcoco region, extending further north i
the Teotihuacan region), in the east-central portion of the study area (t
southern Texcoco region), in the south central portion of the study an
(throughout most of the Ixtapalapa region), and in the southeastern p
tion of the study area (the Chalco region, from Lake Chalco eastwa
Sanders et al. 1979:130-132). The transformed map of Early Toltec s
tlement, in turn, suggests the presence of six clusters of settlement in {
region of interest: two in the northeastern portion of the study area (1

m
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F1G. 7. Classic settlement, in geographic space and travel time space, in the southern:
Basin of Mexico. Left, original; right, transformed. '
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o Texcoco region, one oriented toward the alluvium and lower
”em one toward the lower and middle piedmont), one in the. eastern
dmontt: the study area (the alluvium, and lower and middle p1edmpnt
? If)ake Texcoco), one in the central portion of the study area (_mamly
{juvium and lower piedmont of the eastern Ixtapalapa Pemnlsug),
_ i the southwestern portion of the study area (predommant y the
L and lower piedmont of the western Ixtapalapa Peninsula apd
" lmrll shore of Lake Xochimilco), and one in the southeastern portion
t~';);1"}2\,esrtudy area (encompassing several environmental zones southeast of
' o; Fig. 8). . ‘
gin;glh;lfve eximine settlement patterns in tt}e southern IIBI;%SX ;))f I\;Ig());:
o during the Late Toltec (Secopd Inte‘rmedlate', Phase ,b . f >0
150) period of occupation. Despite an increase in the number _(f) :
esent in the Basin of Mexico during tl_ns perlqd, due to al_shl ‘ES rgcrlri
rger to smaller settlements total populatl.on contmged to dec mct:_ ?rl
s ¢t al. 1979:139-140). This decregse in populatlon was particula n}ﬁ
arked in the southern basin. Three 'Fl(‘iI’S of reglongl adm1nlstra‘glonbco -
aued in the study area, with the political domination of the ergﬂrc'a )as;d
obably centered beyond its bounds at Tula (northwest of the as%n ;ed
holula (southeast of the basin; Sanders et al. 1979: 149). The tra?s or ned
ap of settlement for this period suggests thg presence of two .argef v
ement clusters oriented around centqrs: one in the eastern porﬁoE 0T :
udy area (encompassing several environmental zones east of ade exa
oco) and one in the southern and southeastern portion of the study are

.

({encompassing several environmental zones on the Ixtapalapa Peninsula,

outh of Lake Xochimilco, and east of Lake Chalco; Fig. 9).
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FiG. 8. Early Toltec settlement, in geographic space and travel time space, in the south-

e Basin of Mexico. Left, original; right, transformed.
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Fi1G. 9. Late Toltec settlement, in geographic space and travel time space, in the south
Basin of Mexico. Left, original; right, transformed.

One principle that can be explored with these proposed patterns
settlement interaction concerns the role of information processing in the
development of regional administrative hierarchies. The roots of this lj
of inquiry lie in management science and the sociology of organizatio

(e.g., Simon 1962, 1973; Blau 1968; Blau and Schoenherr 1971; Cumming$ 1

et al. 1974). However, it has been proposed in a number of anthropolog

ical contexts as a means of understanding both the evolution of small
group decision-making behavior (Johnson 1983; see also Johnson 1978,
1982; Reynolds 1984), and the emergence of settlement hierarchies in
complex societies (Wright 1969:3-6; Johnson 1973:1-4; Wright and

Johnson 1975:285; Flannery and Marcus 1976). The essence of thiscon-
cept lies in Ashby’s principle of requisite variety (Ashby 1956); in the
context of information processing, it states that an increase in the number

of information sources within an integrated system ultimately will lead

either to the collapse of the system or to the emergence of an adminis

trative hierarchy to meet growing information processing requirements

(Johnson 1978). Through focusing upon this general concept, one indi

rectly considers many of the proposed ‘‘prime movers’’ of sociopolitical

development—such as population pressure and the implementation of
hydraulic agriculture (cf. Wright 1977)—whose impacts may be consid-

ered in terms of additional types of information in a system and associated

increases in the need to process this information. L

In our transformed maps and the spatial aggregations based upon them.
support for the above information processing construct would occur a8

regular patterns of spatial affiliation, or geographic spans of control (cf.

Johnson 1982:411). A visual inspection of the maps does not provide su¢
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rt, for the aggregations vary greatly both in size and in the nature Qf
B o onents. But the proposition of interest also can be assessed_ in
. COIgfe directly related to information processipg itself .'The follow%ng
- ¥ able such an cvaluation—measuring the information processing
apls e‘ns suggested by proposed aggregations of sites both in tgrms .of
ndemm‘ser of settlements associated with a particular administrative site
: npm rms of the number of people associated with a particular admlq-
nﬁi i . site (Figs. 10 through 14). The latter helps to incorporate vari-
, 't{?tw'e the sizes of information sources, thus allowing for the po§51b111ty
:ablmy'ltrés containing different numbers of people generate different
» Slts of information to be processed. The former, as discussed furthgr
e helps to eliminate possible differences in the sizes of umts'ul‘g-
ﬁfal?g;/ providing information—an important potential source of variabil-

oil
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_Fi6. 12. Graph of Classic information processing, based upon proposed first and second
level settlement aggregations presented in Fig. 7.

' ,y,;,Aformal comparison of the graphed patterns suggests a degree of reg-
larity in information processing. By first calculating the means and vari-
ances of the proposed information processing tendencies at each level of

TERMINAL “FO’RMATIV‘E VILLAGES AND CENTE

:’c:' _ aggregation (Table 2), and then comparing the means statistically, differ-

é éﬂC.eS among information processing patterns can be ass:essed for the

i\ § ',‘i’arlous periods of occupation. For the ﬁrst. level aggregation, a_null hy-

e | L s S S E pothesis of equal means cannot be rejected in 40% of the comparisons {at

g ¢ 8¢ g5 2 8 ° = 2888 8 5 4.05level of significance) for either individuals or hamlets; for the second

e E T R evel aggregation, the same hypothesis cannot be rejected in 70% of the

SECOND LEVEL AGGREGATION FIRST LEVEL AGGREGATION aases for individuals or village aggregates (Table 3). Given that the rejec-
(VILLAGE AGGREGATES/TOTAL PEOPLE) (HAMLETS/PEOPLE) tion of this hypothesis in essence signifies irregularity in information pro-

. CEssing tendencies, notice that for both levels of aggregation the rejection
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F16. 13. Graph of Early Toltec information processing, based upon proposed first and

second level settlement aggregations presented in Fig. 8. LATE TOLTEG VILLAGES AND CENTERS ("#")

_Fig. 14. Graph of Late Toltec information processing, based upon proposed first and

of equal means always involves either the Classic or Late Toltec periods second level settlement aggregations presented in Fig. 9.

Both were periods of occupation where supraregional centers are thought
to have wielded a great deal of influence over the Basin of Mexico. Their ) . e

range of influence quite likely included patterns of information processing Evans 1980:103-111). The three penogis for Wthh_ 51m11ar1tles' in informa-
and decision making. ~ tion processing occur all most likely involved chiefdoms, with the Late

In terms of the data on proposed information processing patterns su o+ | Formative and Terminal Formative systems evolving toward greater lev-

marized in Table 2, spans of control on average encompassed fewer sité» ¢ls of sociocultural complexity, and ‘fhe Early Tpltec period representing
regional decline following the demise of Teotihuacan.

and people during time periods which lacked a supraregional center. On¢ ; ¢ . . X
possible explanation for this is that the supraregional centers presentit = Until now, the evaluation of regional patterns of information processing
central Mexico during the Classic and Late Toltec periods somehow mot }jas searched for certain regular}tles. Aq ‘alternat;ve perspective ap-
ified local information processing and decision-making patterns, perhap Proaches the problem in terms .Of irregular ities, or violations of the prin-
placing their own administrative representatives throughout the region 10 Ciples underlying the information processing theme. In t.he present re-
search setting, we cannot propose precisely when a particular adminis-

control disproportionately large amounts of local decision making (8 el N . . £t exist
occurred in the northeastern basin during the Late Horizon period; lrative level will appear. An information processing threshold, if it exists,
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TABLE 2

MEANS AND VARIANCES OF PROPOSED INFORMATION PROCESSING PATTERNS roR '
LATE FORMATIVE THROUGH LATE TOLTEC PERIODS IN THE SOUTHERN BASI‘N':

OF MEXICO .

TABLE 3
ALUES FOR TESTING DIFFERENCES BETWEEN MEANS OF INFORMATION
PROCESSING PATTERNS

qsTIC V

LF TF CL ET LT
First Level Aggregation : B
ggreg 1s( level aggregation: Hamlets

Hamlets People i . . - —
; B — 9% - - — —
Mean Variance Mean Variance _g‘g -3.6 — — —_
Late Formative 1.6 1.7 53.2 64.5 —~0.5% ~1.3* 2-9* — -
Terminal Formative 1.3 1.3 47.9 59.9 —-3.7 2.3 -1.9 -3.4 —
Classic 3.8 3.1 139.2 144.0 Lo
Early Toltec 1.9 2.3 69.0 84.5 irst level aggregation: People _ _ B
Late Toltec 6.3 5.9 204.6 171.2 0’3 B _ _ —
Second Level Aggregation -2.6 -2.8 — - -
i —0.4% —1.1* 2.0 — —
Village aggregates People —a1 43 —1.4% 3.5 —
Mean Variance Mean Variance scond level aggregation: Village aggregates
Late Formative 4.0 1.7 4032.0 2935.9 ' - - - : —
Terminal Formative 3.6 2.4 2503.3 2524.9 ().4"< . — ~ -
Classic 6.3 2.5 2972.7 799.9 1.4* L7 et _ —
Early Toltec 3.7 1.9 2124.7 1299.4 0.3* 1.0% 1-9* 14 B
Late Toltec 4.0 2.8 5360.0 919.2 33 3.4 . .

cond level aggregation: Total people

: 0.9* — - — -
would generate a higher order settlement at that threshold level and & 0.7% —~0.5% — — -
levels beyond it—presumably until another threshold is reached, produc 1.3% 0.4* 1.2% _4—2 -
ing a subsequent hierarchical response. But we can further evaluate th -1.1* -2.9 -33 2 =

, [ ———————
N —

information processing hypothesis by noting the presence of certain i
regularities, namely the presence of higher-order administrative settle-
ments in situations which also generate either lower-order administrativ
settlements or none at all. L
Violations could take the form of villages without interacting hamlet
or centers either without interacting settlements or under proposed info
mation processing conditions which also give rise to lower-order admin-
istrative settlements. As indicated in Figs. 10 through 14, such irreglﬂaf% ,
ities do occur, in different frequencies, for all time periods examined.
Violations are particularly evident in the first level aggregations where
villages arise in the absence of interacting hamlets. Interestingly, thiSy
occurs only twice (9.1% of the cases) during the Classic period and four
times (16.7%) during the Late Toltec period—the periods in which infor-
mation processing regularities are not supported statistically. Greater fr
quencies of violations are evident during periods when the proposition 15
supported—the Late Formative, Terminal Formative, and Early Toltec
periods (7 [28.0%], 12 [29.3%], and 9 [32.1%)] instances, respectively)—

Vote: **> signifies periods with no significant differences between means, p = .05.

ain preserving the distinction between two periods.vs'/here a supra-
gional center dominated the basin and the three remaining pen'ods ex-
ined. Aithough obvious violations among second level aggregations are
s evident, small clusters of village aggregates during the Late Forma—
¢, Terminal Formative, and Early Toltec periods suggest irregulariths.
As a final note on analytical results, in the search for greater _consxs—
fericy in patterns of settlement interaction we also employed a basic grav-
model. This represents an attempt to account for the impa_ct of set‘tle-
ment size as a key factor in determining patterns of spatial interaction.
The measure of separation between places was determined from the
Iansformed travel time maps—thus incorporating the notion of func‘uor_lal
Accessibility central to this study. Specifics aside, none of thﬁ: gravity
model applications produced appreciable changes in the regularity of set-
ement interaction and information processing patterns.
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the influence of supraregional centers, as previously discusseq CONCLUDING REMARKS

case of individual violations of expected information processin
ples, the presence of administrative settlements in the absence g
vient settlements was consistently the greatest during periog
larger numbers of separate centers existed—introducing the POSs:
that greater numbers of individual polities may have required incre
intensive administration in particular cases. Along the same lip
soning, the periods with fewer violations were those where the B:
Mexico ultimately was ruled by a supraregional center, and thyg
competition between separate polities would likely have been co
much more closely.

Another possible source of variability associated with informatio
cessing concerns the numerous strategies employed by humans to
nize information processing units and make decisions. Two cor
ations, both exceedingly difficult to deal with archaeologically, de
mention: variability in the size of basal units, and the possib]
decision-making heuristics. Basal units represent the basic compone
an information processing organization which contribute informat
the next level in a decision-making hierarchy. As basal units them:
become larger and process more information internally, the inform
processing requirements of the next level of the hierarchy are re
(Johnson 1982:398ff). For the present study, we have assumed that
units were constant across time periods, once again in lieu of inform
to the contrary. In particular, variability in basal unit size could
information processing patterns when assessed based upon number:
individual persons, for basal units may in fact comprise nuclear famil
extended families, or some other social unit. Such considerations sho
cause less difficulty when settlements (hamlets or village aggregates|
considered as basal units, since variability of smaller social units woul
encompassed within these larger collections of people.

Heuristics frequently are employed by humans when dealing with la
amounts of information (cf. Kahneman et al. 1982). Although there |
recognized need to treat human organizations as cognitive systems
Ramos 1981:44ff), studies of cognitive processes such as heuristic
sion making in organizational contexts have lagged behind. As is the
with individual decision makers, varying reductions in the amoun
types of information considered, or intensity of its consideration,
quite possible. The message which comes through here is that hum
information processing and decision making at both the individual ¢
group levels in many ways appear to be inherently variable. Where
sion-making heuristics are concerned, uniformity may indeed be th
ception rather than the rule.

fealization that human spatial behavior may bq described and an-
_more accurately through the use of alternative spaces was an
ant discovery in human geography. Recent theor'e'tlcal and techni-
yances in geographical research enable the deﬁn_ltlon' and explora-
f such spaces, opening several new avenues of inquiry on hurpan
 organization. In terms of basic spatial problems, archagologlca}l
re no different from most data on modern hl_lman behavior: evi-
in both research settings occurs in geographic space, but under-
ng its arrangement may require exploring alternative representa-
Jf this space. _ ‘ _
above essay was written with three primary goals in rr.und. First,
nted to introduce archaeologists to the concept of relative spaces,
the insights on regional organization that can emerge from the
nation of these spaces. Second, we wanted to introduce ar_chaeol—
ts to a particularly useful method for developing maps qf different
-¢s. Finally, we hoped to demonstrate how these ideas rplght be ap-
o develop a representation of travel time space—and, in turn, how
arrangement of settlements in such a space provides a means of eval-
ng the proposition that political hierarchies evolved in response to
easing information processing requirements.

ularities in the proposed spatial-hierarchical relations between set-
ents in the southern Basin of Mexico were found in the Late Forma-
, Terminal Formative, and Early Toltec periods of occupation, sup-
ing the information processing hypothesis. This support emergf:d
dst considerable variability, and several possible sources were dis-
sed. Some concern possible weaknesses in the data employed, notably
stions of settlement contemporeneity and the possibility that the re-
al and administrative functions of all settlements might not have been
overed or interpreted properly. A second potential source of variabil-
oncerns the possibility that patterns of settlement affiliation were nqt
ways based upon spatial accessibility. The final possible source Of: vari-
ility discussed concerns aspects of human information processing in
eral, in particular differing types and intensities of information pro-
sing, shifts in the sizes of basal units of information processing, a}nd
inherent variability in human information processing and decision
ing which can be subsumed under the general heading of heuristics.
he information processing hypothesis was not supported by settlemept
dla from the Classic and Late Toltec occupations of the southern Basin
{ Mexico. However, the presence of supraregional centers in central
lexico during both of these periods may account for this lack of sup-
M—with overriding administrative concerns of major political powers
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affecting regional organization in a manner similar to that which oc
in the basin during the Late Horizon.

APPENDIX |

Denoting the travel time between points i and j as d;;, and the By
distance between the same points as d;*, the trilateration algorithp
be outlined as the following steps.

Step 1. Generate an initial configuration of the » points of i mterest
15a). In general, this configuration may be arbitrary; in the present st
we employed the original locations of the 25 sample points.

Step 2. Connect each point to all others with straight lines which
through every pair of points (Fig. 15b).

Step 3. On each line, for which a distance has been calculated, c'
a line segment of length d;; (Fig. 15c¢). ,

Step 4. Draw vectors dsu from each point to the end of the line seg
(Fig. 15d). ,

Step 5. Find the resultant vector, representing the average of all ve
(Fig. 15¢).

Step 6. Move each point p to a new position p’, defined by the endpo
of the resultant vector.

Step 7. If no points have moved significantly, according to some p
defined criterion, stop; if points have moved, then return to Step 2 a
continue iteration.

The lengths of the vectors from each point are calculated by

dsy = (dy — dy*) /2.

i
The direction cosine of each vector is found by

i
From the above two equations, change in the x direction is computed a
d(x); = cos 8; ds,.

Similarly, with respect to change in the y direction the following equati()ﬂﬁ ’
are employed:

and

dy); = sin 6; dsy.
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FiG. 15. Graphic depiction of the trilateration procedure.

A = [Un = 1] D, d@)y

i=1
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_ The average vector represents the mean change in both the x and y di-
rections. These are computed, respectively, as
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and Leave theil spatial-administrative hinterlands (cf. Evans 1980:103-111; Evans and
1982:287-288; Hodge 1984:25-26). Thus we know that spatial proximity among Late
ites was not indicative of administrative affiliation.

he distinction between provincial and regional centers rests mainly upon the adminis-
¢ presence of even larger sites. Provincial centers originally were defined as large
ated communities with ceremonial architecture dating to a period when the basin was
. . . a supraregional center. Regional centers, in turn, originally were defined as
Thus the point p, defined by (x;, y;), is moved to the new point p’; def gg?::]tsl(i::tid corﬁmunities with ceremonial architecture dating to a period when the basin

by G + d(x), yi + dB)y). ot dominated by a supraregional center (Sanders et al. 1979:55-56).
he Texcoco region, composing much of the eastern section of our study area, some

may have been missed in two narrow strips not examined completely (cf. Parsons
17-19). However, most of the larger southern strip was surveyed systematically,
) not on & field-by-field basis. Moreover, daily trips for a period of several months
g the highway which runs the length of the northern strip enabled its examination for the
ance of sites with mounds. As a result, a number of sites were recorded within both
<, and according to the director of the Texcoco survey it is unlikely that any medium or
. sites in these two areas were missed (Parsons 1971:19).

dy); = [Un = D] D, dy)y.

Jj=1
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