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ABSTRACT

MAPPI NG BOLI VIPOBTCASECBNATE:
EVALUATION OF MULTIVARIATE DESIGN STRATEGIES

Cheryl A. Hagevik, B.S., Appalachian State University
M.A., Appalachian State University

Chairperson: Christzher A. Badurek

Multivariate mapping can be an effective yM®a illustrate functional relationship between

two or morerelated variables if presented in a careful man@ee criticism of multivariate
mapping is that information overload can easily octading to confusion and loss of map
message to the readé\it times, map readers may benefit instead from viewing the datasets
in a sideby-side manner. This study investigated the usenoltivariate mappingo display
bivariate and multivariate relatnships using a case example of social and political data from
Bolivia.

Recent changes occurring tme political atmosphere of Bolivikan be better
visualized, understood, and monitored through the assistance of multivariate mapping
approachedn 2006 Evo Morales became the first fully indigenous Bolivian Head of State,
with the first ever majority victory by a single party in a Bolivian Presidetiadtion.
Regional divides associated with these relatively abrupt political changes were illustrated
through relationships that occurred between the results of the Bolivian Presidential election

of 2009 and location of indigenous populations. The effectiveness of four approaches to



multivariate mapping(combined sequential color schemeseparable gradwt circles,
choropleth with proportional symbols, and paiof sequential color schemesh
communicating thiselationshipwas evaluated

A paper map survey in English and Spanish was administered to a group of thirty
four people in the United States atitrty people in Bolivia by the researchessing four
multivariate mas (each displaying a different approach) and one control (separate maps of
each variable). Survey resul ts wer e analyz
correlations, paired-tess, and independent sampktests. Based on percentage of correct
responses and preference ratings, significantly higher results showed that viewing the
datasets displayed in separate maps best transmitted the map message. The multivariate
mapping approdes that yielded the lowest scores suggested that it is best to avoid the use of
two ratio datasets and the use of graduated circles. The pair of sequential schemes approach
received the highest scores when considering the multivariate mapping methad$himly
approach also yielded higher scores from the Bolivian sample, suggesting that readers
lacking map experience can benefit from this form of multivariate mapping.

Results revealed no significant differences between demographic groups, including
age, gender, political activeness, and map experience. Cultural differences were revealed
among the two sample groups of Bolivia and the United States, which related to familiarity
with map reading and conception o futlzeck@a wor d
map based evaluation, it is best to fully investigate cultural characteristics that surround map
reading prior to creating the evaluation tool. While this study did reveal benefits of certain
approaches to multivariate mapping, these approasiiesid be further investigated based

onregional and characteristic differences among groups.
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CHAPTER 1 INTRODUCTION

Visual tools, such as charts, graphs, and maps, can be used as assistance in the
identification of connections between different types of date combination of multiple
daisets into one static cartographic display caadigeved througimultivariate approaches
(Slocum et al.2005) Multivariate mappings a cartographic approach whibblds promise
in assisting with the visualization of dataset connections when presaraezhieful manner.

One criticism of multivariate mapping is that information overload can easily occur, leading
to confusion and loss of the map message to the map reader (MacEachreRd8&m et

al. 1995 Dent, Torgusohand Holder 2009Tyner 2010) The map reader often can benefit
more fully from viewing single datasets in sidgside maps (MacEachren 1995; Dent,
Torguson and Holder 2009; Tyner 2010). Complex mapping approaches that combine
datasets are often avoided by mapmakers due to thesedeffort that is associated with
the creation of multivariate information products.

While information overload is a criticism of multivariate mappighniques a
possible benefit is thahe amount of informatioa map carries can be increased,viting
the visual opportunity for variable comparison (Robinson et al. 1995). Using a single map to
display multiple datasets can actually reduce confusion related to the comparison of varying
map scales, projections, and orientations. By following bascall guidelines for the

manipulation of symbolization, multivariate approaches can be optimized in the transmission



of information and relationships. It is important that approaches to mudtteamappindge
studied so that the full potential of multiate s/mbolization can be realized ithe
communicatiorof complex data relationships, such agase otonnections betweesocial
and political data.

Over the past five years, the political atmosphere of Bolivia has changed relatively
drastically. By monitoring the emerging political structures of Bolivia, the driving factors
behind these changes can be better understbodct udyi ng Boliviads
outcomes, social indicators of poverty can help describe regional dikedlested in the
suport of presidential candidate$he physicallandscapeof Bolivia is divided into two
main regions the westerraltiplano of the Andes and the tropical eastern lowlands. These
regionsare paralleledby the two main populations of the countrpdigenousgroupsand
mestizg of European decerB o | i presidemisl electionin 2005 was historic in thaEvo
Moralesbecame the first indigenous head tts with the first ever majority victory by a
single party. As Morales has been dedicated to protectidmenous rightsracial and
economic divides between the indigenous population of the west and thedmgemous
populaton of the eastern lowlandave become emphasized

This study involves the evaluation of differences understanding among four
appoaches to complex or multivariate mappiRgur different design strategies were used in
the display of political and social data from Boliviehoropleth withproportional symbols,
separablgoroportional symbolspair of sequential color schemesnd comiined sequential
color schemes.T h e positive connection bet ween Bol
supporers of Evo Morales in the 2009¢gsidential election allowed for the creation of maps

in which a visually evident relationship is seen through symbtdin



Multivariate mapping strategies manipulate and combine different forms of
symbolization to display multiple dataseBy displaying choropleth shading with graduated
circles in one map, a layering of symbolization is achieved. Sdmarablepropotional
symbols approach uses codnd sizeto createcontrast Patterns between the two schemes
can be identifiecdby pairing color schemes with different hues into one visual dispriatye
combined color schemes approach, different schemes are mergedt® new colors which
represent the combined datase&dl. of these approachesan be successfully achieved by
following guidelines that aim to prevent information overload.

Theseapproaches were evaluated through a paper survey designed to deteemine
effectiveness othesefour types of static multivdate mappingo illustrate and communicate
the relationship between the changing political structures in Boliviatlb@doopulations
associated with this movemefithe mlitical dataused for this sty describes the outcome
of the 2009 pesidential &ction of Bolivig based on the two dominant pas at the time of
the electionMovimiento al Socialism@AS) andPlan Progreso para BolivigPPB) Social
datawas collected from the 2001 Censos$ Bolivia, which described first spoken language,
an indicator of population characteristidhese two datasets were displayed at the province
scaleusing the four multivariate approaches well as individuallyin separate map§he
paper survey evaluatedeedd par tici pantdés ability to wunde
within each map througa series of questions, includimgultiple choice, filtin, rating scales
and ranking.

The survey was administered to a populatdrsixty-four participants, withthirty-
four in the eastern United States ahdty in Tarija, Bolivia. The final survey was translated

to Spanish and reviewed in Tarija before administratire two sample groups included



participants rom varying age groups and backgrounds. Both sasmpere heavily
influenced by a university atmosphere with participants from educated middle class social
groups.Surveys administered in the eastern United States were collected in February 2011 in
multiple locations. The survey responses from Taria, \B®oliwere collectedby the
researcheduring a two week field study in March 20dith the help of residents from this

city. Survey responses were analyzed using descriptive statistictaditical tests to reveal
patterns and trends associated with eacitivariate mapping approach. Observations made
during survey administration and verbal feedback provided by participants helped in the
investigation of these patterns and trends.

This research is significant in an increasingtymplex and intercoratted world
affected by the process of globalization. Decisions in one country are no longer isolated from
others, natural resources are distributed globally, and economic inequalities exist within and
between countries. A more integrated strategy, suchudts/ariate mapping, is needed in the
illustration of these complex relationships. Yet, multivariate mapping strategies have not
been fully investigateqRobinson et al. 1999ent Torguson and Holder2009. Through
evaluating various forms of multivate mapping, optimal design strategies can be redefined
to ensure effective communication of complex social structures. Comparing the effectiveness
of different approaches to multivariate mapping will allow cartographers to gain knowledge
necessary for nmping complex and varied relationships such as those found in political and
social data.

Following this introduction, aeview of past literaturas provided in Chapter 2
explaining precedingesearchin multivariate mapping strategies, focusing guiddines

which weredevelopedto improve symbolization techniquesA socio-political history of



Bolivia is then summarized in a brief description of cultural and economic influences.
Chapter 3 describes the research objectrebsevaluation methods of thisidy, whichtook

place in the stages of data collection, map design, survey design, and data analysis. In
Chapter 4, the results of thgurvey collection are discusseduring an analysisof the
responseglivided by survey sectiongeneral questions, specifquestions, rating scales,
overall rankings,and demographigroups Observationsspecific to cultural influences in
Bolivia andpossibleconfoundsare then notedThe conclusion in Chapter Eeflects on the
implications of the observations made durimgststudy and disesses the need for further
research The Appendices show the final survey design in both EnglishSgachishand

include themultivariate and separateaps designed for this study.



2. LITERATURE REVIEW

The four appaches to multivariate mapping techniques used in this stiltlpe
reviewed, followed by a description of the social and political culture of Bolivia
Connections between multiple social and political variables can be illustrated and possibly
understoodhroughthe use ofmultivariate mappingBo | i vi aés current poli
been shaped through a long history of indigenous traditions along with influxes of migrating
populations. Today Boliviads popul diffteiingn i s ¢
agendas.The strong relationship bgeen Evo Moralesind his indigenous supporters can be

easily visualized through the use of multivariate mapping techniques.

Multivariate Mapping

The cartographic display of multiple phenomena is knowmakivariate mapping
(Slocum et al.2005). Multivariate mapping is used as a means to analyze and display
functional relationships between related variables. The manipulation of symbolization
through color, geometry, and size allows for the display ofraéeets of data in a static
environment. Suggested design guidelines for multivariate maps aim to create a simple
message that is easily identifiable. However, simply placing the maps side by side can often
transmit a clearer mesge (MacEachren 1995; Derorguson and Holder2009; Tyner

2010).



Map comparison

When considering the creation of a multivariate map, a decision must be made about
whether the datasets should be displayed through individual maps or should be combined
into a single display (Robsion et al. 1995). Before creating any multivariate map, one
should always consider if patterns and relationships presented can be shown more effectively
with separate comparable maps, especially in the case of multiple fsettioco data
(MacEachren 1995Dent et al. 2009; Tyner 2010A single map can be created for each
attribute and then compared visually. Just as in univariate map creation, choropleth shading
is the most common choice forragolization in map comparisonifure 1. The ability of
the ma reader to interpret the map message is heavily reliant on data classification in this
case (Slocum et al. 2005). domparison between maps i©sh easily interpreted whethe

mapping methods heldconstant, such assingchoropleth shadin@r both mapgFigure 1)

Separable proportional symbols

The proportional symbol map is one of the most common quantitative mapping
techniques for bivariate mapping. This type of symbolization is known as multivariate point
symbolization, which can be used withheit point or areal data (Slocum et al. 2005).
Multivariate proportional symbols have not been extensively researched and have
disadvantages that can lead to loss of the map message, but can be optimally designed by
following a few general guidelines (Defhbrguson and Holder2009). Proportional symbols
can be used with base map information to display two datasets by using two different hues or

shades to filthe symbolizationKigure 2.



Median Household Income, 2000

Median Household Income
(dollars)

40 60 80
25,177 - 35,000 R —— iles
I 35,001 - 45,000
I 45,001 - 55,000

Data Source: U.S. Census Bureau
American Factfinder: Decennial Census 2000:
Summary File 1 and Summary File 3

Urban Population, 2000

Urban Population { \_Af/\"

(percent) /\/17 0 1020 40 60 BOM,[eS
-1 0-35 =

N 36 - 68

Il 69 - 100

Data Source: U.S. Census Bureau
American Factfinder: Decennial Census 2000:
Summary File 1 and Summary File 3

Figurel: Comparable choropleth maps




2008 Presidential Election Results
and Median Household Income

Median Household Income .
(dollars) ’

® 25,177-33,230 ©

@ 33231-40,174 @

. 40,175 - 54,988 .

Obama
McCain

Data Sources: U.S. Census Bureau:
American Factfinder: Decennial Census
American National Election Studies:
Presidential Election 2008

Figure2: Separale graduated circles map

This bivariate mapping approach is used with the quantitafiiaditative data

combination. The proportional circles represent the ratio data while the nominal data is

shown through different color hues. The hues utilized shbal@asily distinguished from

each other and separable. With separable symbols, variation can be processed independently

of all other dimensional variations, allowing the reader to focus on individual datasets

(Nelson 2000). This example uses hues thatrelsed to the data categories, in this case

political party colors, whuh are easily distinguishable.



Superimposition of symbolization

The superimposition method uses separate symbolization schemes that are visually
distinct and is the most commonpapach to multivariate mapping. An advantage of this
method is that it is conceptually simple (Robinson et al. 1995). When displaying only two
variables, there are many choices of compatible symbolization. For examge tpnal
symbols may be used irombination with choropleth symbolization to display multiple
datasetgFigure 3. Although these two types of symbolization are visually distinct, there is
potential for confusion when using proportional symbols with choropleth symbolization,

especially inthe case of two ratio level variables.

Household Income and Family Size, 2000

Average Family Size = Median Household Income
(number of people) (dollars)

® 2.7-2.9 25,177 - 30,627
® ;o 30,628 - 36,259

I 36,260 - 43,337
.3-1 -3.2 B 43,338 - 54,988

Data Source: U.S. Census Bureau
American Factfinder: Decennial Census 2000:
Summary File 1 and Summary File 3

Figure3: Layering of proportional symbols and choropleth map
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By using symbolization that is diverse in form and densely packed within the map
space, the map message can be easily lost to the reader (Robinab 1995).This
confusion can be avoided through the use of highly contrasting color schemes for the
proportional symbols and the choropleth enumeration unit fills (enguson and Holder
2009). Creating adequate figugeound contrast and usingsample geometric form, such as
a circle, is the most effective way to use proportional symbols for bivariate mapping. This
example of proportional symbolsith choropleth symbolization {ure 3) uses two sets of
guantitative data, but there is much freedn the superimposition approach for utilizing

different types of data.

Multivariate choropleth color schemes

When attempting to identify relationships, choropleth maps can be used as part of the
visualization process (Tyner 2010), but choropleth symhtitin is susceptible to reader
confusion when showing multiple variables. The choice of color scheme can have a dramatic
effect on whether or not map users can accurately interpret specific details from a map, as
well as appropriately understand the maeneral message of the map (Mersey 1990).
Confusion by the map reader can be avoided by limiting the number of colors and patterns
used on a map.

The number of classes should be limited to three or four in bivariate mapping or the
legend can become overalming (DentTorguson and Holder2009). The selection of color
schemes for maps should be based on the polarization of the variable. For unipolar or
unidirectional variables, sequential color schemes should be used, while diverging color
schemes should besed for bipolar variables (Brewer 1994yigure 4). Multivariate
approaches are more easily understood when used with two unidirectional ordered variables

11



(MacEachren 1995). Colors should progress in shade from light to dark, with high data
values repremnted by dark tones. When viewing separate maps, correlation is most easily
identified through the blackness or darkness of color schemes (Muller 1976). More

sophisticated schemes can be made by varying saturation and value (Tyner 2010).

B
i
=

Sequential Diverging

Figure 4: Color scheme examples

When mapping political data, it is best to use colors that are associated with the
political parties represented. The most important purpose of the political map is to show
political affiliation in relation to territorial borders. Throughout the world, political parties
are associated with a particular symbol or color. In Bolivia, these symbols are printed in
color on the ballots to ensure the voting rights of the illitefterld Unfurled D05).Plan
Progreso para Bolivia (PPB) is identified by red and yellow while Movimiento al Socialismo
(MAS) is identified by cobalt blu¢rigure5). Using these colors to dictate symbolization in
political maps, helps reader easily identify categorieslifegpto a better understanding of the

map messagde.

12
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PROGRESO
pana B

Figure5: Bolivian political party logos

By pairing or combining color schemes, it is possible to visually identify patterns that
might exi¢ between datasets. Color schemes used for bivariate mapping are usually pairs of
sequential schemes, pairs of diverging schemes, or paired sequential and diverging schemes.
When using pairs of color schemes, each color scheme represents a single et Dieda
differing hues and shades allow for multiple datasets to be viewed together. A pair of
sequential color schemes can be applied to a map using a quantjizlietive data
combination (Figur®). Shade represents the ratio data while hue regseseminal data.

Choropleth maps can show two or three variables by using blends of colors which are
created by combining color schemes. This approach is known asvarigsle mapping,
which creates a hybrid variable by combining separate variabkesairsingle variable
(Slocum et al. 2005). This twstep process involves creating a basis for classifying data

values that have been created by combining data sets. In the case of combining two variables

13



Household Income by
Rural and Urban Area, 2000

Median Household Income
(dollars)

25,000 - 35,000
B 35,001 - 45,000 .
B 45,001 - 55,000 W

0 1020 40 60 80
e Viles

Urban
Rural

Data Source: U.S. Census Bureau
American Factfinder: Decennial Census 2000:
Summary File 1 and Summary File 3

Figure6: Pair of sequential color schenreap.

a rectangular grid legend is first created by plotting values from one variable against values
from the second variable. Each box or color ends up representing a unigque relationship
between the two variables. The second step involves assigning €actada to a unique
category contained within the grid (Robinson et al 1995).

The technique originated in the 1970s when the U.S.aBuné the Census developed
the fAbivar i at,evhioh\was a mgihbcefor bomimrang twaolored choropleth
maps Meyer, Broome, and Schweitzer 1973his method is spectrally coded and utilizes
the combination of cyan, magenta, and yellow. Although a technological achievement, this
method received much criticism in its abilty to communicate information about the

individual distributions and the correlation between variaf8éscum et al. 2005).
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Judy Olson (1981) conducted a study in response to these criticisms and found that
this bivariate method was successful in transmitting information to readers about k&fgions
homogenous value combinations. Therefore, this method can be effective in displaying a
positive relationship between variables. Olson (1981) found that map readers do find these
types of maps to be interesting and appealing. However, Eyton (1984) guosn
alternative method based on complementary colors, which combine to produce a shade of
grey. This approach to the cregsriable grid has the potential to appear more logically
ordered, allowing patterns to be more easily identified.

In its simplest &rm, a paired color scheme consists of two hues varying in lightness.
The two color schemes create a square grid on which positive and negative diagonals
progress from lowa high or high to low. Figur& belowshows an example of the original
combined cadr schemes approach, first developed by the U.S. Bureau of the Census. If used
correctly, this form of bivariate choropleth mapping can be effective in showing relationships
among variables. The colors used must be easily identified and the transitioog.smo
Individual categories must be distinguishable and the two distributions must be easily
differentiated (Eyton 1984).

The clarity of a map using multiple variables is often dependent on the effectiveness
of the legend in providing a clear state menthef mapping proes (Olson 1981; Robinson et
al1995). If the legend is designed correctly, it should be intuitive. However, many map
readers prefer to view variables in separate maps over this single hybrid display. If this
method is utilized, the legendhsuld be a prominent part of the map design when using this

type of map display.
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Household Income and
Urban Areas, 2000
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Figure7: Combined sequential color sche messp.

Socicpolitical climate of Bolivia

Bolivia is located in central South America with a population of approximately ten
million inhabitants. The total population has grown thigld over the past fifty years,
accompanied by an intense urbanization proc
country with the lowestGross Domestic ProductGDP) per capita on this coment UN
Statistics Division 201). The country has a history of difficult economic, politicahd
social issues, characterized by inequality and an economy that has been adversely affected by
the region's recent economic slump. However, despite nume@ibacks, Bolivia has
managedlow and steady progress as shown by an increase in trade and a reduction in infant

mortality rate{WHO 2000)
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Brief Political History of Bolivia

Modern Bolivia was once a part of the ancient Inca Empire before bemypueced
and colonized by Spain in tlexteenthcentury. The remoteness of the Andes in the western
part of the country helped to protect Bol i vi
(Newson 1985)The Spaniards sought mineral wealth and wegs Eticcessful in ghmining
of silver, resulting in the exploitation ohe¢ indigenous populatiofor use adabor in the
extraction of silver deposits (Mahoney 2003). The indigenous population of the Andes
decreased during the Spanish conguiestely de to this extraction of labor and goods
(Spalding 1973). This decrease led to the fragmentation of indigenous cultures throughout
the Andes. The stratification of society that originated with the Spanish colonization of
Bolivia still continues today and seen in the inequalities that exist between the largely
impoverished indigenous peoples and the European elite (Faguet 2004).

Boliviads st demag pdgan infl&09 and ended pixtgaars later. The
country was named for liberator Simon Bali(Klein 2003). Through several subsequent
wars, Bolivia lost large amounts of land to Chile, Braaihd Paraguay. In 1952, the
Movimiento Nacionalista Revolucionar{NR) political party led a successful revolution
that resulted in land reform promagimural education and the nationalization of tin resources
(Patch 1961). Unfortunately, twelve years of reform left the country divided and the
president was overthrown by military leaders. From 1964 until 1B8&via experienced a
series of coups by prarily rightwing military dictatorships. In 1982, Democratic civilian
rule was established after a long period of military control, but difficult problems with

poverty and social unrest are still prominent in Bolivia (Domingo 2005).
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People and Culture dBolivia

The physical landscape is roughly divided into the high plains of the Andes and the
lowlands of the Amazon (Figure) &nd closely mirrors theocunt r yés cul t ur al
Throughout Boliviads history i ndbutghesewwbes tr i b
whose ancestry can be traced back teqaenial societies, remain th@uahinant groups in
Bolivia at 59 percentof the population(Andolina, Radcliffe and Laurie 2005). The
remainder ofthe population consists mostly of mestizos, mafigr to people of mixed
European and Amerindian decent (Rice and Van Cott 2006). German, Croatian, Serbian,
Asian, Middle Eastern, and other minorities are also found in Bolivia. With over three dozen
indigenous groups represented in Bolivia, four mainugeo account for the majority of
indigenous peopleQuechua, Aymara, ChiquitanandGuarani(INE 2001).

The bulk of indigenous peoples of Bolivia reside in the high plains, or altiplano, in
the western Andean part of the country (Kronik and Verner 201®.altiplanois one of the
most extensive high plains on the Earth and is characterized by its harsh climate and dry
winds (Garreaud, Vuilea nd Cl ement 2003) . Lake Titicaca,
lake, is a dominant feature of the altiplano amd important natural resource for the
indigenous peoples of Bolivia. Mestizos are mostly found in the eastern lowlands, which
cover about half of the land in Bolivia (Galvan 2011). The climate ranges from wet and
humid in the Amazonian areas to subtropicathe southern areas. Bolivia divided into
nine departments: Pando, La Paz, Oruro, and Potosi in the western portion of the;country
Beni, Santa Cruz, and Tarija in the eastern portion; and Cochabamba and Chuquisaca in the

central area.
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Figure8: Physical &ndscape of Bolivia

Mestizos tend to be the wealthier class of Bolivia, dominating the political and

economic spheres (Schroeder 2007). Recently, cultural and economic divides between the

altiplanoand eastern lowlands of Bolivia have beefieed in political outcomes, as the

rights and powers of the indigenous people increased. This contemporary movement can be

traced to similarregional movements in the 1960s and 1970s which sought to reclaim

indigenous voices and autonomy (Yashar 199BYe founders of this movement call

themselveKataristas named after the Aymara leader of Indian rebellion Tupaq Katari, and
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are dedicated to preserving and producing a meaningful indigenous alternative to the Western
model of modernity (Canessa 2000).iSTrebirth of indigenous natiotiem began in La Paz,

a provincialand natioal capital, as part of efforts to preserve the traditional culture of the
altiplano(Mallon 1992). La Pazremains a center for indigenous culture tmglagntinuing

this renewednterest in indigenous crafts and native languages.

With a population of 2.5 million, the Quechua make up approximately 25 percent of
Boliviabds peoples (USDOS 2010). The peopl e
of the highly organized IncaBmpire. The Quechua language was spoken by the Incans and
remains an official language of Bolivia (Galvan 2011). Family is the center of Quechua
culture with all members of extended families contributing to the farmingoor, potatoes,
and quinog Tenemaum 1996). Agriculturand animal husbandry providlkee main soure of
sustenance for the Quech{@alvan 2011). Quechua are mainly found in the altipland
are native to the departments of Chuquisaca, Cochabamba, Potosi, &dirha Paz
(Kronik and \erner 2010).

The Aymara are the second largest indigenous group, constituting approximately 20
percent of Boliviabds phemnegohfa over@,000 yearn(ISDOS v e
2010). Aymara culture is regardedaprecursor of the Incautture which later became the
basis for the strong soe@conomic organization of the In€mpire(Tenenbaum 1996). The
Aymara lived closely together with their rulers, the Incas. The Aymara believe that two
atmospheres compose one reality: the naturdt@mwent and the supernatural world (Eagen
2002). Aymara peoples are found in the altiplahdolivia and rely on agriculture, animal
husbandry, mining, fishing, handcrafend trade as sources of income (Galvan 2011).

Aymara have grown and chewedcaleavesfor centuries, and useiit traditional medicine
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as well as in ritual offerings to the sun dgodi and the earth goddeBachamamaThey are
native to the departments of La Paz, Oruro, and Potosi (Kronik and Verner 2010).

The Chiquitano, an Amazonian culture, ar
making up one @rcent of the population (USDOS 2010). They reside in the eastern lowland
areas near Santa Cruz in the tv@hiquitanos region (Godoy 20D2Chiquitano is spoken
among this culture, but this language is not classified as a language family and is therefore
not included as a category on census documents. Chiquitanos rely on agriculture for income,
cultivating lowland crops such as bananas, cotton, rice, corn and manioc. Additionally, the
Chiquitano are known as skilled musicians and creators of violins §@G2W11). According
to the Chiquitano belief system, each element of nature has a master, including the mountains,
the plains, and the forest. The Chiquitano, in spite of their long history of contact with
Bolivian mestizo society, resist assimilation almave preserved a strong ethnic identity
(Olson 1991).

The Guarani, the fourth largest indigenous group, also make up approximately one
percent of the population and are an eastern dry forest and desert culture (USDOS 2010). The
main source of income fahe Guarani is lowland agriculture, including sugar cane, cotton,
corn, rice, beans, and manioc (Galvan 2011). This culure is well known for their woven
crafts as well. Baskets are woven frgaindo palm fibers and cotton is woven into white
cloth with black and brown stripes. Their religion is based on an impressive and elaborate
mythology. The shaman is believed to possess supernatural powers that allow him to ward
off evil as well as cure sickness (Keeny, Nickersomd Natalizia 2000). They are natie t

the departments of Santa Cruz, Chiquisaca, and Tarija (Kronik and Verner 2010).
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Bolivia and Natural Resources

The abundance of natural resources in Bolivia has lead to various periods of
economic independence and prosperity. Silver was an impodanbmic resource until its
mining declined in the late 1880vhen tin took its place as the most mined mineral (Preston
Macklin, and Warburtorl997). Indigenous people remained the main source of labor for
these industries and were forced to work undemipve conditions while being denied
access to education and political participation (Milstead 1927). Rights of the indigenous
peoples increased with various revolutions occurring in the early twentieth cemiary.
accounted for more than 60 percertt exports during the period from 1930 to 1970
(Anderson and Meza 2001). However, the price of tih dedmatically in the late 1980
resulting in a crash of the market and thus leaving Bolivia in need of a new major export.
Bolivia has other possibilitiesfo e xpor t with close to 40 per
reserves (Tahil 2007) in addition to natural gas reserves.

Bolivia holds the second largest natural gas reserves in South America after
Venezuela. These reserves are located in the eastern lowlagidsn of the country,
particularly the southeastern department of Tarija (Anderson and Meza 2001). Over the past
two decades, natural gas has become a source of pfitell as controversyor Bolivia,
leading to social movements and political refaiaup 2008). Natural gas in lowland areas
provides opportunities for participation in the global economy, although revenues might not
benefit Bolivia as a whole. Globalization has done little to increase thebeiall of the
indigenous people and instedds worsened poverty in some rural areas (Schroeder 2007).
In addition, the highland indigenous population resists participation in the global economy

and support the nationalization of these natural resources.
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These social divides coiliuted to whatsg known as t he ABol i vi e

which came to a head in @ber2003. Hundreds of thousands of farmers, students, coca
growers, union workersand ordinary citizens went on strike (Shifter 2004). Protests and
roadblocks initiated mostly by indigens groups and the labor sector escalated into riots
resulting in nearlyeighty fatalities. These protests were rooted in disagreements over the
explottation and export of natural gas, as well as the demand for clarification of coca laws
and the release ¢diled political leaders. The governing coalition eventually demanded the
resignation of President Gonzalo Sanchez de Lozada, after which Vice President Carlos
Meza assumed his position and conceded to many of the protestors demands (Postero 2005).
On May 6, 2005 the Bolivian Congress approved the long awaited Hydrocarbons
Law, even though President Mesa refused to sign or veto the new law. This new law returned
legal ownership of all hydrocarbons and natural resourcelsetstate (Dunkerley 20D7A
higher tax burden was established for companies of the hydrocarbon sector and the
government was granted control of the commercialization of the resources. The new law also
required companies to consult with indigenous groups who live on land containing

hydracarbon depositéRochlin 2007).

The Rise of Evo Morales

The Movimiento al Socialismo (MAS) political party has governed Bolivia since the
presidential election of 2006. Founded in 1997, MAS evolved out of a movement to protect
the interests of coca gress wi t h one of the partyods ai ms
power to indigenous and poor communities. These interests also included land reform and

redistribution of gas wealth (Schroeder 2007). The party identifies itself with the colors of
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cobalt ble, blacka nd whi t e. Their embl em donesddacsyt s o f
Valentitd meaning 6Honesty and Couraged (CNE 201
known asmasistasThe acronym for this politiceld part
in Spanish. MAS received almost unanimous support from poor, indigenous, and rural
populations (Kohl and Bresnahan 2010). Many of the followers of MAS were former tin
miners who became coca growers as a means of survival.

The current leader of MAS, da Evo Morales Ayma, is of Aymara descent and has a
history of supporting the rights of laborers. Evo spent his childhood laboriagricultural
harvests and herding llamas. He eventually moved to Oruro in central western Bolivia to
attend school. Aftecompleting the eleventh grade, Evo traveled to La Paz to fulfill his
mandatory duty in the military. The next portion of his life was spetterChapare where
he moved with his family, to grow coca. Evo became very active in the regional coca
gowersunon and in 1985 was elected as the grou
became the executive secretary of the Tropics Federation, a federation of several coca
growing unions (Sivak 2010).

It was around this time that the government, encodrbgdahe United States, pushed
Congress to pass a law that aimed to reduce the amount of coca that can be legally grown.
Assistance from the United States in the eradication of coca continued into the mid 1990s. In
1996, Evo was appointed to the positiorPoésident of the Coordinating Committee of the
Six Federations of the Tropics of Cochabamba (Sivak 2010). During this same period of time,

Evo helped found the MAS political party. The following year, Evo tookagor step in his
career as agditician when he won a seat in the House of Deputmsere he denounced the

militarization of the coca growing regions. Morales was eventually expelled from Cqgngress
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but was not quieted. He became the representative of the people who were unjustly
persecuted and sipopularity flourished. Morales continues to show his support of the
indigenous population through his dress. He is usually seen wearing traditional sweaters and
carrying a wiphala, the Aymara flag, which has become a symbol of indigenous inghts
Bolivia (Sivak 2010).

The 2002 Presidential el ect itootake powes int h e
Bolivia. During the campaign, Evo called for the expulsion ofth8. Drug Enforcement
Administration from Bolivia and the nationalization of hydrocarbqWan Cott 2003).
Gonzalo S8nchez de Lozada, known as fAGoni o,
Morales. This was a surprisingsultfor the traditional political parties who did not expect
the MAS party be a contender in the election. After efkection, Morales remained active in
national affairs and played a large role in the resignation of Goni in 2003.

Later in the Presidential election of 2005, Evo Moralesabex the first fully
indigenous head oftate, with the first ever majority victg by a single party in a
Presidential election. The MAS party hailed victorious with 54 percent of the vote, more than
20 points ahead of the secepthce finisher (Kohl and Bresnahan 2010). Since this election,
regional tensions have been highlighted Msrales has employed many controversial
strategies to empower Boliviaods i ndigenous
Morales was able to partially nationalize
industries, increase government partitipa throughout the economy, and introduce new
programs in health, education, and social security. His methods are somewhat unorthodox.
For example, he cut his own salary by 57 percenthens single, allowing his sister to act as

first lady (Sivak 201Q)
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A constitutional referendum was held in January of 2009 to further the legal
recognition of the rights of the indigenous population to maintain and promote their specific
cultural, linguistic, and territorial integrity (Montenegro and Stephens 20@8)siBns to the
constitution also shifted more power to Evo himself. The referendum included
acknowledging Bolivia as a secular state, nationalizing all natural resources, acknowledging
Sucre as the capital of Bolivia, and allowiaginglere-election ofa Presidentesulting in
consecutive termgKohl and Bresnahan 2010). Additionally, all previous terms are not
considered for term limits, allowing Morales to be reelected twice more. The new
constiution was enacted in Februaz09.

Morales gained relection in the pesidential election of December 2009 with a
landslide victory. With an even higher majority than the previous presidential election,
Morales won with 62 percent of the votes and continued to his second term of presidency. He
will now servea five year term. His main opponemflanfred Regs Villa of the Plan
Progreso pra Bolivia political party, received only 23 percent of the voZes@dvliet 2010)
Currently, MAS holds a twahirds majority in both the Chamber of Deputies and Senate, and
remains committed to equality of wealth and nationalization of resourceimgbhis second
term, Moralesvowed to further tighten state control on resources, including some of the
wor |l ddés | argest [ i t hi unpromieed ®rlavurelstaterumhpei, t i o na
cement, dairyand drug companieas well as to develop the iron and lithium industries. This
is a move toward helping Bolivia to export more vaadsled products rather than the raw
materials themselves (Kohland Bresnahan 2010).

Currenty, the main opposition party is the Plan Progreso para Bolivia (PPB) whose

goals are mostly rightving and prebusiness. PPB has been the main opposing party since

26



the election of 2009. Identified by red, yellow and white, this politieatypwas estaldied
in July 2007. They are symbolized by two connecting gears. They are curkedhtiyy Dr.
José Luis Paredes Mufioz (CNE 2011).

Moralesd strategies seem to have intensi
strained relations with the United Stat His roots with the coca growing regions conflict
with American antdrug policy. Plans to expand legal coca growing led the United States to
revoke USAI D from the Chapar e, Boliviads I
accusations and expulsionsléaed, culminating in the expulsion of the DEA from Bolivia
(US DOS 2010). Morales described the United States asduding adversary artths made
the right to grow the coca leafa symbol of amiperialism (Romero 2008).

Since Evo Mor &residendof Bolive ant2006amd as & result of his
unusual policies, the racial and economic divides between the indigenous population of the
west and the neimdigenous population of the eastern lowlands have been highlighthé.
has led to a need tesearch these relatively abrupt changes occurring in Bolhhase
outcomes were partially driven by social differences reflected in regional divides. In order to
study the election outcomes, social indicators of poverty can be visualized to better
undestand such regional divides. The changing spoibtical climate of Bolivia can be
visualized to provide insight into useful methods of disp¥alyich can lead to more informed
national policy decisionsas well as international policy decisions for Ba@iand possibly
other developing countries with similar complicated social, politiaid economic

landscapes.

27



Summary

Multivariate mapping techniques hold great potential for the communication of the
relationships between the complicated and reladethsand politicalvariables Despite this
potential, few studies have been conducted on the use of multivariate méReplmngson et
al. 1995 Dent Torguson and Holder2009, especially in socigolitical applications. In the
past, multivariate mappindpas been overlooked due to the probability of information
overload, which results in a loss of the map message. However, traditional approaches to
multivariate mapping can be useful in the display of functional relationships. The strong
positive relationbip between indigenous speakers and MAS suppadrteBslivia is ideal for
studyingthis cartographic strategyhis relationship is easily visualized through multivariate

symbolization and color combinations.
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CHAPTER 3:METHODS

Researt Objectives

The purpose of this study was to evaluate the most effective multivariate mapping
strategies for communicatirgpmplex phenomena; tl#cio political climate of Boliviawas
used as an exampldour multivariate maps were created using idehtd@asets to
communicate the functional relationships betwélse Bolivian presidentiallection of 2009
results and indigenous language speakers-dbiabtions connected to the main research
question included:

a) Which method of multivariate mapping besmmunicated the map message?

b) Which method of multivariate mapping was visually preferred?

¢) Which method of multivariate mapping is most easily read?

d) Did gender or age play a role in the results?

e) Did political activeness play a role in reslts

f) Did map experience affect map understanding?

g) Did understanding of general questions contribute to results of specific questions?

h) In what ways did results differ between the Unitied States and Bolivia?

The four differing approaches to multhvate mapping that were used includexhoropleth

with proportional symbolsseparablg@roportional symbolgpairs of sequential color schemes,
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and combined sequential color schemes. These approaches were used to create information

products in the design afmapbased paper survey.

Data Collection

Census data from tHastituto Nacional de Estadistic@NE) de Bolivia were used to
determine the primary language of the people. This served as the social indicator. The
language was classified as either a malinguage or a nemative language. Native language
categories included in the census data set were Aymara, Quechua, Guarani,-aledivairo
(other native); nomative language categories includedstellano (Spanishand Extrargra
(Foreign). Native laguage speakers were used as the social indictor to highlight the locations
of the indigenous populations across Bolivia.

Election data was collected from t@mrte Nacional Electora{CNE) de Boliviafor
the Presidential election of 2009 and was usethaspolitical data set. The two majority
political parties represented in this election wet&S and PMB. Election results were
recorded as a percentage of total votes by province. The MAS party, which aligns with native
language speakers, is currentlypower; consequently, native language speaker data was
displayed instead of nemative language speakers. This manipulation of the dataset
displayed a positive relationship. Using vector GIS data of Bolivian provinces in ArcMap 9.3
and Corel Drawll, informi@mn products using the area ratio data collected were created to

display the relationship between Bolivian political and social data.

Map Design
The data was analyzed and classified based on the most appropriate method for the

comparison of datasets. &adataset shows a different distribution. The political data shows
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a skewed distribution, with MAS votes being negatively skewed and R being
positively skewed (Figure)9Unlike the political data, the language datadetws a bimodal
distribution(Figure 10Q. Classification methods that are most appropriate for map and dataset
comparison are meastandard deviation method, nested means, quantiles, and equal area
intervals(Slocum et al. 2005). The equal area intenassification method is apporiate

for the comparison of datasets with differently shaped distributions because resulting classes
are unaffected by the magnitudes of the data. The range for each data set was calculated and
divided into equabreaintervals. Three intervals were usedrepresent high, medium, and

low native language speakers and high, medium, and low percentages of votes. Assigned
categories varied based on each multivariate mapping approach. All maps were initially
created in ArcMap 9.3 and then transferred to ek 11 for further design manipulation

of symbolization and legends.

Following known guidelines for creating successful multivariate maps, the datasets
were transformed into information products. Color combinations that cannot be distinguished
by colorblind participants were considered and avoided during the creation of each map.
Basic projection, scale, and classes were created in ArcMap 9.3. Maps were then transferred
to CorelDraw 11 for further manipulation of color and symbolization, including legend
creation. Each dataset was first mapped separately, in order to be used as a control, using
choropleth symbolization. Each map was created in Enghksgufe 11;full version in
Apendix A) and thenin Spanish Figure 12;full version in Appendix ¢ to accanmodate
survey administratiorwhich took place in th&Jnited States and in Bolivia. These maps were

placed side by side in the paper survey for ease of comparison.
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