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iable choropleth mapping ique is s statistical mapping

h “hprs-have only seriously idered since the mid-1870's. Tu
e thﬁ:erclplent to distinguish-thgee sp: ™
single geographical distributions udrthe
interrelationship between . Most of the earliest research quuhoned the
viability of the bivariate choropleth map Ai found it to be acceptable. Much of
the subsequent h was conducted to evaluate its graphic design flexibility to-

N
aim of this method @en
distributions on a ‘(np, ie. ty

the cartographer md‘rud‘lbil.ity to the map user given the intended purpose of
the design. This study continues that research'trend. Test maps were designed
by combining four graphic variables that resulted in the following combmstlons

aps. -

e with black pattern, value with white punem, hue with black patter; dbnd
’hue with white pattern Atotal of four prevm\lsly ungasted expenmentu§

with a 4x4 matrix legend were created nn‘ used in conjunction. with a task-
specll"c fonnairdto d¥ ine the feasibility of the designs. The uhln.y and

validity of these designs were analyzed based on the degree to which xubje:u
could interpret correctly the information displayed on each map. One Fundred

and twenty university umdents participated in the study. . Inthe experiment black

n.nd whnte patterns were d in their in the mnp

pro . ‘Both<hue and value were similarly compued Bertin's ﬂuee map

’rending levels were incorporated into the study to measure the level(s) at which

the maps were successfully utilized. The mljo\th of the quutiog were prepared
for the intermediate and superior map reading levels since this is where'bivariate
c{oropleth maps were designed to excel. Familiarity with the two-variable
choropleth map dmgn was another factor examined. The study alm examined

whether those students more d.in theif academi obtained

‘better rults. *The results strengthened and substantiated the idea that two-

variable choropleth mapping is indeed a viable technique for both the J
cartognpher and the map user. No one design was untutmlly proven to be the

most suceessful overnu, since the i was

competently by the !Ilbjec'.! regardless ol‘ the map design they were rnndomly

g o ABSTRACE I <
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TN "msigned The mniu showed that supjects cpuld answer questions accurately at

“all three map rudlng levels. No ngmr ficant difference in effectiviness wu found .

; between black and white patterns nor with hue and value progressions. Aa the S
X o . participants worked with and learned how' to murpl* t the required information

. from the ex?rimennl maps, t‘heir results improved significantly. J
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. /  INTRODUCTION R
= ©. i
Background . G . N 5, W s
In recent years wnh the accessibili of comp to hers for data -

aua!'ysls aid, grapluc oﬁfi inerest in m_ulti{c'omponent quantitative mapping™™

_ has increased. : Such accessibility has'hns,tened the need to comprebend and

execute viable statistical mapping methods. Various schemes have been devised S ’ .
.by
J multi-variate distributions. Chtmg (1982: 95) deﬁned mulu—componen‘!

b

rs in h andother ipli to dfSplay multé or

" quanmauve mnppmg as the ‘mapping of two or more quantitative vnnables so .
" that their mter-relauons can be studled and’ snbseq\lently utilized for such

purpnsesaselassmﬁﬂon and regionalization.” The 1ti-

, mapping method selected for further research-was the two-variable choropleth

map. This miethod was deslgned to enable the map readlér to discern the spatml

d!smbutlongiqf the two vanables and the correlnnon between' l‘hem One' major . P
challenge for’ cartogmphers is toX eslgn am multl varidte inap enabling the
_ percipient to extract‘ I rinati , thus ensunng good cartogr. phm o
communication. > ' L e ¥ Lo
. x S s or o
Themz{tic maps displaying ical d;gq i‘n a statistical map fori :
" which is is one F i fon of the stagistical trend in hy, are being &

produced by many agencies including the U.S. Bureadf the Census nnd the
World ank Smce the two agencies menlloned are both large utabhshmenf.s
any innoyative maj ,pylng
lechmq\le they lmplement will bﬁomed duplwd and populnnzer{ (Althouéh

o .. ”
P “

e following four terms wére used interchangeably throughort the thesis to precludz the
A monotonous repetition of a nm;le uler:ud g i [al [b] multi-variate, [c]
two-variable, and [d] bivariat and multi-variate were to mean tyo
or more varllblel, while ywo-variable and bidariate clearly signified only two variables: Since
.mmﬂnvolv  the studying'of two-varisble choropleth mapsall four terms legtimately apply,
ditionally previous as-will be in the literaturg retiew, |cn:pur
2], have delected these terms when dmrllﬂnl this mnpplu technique. *

o '




,T»Ins‘ type of legend

2. 4
there are many ways to display information to show correlation between
vnnnb]es each agency devised a greatly different symbolization sqheme or
al design. The symboli: ion scheme selécted by the U.S. Bureau of the

: o L
Census to represent the various class intervals was color. The World Bank used a -
combination of color and black pattern. Since choroplethic bivariate mapping is a

relatively unfamiliar and complex mapping method, the map reading tasks

become very legend- dependent Both'the US. ‘Bureau of the Census and the

World Bank used a cross reference or matrix legend lthough they y vuneﬁ‘m slze

the two single distributions to create the third

or combined-category. Siaee There are more studies in'the literature dealing with
méps prodnced by the U S Bureau of the Census, this study will reﬂecl that
emphms — 2 e "

-
5 As:u_ result of the twoﬂ{arinblﬂﬂ{mpleth maps hemg designed and
published by the two iously mienti preshgmus agencies, rese}rchers -
(Olson 1975, 1081 Memy, 1980 Wamer snd Francolini, 1980) pommenced

their readability, esp ially concentrating on how much information
_ the map reader could ‘obtain. These.three researchers-used test maps obtained i
from the above mentioned agencies and/or created their own to resemble them.
o

Mersey (1080), Carstensen (1982) and Eyton (1084) began to research the

vmblhty of slternate designs. Only the first two authors conducted expenm»nts,

while Eyton’s wo;Dnnently is solely theorencal Mersey's (1980) tést designs in
Experiment, IT of her thesis were based -on a 3x3 matrix legend. Carstensen (1982)

useq a d-line, continuous-tone approach, while Eyton (1984) presented the

heoretical of four, ! ary-color map designs. #' e

The Problem . g 0 T e
Two-varjable ch leth maps are b ing i i ly prevalent as a

result-of the dtmand to portray itativ “' ation in an i

manumner, Retenrch reviewed to date has not favored conclusxvely any one
particular design. Instead, thereis every indication that this mapping method is
: : . 4 s
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“design has been re-discoveréd on separate occasions. 5 “

* fléxible graphically to the cartographer and readable to'the percipient. SHIL new .

conceptual designs require development and testing in order to pursue in detail
the extent of the two suppositions of graphic flexibility nnd map user rendubllll.y
Moreover with the results from numerous experimental tests, the map reader can

be presented, with confidence, the statistical map.that conveys the required

information most, accurately, therefore most acceptably. Statistical maps have re- , .

emerged as an important analytlcal method since Somputer annlysls‘\md graphics
have become falrly"::ommon

_ A map is an invaluable communication device because it shqws the
geographical distribution of variablés. Wainer and Francolini (1080: 82) sltiteﬂ
.
carmgrapbers and statisticians have a common concern and that is howto dlsplny

L i ion in a hi

f context. G , people find it easier._to
comprehend a map rather than columns of data: ‘smusucal maps visually
emphasize the distribution of tabular-data of selectedgggographical areas. This
allows geographic patterns that are often obscure in tables and might’ be:

“overlooked, td become apparent (Klove, 1867: 192). Throughout the history of

statistical mapping, interest in creatig innovative designs and the

experi ion of their effecti has varied. Beniger and Robyn (1078), ‘and
Fienberg (1979) have traced the history of quantitative graphics as a signifi .
analytical tool. Mersey (1980) at the beginning of. her thesis démon;xtrated by the

use of actual two-variable choropleth maps, the numerous graphic design options

T and highlighted the fact that historically this map

available to the car

| 3
Examining the research conducted by the previgﬂsly mentioned authors in «

the bgckgrnnna éection, some conclusions have been sgreed upon togethef with

" identified areas for further theoretical expansion. Olson kms) discussed the role -

of color on two-variable choropleth maps in detail. In Olson's (1981) research, the
readability of the bivariate maps produced by the, U. S Bureau of the Census wns

These maps ined imately 1000 statisti nnm,aba,,) .




. 4
‘matrix legend, and consisted of 16 distinet colors, glfhough the symbégza;ion
scherme had a definite, organized arrangement, the map. users were unable to

detect it. Since this mapping method is legend-dependel\ib, a more visibly

coordinated symbolization scheme should be deéigned and studied.

OLthe subjects participating in Olson’s (1981) experiment, very few of them
previously had used two-variable choropleth maps. The results of the st’udy
" indicated that when the participants were educated graphically or, the principles
of the mapping method were explained and understood, subjects using the
bivariate maps found them interesting tq work with and began to interpret the

gorrelation hebween the mapped vuriub]es. i ¥y

aner and Francolini (1‘980) compared a two-vnnable cliompleth map with

the cormpondmg two' llmvnrmte maps, at the elementary map rem‘lmg level
(Bertin, 1083), to determine which mapping’ technique was superior in terms of
.aceuracy and response time taken by the subjects to angwer the questions. In

two-variable” choropleth maps were designéd to show the geog'mphlc distribution
of the_two single variables and the correlnuon between them, future studies must
include more quauon‘s at the mtermedlatg and superior map reading levels before
a more definitive statement about the muppiné method can be presénted. Onte

+ A i i
"Benin [1083: 141] specified three levels of map réading: 1] elementary level, 2] intermediate
level and 3] overall level. In:the literature the ‘overall level' of-reading has subsequently-been
releired to as 'superior lével’ [Wainer and Francolini, 1980: 84, Mersey, 1980: 9]: The term .
‘superior level' will be used in this research. The three renlm‘ levels-ate defined as follows:

1. Elementary Level - At this level the percipieat 451s with one or two compoents
strictly at a speoified place. No consideration is given to trends that might be readily
.( Pparent mor to the correlstion between the two varibles,

2 IntemediateLevel At ihis level thepereipiept examine the existing trexds of either
one or both of the ¢ " Agsin no consideration s given o the
_Between the tno variables, N

1 between both

3, Superior Level - At this level the percipiet studies the correlati
. -lcomponents.by region or considers the complete map.

short, snb]ects usmg the two univariate maps, ded more profi iently. Since.-
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&gaiq participants had trouble working with the legend on the U.S. Bureau of the
Census' maps becausg ofre; complex: olor scheme. Also, it should be noted that

these particular experi 1 maps ined a notice smaller number of
statistical units than the test maps used by Olson (1981). Wainer's and

Francolini’s (1980), test maps were comprised of approximately 200 statistical

units.

== 'Mersey' (1980) research consisted of two experiments. Experiment 1 dealt
with maps produced by the U.S. Bureau of the Census to determine, like (Wainer
. and Francolini, 1980: Olson, 1981), whiich mapping technique was better, the

bivariate map or the corresponding two univariste maps. The test maps 8

. d il ly 172 istical units. M}hough’i}"eutions at all three
levels of map reading were included"in the questionnaire, only-one was at the "
siiperior level. The result was that.once sgain subjects answered questions more «

accuralely-with the twosingle variable maps. Nevertheless when the results were

examined further it was found that at the superior level of reading, the composite
) 5 i

map started to excel.

Six test maps were designed for Mersey's (1980) Experiment I, All
symboliz}stion schemes were %eloped ona 3x3 miitrix‘]egend and contained
npproximathely 1100 statistical units. Of the six alternate designs déveloped, two
resembled those from the U.S. Bureau of the Cetisus, one imitated the World

éﬂ.l‘!k design and the remaining three‘conc’eptual designs had never been examined
experimentadly. Mersey (1986)' once again incorporateg all three map reading
levels in her quwt{onnuire. Of the six alternate designs tested, noone desig‘n was’
superior overall in communtcating inforfnatiom In fact, they were all used by the )
subjects with a great deal of profici ney. Also;it was d ined that once'the

* theory behind the m\qlng method was explained to the map reader and they
worked with the maps, their- results impr‘oved noticeably,

B - . . s
— Carstensen {26a2) conducted several-tests to determine the feasibility of

incorporating crassed-flne, continuous-tone shading patterns on bivariate maps to
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-show correlation mapping. These test maps were produced using incremental

plotters and various computer-assisted techniques. I brief the crossed-line,
contintous-tone shading method was successful in producing significant results.

The expenément showed that pesple could determine the mapped positive and

~ negative correlations once they became familiar wih the mapping method. It

should:-be remarked that the experimental maps consisted of nine statistical units.

Although this mapp}ng technique was-successful there were negative aspects.

These maps lacked color which people seem to prefer, and the line patterns w e
often fatiguing to the eyes. / 5

Objectlve . A
The.overall objective of the study was to examine the two-variable -

: choropleth mapping method to determine its readability to thie percipient and

graphic design flexibili y to the o pher. As already di d two-vnhable

" choropleth maps were desigi)ed to porti'ny the spatial geographic distribution of

i

two single dlslnbuuons and the correlmon between them. The utlllty and
validity of this design vill be anslyzed bued on the degree to which subjects can
interpret correctly the information dlsplnyed o the map given the intended
purpose of the design. -

To lish the overall objective, four | designs were created on

a 4x4 matrix legend (Appendix I- A, B, C; D). The four graphic design elements

nsed_were the combinations ol black i)attém white pattern, ordered hue, and -
unorderéd hue. In total six pnmary and one secondary objeetlves were set out
and are listed below: S

PR]MARY QBJECTIVES

l The first et of gnphxc deslgn varisbles to be studled were changes
in pattern color. The experimental designs in past studies consisted
of variations in hue, value, and pattern, where pattern was consls'.ently
black. The pattert selected for this experiment was white or reverse
. me was compared to- maps with black patterns..

The second design components to be tested were hue and value, Huois
generally referred to as an unordered arrangement of color because
o ] . \

»

- ) ‘-—\“
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subjects cannot spont ly identify its itative value: The

color spectrum has a,well defined order but most people are not
familiar with it (Wainer and Francolini, 1080: 83-84). However,

change in quantitative value is an easy and nccepte;l method for
denoting the magnitude of:a distribution. This situation is calle:

ordered arrangement. Hue and value were examined to d:termme il the,
unordered and ordered n effect map

@

. The level of map reading at which a percipient inte?u the two-
variable chomp]eth map is of great impe becaiise it d
this mapping method s utility. Bertin (1953) devmed three map reading
“levels Phich were i d in the . Two-
variable choropleth maps were designed to excel at the intermediate and
supenol map reading levels, so the study sought responges at the

the task-specific questionnaire only two were designed for the elementary

intermediate and superior map reading levels. Of the 32 quesuirrnr/,\\

reading level. -

4. An ifmportant point to remember is the majority of students have never "

utilized choraplethic bivariate maps previously. It has been
determined from earlier studies that once subjects become familiar with
this mapping method, they could quite effectively extract the required

information. Consequently, learning effects were one positive aspect-of 5\

the map interpretation/communication process sad thersfore wers snalyzed.

5. Four two-varisble choropleth maps were created lur this expenment to
determine which design(s) was more effective in terms of its readability
to the map user. These four designs previously had not been tested

]

readers (i.e. people with more umverslby education) obtained
significantly beu,er results. |
A

e
»

. This research continued to examine if the more formally educated ]n

_SECONDARY OBJECTIVE
1. Previous results showed that subjects could interpret the information

* very acceptably from. .maps with a 3x3 matrix legend (Mersey, 1
Experiment II). Since the U.S. Bureau of the Census published niaps

be made. .

v
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In summary the research consists of four conceptual designs composed of.the
following combined graphic elements - (1) value with black pattern, (2) value with~ -
white pattern, (3) hue with black pattern, and () hue with white pattern - to be
usedin conj jon with a ionnaire designed to inc Bertin's (1983)

F

‘three levels of map reading to comprehend fully this wtizular mapping method’s_

'c‘apabilitiu. ‘The questionnaire can be found in AppendixI- E.
Methodology and Procedure

SUBJECTS. The sample group for this experiment was 120 university
students. Eum; test groups ccns‘istiﬁg of 30 subjects each examined one of the four
n]lerna’te desTgns. Subjects with varying years of university and taking courses in
Geography. and'Earth Scienca, ‘were rimdomly selected to pnrticibnte.

EJG’ERMNTAL DESIGN. The total study consisted of four experimental -
maps and a tnsk-s))eclﬁe quéstionnaire. Thc pa.rtxc:pants worked with only one

- experimental map in order to eliminate: any ‘bias towa.rds nnothar design by

mcrepsed learning effects. Consequently this research was 3 between-subjects #
design. c 2 ’ . -
. . «

~ All experimental design alternatives were compiled on the identical base
map o! Prince’Edward Island. The base map was divided into five regions and

d a total of 43 statistical units. The i ire was d of four

distinet parts and had 4 total of 32 qugstidns. Fhe quegtions were identical but
their u;deﬁal pra;ntétion vlried."S_ubjecls received the experimental

*' questionnaire that was organized one'of two ways; 1) Part 1, Part 2, Part 3 and
Part 4, or 2) Part 4, Part 2, Part 3, and Part 1. All four parts of the
questionnaire 'had s specific time limit that had been determined prevmusly ina
pretest. Names were not recorded, and it was strmed that it was the mapping i

method bemg tested and not their ability to answer map reading mks 2

A
PROCEDURE. The test materials-consisted ol’ identical booklets cuntsmmg

~ an introduction to bivariate mapping, the questlonnnre.and one test map.
T : .
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Subjects were asked to supply perso;ml data, i.e. age, sex, year of university,
major field of study, number of courses taken in cartography and to indicate if

they were colorblind. Pertaining to the colorblind issue, subjecﬁ’w‘:;re to indicate
one of three options. 'Either they \gf (a) colgrblind, (b) not colarbli?d, orfe) *
uncertaif. Of the 120 shn;ent.s tested; notne chose the third option.. People

who were colorblind were not tested. .

The test maps were randomly distributed to the subjects, i.e. in a clasroom

“all four sy schemes were distril d to control the-possible copying of

answers from one subject to another. Subjects were explicitly instructed when to

"« start and stop each sestion and were not permitted to study the other questions if

they completed's particular section quickly. The experiment took 40 minutes to
conduct. Further enquiries concerning the overall objectives of the research were
: - - % " A
answered, if netessary, after each group had completed their respective
experiment. . '
In total the thesis consists of five chapters. Chapter 1 has introduced the
back d b

problem, objectives, and

todol d

gy and pi
Chapter 2 will review the pertinent literature and research conducted to date.
Chapter 3 will deal with the design of both the experimental maps and the task-
specific questionnaire, the experimental method, ss well as the rationale for the

applied methodology. Chapter'4 will contain the statistical results of the’

" experiment. SPresented in Chapter 5 will be the discussion and concluding

remarks concerning the experimbny. Lastly, it would be advantageous for the
reader to consult Appendix I'in order to become Inmi!iar with the four alternate

designs and Yhe experimental questionnaire.

of the research. - *
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- CHAPTER 2
. RELATED RESEARCH .
’I‘he_Aypeunnce of the Two-Variable Choropleth Mﬁﬁplng Method
The two-vnriable.chorcpleth mappiig methd¥®as s distinct and traceable
history (Beniger and \llobyﬁ. 1978; Fienberg, 1970; Mersey, 1980). Various

symbolization schemes have been employed, (i.e. combinalions of color and color,

as to their These maps were desighed and published

without particular scrutiny as to what information the msg_reader actually

obtained- The first maps that sparked much academic discussion were lhe color
ical ch leth map series produced by the U S. Bureau of the Census

" entitled (Meyer et al,, 1075: 103, 107, 108):

1. *Distribution of Older Americans in lQZO’ReIn.ted to Year of
Maximum County Population®, .

lationships of jon Attain? and Pet Capita Income®,

2. *Inter

and

3. 'Avérage Value of All Products Sold to Size of Farim*.

Map number two was selecied as an illustration and wa:;;pfoduced in
black and white (Figure 2.1) although it was published in color originally. Color
reproduction of the map was not determined to be necessary since two-variable

. choropleth maps produced by the U.S. Bureau of the Census are available to

interesfed readers in numerous journals. A partial reference list containing three

sources follows: .
(1) Meyer, M.A¥7 Broome, F.R., and Schwietzer, RH, Ir. Color .
Statistical Mapping by tlu U.S. Bureau of the Cmaua The American
"Cartographer, 1075 2(2), 100-117,,

(2 Olson 28 T7l¢ Ol‘gﬂmzn{wn of Color on Two-%nable Maps. In Auto-
ollL on puter-Assisted Cartography,

1975 snd k w i

(3) Olson, J. Spectrally-Encadzd Two-Variable Maps. Annals of the

"
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- should be noted that prior to Olson’s (1975, 1981) published paj

Association of American G h 1981, 71(2), 259-276.

The sample bivariate choropleth' map (Figure 2.1) enabled the the carwgrapher to
portrny three xputml dumbutmus slmu[uneously, ie.,

A) Education Attainment, . f“
B) Per Capita Income, ‘and '

C) the interrelationship between (A) and (B). -
These census maps are spectrally-encoded (Olson, 1981: 250) because the th%
pfimary colors - cyan, magents, and Yellow - are used to c_reate/h_ues to represen
three distributions. Figure 2.2 depicts the sym};olizatién scheme selected to.
represent théﬁn;titalive data. — : ’/

z A/ %

The llterature revlew has been subdivided into two sfctmns Flrst not Iong
after the U.S. Bureau'of the Census published the bivariate maps, researchers
started to examine their readability and utility. This research is reviewed in the
first section. Second, several years lnnr‘studia that advance and improve the
two-vunsble choropleth mappiiig technique began to appeu * The last section
deals wuh this research. .
lnltlnl Reaction to and Examination of the Two-Vnrlg’b'le
Chm-opleth Mapping Method *

Alter this bivariate mapping method had been pubhshed by the US. Burea

of the Census, researchers started to investigate the efficacy of this desij

info;;x,ktion available to cartographers concerning the validity of these maps were

* their personal opinions_ind those exchanged with their colleagues. These two-

h leth -m ined 2

‘maps i one thousand statistical units

variable
that varied in size from relatively small to.reasonably large. The graphic
componént selécted to represent each mapped variable (ie. Income and
Educluon) ‘was calor Both lnme afid Education were divided into four classes

creating a 4x4 mntnx legend Th P d verbally by car!
was that the maps were complex and map users could. very well find it difficult to
¥ i . ! ‘.
extract the decoded information.

..
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* FIGURE 2,2 leov composition of the map entitlied INTERRELATIONSHIP
e EDUC

ION ATNTAINMENT AND PER CAPITA INCOME"
982:55).

(lll" Carstensen,

»

Olson’s (1975: 289) study exarined in detail the critical role of color ___.-

organization on bivariate maps. Colors used to encode information on a two-

variable choroplethic map must be utilized in a logical.and cohierent manner.

They must be selected to display‘the magnitu.

separate variable while concurrently depicting

mapped

Overall, the

dagf the distribution for each
zl correlation between the two

of using cplor as a symbol are

listed:

1) it makes the miap aesthetically appealing to the map reader,

2) color can be employed to clarify information, and

. 3) it is another component that the cartographer can use in
des‘igning complex symbols to portray additional information.

Further research by Olson (1981) addressed the degree of readability of the
bivariate choropleth maps produced by the U.S. Bureau of the .Census. Four

experiments were designed to study the effectiveness of these particular bivariate
maps. Olson’s (1981) Experiment 1 dealt with the symbol system, specifically the
meaningful organization of color on a spectrally-encoded legend by the map user.

-
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' .
Snbj‘ecu were presented with nine or :ixteen col chips, based on_the Census
Bureau's-olor scheme modified slightly to enhand® the transition of ®olor, and
ssked to organize the: colors in a logica manner. It was hoped that some of the
subjects would replicate the color symbolization scherrie employed by the Census
Bureau. All 27 subjects produced unique 3x3 and 4x4 mntrix'legends, none of

which matched the original or control legend scﬁ;%e. Noneth_eleés, when

the control .scheme, subjects reiterated that it definitely

appeared( ized. Tt should be i ’thanhis her thinks additional

map designs employing color need to be tested. It is lmportant to utilize the
.graphic variable color since color does hiave counotative merits and map readers
general]y find it aesthetically appealing. ¢
7
4
For Olson’'s (1981) Expériment 11 subjects were required to judge the spa@jf
correlgﬁgn between the variables using the bivariate-aps and the correésponding

" twd univariate maps. ‘T6 ensure that participantsfully understood thg. 1

hiy in el Ty, technical

.concept, time-was taken to explain it th
, langugge. The test stimuli were not actual publuh!d mnps, but a fabricated
——

norma! distributi perimp d on a 10x10 di ional grid. Pattermequencu_

" were selected based on preset levéls of both autocorrelation and correlation.
Furthermore, map complexity varied sincé test stimuli ;vere based on the 4x4 and
-the 3x3 matrix legend. Stbjects had two-dim;rent tasks to compléte.v Firstly,
they. were requested to examine the biack and white maps of the two separate _
distributions and select the one that more closely resembled the referent map.
Secondly, participants were presented with two bivariate test stimuli and were to

determine which of the two distributions demfmstrhvea the greater degree of . ) A
i e # ) ke
correlation. T. _ X /\\ s
‘Students using the pair of univariate maps performed better than thoses  ~ =
answermg the questions with the bivariate maps. It nppesred that many of the 4
snb;ecu usmg the less familiar bivariate maps were guessing and conslstently \

selecting the incorrect answer. Correlation between the variables was not readily ¢
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vialadtd

. apparent. However, the people who eventvn@ understood this technique djd
# obtain slightly better results - nl'thou‘gl; Dot statistically significant - working with

the two-varisble maps as Spposed t the two uhivariate aaps. In conclusion this

N research indicated that learning the pllrp‘os\e of the selected mapping method in

addition to comhending the-graphic ~ (how.to obtain information from the a’
: ‘ "

and inifg an map

+ graphic) - was required when i

" __design. “Correlation on actial bivariste’ maps warrants f;xrther examination,
. R -

Olson’s (1081) Experime®III examnined the type of information people |
extracted fn;n the two-variable chm‘o;leth map; from written essays, while
Experiment [V addressed the subjects’ perception of the’ map [_rai‘rx ques‘t’ionnuiws:

—- Thesame émup of participants wera used for both experiments. Pafticipants
were placed in one of seven gro?l\)s. Six groups were assigned bivariste maps and
the remaining group, numiber sevep, two univnri’a.le‘mnps‘ The first £ groups

were further subdivided by issuing-hn‘ll’ the subjects maps with a short

. explanatory note stating the purpose of the map, while the otl?r half was giver
* just the map. The results from the participants’ essays were as follows:

1) very seldom did anyone.mention the interrelationship between the
variables, ) B
4 ~—

~ . 2) hardly any map‘ readers dis‘é\lssed the pattern of individual variables,
: and d . ©

3) the rogionalization of similarly shaded areas whs discussed most,
. frequently. = T 3

. - - . N .
- < *In Olson’s (1081) luding experiment, Experil IV, it was di 45 3 =

"that subjer‘."ts.found the spectrally<encoded two-varisble maps to, be aesthetically iy e

apgeali?_g. While the univariate maps were given a high r_ank for readability, the
spectrally-encoded bivariate maps were seen 8s more innovative and interestingto
work with. These findings give' subsequent researchers i’entjve to'continue
studying:the merits, and eliminating the stumbling blocks in the mapping method. .
The ultimate goal is map designs. that are effective in commnﬁicatinf’ information,




" describing the"purpose of bivariate choropleth mapping.

* distribution with little d i v ier placed the

. relationship

" significant, and which could provide much more meaningful refationships.

_From the expenmen&al observations and results it was concluded that the
maps produced by the Census Bureau did cammumcate information to the map
reader, bul they adequately failed to indicate correlation. Map users appeartd to
have major difficulty in visualizing the component colors that created the two-
variable maps, and therefore interpreted them the sm‘le’ wdy they would interpret
4 univariate map. When the correlation between the variables was mentloned it

was by subjects working with the maps ‘that includéd a short explananon
¢

Mulbi-cc;nponent duantitative mapping is complex, and researchers are
seeking methods to effectively display statistical dataon a
background. Monmonier (1977: 33) stated that quick information retrieval on

these types of maps does ot exist because map readers must dea] with a large

“number of categories and a com;)iex‘légend.' He advocated informing the map ¢

réader- that a'msp series ‘exists. Sidce a map will'depict oniy one - vafiab]e at.g
hme, the num‘ber of maps' prgented to, the map render vxll depend on how many
viriables were mapped The ‘map reader could then examine the geograph\cal

on the .

author of the paper that contains the. mai)(s) to-explain or expound upon the

between the variables in their text or, during’an oral presentation.

Separate m;ps containing a single variable simplifies communication but fails to

d ly show_thgj jonship between variables which could be quite

- Wainer and Francolini (1080) obtained two-variable choropleth test maps
from the U.S. Bureau of the Census to study. the effectiveness of the deig. by

& assessing how mllch information people obtnmed from them. These maps

tained approximately 200 statistical units and a 4x4 matriy ‘legend. . Their,
study of the tw iable choropleth map isted of two peri whose
basic aims werd: “ ® : ". g s ) o

") to-determine what type ofﬁnpping scheme, bivariate or two single
_univariate maps, was superior by questioning subjects at the elementary




level of reading, and

2) how adept people were.in learning complex color schemes and testing thu o

performance over time. P

Many researchers in two disciplines, geography and statistics, (Bertin 1983,
1981; Mersey, 1980; Carstensen, 1981; Fienberg, lgiﬁ; Clevéland, 1984a, 1084b),
have commented| With much conviction, on the necessity of having more
structured experimev;ts using language and theoretical concepts that pertain to
graphic:éisplay:: In turn, standardization of graphic vocabulary and elucid
of theoretical concep;§ would facilitate research by‘ increasing the understindiﬁg "
of graphlc communication. - Wainer and Francolini (1980) dealt with some of these
incorporate Bertin’s (1983) theory and
vocsbulary of graphic displays in their. resesrch Three levels of |nterpretahon for
grnphmsl displays were speclﬁed in the expenment -as outlined in Bertin’s (1983:

concerns by actively attempting & i

141) ‘Semmlogy of Graph:ca 1) elementary-level, 2)intermediate lével, and 3) ..

overalllevel. -

.

The sign}ficance of Bertin's theoretical concept of map reading levels

requires further elaboration. The two-variable choropleth mappmg technique was ..

designed to-show the geographic dlsmbuhon of two separate vunahles, (ie.

income and ), and the interrelationshi; cprrelanon between them. By
applying Bertin's three leyels of map reading the _researcher can ascertain how

‘suceessfully the mp'd'esign fulfills:its purpose from”depicting simple, specific
amounts of information i.

elementary map reading Ievei}. to trends in a region
i.e. intermediate map reading level, to the most impartant design component '
which'is to show the-correlation betwden the two variables or the superior mgp
Arending level. . . 3 ! ¥ ) '

. Although the definifions have already been given in Chapter 1, bsge 4, they

et e

***Bertin(1983] ‘Stlmolnn of Grapbics' is the Epglih translation of Bertio .[ma] ‘Semlolo;le
Graphique'.
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M]l be reiterated here tleng wn.h ‘2 sample question to help. cln.nfy theecancepts
Bertin's three mnp readmg Tevels are defined as follows:

l—Elememry-Level At this Iwel the percipient deals with one'or two
components strictly at a speclﬁed place. No consideration is given
to trends that might be readily apparent nor to the correlation
between the two variables. The percipient in answering the fo]lowmg
<Question must search for the bivariate'symbol that representsthe
specific combination of Incomeé and Education. (Part 1, Question 1.
In which region does.the combination of Per Capita Income $20,000 or
more and Educanon 85. 0 percent or mere occur most onen’)

2. lntermedmte Level - At this level the percnplenz examines the e)hstmg
trends of either oné or both of the Again no id
is'given to the correlation between the two varigbles. (Part 2,
' Question 1. The map below indicates five distinct regions. Label each
region- with a L(Low), M(Medium), H(High) or VH(Very High) to indicate
the appropriate level of Per Capita lncoine dommatmg the region....)

8 Supenor Level = At thxs level thq.perc)plent studies the correlation
between both pts by region or id the lefs map.

- (Part 3, Question 4. Lastly, examine the total map and select the one.
‘statement that best describes the dominant relationship between Per

Capita Income nnd Educnhon overall...) -

o To satsty aims one and two, reitersizd below, Wainer and Francolini (1980)

ndicted two exper The aim of Experiment 1 was to determine what
type ol' mnppmg scheme, bwarmte or two smgle umvmate maps, was more
effective by questioning the psmcxpnnts at the elemenm-y level of reading.. .
‘Experiment IT was designed to ascertnm M adept people were in léarnjng .

compléx color schemes and testmg this per(ormnnce over time.
2 S ¢

In Expenment l two separate experm\entnl booklets were given to 16

~ psychology gudunte students One booklet conta.me nine Ppairs of umvarme N
The *

‘maps while the other one sisted of the nine cor; ponding bi ‘, maps. ,

subjects were: Teqjiired to détermine at the elementary readmg level the status of

the. two variables at the designated location. "Half of the studénts worked first . &'

with the univariate maps while the remaining eight subjects. were given the d

o
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bivariate maps. The number of errors and the response times were recorded ‘in

order to d ine which mapping technique was superior in terms of accuracy

and Tesponse time. .The results indicated that subjects 4performed more: =
proﬁclently with® the univariate maps than wlth the hlvarmle maps. It must be
remembered ‘that umvnnatg)naps were more famxlmr to subjects than bivariate

maps. Gererally, in order to-obtain adequate results with an unfamiliar mapping .
method, i.e. ch/oroplethic bivariate mapping, s\ibjeéts must possess an

undemandmg of the mapping techmqne ‘This implies prncucal work until

prohclency has been achieved.
Experiment II,was conducted seyeral weeks following the first experiment ~ *
\ using half of the subjects who participated in Expériment L. The identical
experimental procedure was repeated except that a fifth trial was included. In*

this fifth trial the legend was removed and the éiuden!q were required to answer

- questions based solely on what i ion they r

d previously from the
. legend. The removal of the legend was not a surprisé smce the subjects were

instruéted that the legend would be absent from the final tesf map. - “The degree of
accuracy was not acceptable to Walner nnd Francohnl 11080) at l.he elementary
level. S <3

It should be emphasized that oxly 16 university students participated in the

first experiment, and’half of them returned for the second experiment. Mtﬁough

the duthors were pot impressed with the results, a larger sample size should have ,
N been wtilized in order for their results to have full impact. Otherwise,”all they cpn
conhdently dwcuss is a possible trend. All in all, Wainer and Francolini (1980 ﬂl) ;
stated that even though their results at the elementary map rendmg level were
considered less than i lmpreslve it does not preclude the fnct that at the:
intermediate and superid® map readmg levels these maps could excel. ; Obkusly,
more research emplayirig éxperimental questions at the two higher levels needs to

-be conducted for a fuller evaluation:

v ' . Lastly, in their distussion Wainer and Fm;colini (1980) pofnted out the g
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necessity of displaying data .Q_gording to a logical and apparent sy.r;lbol-vslue
relationship. Moré studies creating alternate designs with this principlg in mind
are re‘q;lired. One of their recommendations (Wainer and Francolini, 1980: 91)

for subsequent study-was the use of pattern for one variable and increasing the

o value of one color for the second mapped component. Tlrese concerns and
> -

will be impl d in my experimental research.

* The overall objective of Mersey's (1980) study was to augment the current

level of knowled ing the bivariate h mapping

lly the various sy schemes and the map readers’ response to
- them. ‘The first experiment compared the map users’ ability to extract the

retiuir,ed information from s bivariate map and ‘two univariate maps of the

identical distributions. The aim of the second experiment was to determine which~

symbolization schemes, if any, were more efféctive i m ' communicating specnhc
mfarmnt;on : t et

Meyéey(mso)designed hér questionnaire in Experiment I to i all

three levels of map: reading requiring subjects to examine the distribution of one
or bot:l;varinbles. Howei'er: the majority of the fifteen quutiol‘ls were at the
elementary nn‘d intetmediate map reading levels. Only one superior level question
was included, For nine of tife ques'.ions subjects were directed to a maximum of
five numbered szmsncu units. This, in my opinion, facilitated iriterpreting the
mlnrmnnon dxsplnyed on the maps. -

On the basis of the test map(s) issued, participant$ were placed in one of

three groups. The bivariate map was given to one group of 28 students, the two

univariate maps of the identical distributions comprised another group of 27

.students, and the last group of 26 students received all three maps. The inclusion’
of the third group was taken from Olson’s (1981}-study when it was concluded
that the two-variable choropleth map would probably bé most effective when

. accompanied by the two sin‘g‘le variable maps. All 81 suf)jec@s used the identical

ql;estionnaire iE Experiment I. Finally, color xeroxes of the bivariate map and the

B s
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two'univariste maps produced by the U.S. Bureau of the Census served as test

maps. These maps were d of approximately 172 statistical units and had

a 4x4 matrix legend (Figure 2.3).

The results from Mersey's (1080) study, Experiment 1, concur with those of
Olson (1981), and Wainergand Francolini (1980) in that subjects answered
questions more .accurately with the two single variable maps. When the results
were examined further it was found that at the superior level of reuding‘, subjects
utilizing the composite map started to excel. The problem here is tiat only one
question at the superior rez;ding level was included in this ql‘xesﬁonnaire. Thisis a
concern since one of the major proponénts of the two-variable chorfpleth map
design is that these maps illustrate correlation, and superjor level questions

examine the correlation between the two mapped components. Further research

of these maps at the superior
readmg level so concluswe stntements can be issued wncemmg the vahdlty of the
mappmg design.” Lastly, the thlrd group, who were given Il three maps did not
perform, sxgmflcax_]t}y better. Therefore, Olson’s (1981) statement that it mlght be
advantageous to include the two single variable maps with the bivariate one may.
be not useful.
Advnncmg and Improving the Two-Variable Choropleth anplng
Method

The second section of the literature review discusses various researchers’
ideas and attempts at advancing and improving the bivariate choropleth mapping

technique. Fienberg's (1979) research was an evnlua‘tiou of the graphical trends in

- the discipline of statistics. Of particular interest to my research were the

ex:ts concerning the two-variable choropleth mapping technique. He
ained the purpose and design of this mapping method, as well as om.’red some
concerns perl.xm»ng/to the readability of the U.S. Bureau of the Census produced
two-variable choropleth maps. Most significantly, Fienberg (1019 l‘ls) identified
five issues for future researchers that required further analysis in order to help
refine the bivariate choropleth mapping method: .

<
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FORT WORTH,
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AND EDUCATIONAL ATTAINMENT

n swsa 3008 7

FIGURE 2.3 The bivariate choropleth map utilized In Mersey's first experiment
(Mersey, 1980:139).
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1) selection of class intervals,

z
2) selection of colors,

3) total number of required classes,

4) tod ine what display technique or symbolization scheme was 5

superior - patternand one color or a two color scheme - and

to d ‘- Atarason

5) could extract i ion mpre accurately
and e[ﬁclently fmm the two single variable maps or the two-variable

statistical map. .

For this researcher’s experiment issues 2, 3, and 4 will be addressed. It should be
mentioned that Fienberg’s (1979: 178) third issue (i.e. total number of required

classes) was interpreted as the number of statistical units.

Symbolized information on n;n)ap must be decoded by the map readér in

. order for the map to be of any benefit. The selection of ‘colors for meaningful

and/or inf ive bivariate ch leth maps was ined, by Trumbo (1981).

-~ Trumbo (1981: 225) stated that his approach in adding to the development of a

% theory for color selection on bivariate maps was a general dne that could be
applied to most mapping situations of this nature. Emphask
need to select a color scheme that highligh/ed the attributes of

trongly was the

e data. Trumbo

(1981) has articulated four principles that reflect this emphasis:

1. Order - colors selected to represent the mapped confponents should be chosen
to refléct the apparent order or number oJJeJeIs in‘the data.

2. S jon - it is i that iceable diff in the data are

accentuated.
3. Rows and Colums - in order to retain the uniqeness of the two separate }
distributions, thé colors selected should not obscure
each other. w

4. Diagonal - if the researcher wished to highlight the positi\(é correlation,
the colors should be chosen to emphasize the diagonals

In the diseussion of the paper, Trux;nim (1981) proposed color schemes based -

P2 :
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on these fcur theoretical considerations. However, none of these color schemes

were irically tested, so a definiti ludi as to which one(s)

were the best was impossible to make.

Continuing to explore the graphic design option of using colGF to represent
two mapped components, Eyton (1984) in his article'discussed an innovative
bivariate map design that M produced, the complementary-color, two-variable

hi 1 princiol

for a two-

map. In keeping w%}h the car ic and

variable leth map, the ! y design also depicted the correlation

between the two mapped variables In addition to the distribution-of the two single-~ -

variables. A total of four maps were presented aloﬁJwith a detailed discussion of
the advantages and disadvantages of each design. The descriptions of the four
maps were taken from ( yton, 1984: map supplement accompanying the article): =

*Plate I - Complementary-color, two-variable map based on a rectangular
-legend arrangement
Plate II'-- Unclassed complementary-color, two-variable map using linear
sealing
.
Plate Ill - Unclassed complémentary-color, tyo-variable map using_
logarithmic scaling_ ]

. § v
. Plate IV~-- Complementary-color, two-variable map based on a rectangular
legend bined with an equiprobability cllipse.®

- It should be noted that, in fact, Plate IV was both a compromise and a

combination of what was deemeéd best from the proceeding maps according to
(Eyton, 1984: 486, .480). .

Eyton (1984: 479) was of the opinion that the color scheme used by, the U.S.
Bureau of the Census for two-variablg maps should be simplified to facilitate map

, interpretation. The first of four maps p od was a ol y-color, -

bivariate map structured on a 3x3 matrix legend. It was felt since two variables
were being mapped, only :wo complementary colors would be needed to represent.
the data. Figure 2.4 illustrates the legend arrangement of this particular
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VARIABLE 1 VARIABLE 2 CROBSED
VARIABLES
-
PURE | DARK
l 100% RED RED | RED [BLACK|
~ on | sow | 100% LIGHT! DARK
vi aRAY,
W Saw RED CYAN |cYAN | cYaN| - RED; | ™y 4| CYAH
4
;| Liont | pure
‘ o% RED WHITE| GyaN | cYan

FIGURE 2.4 Eyton's first legend

fora
bivariate map (Eyton, 1984: 481 (
'

complementary-color, bivariate map. The legend arrangement hlghhgh'.s the !aur

“ corners - the more extreme data values and the diagonal - indicates the positive

corre]auon._’ The comewatilon of equal values of the two selected complementary

colors - blue and red -

* Increase in the income level is illustrated by 2 red progression, while the increase

rates the disgonal colors from white to grey to black.

* in educational attainmel‘zt is shown by a blue progression. According to (Eyton,

1984: 481-482)'the main disadvantage of this system is the superimposition of the ¢

rectangular legend on a bivariate distribution. He advocates using some form of

the litie of best fit, i.e. major axis or ellipse.

The second map. design was d

s

as the lassed

Lo

color, two-variable map using linear scnhng' (Eyton, 1984: map supplement)

This styl€®of map uses ‘the reduced major axis as the line where the whole grey

d. To

scale from white to black is

plete the legend

scheme, on either side of the grey scale was placed one of the two col

n?lemeniary
colors. The problem here is that numerous tones are created 83 8 rgs It of the

continuous scaling, and it becomes difficult for the map user to extract the

information.

»

. The third version, the unclassed complementary-color bivariate map was

“




The final proposed map, "a complementary-color, two-variable map based

on the binormal distribution® (Eyton, 1984: map supplelﬁent) was a concerted
—

26"

created using & logarithmic scaling. It was felt that i)y avoiding the data

thereby making it an easier map with which to deal.

effort to | -the positive

of the maps previously discussed.

extremes, the number of variations in tone and hue would diminish' substantially,

This map 'Was deliberately designed to show both extreme values and average

values (Figure 2.5). The extreme values were portrayed by one of four colors

from the

330

~ 5
- FIGURE 2.5 §menh final

o

EDUCATION(fu-

it legend design

(Eyton, 1984: map supplement).

equiprobability ellipse of 50 percent.

o =
, there were no

_ 2x2 matrix, and the average values were repz-esented by the fifth class - the

In ébl_xclusion, it should be noted that these four proposed designs have not

been d to exp

1 testing. C
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statements to be issued, only theoretical assumptions, concerning the validity of
these particular four unique map designs. Since the article was org;nixed in such
a way as to highlight the:fourth map design, which was in essence the culmination
of the attributes of the proceeding maps, Eyton showed it to interested students
and oolleagues for approval. Despite the totally unfamiliar legend design, the
peopla seemed to be able to comprehend the map. As a promising sign to Eyton
(1984), all the people who looked 4t the map were in agreement that his

innovative design was easier to utilize than a comparable two-variable choropleth

map. =& s

In Mersey's (1980) thesis two experiments were conducted. Experiment I

was included in this section of the literature review because the objecti’ve dealt —

‘with advancing and reﬁning the bivariate choropleth mapping technique. Six test

maps were designed.for Experil Mtod ine which symbolization schemes
were more effective in communicating information (Figures 2.8 and 2.7). Figure
2.8 shcws the gnpluc composition.of the selected symbolization schemes tested,

while Fl;ure 2. 7 contains.one of the six il maps. These riment 1

g 5
maps d il ly 100 statistical units, fairly uniform in size. In
addition, the symbolization scheme was based on a 3x3 matrix legend. The

.sample size for each test dgi@ was 32. WAll subjects answered Itlle same questions

concerning the identical geographical area but used only-one of the six- o
symboluf‘ tion schemes. The experimental questionnaire consisted of four sections™
The first section dealt With subjects identifying homogeneous regions at the
intermediate level of reading. In Section II the participants were asked to indicate-
the level, (low, medium, high) of each of the designated regions on the map. +They

. only dealt with one variable at the intermediate level of map reldin’g. +Section I

dealt with the superior map reading level, and subjects were asked questions

- abont the correlation of the two variables in both the legend and the map. Of the

six quesuons pded, five dealt solely with the lugend while-the remaining one
question asked subjects to evaluate the correlation bétween the two mapped
components. Se?jgg IV was very similar to Section I. This time the region was

.
LS
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° "
specified and the participants were required to interpret both variables at the

- .

intermediaie mnp reading level.

Another expenmenul desig factor incorporated. into the'questiom@aire and-__ )

statistically muaured was learning effects. After becoming accustomed to this
\m:pplng melhod it was hypothesized that the subjects’ performance would
improve. Hence, 2 method was devised to meuurélurmng effects - which in this
particular circdmstance was the dll(eregee in the number of cqrrect-mponsu
_between questionnaire sections completed first md ast. Sections Iand l'V were
alternated, half the subjects worked first with Secl.lon l and the other half with

Section IV.

The eri I results for Experiment II'were very i tere "-,, The .

hypothem stating that the subjects’ perlormt.nce would i xmprove arm becomxng

familiar with tﬁe Y iable choropl m,ppmg hnique was indeed -
supported. -lq,wu Al;o deurmmzd that the more Axpenenced map users obtained ~
better results. Further unlysls indicated that of the six alternate designs tested,
no one design was 'superior overall in- :ommumnlmg mfonmtmn All in all,
participants were able to use each dulgn with good success. However, questions™
answered at the superior mlp reading leve_l (i.e. most of them dealt wlt!t the
legend) were not ded to as ly. Perhaps d ing the number of

PR

Saasa

units'on & ¢ th map is one way of increasing
. e )

accuracy at the highest map reading level.
The six alternate designs created by Mene} (1080): Experiment II consisted

of variations in color and pattern, where patternsWasalways black. Perhaps the ** N

combination of color, (value and speclr\‘ll), with attern wuuld ellicit a !

=

different, more positive result overall. Lastly, Mersey (1080): Expanment I
based her test mapg on a 3x3 matrix legend. It would be mformanve to see if

. results differ on two-variable choropleth mnpa with & 4x4 mntnx symbol.lnhcn 4

scheme.




) rétneve a speuﬁc value, ‘Twenty-fout students were given a sample Iegend lnd
) nsked lo vnslmlly mateh twenty extracted sections of legend shagding blocks (Figur(
- :9). The appropriate x and y coordinates of where these blocks would bﬂound

'C) Box Shape combining the llne spacing of the two separate axis to create

how the map was being interpreted.

31

.Car‘stensen.[ 1982) conducted several tests to determine the possibility .ol
incorporating crossed-line, continuous-tone shading patterns onrbinrin.e maps to
show correlation mapping. These unique black and white test maps were ==
produced using incremental plotters and various computer-assisted uchn’iquu. S
According to Carstensen (1982: 57) resedrch has demonstrated: that map readers
have no trouble interpreting continuously shaded maps [Fig\;re 28). . i

’l'he first put of Carstensen's (1982) Expenmznt One dealt with the .
questmns at the elementary reading level because participants were requuud to

in the legend wre to be indicated in the space provndcd Following this task

ubJeclg were asked a quutlon, second: part of Ounensen s (1082) Expériment

“One, that was exphcltly duxlgned to ascermn to what degree they coped with and * . -

succ&fully i _’ d the ¢ d-line; tone, mapping method.
_Panmpants were asked to'rank three solution methodolo;lu, listed below in the

order of their nsel’nlnss

*"A) Shading Bluknm - the strength or degree offick shllding,

B) Lme Spumg the measured distance between the lines consnd:nng eul:
\ axis xeplrluly
\

_a whole uit or box, i.e. the Iocauonnl both nupped
.variables.

The three solutgon methods were significant b_ecxuze,they were indicators as to

Exnmmmg the results-from the first task of | Expenment One, it was
&pparent that subjects could intetpret the crossed-lii

contmuou&lnne pnuerns
at the-elementary'reading levql Furthermore, ILls important to note that the,
mo)-e‘expenenced the students became, as a consequence of working wnth Ihe test
mutemls the heuer the rault.s
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Analyzing the subjects' methodological rankings, results from part two, the

" students selected the box shape (C) to be the most helpful in locating the

extracted legend sections. However, it was noted by one student in particular,
that all three methods ‘were applied to a varying degree. The significance of
selecting the' box shape is that at least the relati}:nship between the two variables
is being stt;di_ed in the legend, which is where map comprehension and ;

interpretation ¢commences.
. v}

Carstensen's (1982) test number two examined system logic - which was to
discover if the crossed-line, contintous-tone mapping method could be duplicated
or generated without previous knowledge of the design. The devised lest was
similar to the one used by Olson (1081). A crossed line, contmuous-mne sample
legend was divided into sixteen chips, Twen&y—l‘our subjects who previously had
not seen the legend were required to assemble the sixteen pieces on .W/o axes,
labelled low to high, in a Iogmnl menner. ‘From the res\llts it was evident that the
chips were no'. placed hsphaznrdly by the students. Overah many did percerve
the shading pattern reasonably well, in fact the legend was repllcated exactly by
33 percent of the students who had never seen it before. If mapping symbolism is
logical and can. be generated with a minimum of‘specialized knowledge or skill,
then it is a major asset anda step in the right direction when c.reating 2 new.
systemn. Carstensen's results suggest that crossed-line, continuous-tone mapping is

such a system.

Experi: I dealt with ion correlation. The purpose of this

experiment was to analyze the degree to which the correlation between the
variables was perceived, given a time limit of one minute. The time limit was
necessary to discourage students l)am formulating &’ ‘response based on value
retrievals rather than on the perceived visual patterns. Subjects were praented
with l‘nnps depicting one of three possibilities: 1) a positive correlation, 2) a
negative correlation, or 3) o re]ntionshil; ‘A sample of the three types of

relatjonships listed above was given to every participant in order to familiarize
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themselves with the concept of statistical correlation. Once kliuwing precisely
what the three istical relations bled, C: (1982) felt ¢ d

that the subjects could effectively deal with- the assigned mapping tasks. .
Participants were presenf two out of the possible combination of three maps,

and were requested to ascertain what type of correlation was mapped. The test
maps consisted of nine ll'rge stal:istieal units. Since time was a factor, (i.e. the %
researcher relied on volunteered class time to conduct the experiment), the
experimental inaps had only nine m;iﬁ;. The results confirmed the hypothesis that
participants could .indeed judge correlation fronr the crossed-line, coptinuous-'.one

maps.
—

In clusion the d-line, i t shadi‘ng method was

successful in producing readable correlation maps but there were o few negative = g
aspe‘cts‘ These maps lack color which people seem to prefer, the line patterns are ,
often fatiguing to the eyes of some people, and if a rhap contains any small areas,
it is often impossible to include the necessary number of lines to create the
pattern. Carstensen (1982: 69)'stated that even though the above negative

aspects exist, overall the experimental testing has indicated that the crossed-line,

continuous-tone method was ayvisble multi-com mapping

The main goal of Carstensen's (1984) paper was to determine how subjects
interpret variable similarity on two types of bivariate maps: 1) the s’pectrnllyf
encoded two-variable choropleth map and 2) the cmssedﬂin‘e. continuous-tone
‘mnp. To accomplish this goal Carstensen required students first to become
acquainted with the principle of variable similarity, as he np‘plied it to the
mapping situtation. Carstensen (1984: 23) defined variable similarity ‘as the ’ i
degree to which spamlly pmred values for two variables fall into like posmons i
within their pecti ibutions.™ Forty students worked with the”

spectrally-encoded two-vn:mble map. and 33 other students were usngned the
crossed-line, continuous-tone map. Both types of maps contained 40 statistical -

-units (Figure 2.10). The crossed-line, continuous-tone maps were enlarged by 50




36
: ——
Ve 5:
e = Erm
e
" 1T }XII; il

G

«  FIGURE 2.10 An example of the test. maps used by Carstensen (1984: 24)
[
percerit to alleviate the problem of having to position crossed-line patterns in

small zones. Identical instructions were distributed to each of the respective

groups.

‘The mapping taslg given' to the participants was to create aid list the tracts
that would comprise both an unbalanced and a balanced region. - As previously

N mentioned the copcept of h’balaneed apd bglan_ced““ ‘was explained prior to

testing to ensuré it iv'as understood by the students, Students were given the
number of the zone from which_to commence, with the understanding th;n the

****Note the words unblanced sad balanced, and dissimilar and similar - i.e. words used to”
artlculate the concept of similarity - are ued interchangeable since [Carstensen, 1984: 23-24]
employed the lirst sei of terms in his instructions jthe subjects and the second set of terms to
explsin the theoretical significance. s
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selected zones had to be contiguous to form a region. For both sections of the
experimental test, students were only allotted three min_utes as a restrictive
measure to prohibit them from answering the questions by value retrieval as
opposed to visual perception. . W

The data collected from the experiment wer‘ managed as follows. Every’

time a zone or tract was listed, it was recorded to determine the total number of

. times that zone was mentioned. A tract-had to be mentioned by one third of the

participants (i.e. 11 of the 33 subjects using the crossed-line, continuous-tone and
14 of the 41 students using the spectrally-encoded two-variable map) before it was
considered to be part of the region. The two types of maps contained the

identical data but the graphic presentation was vastly different. Nevertheless, the /‘

two groups working with them agreed to a substantial extent on the map or data ’

interpretation. As an illustration, of the nine zones selectedgetween the two map

design groups. to represent the balanced region, seven zones weré commonly listed. -

Similarily.of the 26 zones chosen by consensus between the two previously &

d groups to rep the unbalanced region, nineteen were commonly
selected. Carstensen concluded from these results that the two map designs .

enabled map users to interpret variable similarity on a consistent basis.

Of all the research reported in this review, the one factor that constantly
changes and has the potential to be a deciding factor and influence is the number
of statistical units contained in the test maps. For example, the number ranges

from i ly. 1000, (maps produced by the U.S. Bureau of the Census), to

only nine fairly large aress (Carstensen, 1982: 66). Perhaps a limit exists —

pertaining to the number.of statistical units on at iable-ch leth map

that the map reader can procgss easily. .

The literature review highlighted the current state of knowledge and

identified questions that required furtheri igation. T\ ariable choropleth

maps were determined to be a visble quantitative mapping technique that

required further imp ts. The research ds d for this thesis i _ s
‘' 5 it g
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to advance and improve the bivariate choropleth mapping technique in terms of -
its readability to the map user and graphic design flexibility to the cartographer.
Unanswered questions that ?&ed this inquiry are follows.

I{ ‘The examination of the Mterature has shown that pattern was one method
selected by cartographers for area symbology. Pattern is a graphic design
element that can be used effectively to represent s specific value for an
area. However, the color of the pattern used has always been black. The
experimental maps’for this research will be constructed with black patterns
and white patterns. A comparison will be made to-determine if subjects fmd
black patterns }or white patterns more readable.

2. Color has inherent properties that logically can be applied to symbolization
schemes on a map. Since color is an excellent graphic design component that is
suited-to the portrayal of data, additional schemes with color ‘are interesting
and necessary. Previous research has indicated that color schemes are more
effective when the map readers can identify a logical color progression. T=

this study two progressions of tolor were compared (1 e. hue vs. vslue) to
determine if one was more in

3. Bertin's (1983).three map reading levels have been incorporated.into three

of the more recent studies because they serve as an excellent guide to
determining the amount of information people are obtaining from the bivariate
choropleth_map design. However, additional testing at the superior map
reading level is required since earlier experimentation has not addressed this
concept as thoroughly as map reading at the elementary and intermediate levels.
It should be remembered that the bivariate mapping method was designed to
excel at the intermediate'and superior map reading levels.

4. Since the two-variable choropleth mapping method is upfamiliar to most
people, they have to be tauzht the purpose of the design and how to read it
graphically. Once people become familiar with the mapping technique,
information is retrieved more accurately. The examination of learning effects
was incorporated into this experiment to assess the map interpretation/
communication process,

§5.~The various graphic design components. (i.e. hue, value, black pattern, -
and white pattern) were combined to generate four experimental maps. The
resulting four designs previously had not been examined. The nextstage was to
determine if one or more of the design combinations was more successful in
communicating information to the map reader. e

6. Previous research seemed to_indicate that.the more formally educated map
readers were able to obtain the most accurate information from this particular
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o mapping technique. The present study will continue to examine this factor.

a 7. In this research a symbolization scheme based on a 4x4 matrix was selected
because the researcher wanted to work on the more complex case. The results
from this study will be compared to MerEe\y'y({DBO-Experiment 1) that contained
2 3x3 matrix legend arrangement. \
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CHAPTER 3
~
METHODOLOGY AND PROCEDURE
* Introduction
With increasing emphasis being placed on the graphic portrayal of
quantitative data, it is important that cartographic designs are relevant and
effective. A two-vatiable choropleth map is oge sich method. Accessibility of

Tomputers to researchers in addition to the numerous statistical, graphic, and

mapping packages, inake it essential to have d ated and proven analyti
mapping methods. Although the four experimentsl maps utilized in this study-
" were produced using mainly conventional cartographic methods, the expemserand

and

technology does exist to produce them by

U.S. Bureau of the Cenaus) ‘The advantages with computer assisted r apping is

practices, (i.e. as a ease in point the two-variable choropleth maps cr?ed by the
that it réduces slgmf ficantly the amount of time nnd cost associated with map
L produchon

Experimental M-p Designs
One chnl.lenge of particular interest to the cartographer is to devise, if

S Rty

possible, an opti design for ¢ iabll h maps. Given the

theoretical purpose of bivariate maps, the innovative designs must depict a
separate symbolxznhon scheme for each of the two mapped com’ponents while
ly ill the lation between them. With increasing

( h

ity, are examining this topic and have come up with numerous,

. interesting, and feasible design alternatives. This research continues the trend by”
exaniining four symbolization schemies that have not been studied empirically.

~» Four experimental bivariate choropleth maps entitled *THE
INTER.RELATIONS}I[P OF EDUCATIONAL ATTAINMENT AND PER
CAPITA lNCOME' were designed and used in conjunction with the
questionnaire to test the research ob_jechves (Appendix I, Test Maps). It should
be noted ihl@» the test maps in Appendix I ke photographs of the originals. The




_'lime, . Since the experiment Was conducted during volunteered cliss time and the
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f
phologmphs; reduced the original size of the experimenta) maps by 43 percent.

All four experimental design alternatives were compiled on a common base map of
Prince Edward Island that was obtained from the Geographic Infotmation
}\/lla.nipulnion nn_d‘anping System (Gimms). Prince Edward Island was chosen
because it was a convenient shape to work with, and also provided ample space
for the title and legend. As a matter of interest, the l;ap of Prince Edward Island
was one of Gimms' illustrative mapping examples that was included in the
sgftware package. )

The experimental two-variable choropleth map was designed as follows.

Forty-three statistical units or areas of fairly uniform size were created to )
subdivide the islaid. The total number of statistical units was kept to s
minimum for three reasons. Fimly, to determine if in_terpreiation/communicatim’:
impréved especially at the intermediate and superior map reading levels.

Secondly, to accomodate the selected patterns, Thirdly, to deal with the factor of

questions in the questidnnnire required considerable:thought, this researcher did

not want to increase the complexity of the maps.

The data used to categorize these statistical units were fictitious. In '

addition to the statistical units, five distinct regions were created. Each of they.

- five regions were arranged to highlight.a dominate characteristic of Per Capita

Income and Education (Percent High School Graduates):
1) Region 1: Low Income - Medium Education,
2) Region 2: Med‘n:n Income -_Hiéh Educuion;
3) Region 3: High Incorﬁe - Very High Education, B
4)"Region 4:’ High Inc(‘)me - Mediu;n Education, and g ¥

5) Region §: Low Income - Low Education.
o

. The identical data were portrayed on each of the maps.

v
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The test map variables used in the designing process were hue, value, black
pattern and white pattern. By manipulating these variablds, the resulting four
. test map combinations were produced:

1) hue with black pattern,
2) hue with white pattern,
3) value with black pattern, and

4) value with white pattern,

st Bd

Black or white pattern was i ly used to rep: ion while hue or

value was always employed to portray Per Capita Income.’ An important point to
recognize i;’tvhat.' in order for a map to communicate information accurately and
efficiently the symbol-value relationship should be logical, stmlght(orwnrd and
_easy to understand to thwnnt that the choice of symbohznuon is almost
automatically interpreted by the map read;\The charncteristlcs of pattern, hue,
value, and chroma as it relates to the :ymbol-value relanonslnp in gmphlc design

will be elahornted on. e

‘The rest ol‘ the il 1 map design subsection will deal with four
topics in the following order; a)the selection of two pattern schemes, 2) the *
selection of two ‘¢olor' progressions, 3) the 4x4 matrix legend, and 4) the

duction of the four i I maps. The first set of variables to be

_rhscussed is black pnu)rn and white paséern. Becduse pattern has been commonly

|
used as an area symbol, E was. d by variati m pattern. The

fact that there are hundreds.of unique pattern combinati ilabl

to the cartographer makes the g-rsphxc design component pattern/complex to work

with. ¢ )

In order to make-th: ity more it help{‘ to further
subdivide pattern into the following four graphic elements Iisted“below (Robinson
et al., 1084: 187): - |

(a) Size - describes the magnitude of the marks whether they are, for example,
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thick or thin, and large or small;
> .
B (b) Shape - marks can be represented in numerous ways, for example, circular
dots, squares, diamonds, and curvedlipes to name a few; . 2
¥ o
(c) Spacing - refers to lhe distance between the marks; and - ~
s (d) Orientation - describes the g.u'ecuon o( the marks in relauon to the
map border and the map user's viewing angle. oo
The final patterns chosen to represent changes in Education were one of two * .
colors;, A) black pattern or B) white pattern. The selected patterns were chosen
because they were distinctive, easily identified, and a ive mesning could
be attached to the r:sultin‘g progression. The order for the black panern g o
depicting increasing Education (Percent ngh School Graduates) was as follows. . -
1) small wldely spaced dots, : < o N‘ =
“ 9) spaced dashed lines, . ‘ o
- [ -
E - 3) diagonal lines, and : . i %

4) thick vertical lines.

As education increased so did the amount of area covered by tl}e black pattern.

The end product. was a legend that.visually ranged from light (low incorre-low .

dication) to dark (high ing & high ed ion) as both income and education
increased. '

~

.
Identical white patterns were used to represent education but it was.decided. ¥
to structure the placement of the white pattern in the manner opposite from that
of the black. This deoision was adopted based on the perception of the =~ - e
combination of color and white pattern. Perceptually the l’in;l legend design
rangéd from light (low education-low income) to dark (high' education-high ¢
income) as both education and income incressed. The two categories with the -
largest combination of Per Capita Income and Education would be recognized as ;
~ the darkest value of green with the least amount of white pamm covering the
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area. It was hypothesized that subjects would obtain improved results working
with the reverse pattern. F|gure 3.1 1Ilustratu the test maps 'ymbohznu&n

schemes in detail.

BLACK PATTERN

: \dark geeen

VALUE °
VALUE

WHITE RATTERN

BLACK PATTERN

- T 'red_
040
orange
w 920
o X green
. ‘904
blue -

% magenta
. 808
C %yollow! Lx cyan
7 . FIGURE 3.1 Test hllp'symb\‘ﬂlnl;an schemes. g
3 » N § " ¥ T
’ 5

Since these Ar; bivariate maps, another graphical method was selected to
represent Per Capita Income. The graphic variable chosen was color because it
has-been used frequently. as an areal symbol. Color has three dimensions that
influence the map readers’ perception of the data: 1) hue 2) value, and 3) —
chroma (Robinson et al., 1084/ 165-168). .
J 1) Hue is the term used to describe ghe different visible wavélengths
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of the electromagnetic spectrum. When something is identified as
blue, green, yellow, or red etc., its' hue is being specified. The
symbol-val is not ightforward when hue is used
to portray a itative variable. Hue ily denotes
qualitative data as opposed to quantmmve data.

2) Value is a term used to describe the lightness or darkness of any

\ color, i.e. the grey scale where white and black are located at
opposite ends with regularly mterspmed shades of grey, Hues
can also differ In value, i.e. light green to dark green, without

-changing their hue. Value is an excellent way to portray | /

quantitative data since magnitude vartations become readily apparent.
For example, if the hue green.is selected to represent income, then
increasingly- darker shades of green denote hlgher income. 2

3) Chroma, a term used to describe the intensity ol color, is not as
significant from a perceptusl viewpoint. Only when it is used
incorrectly does it become important, i.e. if a selected color is
too. intense it,could dominate the map and create false impressions.

’i‘l;e data for Per Capita Income had a definite dQer, and cons"equem;ly t‘he
selected color schemes were arranged: to reflect this. It is relt‘by some researchers
that if the data distribution has order, this property should be obvious in the
graphic design manipulation (Trumbo, 1981: 220; Wainer and F’rancolini, 1980:
83-84)." Per Capita Income was subdivided into four class intervals and
symbolization schemes cfiosen that illustrated the fise of earned income. Since
people find color ifiteresting to work with and aesthetically appealing, color was
retained for one n_\spped componeiit. More importantly, since only one variable

had color, it' was easy to design two.schemes showing the magnitude distribution

. of income‘per;:.eplually‘ First-a-value progression of four distinctive shades of
green, sometimes referred to as an ordered arrangement, was selected to represent’ -

Per Capita Income. In this particular case the symbol-value relationship was easy
to detect and comprehend becau# as the value of green increased, so did the
amount of income.

The second symbolization strategy devised to represent Per Capjta Income
was based on the color spectrum. Four different hues were selected to show the

Rl




de of the distributi A ding to (Wainer and Francolini, 1080: 83-84)

the spectrum is a natural ordering of color but to most people this is not visually
uppareht. As aresult, it is frequently referred to as an unordered arfangement.
The four hues selected were blue, green, orange, and red.” The percentage of

yellow, magents, cyan, and black used to generate these four colors will be

" identified later in this chapter. The selected colors were chosen because they were

distinctive, their range spanned the color spectrum, and they were basically equal
in {ntensity. Maintaining an equal intensity was required so that no one hue

would be more prominent than another To summarize, the two chosen

schemes highlighted the progression or order of the- dlstnbnuun but

this ordgri;ng was more visually compelling in the first scheme ¥an the second.

In the experiment both hue and value were used to compare their
effectiveness in the map percei;tion p’_i’-oces& It was hypothesized that selecting
either four different hues, .s'ometimes referred to as an unordered arrangement, of
a value progression of one hue, an ordered nrrangement to represent Per Capltz

Income would make no difference in the number of correct responses.

The consensus for univariate mapping is for the symbolization scheme ;o
reflect the magnitude of the distribution. Some say that a symbolization scheme
blatantly showing the magnitude of the distribution is necessary, while others say
and imply (Mersey, 1980: 125; Eyéon, l§84) that bivariate mapping is more
complex and possibly previous caﬂ;ogrnphicnl theoretical practices may have to be

modifiéd. At this particular point, it is very imadrtant to analyze the role of the

legend in two-variable: choropleth mapping. o n

The legend plays a major role in the n:mp interpretation/communication
process because it is the key to unravelling the information portrayed on the map.

istical maps are b

Itis pecinlly; important to € cogni this-point &3
increasingly-complex - (i.e. the two-variable choropleth mapping method being
just one example). One factor respondiblé for the increase in complexity is the

. vi'e_elmibility of statistical, graphic design, and computer approaches. -As-Olson
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(1981: 275) indicated, the legend should be/px;)minently placed on the map and at
a size lirge enough so that the i ion can be explained as inctly as

possible. It is vital that the legend is legible since this is where the map

interpretation/communication process begins.

™ The design of the legend as welhas the classification of the data will be
addressed next. In this particular case, the legend created for the experimental
‘maps was a 4x4 matrix legend that had a total of 16 statistical units or cells.
Both Per Capita Income and Education (Percent High School Graduates) were
represented by four class iftervals each. The classification scheme for Per Capita
Income was as follows: .

1) LOW - under $8,000,

2) MEDIUM -: $8,000-14,999, - L

3) HIGH - $15,000-19,099, and

4) V_ERY HIGH - $20,000 or more.  ~

A Ed:

A Wwas rep! "by the following class intervals:
1) LOW - 0.0-34.9,

2) MEDIUM - 35.0-84.9,

3) HIGH - 05.0-84,?, and

4) VERY HIGH -- $5.0 or more.
The words lqnalj!ying the intervals for both Per C‘lpill Income and E’duulion -

LOW, MEDXUM. HIGH, AND VERY HIGH - were necesdary tovinclude in the
legend to emphasize the class interval's place in the hierarchy and to remove nl;y

ambiguity when the terms, were used in the questionnaire (Figure 3.2).

As_ articulated previously Per Capita Income was represented by variations

in color, and Education by different patterns. One very considerable‘advantage

was that it was easy to separate’the two digtribntlou, (i.e. income was shown by
four rows of color and education was shown by four columns of pattern), and
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* EDUCATION
e (Percent High Schoof Graduates!

VERY HIGH
$20,000 or more

©HIGH
PER CAPITA §15.000-19999
INCOME MEDIUM
$8.000-14,999 1

g

Low .
" under $8,000

— % “
- : FIGURE 3.2 Experimental legend design.

their combination dld not result in one variable obscuring the other. In order to

facilitate the dlscovery of extreme data combinations for further unalys\s, the fuur

corners of the legend were designed to be very distinctive. Along thé two major
axes illustrating the positive correlation, from lower left corner to upper right,
and the negative correlation, form upper left to lower right, clearly-demonstrates

a good progression.

The four color test maps were created, by the author, using the facilities of
* the Memorial University of Newfoundland C: hic Lab y (MUNCL). A
total of 24 color maps were produced, (i.e. mdte specifically. six maps of each of

the four symbolization schemes). The base Tap obtainéd from Gimms was
- printed on the Nicolett-Zeta plotter, and subsequently reduced to the required .

size. Once the dimensions of the map were blished, the coastline,

units or areas, regions, and neatlines were scribed. Peelcoats were generated from
these scribecoats, and theuhe four corresponding composite negatives, one for
each color, (i.e. cyan, magents, yellow and black), were created. The test maps
were duplicated using Transfer-Key, the 3M Brand MR 434 Processor, and




- Experimental Questionnaire

w1

Lameninator. This processing method ensured color fidelity and consistengy for
the 24.color test maps. As a preventative measure to keep the experimental maps

free of unwanted marks from students’ pens and pencils, the maps were

encapsulated with clear mylar.

The was d of an i d and four separate parts
for a total of 32 ions (Appendix I, Experi 1 Questionnaire). The first
two pages of the ionnaire booklet ined an introductiofi to the

experimentad bivariate choroplethic mapping, in addition to personal data
questions. For example, subjects were asked to state; 1) if-they were colorblind,

2a) their age, 2b) sex, 3a) major field of study, 3b) year(s) of university, 4) number
of courses _campltted in cartography, and ’6) if they had, worked with maps similar
to thesepreviously. People who were colorblind Were not tested. It was stressed.
that the mapping method was being tested and not their ability to answer map '
reading tasks. If subjects were unable to answer any. question, they were -
anouruged:nqt to guess. Instead, it#vas suggested strongly that they leave the
r'uponke blank, and proceed to the next question.

As ioned preyiously the ionnai i ‘p”ourparu’. Each
part was designed with a specific purpose in mind that will be élaborated stirting
with the next h. There were 32 quéstions in total and the breakdown by
level of map reading yvas as follows: . iy

A) two questions at the elementary leve.l,

B) twenty-four’ ions at the i iate level, and
. .

C) six questions at the superior level.
The questionnaire was constructed to ficlude the miajority of the quéstions it the
intermediate and superior map reading levels since-these were the levels at which
two-variable choropleth maps were designed to excel. Given that questions asked
at the superior map.reading level were inherently difficult, a concerted effort was

made to insure that the questi ire was not so, d ding that students could
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' not complete it in one 50 minute class period. This was accomplished by varying

the degree of difficulty basically in the intermediate level questions.

»vThe' principal aim of Part 1 was to examine the subjects’ ability to answer
map reading questions considering both variables, Per Capita Income and -
Education (Pefcent High School Graduates). The first question dealt with specific
categogies of both distributions at the elementary reading level allowing
pamclpanr.g,m answer a relanvely easy question and become familiar with the
map. The next seven questions of Part 1 were at the intermediate, map reading

level, while the last question was at the superior map reading level.

Part 2 consisted of ten questions at the intermediatg level of map reading.
Each q’uestioﬁ dealt with only orie mapped variable in order :oécertam how
proficiently the:participants could separate the two distributic¥s and extra.ct the

necessary information.. c

Park3 consisted of four questions at the superior level of map reading. Here
the subjects were required to examine the correlation between the two

distributions.

Part 4 contained nine questions, and was designed much like Part 1. The
. first question was at the elementary reading level. The next two at the
intermediate resdmg level, followed by one question at the superior map reading

level. The remamlng five questions were at the intermediate level of map reading.

Parts 1 and 4 were sw‘ltched, with regards to their order of presentation, so

" that half of the participants completed Part 1 first and the other half Part 4.

Subjects were not, aware of this occurrence since pnginntit‘)n was altered in the
rapechvs expenmeneal packages. A comparison of the resnlts was made between
the two groups.to determme if after nnswenng all the prevxous questions,* the
subjects’ perfomnncc improved in the last section. Switching or rt‘?versmg the
\t:rdar of prsentnuon bet‘?en Parts 1 and 4 was the method used to- examine
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- .
learning effects. The design of the experimental questionnaire was modelled after
Mersey (1980). 5

Methodology

SUBJECTS. The sample group for this experiment was 120 university
students. Four test groups consisting of 30 subjécts each examined one of the four
alternate map designs. University students were selected because they were
accessible and most likely to utilize these maps sometime during their study and
rdal work. Subjects with varying years of university and ta.ki'g coursesin '
Geography and Earth Sciences, were randomly selected to pueicliketa

Participation was strictly voluntary as no money was offered.

EXPERIMENTAL DES‘IGN. The experiment consisted of four

experimental maps and a ta ' pecific ionnaire. The icip worked

with only a single. design alternative in order to climinate any bias towards
another design by increased Tearqhg effects. Consequently this researéh was a
between-subjects design. d k

Nine groups.of subj’ects were testéd. and the number in each sitting varied-
depending on the mufber of students in the class. All testing took placein a
" elassroom, although not thw—;l/uroom. Each classroom had adequate
seating, placement, and lighting. Eight‘of the nine groups were actual classes the
" “Professors graciously allowed me to utilize. The ninthﬂgoup was an ad hoc group
aof university students who were necessary to obtain the reqni‘r-ed number of
subjects.

. Six of the nine groups were Geography classes, two were ‘Earth Sciences
classes and the remaining one was, the ad hoe ¢ollection of university students. @
Although it appears that all the subjects were solely-in Gepgraphy or Earth
Sciences, examining the composition of the subjects further by their declared

" major(s) suggests otherwise (Table 3.1).

All experimental design alternatives were compiled on the identical’ base
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TABLE 3.1 Total of participants by declared major(s).

DECLARED MAIOR(S) * NUMBER OF STUDENTS

Geography : 44
Earth Sciences 34
Edueation 8
Physical Education
Undeclared Major
Education/Geography
History /Geography .
Computer Science/Géography
N English
E Anthropology
-Geography [Forestry College
. Geopbysics '
« = History °
Education/Geography /History
‘ Poli Science
Education/History ‘
Business
Mathematics *
Biology
French - .
Computer Science

e e e 1 8 G GO GV N

- . * " TOTAL 120 STUDENTS
i of Prince Edward Island. The base map as divided into five regions and
g d a total of 43 statistical units. The ionnaire was composed of four.
distinct parts and had & total of 32 questions. The questions were identical but

their order of presentation varied. All four parts of the questionnaire had a

specific time limit that previously had been determined in a pre-test.

The length of the time limit was resolved in-a pre-test in which three
university students participated. Although only a minimum amount of data were
collected in the pre-test, it was analyzed to ascertain if there were any problems

. - with the questions and expected results. The results from these three subjects
were not included in the final statistical analysis. The following time limits were
L imposed during the experiment:
a) Introduction - 5 minutes, ‘
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b) Part 1 - 11 minutes, ’ «
c) Part 2 - 5 minutes, ) - )‘
d)'Part 3 - 5 minutes, and e ‘
e) Part 4 - 11 minutes. ) o <Z(\
In total, the test took 40 minutes to complete-including the vérbal i

All subjects were treated equally. Names were not recorded and it was stressed
that the mapping method was being tested and not their ability to answer map
reading tasks. .

PROCEDUT%E. The expe;iment consisted of identical booklets containing
an introduction to bivariate mapping, a questionnaire-and one of four test maps.
The test maps were randomly distributed to the subjects, i.e. in a clnssrnt;m all
four alternate designs and thé two possible questionnaire arrangements. were
distributed to control the possible copying of answers from one subject to ?yr .

Students were informed that the four test @aps and two questionnaires we!

" distributed randomly, thus the chandes of the‘i’; neighbour having the identical

——the maps and the questionnaires ;hould be presented to ensure randomness.

experimental package was minimal. The maps were randomizéd considering the
eight variables (Table 3.2). The eight variables were given a unique label aumber.

Next a table of random numbers was consulted to-determine the order in which

TABYE 3.2 Eight graphic design combinations that were presented randomly.

PER CAPITA INCOME EDUCATION ORDER OF PRESENTATION  LABEL

(COLOR.VARIATION) (PATTERN VARIATION) (PART 1 OR NUMBER
. PART 4 FIRST)
(Map Design) (Map Design) (Questionnaire Design)
& e
Green (value) Black _ . Part 1 1
Green'(value) Black Part 4 2
Green (value) White . Part 1 3
Green (value) White ‘ _ . Part4 4,
Hue (multi-color) Black Part 1 5
Hue (multi-color) Black Part4 6 .
Hue (maulti-color) White' Part 1 T =
Hue (multi-Color) White Part 4 8
. -~
. v
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Finally, a list of instructions was read to every group prior to commencing -

the experiment.

*For my master’s thesis I'm studying a ‘two-variable’ map design.
require'students to participate by answering questions using these maps that
I have designed and produced. *No names will be recorded. Each of you will
receive one map and one questionnaire booklet. Each of the mnps and the.
questionnaires are slightly different.

The questionnaire booklet contains an introduction ard four different
parts. There will be_a time limit to answer each Part and I will tell you
what that is before you start. Please wait for mstrucuons when to start and
stop each section.

Since these maps are in, color, when I pass them out, tell me if you are
colorblind. If you are, you will not be required to participate. Do not opert
the Tolders until instructed. If at any time you have any questions, ask. Do
not leave until the time is finished.

Thank-you!*

After the instructions were reak )
Subjects were issded explicit instructions when to start and stop each section.

the group, the experimenl commenced.

Participants Were not permitted to study the other questions if they had
completed a particular section before the time limit. Further enquiries concerning
the overall objectives of the study were answered, il ‘necessty, after each group
had leted their respecti i The data for thls study were collected

from the quesnonnmres and- then further annlyzed

\
~
~
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CHAPTER 4
. ANALYSIS AND RESULTS
Previous studies have shown that two-variable choroplethic mapping is
flexible graphically to the cartogtapher and certainly a viable technique in terms
of map user comprehension. The majority of the bivariate choropleth map

designs proposed and the ones ultimately tested were concerned with the

ploy of color to rep mapped comp For example, Olson
(1981), Wainer and Francolini (1980), and Mersey (1880) Experiment I, examined,
the readability of ‘spectrnll}encoded two-variable maps produced by the U.S.
Bureau of the Census. Of the six.designs tested by Mersey (1980) _Experiment n,

four consisted of a color scheme for each “of the two spatial variables and the

of color

g two sy schiemes were posed of a
and black pattern. Carstensen s (1982) approach was completely different., He
used line spacmy to generate pattems and no color for-one ofthis expenments
'l‘lhe preésent study incorporated both color viriation to represent one variable and
pattern variation to represent the second variable. Color and.pattern varintio‘ns
were selected as a combination for the following teasons. Graphigally the two
separate dis;ributions are distinctive, thereby permitting the map user to

determine if a correlation between the two variables exists. To the cartographer

these maps offer increased graphic design ity in that miore exp
tested and proven effective map designs could be utilized confidently to represent

dnta
)

The main objective of the présent research was to investigate qunnumuvely
the full potential of the two-vamble choroplethic mapping method by focusing on
the efficacy of the four alternate map designs produced for this study. In more
specific terms full potential means the extent to which the experimental maps
fulfill their main purpose of portraying two geographic distributions and bheir

thus indicating their readability to the map user. Statistical melhcds
were employed to analyze the empirical datn collected from the experlmen'. The
results from these analytical techniques pluyed a major role in substantiating
research hypolhaa and conclusions. y ¢

o e /
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The experiment was designed to measure how successfully map users could
extract information by asking subjects to answer the questionnaire while
examining one of the four alternate test designs. The analysis was based on the
correct number of responses obtained from the questionnaire. The marking
scheme was straightforward. There were 32 questions in total, and one mark was
assigned for every ct;rract response yi;lding a possible perfect score of 32.0.

Selection of Statistical Tests

to

Several statistical tests wer, if any si
differences in accuracy occurged between the four alternate symbolization

schemes., As a preliminary analytical step, a graph depicting the total correct

score of aft four ime designs d was drawn to determme the

dlstnbuhnn of data from whlch further statistical tests would .be mﬂuenced i

(Figure 4:1). This graph depicts the Total Number of Correct Responses versus _

the Total Number of Subjects who obtained that score. In examining Figure 4.1,
it was obvious thatthe data distribution was pot normal but negatively skewed.
Since parametric tests are based on the, (as'sumpﬁon ofa non;'\n.l population

® i
distribution, non-parametric statistical tests were used mainly for the analysis.

Non-parametric statistical tests, generally referred to as distribution free, do not .

require the normal population assumption.

Order of Presentation ’ -~

Because the i i ire was to test various

premises or. hypotheses, it was necessary to ascertain if the design factor af[gcted
or bmsed the overall results. The specific case where this applies was the/ ordering
method used to measure lenrnmg effects. ‘To m{‘sure learnmg effects half the
B subjects received Part 1 first and the remuxmng hnlf, Part 4. Pnﬂ.s 2 and 3 were
N always presented in the identical sequenie, 1i e Part 2 followed by Part3. A
Mann-Whitney U Test (Silk, 1979: 185-101) was used to deﬁmune if the

questioniaire design influenced the mlmber ol correct nppmuu overall. It is

assumed that the ordinal data were obtained from random snmlimg. Table 4.1. . -

illustrates the statistical results related to the order of presentation. At the 95%
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TABLE 4.1 Order nf plefenllllon N

ORDER 1 — Subjects completed the experimental questionnaire by the
following sequenke - Part 1, Part 2, Part 3, and Part 4. _

ORDER 2~ Subjects completed the.experimental questionnaie by the
following sequence - Part 4, Part 2, Part 3, and Part 1.

« MEAN RANK CASES ORDER  CONFIDENCE LEVEL
ATTAINED

65.¢ 260 e ¢ " 89.98%
’ 5632 - “60 2 : &

' confidence level the null hypolhesls stxtmg that the quesnonnaxre deslgn d)d not
influence the number of correct responses overall was accepted. The implication
of - t'his result is overall the questionnaife design was one factor that did-ngt- ~
requlre fagther - conscdernhon when s,pp]ymg subsequgnt staushcal tests.

Black Pttzem and White Pattern .
. Two nmqne symbahznhon schemes were selected Iar each varmble,

Educnlmn and Per Capltn Incnme, to determine if any one ol‘ the desxgns

1 d map_ \mlny or Educati (Percent High School - *

Graduates) was repyesented by cither black pattern or white pattern. Half of the
sample worked with bluk pnttemed maps ‘while the other half worked with whxte
d maps. - Tt was-hypothesized thnt subjects using the whm patterned .

maps would -obtam better results because the hteuture mdlcsted that white
patterns p rceptunlly :ppear larger to the msp’ ‘reader and therefore were easier .
to distinguish (Greenberg,- 1988 138). AMann-Whltney U Test was used to " *
ascertain if there was a si f di in* between black-and

_" white patterned maps. "Table 42 shows the afatistical results, At the 95%
confidence level there was n9_d1ﬂereuce ‘between the two patterns, the null *
hypothesis was accepted. This means that subjects were équally divided in their
ﬁp_erl‘nrﬁn'nnce. The outcome was cont;'nry to what was expected or hyputkgsizéd.'
There are two possible reasons why this resilt occurred. Firstly, perhaps people
are more adept at dealing or working with black pattern as opposed to white:’ |
pattern.: Seccndly, the black patterﬂ demonqtrkyeé more clearly the magnitude. -

i
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TABLE 4.2 The results of the Mann-Whitaey U Test used to détermine
if there was a significant difference between black
and white patternsd maps.

MEAN RANK  CASES PATTERN GROUP  CONFIDENCE LEVEL C
- ATTAINED

65.78 0 Black Pattern 081% *
55.22 ) White Pattern
progression to the data, i.e. as Education increases so does the amount of BYack
pattern covering the area. Conversely, the white paltern was organized to ensure
- that the highest class interval of Per Capita Ticome and Education contained the

most amount of color. - <

Hue and Value

-Per Cnplm lncoma, the second vma.ble mapped, was synibolized wnh either
an ordered or unordcred color Arrxngemem Once again, half the snmple worked
with green maps while the remunmg half worked with the four. spectrally colored-
maps. The objective wn to determine if thm was a uxmﬁcntﬁl‘l’ennce
between the.ordered and unord d color ' ¥ di the nnmber of

Tcorrect resp obtained from th o wln'le uhlmn; thue maps. A -
Mnn-whltney U Test was. the statistical test used. Table 4.3 lhows the

stahxuca.l sesults.,

TABLE 43 The results trom the Mn-m-znq\?-v Test concerning the
difference between an ordered and unordered colot
amangement: . .

MEAN RAN‘K CASB " MAP COLDR GROUP CONFIDENCE LEVEL
. 4 )
"0 ) T Gree - eL4e%
3 (6270, 60 Color ©

The null hypothesis stated that there would be no slzml‘iclnl difference in
i perfomance between the two groups at’ the 05% confdence level, and it was

accepted. This result was con!utent with prevnolm experiments deuhng wnth color
: symbollzahon schemes (Memy, 1080)
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Levels of Map Reading . .
A more detailed analysis of the data was required to make further

designed to incorporate *

comprehensive lusi Since the i ire
“Bertin’s three levels of map reading, the results were examined by this factor in

order to specifically determine which alternate design(&) facilitated certain map

reading tasks: In total there were 32 questions and the breakdown by map .
reading level is detailed in Table 4.4.
" TABLE44 Breakdown of the experimental question by map reading level.
ELEMENTARY LEVEL INTERMEDIATE LEVEL SUPERIOR LEVEL
Part I-Quesninn 1 . Part 1-Question 2(a) . ", Part 1-Question 4
Pt 4-Question 1 © . Question2() Part-3-Question 1
" Question 2t} Question 2
Question 2(d) 5, " Question 3
Question 2(e) Question 4
4 . Question 3(a) Part’ 4-Question 3 0
" Question 3(b) : :
Part 2-Question 1,
e Regions 1) .
- v & . Question 2, e
" (Regions 15) - @ 1
Part 4-Question 2(a)- : .
Question 2(b) F
Question 4(a)
Question 4(b) e
Question 4(c) . !
Question 4(d)
Question 4(e)
Subtotal 2 © Subtosl24 - © Subotald
TOTAL 32 questions
Crosstables were used along with & caloulated chi-aquare value to examine if *
- there was a significant diff in pe bhween subjects using the four
design co) bmatmns at the three map reading leveli The elementary map reading

. levél Was the first one to be snalyzed and there were only two quwtlons Table ~ "‘v

4.5 shows the results.of the statistics. As antici there was no dil i at
the 95% confidence Ia\fel among the results from the four design combinations
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TABLE45  Results of the statistical test studyiog the map designs
at the elementary map reading lev

GREEN-BLACK GREEN- COLOR-BLACK COLOR-WHITE
GROUP GROWP GROUP* GROUP
Number of ssbjects 0 1 1 - Lo
‘who answered peither -
question correctly
Number of subjects 2 3 2 4
‘who answered one
question correctly
. ¢
Number of subjects . 2 2 2 26

who answered two
quegtions correctly % .
CHI-SQUARE ~ DEGREES OF FREEDOM . GONFIDENCE LEVEL
ATTAINED i
3.10280 4 6 20.42%
: ,® . 2
since the qucstioﬁ were easy. Thus, the null hypothesis was accepted that
subjécts performed equally well with any one of the four experimental designs.

‘The intermediate map reading level was the second level to be studied.’

_ Moreover, it contained the ;;rutest number of i a total of twenty-fc

The 24 questions were further subdivided into two distinct cluﬁ'ﬂcaﬂonx with

separate objecti Group I consisted of all i diate level questions minus
the 10 i 1 in Part 2. Continuing along, the questi in Part 2 ori ‘;
Group II In Group I the questions asked dealt with both distributions .

in Group II, the questions were designed specifically so
\that participants only had to work with one variable at a time. Additionally, the *

function of Group Il was to determine if there was a difference in how successfull

subjects were at extracti ‘slngle' ibution il ion from a bivariate map.

The statistical results from Group I will be discussed first.

‘The data were examined to ascertain if there was a significant difference

among the four il | designs in perf at the 95% confid level.

—_
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The null hypothesis stated that there was no difference between the four map
desiggns at this level, &nd at this stage it was accepted. ‘Next, the data were placed
into three categories: (1)subjects who answered only one to eight of the
intermediate level questions correctly, (2gtudents who answered nine to eleven of
the intermediate level questions correctly, and (3) subjec".a who correctly

completed twelve or more questions. Table 4.6 shows the statistical results.

TABLE 4.6  The results of the statistical test studying the map %
designs at the intermediate map reading level, Group I.

" GREEN-BLACK GREEN-WHITE COLOR-BLACK COLOR-WHITE
GROUP GROUP ‘GROUP ‘GROUP

Number of subjects 3 3 6 - 4
who answered a.

minimum of eight
questions correctly

Number of subjects 6 7 7 10
who answered nine — J

toeleven

quesgions correctly

Number of subjects 2 10 ” 16

who answered twelve '

or more questions v -
comrectly .

J CH-SQUARE ~ DEGREES OF FREEDOM  ~ CONFIDENCE LEVEL
ATT.
\ 12775500 6 S 9531%
The null hypothesis was rejected at the 95% confidence level. The grder of best
map design as judged by the numl;er of correct,responses was:
1) green with black pattern, A

) tied in the number of points obtained was color with black pattern and color
with white pattern, and

. 3) last was green with' white pattern. £

- —
o ‘The statistical results from Group II were examined next. As indicated in L
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TABLE 4.7 Percent number of correct. responses for Group Ii by map design._

PERCENT NUMBER OF CORRECT RESPONSES
PART 2

1. Green with Black Pattern 95%
2. Green with White Pattern 0%
3. Color with Black Pattern 03% .
4. Color with White Pattern 90%
Table 4.7, subjects were very ul in ting the two single distrib

on the two-variable choropleth map design. This confirmation is of significant
fmponnnce since being able to deal effectively with the two separate geographic
distributions is one of the premises of two-variable choropleth mapping. The
results of this present study, with regards to the ieadability of the two single
distributions, is comparable to Mersey (1980: 10) Experiment IL. The range of
test scores obtained from her six experimental designs was between 94% and 99%.

a 2 > f
. There were six questions at the superior reading level. Firstly, the data

were examined on 2 question by question basis, one through six; to determine if
| :

.Ql,lere was a significant difference among the four design combinations. Secondly;

he data were divided into two groups: (1) the number of subjects who only
answered one to three of the superior level questions correctly and (2) the

participants who answered four to six of the superior level -questions correctly.

" Table 48 shows the statistical results. After ining the statistical res iti, the

null hypothesis stating there was no difference between imap designs for both
categories hiad'to be accepted at the 95% confidence level.

The Examination of Learning Effects

R hers & P i

are

N 1
aware that people need to be

educated graphically in order for them to éomprel_lend often increasingly complex
graphics. It frequently has been suggested that graﬁh{cy is one skill that is

6 aiontly developed through i

generally not lope our ional system as are

numeracy, articulacy and literacy-(Balchin, 1976). This research incorporated the
concept of learning effects in order to judge its impact. Crosstables were used

along with a calculated chi-square value-to examine if there. were any significant

1
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TABLE48 The lunt of the statistical tests studying the map designs
at the suberior map reading level. &

GREEN-BLACK GREEN-WHITE COLOR-BLACK COLOR-WHITE
‘GROUP ‘GROUP GROUP GROUP

Nimber of subjects ) 1 9 1)

who answered one

to three ¢
questions correctly «

Number of subjects u 16 T 21
who answered four ?

to six

questions correctly

CHISQUARE  DEGREES OF FREEDOM CONFIDENCE LEVEL
: . ATTAINED -

5.08344 "3 83.42%

differences in learning effects between Part 1 and: Part 4 only. The nimber of

corrett responées trom subjects who completed Part 1 first ver d with

the number of correct responses from subjects who completed Part 1 last. The
identical test was carried out on the_reéults obtained from Part 4. Tables 4.9and
4.10'show the statistical results. )

TABLE 49 Statistical results concerning the role of learning effects as
. it applies to Part 1.

- 7 e .
[} . . INCORRECT RESPONSE ~ CORRECT RESPONSE
Part 1 completed first + w g 503
Part 1 completed last o T oH oy < 500
~CHISQUARE  DEGREES OF FREEDOM  CONFIDENCE LEVEL
) ATTAINED ,
. 0.13568 g 5 1 28.74%

THere was no difference in the number of corr cf}esponses ‘whether Part:1
** was dealt vith firstor last. The null hypothesis was accepted that participants

performed equally when answering Part 1 questions. However, there was a.
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TABLE 4.10 Statistical results concerning the role of learning effects as
it applies to Part 4.

INCORRECT RESPONSE ~ CORRECT RESPONSE

Part 4 completed first 199 p 341

Part 4 completed last 121 419

CHISQUARE  DEGREES OF FREEDOM ~ CONFIDENCE LEVEL
ATTAINED
201776 1 100.00%

* significant difference at the 95% confidence level in the number of correct
responses depending on whether Part 4 was completed first or last. When Part 4
was completed last, the number of accurate answers increased dramatically,
thereby indiéating that as the subjects better unxmobd and became more
experienced in working with this map design, their scores improved. It should be
noted that even though the questions in both interchanged Parts 1 and 4 were at
the identical levels of map reading, the subjects found Part 1 questions easi‘e‘r.
Therefore the results from Part 4 give a good indication that learning effects did
take place. : .
The Examination of Each Alternate Design

d indivi y and syb ly cross

_Each experimental design was
compared to nscertn’in ‘which one(s) enabled subjects to extract information most
accurately, thus determining the degign(s) that evoked a sup‘erior performance.
Four graphs, one for each of the IniL symbolization schemes, were drawn (Figure
4.2) showing the Total Number of Subjects versus the Total Number of Correct
Responses they" obtsined. The mean, median, and standard deviation were also

listed as additional measures from which comparisons-could be made.

The sample size for e 2 h’é’;xpe’rimental map designs was 30 u?wersity
students. For expedient rém‘nble 4.11 extracts two measures of central
tendency and one measure of dispersion from Figure 4.2. Based on the
examination of the means, medians, and standard deviations (Table 4.11) the test
scores seem ;oc;d and indicate tRat subjects were able to use the maps correctly
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TABLE 4.11Two measures of central tendency and one me:

dispexsion for each alternate design. ———— .
~MAP DESIGN MEAN MEDIAN * STANDARD DEVIATION
q
1. Green with Black 27.3667 30 2.8221 {j’
2. Green with White 25.5333 0 3.2027
Color with Black 26.5000 L, ns 36742
4: Color with White 26.4000 ~~ 280 - 45833
. .0 . . " = .
when g the t thereby ind; an apparent high level of

understanding. Firstly, thé largest difference between the mean scores was 1.83,
the lowest being’ 25.53 and the highest 27.38. Out of a possible perfect score of
32.0, these results clearly indicate that the data portrayed (i.e. symbolization
schemes) and the mapping method are proficient. Secondly, examining the range
of the calculated medians among all.lour maps only asmall difference of 2.0
existed. Thirdly, the lowest standard deviation, 2.82, occurred on the green with
black test map, while the cdlor with white test map showed the largest standayd

- deviation of 458. ‘The highest standard deviation indicates that the test scores on
the color with white test maps varied the greatest.

Examining all graphs, (Figu're.ﬂ). the data once ;gaiﬁ indicated a skewpess
to the left or negatively. ~Sine the data distribution was non-vormal, the
Kruskal-Wallis Analysis of Variance By Ranks (Silk, 1979: 192-195) test was
selected twice to compare the experimental map designs; Firstly, the total W
number of correct responses for each experiméntal 'desigp ‘was calculated and then
studied. Secondly, since the questionnaire consi,s'te:i of four distinet sections, all

four parts were analyzed individually by symbolization scheme to i

further for significant results. The basic issumgtions of the Kruskal-Wallis
Analysis of Variance are: (a) ordinal data- were obtained"from random sampling,

(b) that a mini 1 0f thiree populations were being d, (¢) the null
hypothesis staies that no differences exist between thé population distributions
and (d) the alt bypothisis maiateins thet 8 minimum of one inequali
exists. )
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The Kruskal-Wallis Test showed that there was no significant difference at
the 95% confidence level between the four experimental designs when the total

number of correct resp from the i ire for each i group
was studied. Table 4.12 shows the statistical results from the Kruskal-Wallis
Analysis of Varisace by Ranks. .

TABLE 4.12 The statistical results [rom the Kruskal-Wallis Analysis
of Variance by Ranks for each experimental group.

MAP DESIGN MEAN RANK CASES CONFIDENCE LEVEL
ATTAINED
1. Green With Black 68.08 30 89.80%
2. Green With White r 4762 30
3. Color With Black 0258 30 ’
4. Colo} With White 6282 30

. However, when all four parts were exnmineyndividuuy, only Part 4 showed a
igni di at the'95% confi level in favor of the ordered

urlngement (green) with black pattern. Table 4.13 shows the rem(m of this test.
For-both the Tolal By Group aid Pars 1 through 4 By Group, teorderof bt i
performance by map design was:

" 1) green with black pattern .

2) color with white pagtern g2
3) color with black patter, and

4) green with white pattern.
& \‘Qlue results support the previous studies particialarly by Olson (1981),
\.. Mersey (1980), and Carstensen (1081). Olson’s (1981) research gave the. first
_indication that uubj'ech ‘were not reluctant to work with two-variable maps.

When axpllnatcry notes were attached, participants started to become more

™

P and u
research compared the accuracy results among six experimental map designs} but

the mapping techni Mersey's (1980)

Fh 10 one design was judged to be superior overall. Generally, subjects answered the
questions in the imental jon with acceptable results. C
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% “TABLE 4.13 The statistical results from the Kruskal-Wallis Analysis
of Variance by Ranks by part for each map desiga. ¥y, N
PART L
- 3
MAP DESIGN MEANRANK  CASES CLNFI’DENCE LEVEL
ATTAINED
1. Green with Black 5793 » 17.12%
2. Green with White 5805 0 :
3. Color with Black 6312 £
4. Color with White 6290 £
PART 2
1. Green With Black 66.47 k1 17.24%
2. Green With White 52.40 £ p
3. Color With Black 6428 3 -
< 4. Color With White 3885 3
PART3 . .
- c 1. Green with Black 549 ) 851%
* 2.Green with White 8351, % e e
] T ® - g
7012 B . -
o . —_
1. Green with Black 7365 30 05.54% o
‘ 2. Green with White 4868 0
: 3. Color with Black 5852 £
4. Color with White 6085 » e

(1981) used the crossed-liné, continuous-tone shading method anddetermined that
once the mapping method became familiar'and was understood by the studenfs, it
could be applied successfully. All three studies, in sddition to this research, n
indicate that bivariate ing is 8 viable technique with graphic

design possibilities and considerable flexibility. The main criterion is that -

students have to be able to shend the mapping tech i "
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FormalEducation . B
Eulier‘smdies (Mersey, 1980; Olson, 1981; Carstensen, 1981) have given a

- good indication that the mare experienced map reader will obtain the best scores.

Experience, in this current research, was measured in’ three ways based on

" personal information obtained at the beginning of the ‘questionnaire. The

questionnaire Mquired subjects to indicate: . (1) their year of university study, (2)

* the number of cartography courses completed to date and (3) if they previously

had used two-variable choropleth maps.

il e .
The number of years subjects were in university. ranged from one to eight.

* Two'groups were created. The first group was designated inexperienced adt it

consisted of subjec}.s who were in i‘,heir first to their third year of uniyersity. The
s’epond group, designated experiehced,lwere students who were in their fourth

.year through to,graduate'studies. " Tt vins felt that the experienced group would

pepform the best since they wonldgxgave completed more umvemty courges. A

Mann-Whltney.U Test was used to di ine if there was & ifference

"in yer)‘ormance betwgen the two groups. Tablg 414 shows the sbahstlc | résuits.

TABLE 44 The ol(u:qme of the Mann<Whitney U Test nsed -to determine *. X
i thepe was a significant difference i i years of - &
\mlveruuy cducanon :

7 ‘ PEE -« » . <
MEAN RANK , ‘CASES EXPERIENCE CLASSIFICATION . * CONFIDENCE LEVEL
. : - E N . ATTAINED
. i . 9

©~ . 5303 6 Ineweriencd . 98.72%

6875 - 57 - ' Expeienced -

B At the 95% confidence level the experienced group ﬁerformed Statistically better. .

“The n;:frxber of ear‘bogrnphy cml}:m taken n;ged from zero to ten. Two
groups wsre agein crenteﬂ The inexperienced group consisted of students who
hud ‘not_completed any cuwgraphy cburses” The: expen%nced group cunslsted of
pa.rhuptnta who had complewd nne or moreicnrtdgraphy courses. Students-in.

* the latter group had a greater chance of being introduced to thu type of mapping.

A Mann Whmmy U Tm\vas applied to determme if thm wass sumxncal




diff

shows the statistical results.

TABLE 4.15Results from the Mann>Whitney U Test used to determine
if subjects with courses in cartography worked

significantly better. T
[ ~*
MEAN RANK ~ CASES EXPERIENCE CLASSIFICATION CONFIDENCE LEVEL
ATTAINED
T : . .
- 58.45 2 * Inexperienced * 76.1%
67.23 % Experienced .
. @ The test results showed that fhere was no significagt difference in perf

between the two groups at the 95% confidence level. It should be noted that

" fourths were rate@z}dﬁﬁﬁﬁﬁmd’muz results are often difficult to

obtam when the difféfence between the two ssmples bemg compared Mo'large

' The third and last indicitor used to exdmine map reading experience was

« previous practice with two-variable choropleth’ maps. Once again two groups.-

- were created. The inexpe;_rienced group cénsisted of suhjects who stated they had
‘not \rsed this type of map prevxous]y The expenenced,gmup was comprised of '
pnrhcnpanh who indicated they 'had used two-variable chorapleth amaps pnor to
this expgnement. AMann-Whitne$ U Test at the 95% confidence level '
determined’ there was 10 significant differénce between the two classmcmons
Table 4.16 shows the statistical results. W

TABLE 4. 16Resulu obtaimed from the Mann-Whitaey U Test used to
determine if prior experience with two-variaple :
& choropleth maps msde a m\rem difteseree.

SFICATION ~ CONFIDENCE LEVEL

ME.-AN RANK  CASES ‘-’EDCPERIENCE CI
. ATTAINED

som8 ¥ Experienced 1208%°
60482 8 P Inexperieced .

Although' npproxixlmtely one-third of the subjects stated they had used these maps
s A - v

previously, the results seem to suggest that they may not have had a goog*or solid

understanding of the mapping method. N

b vt oe s

between the inexperignced ond experienced subjects. Table 415 below |

.

apprmmn.lll&nelaunh of the sample was classified 83 experienced, while three- *
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i . - Having reviewed the three indicators that were used to measure the effect of

et i on the map interp ion/ ication process, the first
/ . b ) classification studied (i.e. number of years i’ university) was the strongest

.. indicator. It appears that students:with more years of university have learned to.
L ’ apply themsé) to challengi or ci t In addition the two "' '
£ ( . ‘ groups, mexpenenced .containing 63 students - nnd expenenced containing 57"

¥ T studenu, were more equal in size I‘mhtnhng a relmble comparison: The other
S y * two indicators, i ie. number of cartography courses completed and prevlous
_ bivariate mapping expenence, had a more pmnouneed slze difference as discussed .

prevw\lsly Appendix II gives a :omplete record of the SPSS/X commands and

subsequent statistical results. 4 é°
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- e CHAPTER 5 =
ISCUSSION AND CONCLUSIONS

The statigtical tests applied.to the dats collected from the experiment
support and the that ¢t iable choropleth mapping is a

in terms of hi ibility for-the earts hér and
map user \mhty. Itis lmporu& to htve cartographic ﬂ:xlblllty becnuse of the
. numerous graphic options. lVllllble 1o the cartographer (i.e. pnp designs resultigg

1 pack )

v imarily from the ibility of graphics and

The sirccess of the mapping method naturally implies established map user utility

since; ultimately the map users are the ones responsible for deciding'if relevant
information can be extracted from the map. The eﬁsuipg discussion will link the 3
experimental results from this study with previmﬁ analytical findings and

speculations, thus, hopefully more firmly

and perhaps
current cartographic theory and insight. B R 1 —
Despite the complexity of the map design methods, very positive results
- were obtained from the experiment concerning the utility of the four alternate L
designs, and in general, the bivariate mapping method. In subsequent paragraphs
these resulu will be discussed in conjunction with the degree to which the study's
ob;echvu were satisfied. The reader should remember that the experimental

designs for this thesis isted of 43 relatively large statistical units, and wn_ s
based on a 4x4 matpix legend deSign. :

. 4
Comparing results obtained from subjects using the black pattern versus the

those working \vilhamita pattern, there was no signiﬁunt difference at the 95%
confidence level. It should be emphasized that all four alternate vfst maps were

designed to hold constant the ional perceptual progi Tlns means

that as income and education i d, a corresponding visual pr ion from

light (low low éducation) to dark (high ir high education) was

genernted In order to, achieve the | perceptual prog; , it was

L . mecessary to reverse the white symhqlogyl Whereas the black pattern increased in - ’
L]
! . v
. f ® 2
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area, the white pattern décreased. This was the only possible graphic ‘design
approach given the perceptual nature of white symbology on a colored

background. 2

In addition; it was thought that since white patterns perceptually appear
Jarger, subjécts would notice the patterns and retain the specific values they
r;zpresent with g;gster sccuracy. As it turned out’, this was not the case. Perhaps
black patterns were mare familiar to map users, and consequently they felt more
at ease working with them. Om)the other hand subjects may have been confused
q hite pattern which was done to eiable the top

with the‘ reverse ordering;of th
stntisti‘cal cell to be perceived as the darkest, therefore the greatest combined
value. Possibly if the wﬁite’pattern had been the same as the black in sequence,
there would have been a signifi i ’ul‘tl‘):ﬂs% fid level since a

- statistical difference at the \BO% level did oceur.

Examining the results of this study, with particular reference to maps with
an ordered versus an unordered progression of colors, there was no significant
difference in performance with each of these map designs at the 95% confidence
level. The statistical outcome was expected because subjects-only had to

L four very. perceptually separate and distinctive values or hues. “This
result was consistent with past experiments dealing with color symbolization
schemes (’Mé'rm 1980; Olson, 1981). Mersey's (1980) research - Experiment I, .

demonstrated that there wano significant diff in performance between
conceptual designs pertaining to whether the color scheme was ordered of
unordered. As for Olson's (1981) study Expéeriment 1, arr

of color in a legend, showed that no two subjects created the identical Tegend.
From these results a few observations cm.be noted. The understanding of color
theory seems to. be at a relatively low level. In this particular context color
theory refers to two specific concepts; (a) an understanding of the visible color
sﬁectrum, and '(b) which color combinations yield what‘hue. Perhaps map readers
‘would-be successful workihg‘with whatever gymbolization scheme was chosen l{y
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s
the cartographer as long as some logical connotation could be lpplled to the

design.

Since. the bivariate choropleth mapping method was designed to illustrate

the spatial distribution of two independent variables, (in this particular case

Income and Education), as well as the correlation between them; some method of v

evaluating the extent to which the design has succeeded was required for further
comprehensive conclusions. ‘Thus, another objective was examined. The

in the experi \| i Ye were designed to incorporate Bertin's
(1973) three levels of map readmg Including the theoretical graphic concept, of

these'three map reading levels in this research has a dual purpose. Firstly, it is
the continuation of a research trend with this type of mapping (Wainer and
Francolini, 1980; Mersey, 1980; Carstensen, 1982) in particular. Secondly, it is in
response to an overall need for rgsearc’) to have standard graphic vocabulary
which simplifies the-expressing.of ideas, and therefore’enhances communication.
\\By examining the results of each map design at'tg:thels of reading,
erhaps the map desig-n(s) that was better for speciﬁc mup reading tasks will

intrpret the portrayed i jon is a d I part vof the bji .\ i

~-
The results were examlned by the factcr level of map reading i m order to
\ specifically determine whlch alternate design(s) facilitat® certain map reading

ks. The majonty of queshons were at the intermediate and supenor map

\
lementary map reading level was the first one to be analyzed. Two
\‘ending level qu‘uqons were included-at the beginning of the
\) give the s\lh'éclin relatively simpjg introduction to the |
As anthi a}ed, here was no différence at the 95% confidence level
lts frony the four design combinations since the questions were

elementary
experiment
questionnair
among the re:

relatively easy .

-
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However, considering fourteen of the twenty-four questions at the

intermediate map reading level or Group I, there was a statistical difference at the

5% confidence level. The order of best performance for expeﬂmentnl map

design was:

1) green with black pattern,

2) tie ¢olor with black pnite'm and color with ihite pattern, am‘i

3) green with white pattern,

The pqmble reason why the green and black’ pattern design excelled over the

_Qther designs at this level is that the selected symbohzatléxrscheme clearly showed

. tlle mngmtude distrjbution for both Income and Education. Additionally, the

ten

at the i ediate map reading level or Group IIthat

required subjects to sepamtz the two single distributions were completed w:th

ease and accuracy. It wu obvious that the four conceptual designs were fulf llmg

one of the premises of the two-variable choropleth map design.

‘The questions asked at the superior map reading level were the most

d[[f‘ cult because subjects had to determine the conelntmn between

‘at the regional level and over, the whole map. Compnrmg the results there was no_

the variables

ssignificant diff in among the participants using the four

experimental maps. Table 5.1 shows the correct percent response.

TABLE 5.1 Correct percentage by experimental map design.

No. OF CORRECT RESPONSES

MAP DESIGN No. OF POSSIBLE CORRECT RESPONSES
1. Green with Black Pattern & 123/180
2. Green with White Pattern 3 108/180
3. Color with Black Pattern i 122/180
# 4. Color with White Pattern " 124/180

CORRECT
% RESPONSES

08.33%
60.00%
67.77%
68.88%

At the superior level of map reuding a minimum of 80% of the answers were

correct. This i isa good, acceptable result gwen the facts that these

maps were

complex and \mllm\lmr to the majority. of the subjects Mersey (1980: 108) had

similar results smc‘e the range of correct percent response was from
< .

60%-71%.
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The differénce between the two experiments was that the six questions in this
author's study were based on the map, while in Mersey’s (1980) research the -
subjects only had to use the map for one question. The remaining five questions

were based solejy on the legend explaining the correlation'concept.

. Since two-variable choropleth maps are relatively unfailiar to most
subjects and are rather complex to the untutored map user, it is in the interest of
the cartographer to ensure that the purpose of the map design and how it -
functions is explicitly stated. Witlr explanatory text, subjects would be able to
use successfully the statistical maps. This'is the consensus ur’qmng tesearchers who
have studied bivariate choropleth maps (Mersey, 1980; Olson, 1981; Wainer and
Francolini, 1980; Garstensen, 1980). Common to all four stidies was the time
taken by tvhe researchers to educate their. subjects concerning th; intricacies of
their respective map designs. In order to obtain n:neaniugful results that reflected

the readability of an innovative map design, the purpose of the map deslgn and its

were stated inctly at the beginning of this nuthor 's experimental
- questionnaire. :

A natural extension of educating the subjects as to the funclion of a two-

variable choropleth map, is to examine in detail the role of Ieurnmg effects in the ’

map mterprelatxon/commumcntjon process. The examination of learnmg effects
was one of lhe objectives. An m;rea!! in learning effects clearly shows the
subject’s ability to use the maps improved as a result of work'in_g with them. The
experiméntal questionnaire for this study was designed to measure learning

effects. It was confirmed once agn‘{n ihat‘snbjecu_ id lngeed obtain more correct”
responses when Part 4 was completed last instead of first. The number of correct
responses were fairly equal whether Part 1 was completgd’ﬁ‘rst'or last. Even
though Part '4 consisted of the iden‘th‘:d number of questions at the various map
reading levels, it took the subject a longer time to answer them, Therefore, thes

‘were di ined to-be more sensitive to the study of

‘learning effects. Mersey's (1080) research also examined fhe positive, attributesof




-leunink effects and found that’subjects obtained- better raﬁlu when the review
section of the questionnaire was completed Iu! rather than first.
-

As a rule, the map reading tasks given to the studenu ‘were not e.uy These
tasks required iderabl prehension, and learning. The
degree ‘of map interp! jon difficulty is a ion of the fact that this

design is eomplex Nevertheless, the difficult i 1

questionnaire did not appear to hinder the subjects from obtaining very adeﬁu{e

scores. These facts are if in the p, ' ge of correct resp: in Table e
5.2 : :

—— - "TABLE 5.2 Percent curn:l‘nlponul by map design in raok order.

, _ MAP DESIGN PERCENT CORRECT RESPONSEf<er
‘.. 1 Green with Black Pattetn . 01.22%
2. Color with White Pattera 88.33%
3. Color with Black Pattern 87.90%
4. Green with White Pattern 85.11% C o

The percent correct

P were d, for a quick i by
converting the mean number of co_ne& responses to a percentage. Of the four
map designs; the green and white design had ‘thg lowest percent corfect res] onses
of 85.11%. Furthermore; this demonstraces that even the lowest score is quite -
ptable. Of the two’ particip: who obtained perfect scores of 32.0, one

subject worked with the green with black pnnern design while the second -

participant used the color with white pnnern experimental map. The objective of
the resedrch was to examiné the bivariate choropleth mapping method to
- detbrmine its readability to the map user and graphic design flexibility to the
cartographer. Overall, these results prove that the objeetlve was met successfully
. since the degree to-which the university students correctly interpreted the

..inform: fion was very acceptable,™

The results lublhntllto the f'mdmp and conclusions l’rom previous

.
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comparable studies. For Mersey's (1980: 108) Experiment II, sx test maps were

designed based on a less complex 3x3 matrix legend but were composed of

ly- 100 statistical areas. It was d ined that subjects were

sugcessful in mterpretmg the ispl: ¥ d infe ion since the diff in the

lumber of correct responses obtained was minimal. Consequently, the range of
the Percent Correct Responses for. the six experimental test maps was small, from -
75% to 81% (Mersey, 1980: 109) After companng the statistical outcome. from
both this present study and Mersey s, (1980) research, there was no statistical

. difference in performance among the respective set of alternate deslgns. However,

the range for the percent correct responses was marginally. higher in this pr¥ent
study, 85.11% to 01.22%. Most importantly, all designs were deemed readable
and, therefore, successful in fulﬁllmg their purpose. e

Carstenisen (1982: 68) designed and tested crossed-line, continuous-tone
bivariate maps and also achieved successful results. Three complete test maps
ccnmmng nine statjstical units wer¢ drawn for experimental exammnhon
depxchng one ol’}dfe options: . 1) plmve correlation, 2) negauve correlation, or
3) no correlauon Statistical analysis determined that 88% of the subjects
recognized the map with the positive correlation, 83% identified the map
displaying the negative correlation, and after viewing the map showing no
correlation between the mapped variables, 80% of the sample responded that
there was no correlation. -Carstensen’s (1982) range for percent accurate responsés
mbled
the results obtained in this researcher's experiment. Additionally, the number of

from the maps depicting positive and negative'c‘onelation more closely

1 units ined on C 's (1082) maps and this author's maps *

were ‘l"’.ebi“ number, Perhaps there is a correlation between the number of
. v

| areas and the percentage of correct resp
4

Cur'&tensen 's (1084) reported experiment determined that there was very

little difference in between d-line, tone maps and

two-variable choropieth maps when subjects were required to create similar and-
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dissimilar contiguous areas. The selected units for each map type closely
resembled the other, and overall confirmed thiat both map designs were successful
in communicating information. This second set of test maps were composed of 40

statistical units. -~

»\’I‘Ihntever graphic methods were chosen to represent the data on the two-_
variable choropleth m\ps produced by the three cartographers (Mersey, 1980;
Ca‘rstensen, 1982, 1984; and this-present study), no one design could ‘be selected as
superior in each individual study One plausible expianation dealing with the lack
'of mgmﬁcsnt difference between alternate map deslgns has to do with the concept
of symbol transparency. The idea was first discussed hy (Olson, 1981 214) ‘when
it was noticed that when reading bivariate maps sub?:!s seeméd to learn what
the symbol combination represented in total and applied.this knowledge to the
map,, Mersey (1980: 124) elaboated on this concepl and the analogy used is quite
Appmpmte Reading’ blvarﬁk map symbology rather resembles reading words in
a sentence. The person ultimately focuses on the meaning of the sentence as
opposed to each individual symbol. All the results obtained from Mersey’s (1980)

3 nx test designs and Carsténsen’s (1084) reported, experiment were very similar, as
were the results obtained from this present study. This idea of symbol )
transparency may explain why all four experimental map deSigns yielded very

similar responses-from the participants of my experimént.

Even though two—variable’mnps were relativelyunfamiliar to most tested
subjects, they did learn how to use them to obtain the required information.
ExAmlnntlon of learnmg effects provided the indication that only after one rather
mtenslve testing perlod with these maps, the aub;ects' graphic skills were
constantly improving. As a point of interest, the q\lul\onnmre was also designed
to ucertam if the experienced person - in terms of number of years in- umvemty -
was g factor to conslder ‘when' asking subjects to learn an unfamiliar map design.
As it happéned, the resull-s from this study, on this matter, coincided with the
runlu that Mersey (1980) obtuned Juniors in her stutly,‘performed mgml‘icnntly
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better than freshman. In this author’s study, the group designated as
experienced, qualified earlier in the paragraph, did obtain results that were
significantly greater than inexperienced map users. Carstensen (1982: 60) also
noted that results improved as subjects became more experienced, and therefore
proficient with the test maps. ke

The idea of educating the percipient, whether it is in all aspects of map
reading or highlighting the purpose of a specific map design, cannot be considered
a novel approach. Graphicacy, as articulated by Balching(1978), is oné of four

major forms of communication between people. The remaining three are:\2)

1L

articulacy, 3) numeracy, and 4) literacy. Balchin (1976: 34) described gruphic}c
as the "educated counterimrt of the visual-spatial aspect of human.i J

and ication®. Graphi should be gnized as y valuable

and developed as early as the other three forms of communWgtion. Children's
graphic ability occurs early but the curriculum in schools should be planned more
consciously to, gnl{mce the students natural graphic ability throughout their
public ddieation, - According to Balchin (1976:36) since British and North
. American School systems fail to develop students natural graphic n‘bﬁl‘ity, often it

is not until they reach pivelsicy'nnd take courses in al:ens that depend heavily on
graphics that graphic sbili»t;y/'u allowed to achieve its full potential. If the early

% graphic skills were develaped as vigorously as the other three forms of

(‘ communication, there would probably be less difference in performance between
the two groups labelled, in this study as experienced and inexperienced in terms of
yelr; of university. Thus, all people would be able to work with new map designs

Y - on a equal footing, s of year of uni i ity "

In summary, the seven objectives were analyzed and the extent of their

success was discussed so that they could be incorporated in the overall objective.

In essence, the overall objective was a combination of the results obtained from

the sections of the experiment that dealt with a specific primary and secondary
- objectives. Another factor considered was the de.gree to whiich the ‘aubjecu
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&

performed overall (i.e. total number of correct responses obtained on the
questionnaire). Although no one alternate design could be selected as superior,

the i clearly that ¢ iable choroplethic mapping is a

were some researchers who were skeptical about the utility of bivariate ma)
(Monmonier, 10177; ‘Wainer and Francolini, 1980). But other commeits and
studies, for example, (Trumbo, 1581; Olson, 1975, 1981; Mersey, 1980; Carstensen,
1982, 1084; Eyton, 1084) aid this current research show tilat it is a very viable
‘technique. ' This author's study in"particular showed that t iable ch leth

maps could be read at all three map reading levels, thus fulfilling the function of
»

— the map designat a 'hig‘h level of comprehension.

At the begmmng of each new research ndvemure not all of the issues and "

can be antici d . Hence, and especially

experimental results are’valuable tools to utilize when criticizing one's experiment.
The critical nssusmeqt of a study nnuul]y elicits suggestions for fnrther

improvements. There are a few or that
could be made to this study. On the test maps the boundary lines sepsntmg one

region from another extended past the landmass of Prince Edward Island. This

Pt was done to accentuate the fact that five distinct regions existed on the
experimental map. However, while not sq much of a problem on-the maps with a
s’pectml progression, on the maps with a vala ession the region boundary
lines on the land mass are not as distinguishable as they perhaps could be.

Not included in the desigh of the questionnaire, because of the time
available to obtain responses from students, were questions devoted to how the

about the four alternate designs. These thoughts and opinions can prove to be
insightful, and perhaps give the researcher ideas about additional changes to

further impi-ov- hic co ication. C nts should not be dismissed

university students felt about the mapping method in general, and in particular / '

bsenuae they cannot be quanhﬁed Since cartography is both an art and a science \
mt\mlon, perceptwn, and dtatistical analyses'must be in erzwmed
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Although not specifically asked for, a few comments concerning the
questionnaire and the map designs were given to this researcher. Many subjects !
felt that the questions in the questionpaire required careful thought and '
consideration. Some participants stated that the black patterns made the test

* maps appear darker. Another d the white d maps. It
¥ /
was felt that less of the color progression representing Per Capita Income was,

visible when white patterns were utilized.

Of all the designs discussed and presented in this thesis, one csn;loz_ conclude
that a definitive design has been discovered, and consequently L,isume that ii\ere
is 10 reason for future experimentation. Moreover, research conducted to
examine a specific problem invariably will produce additional avenues for further
study. THere are several areas of theoretical cartographic concern that require
further investigation._ One area of interest is the understandifig and application of
the role of symbol transparency in interpreting map symbology as it relates to

bivariate mapping.

Additional experimentation is necessary in the area of perception of white
sympology as an alternative to the more commonly used black symbol;)gy. I
maps were created with black or white patterns it would bé interesting to see the
results of an experiment if the color opposite to the selected patterns wotld be
used to distinguish che’r%ional boundaries. Another [actor that could be dealt
with is the irradiation effect. Due to the irradiation effect, white patterns are
perceived as larger than the identical size black colored patterns. It would be -
interesting to compare maps with black patterns versus maps with white patterns
aqawn at the perceptual thickness ‘of the black patterns to determine if there is

indeed a statisti in F

The combinations of patterns that could bé used to represent areas on two-
variable choropleth maps have by no means been. exhausted. Experimentnti;)n -
with different styles of patterns (i.e. patterns djétinctlj’ differont in terms of size,
shape, orientation, spacing, and color) will be challenging. ) .

«.
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The number of statistical units ined on a t; iable choropleth map

is a factor that Tequires additional study. It would be interesting: to determine if -~ *

there is a saturation level where literally too much information is portrayed on

the map for it to be utilized competently.

* Given the numerous graphic choices and production techniques 'avai]nk?le

when designi n_“ jabl leth map, utmost on the cartographer’s

mind shou)d be both the_dishibuti’od of the data and what information is to be
ex;\phasized (i.e. positive correlation; negitive correlatipn and/or extreme values).
These {gncerns‘should be kept in. mind when further studies of iggend and graphic
design manipulation are contemplated. ‘It is alse possible that_ these new designs ™y
will alter our perceptions and tho’nglxts about how ‘map readers interpret data. M
the same time, people’s graphic ability will have no option but to 1nc‘rease to the
“level which will be demanded by the more complex cartographic output. The

only way of ensuring the required level of map reading is b}} educating the map

" reader. ’

v~




—A. Test Map I ,
*B. Test Map II
C. Test Map IIF
D. Test Map IV )
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% . INTRODUCTION
- Before tyre;_(periméjn |;egins carefully éxamine the map t« S ’
&_\, * ramilinrize_ ;’aursel! with {t.- The m;{n objective' of this experiment
is to study a map d‘esign falled 2 *two-variable map®. From this.two-
/ ) variable map design, a map reader ¢an distinguish three '
. distributions: ’ Lo ,
* 1) the Per Capjta Iixcome - (represenfed by different colors),

i 2) Education (Percent' ngh School Graduages) - (represented by
[ - different patterns) and, .

3 3) the interrelationship A)etween (1) Per Capita Income and (2j
/ ﬂducatmn (Percent High School Gradnates) (represented by .”
. the combination of the two patterns - one superimposed on the

other). . w .
. L

1\" l Itis jall impoi’tan! to the legend Both

Lo - distributions are divided ifito four ies, o 1. with.
p LT e N I
corresponding rank; i.e. 5 - _

. PER CAPITA INCOME (represented by different colors)

N VERY HIGH
$20,000 or more
'\3 '

HIGH _ .
$(15,000-19,999 -

. MEDIUM , Y - o .
$ 8,000-14,999 i 5 A

" Low ) ) : i
under $8,000 * - s

v ' continued op the next pnge
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0 ) — ..
. . EDUCATION (Percent High%chool Graduates) * .
: (repmﬂented by different psuems)

VERY HIGH Y . ; .
s0ormore g ~ : ]
: - i :
HIGH : ‘ . )
65.0-849 - »
MEDIUM : o / .
35.0-64.9 . - s . i
LOW -

. . ;o ‘\
e, 0.0-34.0

to create a total of 16 distinct categories. v . '
The pirpose of the map-is to show kow the fevels of PenCapita
, """ Income and Edugational attainment relate to each other over the

whole geographical area. Each reh}vely small area on a map is called

a statistical unit. A group of s

1 units is called a ’ E
S Lglon ‘This map has I'ivg regions. Generally a region cnntams . B

statistical units that are relatively slmllar e g Regmn 1 wnth
——
Iy low income and midium '

| units showing,
¢ education, It is not uncommon for a region to contain a few .
statistical units th;t are not similar, e.g. Region 4 - low income . . . = '
in a region of basically .hiih income and mcdium'educntian—.\ogce
these statistical units are identified, they can be further n'nalyt:d

to determine the reasons for this dispn;'ityn 2 !

continued on the next page .......




"L Are you colorbhnd\! no_ yes unce}my sl

§ . .9
L Rememi)er tha% ihis experimentd is des;gned‘tq test agpecific ¥

mapping method and ‘not"t € user's ;nap,;;;ding ability. If you 40

not kuo‘\!} the nnswe-x w a ‘pa)‘tigular qngsicio?n, DO.NOT GUESSQ,\Ieave

it blank aud proceed to the next question. The experimoent consists -

of Io’;n;- parts, and each part I{ns a gpeciﬁc time limit;‘ar yt‘m{o'v :

answer the questions. 'Yon will be inst;xjcted-when to start and - «

stop each seciio; . .

Please answer the followxﬁg queshons .

2. Age i mule _" fenale — a : '
.3. State your major ﬁeld of study and year(s) of umvemty "

major field 6f\study

‘Year(s) of univerity 1 2

or otiler [
specify 9

4. Numher of courses eompleted in carcogrnphy +
e g

5. Have you used these types of maps prevmusly’

Please do not turn the page unh] instructed to do so.
REMEMBER - DO NOT GUESS - If you do not know the answer to a

quesuon, LEAVE IT BLANK! Lo /—_ﬂ/
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R B . PARTL . C

l In which region does the combination ol Per Cnplta Income.
’ B $20,000 or more and Educahun 85.0 percen'. or more ocwr most N ((
& - oftén. » . :
- : (%
N : ‘y
= 1.2 -3 [a 5]
T ) e [ ok

X s
B 2. There are five different regionsﬁfzﬁe map. Indicate the . 3
? % . region, by placing the region number in the space provided, in N "
which the listed combination of vambles is fo\md most
frequently. \ 5 -
s 3 ) ' \ "y "

# REGION NUMBER (1TO5) - -

~ " a) Low Income and ﬂow ’ —

P) Medlum Iacome and High Educanon
. ¢) High Income and Very High Educatlon \ ) .
d) Low Income and Medium Education’ s " L.

e) High Income and Medium Education

3. Idenufy the one region that fits the cntena listed below by
indicating thie appropriate region number in the space. prov:ded
a) One or more stnﬁsticsl units of Veiy High Income and Very Ty
High Education in a region of mostly Medium Income and ngh
. ™ Education. I 5
b) One or more statistical units \‘){ Low Income and ngh .
Educationn a region of mostly Low Income and Medium
Education. " —_

- continued on the next page ...

_ \
v /“ﬁ'
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L N PR ~
. " 4. Examine Region 5 and select the one statement that be
describes the dominant relafjonship between the vanab

Education and Per Gapita Income..

Bdncamm is genernlly ata hngher level than Per Caplts
Income. - R

_A Education is generally Eﬂ. a lower level than Per Capita
lncome .

—— Education and Fer’Capila Income are at the same level.
| : -

3 . T
. S$TOP | e
2 5 g . / i
Please do not turn the page until instructed to do so. ~~ |
‘- . - N . .
N .t
. ‘ -
‘
.
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.
) PART 2
% - ) .-
1.” The map below indicates fivé distinct ‘regions. Label each region ¢
with a L (Low), M (Medium), H (High) or VH (Very High) to'indicate
the appropriate level of Per Capita lncome DOMINATING the region.

- [
2. The map below indicates fiye dlsnnct regions, Label each region
with a L (Low), M (Medmrn‘), H (High) or vH (Very High) to mdu:ate
~ the appmpnate level-of Educahon OM]NAT!Z!G the region. -
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: PART 3
Examine Region 4 and select the mststement'that best
describes the dominant relationship between the variables Pef
Cnpxta Income and Educnhon E

Z— Per Caplta Income is generslly ata hlgher level than «
» Education.

< Per Capita Income is genenlly at 8 lower level than
Edugation.

i Per Cnpjh Income an’q Education-are geneLIly at the

same level.

-

. Examine Region 3 and select the one statemept that best .

describes the dominant relationship between the vambles Per

: dnpfta Income and Education. .

— Per Capita Income is gener;;lly at a higher level ‘than
, Education. .

s Per Capita Income is genemlly ata Iower levelthan
EducnhoL
— Per Dapxta Income and Educahon are generally at the
sumg. level.

i

%, E Exn.mme Regmn 2 nnd select the one statemént that best
the d

des ship between the variables
Education and Per Capita Income.

{/\— Education is generally at a higher level than Per *

Capita Iitbme. _
oo, Eduoanon is-generally at a lower level than Per Capita

Income.

— Education and'Per Capita Income are generally at the
same level.

continued on the next page......
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‘ 4. Lastly, examine th:e total map ll:ld select the ‘Qe statement that - B "

.. best describes the dominant relatioriship between the variables , ! ~
. Per Caplta income and° Education overall. s

Per Cnpm; lncome is generally at a higher level than I a" *
—_— ( Eduecation. r L 5 .
w » o B .
4 —— Per Capita Income is generally at a lower leven,than T 7
v B . Education. ’ v
graa @& / = L -
a Income and Educahon are, genera]fy at the » i
same level. . ~
! . o E ~
s . : . H o "
’ . + STOP B
. f .
Please do not turn the page until instructed to do so.\ L ¢
- . ) . . L } . Y g
\ . ) o N N
, . i 5
T~ . P!
N .

~ - .
D ¥ &
; .
3 ¢ ¢
v
. & ¢
» s 1 g
- .\ \ \"":
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.
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' PART 4

1, Read the follbwmg list of statements and indicate the _J){E; that
best describ th of l units

Per Capita Income under $8,000 and Education 85.0 percent or
“more on the map. '~ .

3,

_-statistical unigs containing this particular -mbiration
of vaifbles are frequently found throughout the map.

__ statistical units contain ng thu particulaf combination
of variables are concentmled in a small area.
s
— statistical units ining this particul; bi
of variables d8 not oceur on the map.

2. Listed below are four- levels of Per%apltu Income found on the
map. Indicate which ONE occurs fost frequently.

“>under $8,000 '
—_ $8,000-14,999
— $15,000-19,909

— $20,000 oremore

" Listed below sre four levels of Education found on the map.

Ind\cnte the ONE that occurs the least. (‘\

e 0.0-349 .

5.0-649
i 65.0-849 . . i

— 85.00r more :
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* 3. Examine Region 1 and select the one statement that best describe
the dominant relationship hetween’ the variables Education and
Per Capita Income. -

— Education is generally at a lower level than Per Capita
Income.

— Education'is generally at a hlgher level than Per Capita . g e
lncome

& .
. — Education and,Per Capita Income are at the same level. . f\

~

Matching problem. Below is a lst of regions and a list of .
characteristics. Examine the specified region(s) and detérmine |
- * ‘what characteristic(s) best describe it. When a single Region
d is stated, e.g. Region 2, select the answer that best describes
. _the level of both Per Capita Income and Education. If more than 4
- B - one Region is stated, e.g. Regions 1 and 4, select the answer b il
= that best describes the one variable they have in common.

REQIONS ) : CHARACTERISTICS

—— Regions 1 and § A) High Income and Medium Education
‘ . B) Medium Income and High Education
—— Region 2 v C) High Income
5 D) High Education
—— Region 3' E) Low Income
¢ F) Low Education
—— Regions 1 and 4 G) High Income and Very High Educmon
: -H) Low Income and Médium Educanon
—— Regions 3 and 4 1) Medium Education .
/ J) Meditm Income.
b § : END .

. Thank-you for your cooperation.
e \
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APPENDIX IT

A. Statistical Results
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1. ORDER OF PRESENTATION 5 ;
TITLE 'MULTI-COMPONENT QUANTITATIVE MAPPING'
FILE HANDLE DATA/NAME='RESULTS.DAT* '
DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7-8 COURSE 10 YEAR 12
MAJOR 14-15-€0URSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 26 .
P1SCORE1 TO P1SCORES 28-36 sz@&tzscons 38-42
P2SCORS TO P2SCOR10 44-48 P3SCORE{ TO P3SCORE4 60-53
P4SCOREL TO P4SCORE9 66-63 -
VARTABLE LABELS ORDER '0RDER OF PRESENTATION’ . .
PATTERNS *BLACK OR WHITE PATTERNS®
VALUE LABELS 'SEX 1 "MALE' 2 'FEMALE'/ »
MAJOR 1 'GEOGRAPHY’/ s
P1SCORE1 T0 PASCORE9 (1)n1<:m' () WRONG/ /
IF (COLOR=1 AND PATTERNS=1) GROUP=1
IF (COLOR=1 AND PATTERNS=2) GROUP=: .
IF. (COLOR=2 AND PATTERNS=1)GROUP=3 ’ ' . \
. -IE (COLOR=2 AND PATTERNS=2Z) GROUP=4 : | \ .
Tk, RECODE GROUP(1,2:1) (3,4=2) INTO CGRP :
> RECODE GROUP(1,3=1) (2,452) INTO_PGRP ’ )

VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE PATTERN/
CGRP (1)GREEN (2)COLORED/ !
GROUP (1) GREEN-BL (2) GREEN-FH (3) COLOR-BL (A)CULDR-IH/
COUNT PART1=P1SCORE1 TfP—SCﬂREO(i) .
' COUNT PART2=P2SCOR1 TO P!SCOMO(i) \ .
COUNT PART3=P3SCORE1 TO P3SCORE4 (1) . r
COUNT - PART4=P4SCORE1 TO P4SCORE9 (1)
COMPUTE TOT! ART1+PART2+PART3+PARTA
NPAR TESTS M-W¥=TOTAL BY ORDER (1,2)

0- - - - - MANN-WHITNEY U — WILCOXGH RANK ‘SUM W TEST
TOTAL
BY ORDER - . GRDER,OF PRESENTATION
MEAN RANK  CASES
65.68 gﬁ ER : )
55.32 ) o

= v

woa’
)

120 TU’I‘AL
CORRECTED FOR TIES
U w z 2-TAILED P
1489.0 3941.0 -1.6438 - 0.1002
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2. KRUSKAL-'ALLIE ANALYSIS OF VARIANCE BY RANKS FOR EACH
E(PEHIHBITAL GROUP

TITLE *MULTI-COMPONENT QUANTITATIVE MAPPING' .
FILE HANDLE DATA/NAME=’RESULTS.DAT’
DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7-8 COURSE 10 YEAR 12
MAJOR 14-15 COURSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 26
P1SCOREY TO PASCORE9 28-36 P25COR1 TO P2SCORG 38-42
P25CO0R6 'TO P25COR10 44-48 PISCORE! TO P3SCORE4 60-53
PASCORE1 TO PASCORE9 55-63
VARTABLE LABELS GRDER 'ORDER OF PRESENTATION’
PATTERNS *BLACK OR WHITE PATTERNS®
VALUE LABELS SEX 1 °MALE’ 2 ‘FEMALE'/
] MAJOR 1 'GEOGRAPHY®/
PISCOREL T0 P4SCOREQ (1)nmm (0) WRONG/
IF- (COLOR=1 AND PATTERNS=1) GROUP=1
IF. (COLOR=1 AND Pmkz)mup
. IF (COLOR=2 AND P. 51) GROUP:
IF (COLOR=2 AND PATTERNS=2)GROUP=4
RECODE GROUP (1,2=1) (3,4=2)~ INTO CGRP.
RECODE GROUP (1,3=1) (2,4=2) INTO PGRP
VALUE LABLES"PGRP: (1)BLACK PATTERN (2) ‘WHITE PATTERN/
i CGRP (1)GREEN (2) COLURED/
B GROUP (1) GREEN-EL '(2) GREEN-WH (3)COLOR-BL (4)COLOR-H/
COUNT PART1=P{§CORE1 T0 P1SCORE9 (1) '
COUNT PART2=P25COR1 TO P2SCOR10(1) _
3SCORE1 70 P3SCOREA (1)
SCORE1 TO P4SCORES (1)
COMPUTE TOTAL=PART1+PART2+PART3+PARTA. . - ]
NPAR TESTS K-W=TOTAL BY GROUP(1,4)- ’
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KRUSKAL-WALLIS 1~WAY ANOVA

0- - = = -
i TOTAL - = ,
BY GROUP
A MEAN RANK  CASES
T es.98 30 1 GREEN-BL
47.62 30 2 GREEN-WH
62.58 30 ‘4 COLOR-BL
- 62.82 30 4 COLOR-WH
120 TOTAL
- CORRECTED FOR TIES -
CASES ~ CHI-SQUARE SIGNIFICANCE  CHI-SQUARE SIGNIFICANCE
120 6.1402 + 0.1080 6.2257 0.1011
. v ! A
’
. |
|
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3. KRUSKAL-WALLIS ANALYSIS OF VARTANCE BY RANKS BY PART FOR
EACH MAP DESIGN.

TITLE ’ll'ULTI-COllPﬂiBﬂ‘ QUANTITATIVE MAPPING'
FILE HANDLE DATA/NAME='RESULTS.DAT’
DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7'@" COURSE 10 YEAR 12
MAJOR 14-16 COURSES 17-18- MAPS 20 COLOR 22 PATTERNS 24 ORDER 26
P1SCORE! TO PiSCORE9 28-36 P2SCOR1 TO P25CORG 38-42
P2SCOR6 TO P25COR10 44-48 P3SCORE1)TO P3SCORE4 50-63
PASCOREL TO P4SCORE9 56-63 |
VARIABLE LABELS ORDER 'ORDER OF PR.ESF.NTATIOH’
PATTERNS *BLACK OR' WHITE PATTERNS’
VALUE LABELS SEX 1 °MALE’ 2 ‘FEMALE’/ .
° MAJOR 1 ’GEOGRAPHY’/ .
P1SCORE1 TO PASCORES' (X)BIGHT mRONG/ - 1
IF (COLOR=1 AND PATTERNS=1) GROUP=1
IF (COLOR=1 AND PATTERNS=2) GROUP:
‘IF (COLOR=2 AND PATTERNS=1) GROUP=3
IF (COLOR=2 AND PATTERNS=2) GROUP=4
RECODE GROUP (1,2=1) (3,4=2) INTO CGRP
RECODE. GROUP (1,3=1) (2,4=2): INTO'PGRP
VALUE LABLES PGRP -(1)BLACK PATTERN (2) I‘HI’IE PATTERN/
CGRP (1) GREEN - (2)COLORED/
GROUP (1) GREEN-BL (Z)GREEH-IH (3)COLOR-BL (4)COLOR-WH/
COUNT PART{=P1§CORE1 TO PASCORE9(1)
COUNT PART2=P25COR1 TO P25COR10(1)
COUNT PART3=P3SCORE1 TO P3SCOREA (1)
COUNT - PARTA=P4SCORE1 * TO PASCORE9 (1)
COMPUTE TOTAL=PART1+PART2+PART3+PART4
NPAR TESTS K-W=PART1 TO PART4 BY GROUP(1.4)
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----- 1-WAY ANOVA
PARTL .
BY GROUP
ik . -
MEAN" RANK CASES
57.93 30 GROUP = 1
58.06 30" GROUP 2
63.12 .~ . 30  GROUP 3
. 62.90 30 GROUP = 4
120 TOTAL
CASES  CHI-SQUARE SIGNIFICANCE
120 0.6247 0.8907
. E . S8
————— KR! 1-WAY ANOVA
. PART2
BY GROUP
MEAN RANK  CASES
v 86.47 30  GROUP 1
52.40; 30 - GROUP 2
64.28 30  GROUP 3
58.85 30 GROUP = 4
120 TOTAL
Al
CASES ~ CHI-SQUARE SIGNIFICANCE
120 2.9317, 0.4023
e,
-

Sy

GREEN-BL
GREEN-WH
COLOR-BL
COLOR-WH

CORRECTED FOR TIES
CHI-SQUARE SIGNIFICANCE

0.86868

GREEN-BL
GREEN-WH
COLOR-BL

. COLOR-WH

CORRECTED _FOR TIES
CHI-SQUARE * SIGNIFICANCE

3.8648

[0.8288

°0.2776



R Moz ,
" e v o KRUSKAL-WALLIS 1-WAY ANOVA

PARTS .
N BY GROUP . e -

MEAN RANK CASES

Fod .
54.93 30 GROW = _ 1  GREEN-BL
53.67 30 GROW = ® 2 GREEN-WH
63.38 30  GROW 3 COLOR-BL
70.12 30 GROW = 4 COLOR-WH ~
g . ) L 120 TOTAL S ©
g . : . CORRECTED FOR TIES
( .- CASES . CHI-SQUARE SIGNIFICANCE  CHI-SQUARE SIGNIFICANCE
120 -4.4592 0.2160 ' 5.2417 L 0.18%
0- -~ - KRUSKAL-WALLIS 1-WAY ANOVA \ 5 S
PART4 ~ : :
BY GROUP
. . A
MEAN RANK ~ CASES &
73.85 -30 GROWP = 1\ GREEN-BL
48.68 30 GROUP 2 | _GREEN-WH Y
- 68.82 30  GROW 3 COLOR-BL .
60.85 30 GROWP = 4 COLOR-WH

120 TOTAL
CORRECTED FOR TIES
CASES CHI-SQUARE SIGNIFICANCE CHI-SQUARE SIGNIFICANCE
120 7.8226 0.0498 8.0690 0.0448

& . . . )y
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“IF (COLOR=i AND PATTERNS=2) GROUP=2 |
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4. MANN-WHITNEY U TEST USED TO DETERMINE IF THERE WAS A SIGNIFICM!T
DIFFERENCE BETWEEN BLACK AND ':ls'ﬂ! PATTERNED MAPS.

TITLE *MULTIACOMPONENT QUANTITATIVE MAPPING' -

FILE HANDLE ‘D \TA/HAII’E:'RESULTS DAT”

DATA LIST FILE=DATA/ID/}-3 SEX 6 AGE 7-8 COYRSE 10 YEAR 12 .
MAJOR 14-15 COURSES 17-18 MAPS 20 COLOR 27 PATTERNS 24 ORDER 28
PASCORE{ TO P1SCORE§ 28-36 P25COR1 T0 P2SCORG. 38-42
P25COR6 TO P25C0R10 44-48 P3SCORE1 TO PSSCURB( 50-53
PASCORE1 TO P4SCORES 56-83 s

VARIABLE' LABELS ORDER °0RDER (F PRESENTATION’

PATTERNS *BLACK OR WHITE PATTERNS®

. VALUE LABELS SEX 1 *MALE! 2 'FRUALE’/

MAJOR 1 *GEOGRAPHY'/Al_
P1SCOREL 0. PASCOREY " (1)RIGHT (0)WRONG/ v f
IF (COLOR={ AND PATTERNS=1) GROUP=:

IF (COLOR=2 AND PATTERNS=1) GROUP
IF (COLOR=2 AND PATTERNS=2) GROUP=
RECODE GROUP (1, 2=1) (3,4=2) INTO CGRP
RECODE GROUP (1,3:1) (2,4<2) INTO PGRP'
VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE'PATTERN/ *

CGRP (1)GREEN (2)COLORED/

GROUP (1) GREEN-BL (2) GREEN-WH (3)COLOR-] BL (4)CDLDR ~WH/

. COUNT PART{=P1SCORE1 TO PASCORES(1)--~~

COUNT PART2=P2SCOR1 TO P2SCOR10(1)
COUNT PART3=P3SCORE1 TO P3SCORE4(1)
COUNT PART4=P4SCORE1 TO PASCORE9(1)
COMPUTE TOTAL=PART1+PART2+PART3+PART4
NPAR TESTS.M-W=TOTAL BY PGRP(1,2)

O == = = MANN-FHITNEY U — WILCOXON RANK SUM W TEST
TOTAL . r &
BY PGRP :

MEAN RANK ~ "CASES

65.78 160 r{m’ = 1.00 BLACK PATTERN .
' 65.22 60 PGRP = 2.00 WHITE-PATTERN
120 TOTAL -
<. -CORRECTED fR TIES
u LB )z 2-TAILED P
1483.0 3947.0 .  -1.8754 0.0939".

o
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& o : *
6. MANN-WHITNEY U TEST CONCEANING THE DIFFERENCE BETWEEN AN ORDERED
AND UNORDERED 'CDLIIE ARRANGEMENT. ~

*TITLE WULTI-COMPOVENT QUANTITATIVE MAPPING™
FILE HANDLE DATA/NAE="RESULTS : DAT'
DATA I§ST FILE=DATA/ID 1-3 SEX 6 AGE7-8 COURSE 10 YEAR 12
‘MAJOR 14-15 COURSE] 17-18 WAPS 20 COLOR 22 PATTERNS 24 ORDER 26
P1SCOREL T0 PASCORES 28-36 P2SCOR! TO P2SCORS 38-42 o s
P25CO0R6 TO P25CORTO 44-48 P3SCOREL TO P3SCORE4 50-53
P4SCOREL TO PISCOEEQ 55-63\
VARTABLE LABELS ORDER *ORDER OF PRESENTATION®
. PATIERNS 'BLACK OR WHITE PATTERNS®
VALUE LABELS SEX 1 'MALE’ 2 'FEMALE'/ . . /
" MAJOR-1 *GEQGRAPHY*/ Gl
PASCOREL TO PASCORES (DRIGHT (O)WRONG/ /
IF (COLOR=1 AND PATTERNS=1)GROUP=1 :
IF (COLOR=1 AND PATTERNS=2)GROUP=2"
IF - (COLOR=2 AND PATTERNS=1)GROUP:
IF (COLOR=2 AND PATTERNS=2)GROUP=4
RECODE GROUP{1,21) (3,4=2) INTO CGRP
RECODE GROUP (1,3=1) (2,4=2) INTO PGRP
VALUE LABLES PGRP ..(1)BLACK PATTERN, (2) WHITE PAmN/
CGRP - (1)GREEN (2)COLORED/
GROUP (1)GREEN-BL (2)GREEN-WH (3) COLOR-BL (4)COLOR-WH/ =
=PASCORE TO P15CORES (1) e
SCOR1 TO P25COR10 (1)
COUNT PART3=P3SCORE1 TO' P3SCOREA (1)
COUNT PART4=PASCORE1 TO PASCORES (1)-
COMPUTE TOTAL=PART1+PART2+PART3+PART4
WPAR TESTS N-BTOTAL BY COP(1,2),

'COUNT PART1=]
COUNT PART2

o= MANN-WHITNEY U - WILCOXON RANK SUM ¥ TEST
AL .
BY CGRP
MEAN RANK  CASES N
58.30 | 60 CGRP-= 100 GREN
62.70 80 CGRP = 2700 COLORED | e

120 TOTAL g 4
CORRECTED FOR TIES.

u B “Z . 2-TAILED P .
1668.9- . 3498.0 -0..6976 0.4854
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__ 6 MANN-WHITNEY U TEST USED T DETERMINE IF THERE WAS A STGNIFICANT
a DIFFERENCE IN PERFORMANCE TWO GROUPS WITH VARYING YEARS ' '
OF UNIVERSITY EDUCATION.

TITLE ® MULTI'CGWD“HENT QUARTITATIVE MAPPING’
FILE HANDLE DATA/HAME:‘RFSULTS DAT*
= DATA LIST FILE—DATA/ID 1-3 SEX 6 AGE 7-8 COURSE 10 YEAR 12
MAJIJR 14-16 ¢ COU’RSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 26
PiSCDREi TO>P1SCORE9 28-36 P25COR1 TO P2SCORG 38-42
P2SCOR6 TO;EBSCOR10-44-48 PASCORE1 T0 P3SCOREA 60-53
P4SCORE1 TO-PASCORES 66-63
VARIABLE~LABELS ‘ORDER ’ORDER’ QF PRESEIITATIOH’
. PATTERNS *BLACK OR WHITE PATTERNS®
vuwmnssu:mzmm/ . : ’
v ; MAJOR 1 *GEOGRAPHY'/" :
.. P1SCOREL TO PASCORES (1)RIGHT (0)WRONG/
IF (cm.nn=1 AND PATTERNS:1) GROUP=1 »

" IF (COLOR=2 AND PATTERNS=2)GROUP=4

~# -RECODE GROUP(1,2=1)(3) 4=2) INTO CGRP It
RECODE GROUP(1,3<1) (2,4=2) 'INTO PGRP . &
VALUE LABLES PGRP (1) BLACK PATTERN (2) WHITE PATTERN/
CGRP (1) GREEN (2)COLORED/ \

GROUP (1) GREEN-BL (2)GREEN-WH (3)COLOR-BL (4)COLOR-WH/
COUNT PART1=PiSCORE1 TO'P1SCORE9(1)
COUNT PART2=P2SCOR1 TO P2SCOR10(1)
COUNT PART3=P3SCORE1 TO P3SCORE4(1) " -
COUNT PART4=P4SCOREL TO P4SCORE9(1) -
COMPUTE 'TOTAL=PART1+PART2+PART3+PART4
RECODE YEAR(1,2,3=1) (4,5,6,7,8=2): INTO EXPER -
VALUE LABELS EXPER (1) INEXPERIENCED AND (2). EXPERIENCED
NPAR TESTS M-W=TOTAL BY EXPER(1,2)

/
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e ° . 63.03 63 EXPER = 1.00 INEXPERIENCED AND
68.75 5(7 EXPER = 2.00 EXPERIENCED
B 120 TOTAL .
CORRECTED FOR TIES
u w z 2-TAILED P
1326.0 3919.0 -2.4897 ° -0.0128 . .
o
- |
> .
s .
»
-
\ L
3 E
. . . ? +
' o= v %
S "%
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7. MMIII—WHITIIEY U TEST USED TO DETERMINE IF SUBJECTS II?H COURSES
IN CARTOGRAPHY IDRKED SIGNIFICANTLY BETTER.

TITLE 'MULTI-COMPONENT QUANTITATIVE MAPPIFG
FILE HANDLE DATA/NAME=’RESYLTS.DAT’ o
DATA LIST FILE=DATA/ID 1-3 SEX'6 AGE 7-67COURSE 10 YEAR 12
MAJOR 14-15 COURSES 17-18.MAPS 20 COLOR 22 PATTERNS™24 ORDER 26
P1SCORE1’ TO PLSCORES 28-38- P25SCOR1 TO P2SCORG 38-42
P2SCOR6 TO P2SCOR10 4448 P3SCOREL TO P3SCORE4A 50.‘52 T
P4SCORE1 TO PASCORE9 656-63 -
VARIABLE LABELS ORDER °ORDER OF PRESENTATION®
. PATTERNS 'BLACK OR WHITE PATTERNS®
VALUE LABELS SEX 1 'MALE} 2 "FENALE'T .
MAJOR 1 *GEOGRAPHY'/, '
E “PASCOREL. TO PASCORES' (1) RIGHT, ¢0)WRONG/
. *IF (COLOR=1+AND PATTERNS=1)GROUP=1
IF (COLOR=1 AND PATTERN§=2)GROUP=2
IF (COLOR=2 AND PATTERNS=1)GROUFZ3
IF _(COLOR=2 AND PATTERNS=2)GROUP=4 -
RECODE GROUP (1,2=1) (3, 4=2) INTO CGRP -
* RECODE GROUP(1, ey 1) (2,4=2) INTO PGRP ¢
VALUE LABLES PGRP' (1)BLACK PATTERN (2) WHITE PATTERN/
CGRP (1)GREEN (2)COLORED/ 4
i~ GROVE,(!.)GR.EEII BL (Z)GREEN-'H (3)COLOR-BL (C)CGLDR-'H/
COUNT PART1=P1SCORE! TO PISCORE9(1)’
COUNT PART2=P25COR1 TO "PZSCOR10(1)
COUNT, PART3=P3SCORE! TO P3SCOREA(1)
COUNT. PARTA=PASCORE1 TO PASCORES(1)
TOTAL=PART1+PART2+PART3+PART4
RECODE COURSES(00=1)-(01,02,03, 04,06, 0607, 08,08,10=2) INTO 1




(‘\/

LR ow L ow . o3 4
' . .
0= - === MANN-WHITNEY U - WILCOXON RANK SUM W TEST
TOTAL - oo
BY EXPERT . / '
3 »
' MEAN RANK  CASES
R 68.465 92 EXPER1.=1.00 INEXPERIENCED
‘ 87.23 , 28 EXPERL = 2.00 EXPERIENCED
120 TOTAL . io
S CORRECTED FOR TIES
- v W z 2-TAILED P
y 1099.6 1882.5 -1:4777  0.2389
Il . £ - -
AY
Y -
. % oo
L 2 i
. v 2 i
7, .
¢
A i
¥ 4
: 4 .
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8. MANN-WHITNEY U TEST USED TO DETERMINE IF PRIOR EXPERIENCE WITH
TWO-VARIABLE. CHOROPLETH: WS MADE A SIGNIFICANT DIFFE\IE!CE &

TITLE *MULTI-COMPONENT Qumn'm‘m MAPPING®
FILE HANDLE DATA/NAME='RESULTS.DAT’
DATA LIST FILE=DATA/ID 1-3 SEX & AGE 7-8 COURSE 10 YEAR 12
- MAJOR 14-16 COURSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER- 28
PASCORE1 TO P1SCORES 28-36 P2SCORL TO P2SCORG 38-42
P2§CORS TO P25COR10 44-48 P3SCOREL TO P3SCORE4 50-53
PASCOREL TO PASCORE9 G5-63
VARIABLE LABELS ORDER *ORDER OF PRESENTATION'
PATTERNS *BLACK OR WHITE PATTERNS -
,vu.uzunm.ssmuuuarmu.s/ .
MAJOR 1 *GEOGRAPHY’/ oo
PASCOREA TO P4SCORE9 (1)RIGHT (0)WRONG/
IF (COLOR=1 AND PATTERN!
IF (COLOR=1 AND PATTERN
IF. (COLOR=2 AND PATTERN:
. IF (COLOR=2 AND PATTERNS=2)GROUP=4 ;
RECODE' GROUP (1,2=1) (3,4=2) INTO CGRP o
RECODE GROUP (1,3=1) (2,4=2) INTO PGRP '
VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE PAT]'ER)I/
CGRP (1) GREEN ' (2) COLORED/
GROUP (1) GREEN-BL (2) GREEN-WH (3) COLOR-BL (4)comn-wn/
COUNT PART1=P1SCORE1 TO P1SCORES (1)
COURT PART2=P2SCOR1 TO P2SCOR10(1) s o3
COUNT PART3=P3SCORE1 TO P3§CORE4 (1) :
COUNT PART4=P4SCORE1 TO P4SCORES(1) , -~ !
COMPUTE “TOTAL=PART1 +PART2+FART3 +PARTA
VALUE LABELS MAPS (1) EXPERIENCED (2) INEXPERIENCED/
NPAR TESTS M-W=TOTAL BY MAPS(1,2)




—_— .
. %
o ' » oy - : &
k . % i . .
A /0= = - = - MANN-WHITNEY U - WILCOXON HANK SUM W TEST
. TOTAL < '
" BY MAPS
'MEAN RANK  CASES .
S . 59.78 37 - MAPS ='1 EXPERIENCED
60.82 ° 83 MAPS = 2 ' INEXPERIENCED
120 . TOTAL -
! s CORRECTED FOR TIES
L. s % 2-TAILED P
“1500.0° .  2212.0  -0.1616 0.8795
- y .
i
" :
2 ~ :
' ‘
. Ld ' e
-7 o - -
-~ . -
P
.
¢ =
a . N &
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9. CROSSTABLES OF RESULTS AT THE ELEMENTARY MAP READING LEVEL.

TITLE 'MULTI-COMPONENT QUANTITATIVE MAPPING’
FILE HANDLE DATA/NAME="RESULTS.DAT"
DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7-8 COURSE 10 YEAR'12
MAJOR 14-15 COURSES 17-18 MAPS 20 COLOR 22 PATTERNS’24 ORDER 28
P{SCOREY TO P1SCORES. 26-36 P25COR1 TO P2SCORG 38-42
P2SCORS TO P2SCBH10 44-48 P35CORE1 TO P3SCORE4 50-53
P4SCORE1 TO PASCORE9. 65-63
VARIABLE LABELS ORDER ’ORDER OF PRESENTATION’
. PATTERNS °BLACK OR WHITE PATTERNS' -
" VALUE LABELS SEX 1 'MALE’ 2 *FEMALE’/
MAJOR 1 'GEQGRAPHY’/
. " PASCORE1 TO PASCORES (1)RIGHT (0)WRONG/
IF (COLOR=1 AND PATTERNS=1)GROUP=1
IF (COLOR=1 AND PATTERN
IF (COLOR=2 AND PATTERN
IF (COLOR=2. AND PATTERN . .
RECODE GROUP (1,2=1) (3,4+2) INTO CGRP . .
RECODE GROUP(1,3=1) (2,4=2) INTO PCRE
_VALUE LABLES PGRP (1)BLACK PATTERN -(2) WHITE PATTERN/
+  CGRP (1)GREEN (2)COLORED/ . -
GROUP (1) GREEN-BL (2) GREEN-WH (3)COLOR-BL (4)COLOR-WH/
GOUNT. ELEM=P1SCORE1 (1) , PASCORE1 (1)
CROSSTABS TABLES=ELEM BY GROUP * — ’
OPTIONS 3.4.6 :
STATISTICS 1

2
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CROSSTABULATION OF

BY GROUP
d GROUP
COUNT - ! -
ROW PCT !GREEN-BL GREEN-WH COLOR-BL COLOR-WH ROW
. COL PCT ! 3 TOTAL
CTOTPCT !, 1.00!  2.000  3.00! - 4.00!
ELEM
L 0.0 ! ! 1t 1 ! 2
! 50.0 ! 600 ! 1A
! 3.3 ! 3.3 ! !
! L8t .8t ! :
N i
1.00 ! 21! 3 ! 2 ! 4 ! 11
. 18.2 ! 27.3 ! 18.2 | 36.4 ! 9.2
6.7.! .10.0 ! 6.7 ! 13.3 ! :
1.7 ! 2.6 ! 1.7 ! 3.3 ! .
2.00 28,1 26 ! 27 1 26 ! 107
28.2 ! 243 ! 26.2 ! 24.3 ! 89:2
,! 93.3-1 867 ! 90.0 .! 86.7 !
1283 ' 217 4 225 ! 21.7 !
COLUMN' 30 30 30 30 120

TOTAL _ 26.0 25.0 25,0 26.0  100.0

CHI-SQUARE D.F. SIGNIFICANCE MIN E.F. CELLS WITH E.F.< 6

3.10280 -8 0.7958 +0.500 B8 OF 12 ( 88.7%)
NUMBER OF MISSING OBSERVATIONS = o -
4

=
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10. CROSSTABLES OF RESULTS AT THE INTERMEDIATE MAP READING LEVEL
WITHOUT DIVISIONS.

TITLE *MULTIZCOMPONENT QUANTITATIVE MAPPING’
* FILE HANDLE DATA/NAME='RESULTS.DAT’

DATA LIST FILE=DATA/ID 1-3 SEX 5 AGE 7-8 COURSE 10 YEAR 12 g =
MAJOR 14-16 COURSES. 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 26
P1SCOREL TO P1SCORE9 28-38 P2SCOR1 TO P2SCORE 38-42

iy, P2SCORS TO P25COR10 44-48 PISCOREL TO P3SCOREA 60-53
PASCORE1 TO P4SCORE9 56-63

VARIABLE-LABELS ORDER 'ORDER OF PRESENTATION’

PATTERNS *BLACK OR WHITE PATTERNS® . I

VALUE LABELS SEX 1 ’MALE’ 2 'FEMALE’/

MAJOR 1 *GEOGRAPHY’/
" P1SCOREL. TO PASCORES, (1)RIGHT (0)WRONG/

IF (COLOR=1 AND PATTERNS=1) GROUP=1

IF (COLOR=1 AND PATTERNS=2)GROUP=2 : -

IF (COLOR=2 AND PATTERNS=1)GROUP=3

IF (COLOR=2 AND PATTERNS=2)GROUP=4 ]

‘RECODE GROUP (1;2=1) (3,4=2) -INTO CGRP ' -

_RECODE GROUP(1,3=1) (2,4=2)  INTO PGRP

VALUE LABLES PGRP (1)BLACK .PATTERN (2) WHITE PATTERN/

: CGRP (1)GREEN (2)COLORED/
GROUP (1) GREEN-BL (2) GREEN-VH (3)COLOR-BL (4) COLOR-WH/

COUNT, INTER=P 1).P: 1) P; (1) ,PASCORES (1),

P1SCORES (1) ,PASCORE7 (1) , PASCOREB (1) ,PASCORE2(1) ,
PASCORE3 (1) , PASCORES (1) , PASCORES (1) , \PASCORET (1),
PASCORES (1) ,PASCORES (1)
IF (INTER LE 8)RESULTS=1
IF (INTER GE 9 AND INTER LE 11)RESULTS=2
&, IF (INTER GE 12)RESULTS=3

CROSSTABS' TABLES=RESULTS BY GROUP

OPTIONS 3,46

STATISTICS 1
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0OF

BY GROUP

=
o
-
=
<
A
E}
@
<
=
3
")
o
o
©

ROW

TOTAL

ROW PCT !GREEN-BL GREEN-WH COLOR-BL COLOR-WH

COL PCT !
TOT PCT !

2.00! 3.00! 4.00!

1.00!

o
o
©

! 100.0

4.00

! 100.0

1] 1
! 40.0 ! 20.0
18 1
[ 1

40.0
8
1

o
°
~

8.00

7.6

o444 ! 1101
A

NES S )

33.3 !

3.3

3.371¢ .8

2.5

"9.00

P

128.6 ! 14.3 ! 5.8

6.7
1.7

10.0

3.3

2.6

12
10.0

10.00

3331
'

68.3
23.3
5.8

8.3
-3.3

)

21 .
17.6

11.00

1
[}
!

23.8
16.7 .
4

]
!
4.2

23.8
18.7

33.3
23.3
5.8

omm
L]
-
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(CONTINUED) .
' 0= == - mmmmm oo CROSSTABULATION OF
INTER 5 BY GROUP
° GROUP
COUNT !
ROW PCT !GREEN-BL GREEN-WH COLOR-BL COLOR-WH  ROW .
COL PCT ! TOTAL ;
TOT PCT !  1.00!  2.00!  3.00!  4.00!
INTER
12.00 ! 9 1 3 6 ! 6 ' 24
B ! 375 ! 12,6 ! 26.0 ! 26.0 ! 200 _
- R ! 3.0 ! 10.0-! 20.0 ! 20.0 !
g ! 76! 26 ! 6.0 ! 5.0 1
13.00 ! 71 6 1. 10 ! 3+ 26
’ 1,269 ! 23:4 !°38.5 ! 11.6 | 21.7
! 23.3 1,200 ! 33.3 ! 10.0 !
! 58 ! 5.0 ! 83 ! 25 !
‘180 1 Bt 1 70 1 h
T ' 37 ! T 60.0 ! 11.7,
t 18,7 1 3.3 23.3 !
c 1 421 .8 5.8,
U
COLUMN 30- 30 30 120
' TOTAL  26.0 26.0 26.0  100.0
CHI-SQUARE D.F.  SIGNIFICANCE MIN E.F.  CELLS WITH E.F.< &
38.23663 27 0.0742 0,260 28 OF 40 ( 70.0%)
NUMBER OF MISSING OBSERVATIONS = ° [
" . .
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{1. CROSSTABLES OF THE RESULTS AT THE INTERMEDIATE MAP READING LEVEL
BY DIVISIONS. )

~ TITLR *MULTI-COMPONENT QUANTITATIVE MAPPING'
FILE HANDLE DATA/NAME=’RESULTS.DAT"
-DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7-8 SE 10, YEAR 12
MAJOR 14-16 COURSES 17-18 MAPS 20 COLOR 2¥  PATTERNS 24 ORDER 28 -
P1SCORE1 TO P1SCORE9 28-38 P2SCOR$™TO P2SCORG 38-42
P2dfCORS TO P25COR10 44-48 P3SCORE1 TO P3SCORE4 60-53
= PASCORE1 TO PASCORE9 66-63 . :
VARIABLE LABELS ORDER ’ORDER OF PREEEHTATIDH' . - .\"
PATTERNS *BLACK OR WHITE PATJERNS’ L 5
VALUE LABELS SEX 1 'MALE’ 2 *FEMALE’/
MAJOR 1 *GEOGRAPHY®/
P1SCOREY TO P4SCORES (1) BMGHT (0) WRONG/ Ty
IF (COLOR=1 AND PATTERNS=1)GROUP=1
IF (COLOR=1 AND PATTERNS=2)GROUP=2,
\IF (COLOR=2 AND. PATTERNS=1)CGROUP=3 & wo=®  p
IF_(COLOR=2 AND PATTERNS=2)GROUP=4 :
RECODE GROUP(1,2=1) (3,4=2) INTO CGRP
RECODE: GROUP (1,3=1) (2,4=2) INTO PGRP
VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE PATTERN/
CGRP (1)GREEN (2)COLORED/
GROUP (1) GREEN-BL (2) GREEN-WH (3)CDLOR-BL (4)COLOR-WH/
COUNT INTER=P1SCORE2(1) ,P1SCORE3 (1) ,P1SCOREA (1) ,PASCORES (1),
P15CORES (1), P1SCGRE? (1) , PASCORES (1) , PASCORE2 (1),
., (1) 1) ,PASCORE7 (1),
PASCORES (1) ,PASCORE9 (1) .
IF (INTER LE 8)RESULTS=1
IF: (INTER GE 9 AND INTER LE 11)RESULTS=2
IF (INTER GE 12)RESULTS=3
CROSSTABS TABLES=RESULTS BY GROUP
OPTIONS 3,4,6 i
STATISTICS 1




122

N

0= = === === =--m-m o CROSSTABULATION OF
RESULTS BY GROUP.
P e R T
GROUP
REEN-BL GREEN-WH COLOR-BL COLOR-WH  ROW
! . TOTAL
TOT PCT ! 1.00!  2.00!  3.00!  4.00!
RESULTS
: 1.00 ! 3 3t 6 1 4t 18
! 18.8 ! 18.8 ! 3756 ! 25.0 ! 1a€
L 100 ! 10.0 ! 200 ! 13.3 !
! 26 ! 25 ! 5.0 ! 33!
T 2.0 ¢ 6 1 17 1t 71 10 1 40
! 16.0 + 42.6. ! 17.5 ! 26.0 ! 33.3,
! 2000 ! 66.7 \«33" 1 33.3 1
v 6.0 ! 142 NG ! 8.3 !
G0 + T2t 10r 17t d8 17 64
! 328 ! 16.6 ! .26.8 ! 260 ! B53.3
! 70,0 ! 33.3 ! 66.7 ! 63.3 !
! 1756 1 8.3.! 142 1 13.3 !
COLUMN 30 30 30 30 120
TOTAL  26.0  26.0 26.0 25.0 - 100.0
. ~
CHI-SQUARE D.F.  SIGNIFICANCE. MIN E.F.  CELLS WITH E.F.< §
~ o " " ]
12.77500 6 0.0468 4.000 4.0F 12 ('33.3%

NUMBER OF MISSING OBSERVATIONS =
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12. CROSSTABLES OF RESULTS AT THE SUPERIOR MAP READING LEVEL
WITHOUT DIVISIONS..

TITLE ’MULTI-COMPONENT QUANTITATIVE MAPPING’
JFILE HANDLE DATA/NAME='RESULTS .DAT’
DATA LIST FILE=DATA/ID 1-3 SEX 6 AGE 7-8 COURSE 10 YEAR 12

MAJOR 14-15 .COURSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 26

P{SCOREL TO PISCORE9 28-36 P25COR1 TO P2SCORS 38-42

P25CORS TO P25COR10 44-48 P3SCORE1 TO P3SCORE4 50-53

PASCORE1 TO P4SCORE9 66-63
VARIABLE LABELS ORDER 'ORDER OF PRESENTATION®

PATTERNS ’BLACK OR WHITE PATTERIIS'
VALUE LABELS SEX 1 'MALE’ 2 "FEMALE’/
MAJOR 1 ’GEOGRAPHY’/" /

5 P15CORE1 TO P4SCORE9 (1)RIGHT (0)WRONG/
IF (COLOR=1 AND PATTERNS=1)GROUP=1 ~ °
IF (COLOR=1 AND PATTERNS=2)GROUP=: kS
IF (COLOR=2 AND PATTERNS=1)GROUP=3 S .
IF (COLOR=2 AND PATTERNS=2)GROUP=4 P

N

“RECODE GROUP (1,2=1)'(3,4=2) INTO CGRP

RECODE GROUP(1,3=1) (2,4=2) INTO PGRP

VALUE LABLES PGRP (1)BLACK PATTERW (2)° WHITE PATTERN/ _—
CGRP (1)GREEN (2)COLORED/ v
GROUP (1) GREEN-BL (2) GREEN-WH (3) COLOR-BL (4) COLOR-WH/

COUNY SUPER=P1SCORES (1) ,P3SCORE1 (1), P3SCORE2(1) , P3SCORE3 (1)
P3SCORE4 (1) ,P4SCORE3 (1)

CROSSTABS TABLES=SUPER BY GROUP

OPTIONS 3,4,6
* STATISTICS 1
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CHI-SQUARE D.F.

SIGNIFICANCE MIN E.F. CELLS WITH E.F.< 6
13.66234 16 0.55‘13 0.250 12 OF - 24 ( 60.0%)
NUMBER OF MISSING OBSERVATIONS = o
.l s
]
. N -
- .
r N
. \ ;
A .
\ -
\\
\
P
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13 CROSSTABLES OF RESULTS AT THE SUPERIOR MAP READING LEVEL \

WITH DIVISIONS. e (

TITLE 'MULTI-COMPONENT QUANTITATIVE MAPPING’
FILE HANDLE DATA/NAME=’RESULTS.DAT’
DATA LIST FILE=DATA/ID"t-3 SEX 6 AGE 7-8 COURSE 10 YEAR 12
MAJOR 14-15 COURSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 28
P1SCORE!1 TO P1SCORES 28-38 P2SCOR1 TO P2SCOR6 38-42 )
P25COR6 TO P2SCOR10 44-48 P3SCORE1 TO P3SCORE4 650-63
P4§CORE1 TO P4SCORE9 65-83 3
VARIABLE LABELS ORDER ’ORDER OF PRESENTATION’
PATTERNS 'BLACK OR WHITE PATTERNS®
VALUE LABELS ‘SEX 1 'MALE’ 2 'FEMALE'/
MAJOR1™*GEQGRAPHY"/
P1SCORE1 P4SCORE9 (1)RIGHT . (0)WRONG/
IF (COLOR=1 AND PATTERNS=1)GROUP=1
IF (COLOR=1 AND PATTERIIS=2)GRQ’UP—2
IF. (COLOR=2 AND PATTERNS=1)GROUP=3
IF (COLOR=2 PATTERNS=2) GROUP=4
RECODE GROUP (1/2=1) (3,4=2) INTO CGRP pe -
-RECODE GROUP (1,3=1) (Z,4=2) INTO PGRP N
VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE PATTERN/ 2
‘CGRP (1)GREEN (2)COLORED/
GROUP (1) GREEN-BL (2) GREEN-WH (3) COLOR-BL (4) COLOR-WH/
CDUlﬁ‘ SUPER=P1SCORE9 (1) , P3SCORE1 (1) , P3SCORE2 (1), P3SCORE3 (1)
P3SCORE4 (1) , PASCORE3 (1)
IF (SUPER LE 3)RESULTS=1
IF (SUPER GE 4)RESULTS=2 w
CROSSTABS TABLES=RESULTS BY GROUP
OPTIONS 3,4.5
+STATISTICS 1

.
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Qewvicom mcm mgpwsom. amsom "o . o CROSSTABULATI-ON OF
RESULTS e * BY GROUP
GROUP
COUNT ! .
ROW PCT '{GREEN-BL GREEN-FH COLUR-BL COLOR=¥H™ ROW—_ )
«. COL PCT ! . TOTAL
© TOT PCT ! 1.00! 2.00! 3.00! ‘4.00!
RESULTS
1.000 ! 6 ! . 14 9 ! 9 ! 38
1 16.8 !.36.8 & 23.7 -1 23.7 ! 31.7
v ! 20.0 % 46.7 K 30.0-1 3000 !
! 6.0 117 4 761 7B 1
200 ' 24! .16 ! ‘21 1. 21 1 82
' ! 2031 19,5 ! 26.6 !126.8 | .68.3
1°80.0 | 63.3 ! 70.0 t.'70.0 1
! 20.0 ! 13.8‘ ' 17.6 4 ,17.5. 't '
‘coLMN - 30 30 30 30 . 120
TOTAL  25.0  26.0  26.0°  26.0 - 100.0
CHI:SQUARE B.F.  SIGNIFIGANCE ~MIN EF.  CELLS WITH E.F< 6 -
4 K B »
5.08344 = 3 0.1658 : uu&z

NUMBER OF MISSING OBSERVATIONS'

..'9.500
[
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14, STATISTICAL RESULTS CONCERNING THE ROLE OF LEARNING EFFECT
AS IT APPLIES TO PART 1.-

TITLE *MULTI-COMPONENT QUANTITATIVE NAPPING'
FILE HANDLE DATA/NAME=’RESULTS.NEW'
DATA LIST FILE=DATA/ID 1 MS AGE 7-8 CDURSE 10 YEAR 12 —
MAJOR 14-15 COURSES 17<18 MAPS 20 COLOR 22
PATTERNS. 24 ORDER 26 P1SCORE 28 *

., VARIABLE LABELS _ORDER 'DRDE\I oF PH.ESBITATIDN‘

--" PATTERNS *ELACK OR WHITE PATTERNS’
VALUELABE.SSB{!. MALE® 2 'FEMALE'/
: MAJOR 1 *GEOGRAPHY”/
» . P{SCORE (1)RIGHT (O)WRONG/
- IF (COLOR=1 AND PATTERNS=1)GROUP=1
+ IF (COLOR=1 AND pArrmns-z)unoup
IF (COLOR=2 AND PATTERNS=1)GROUP: —_ . -
' IF (COLOR=2 AND PATTERNS=2)GROUP=4 . ¥ oy
RECODE GROUP (132=1) (3,4=2) .INTO CGRP 3
" RECODE GROUP(1,3=1) (2,4=2) INTO-PGRF -
VALUE LABLES PGRP '(1)BLACK PATTERN (2) WHITE' PATTERN/ -
’ . CGRP (1)GREEN '(2) COLORED/

‘; * GROUP (1) GREEN-BL (2)GREEN-WH (3)COLOR-BL (4)COLOR-WH/ -

- 5 ‘ORDER* (1)FIRST (2) LAST/
CROSSTABS 'TABLES=ORDER BY' PiSCDR.E
OPTIONS 3.4.5

STATISTICS 1

A
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v

K ~-~=-- CROSSETABULATION OF
<, ) ORDER - ORDER OF PRESENTATION . BY P1SCORE’
i P1SCORE
i COUNT !
ROW PCT !WRONG  RIGHT ROW

< ORDER .
X —

FIRST

LAST .

COLUMN. 7 1009 . 1080
TOTAL . 6.8 93.4  7100.0

" CHI-SQUARE D.F. SIGNIFICANCE ~ MIN E.F.  CELLS WITH E.F.< 6

; "0.08030 1 .  0:.8080- 36.600

0.13568 * 1 0.7128 (BEFORE YATES CORRECTION)
NUMBER OF MISSING OBSERVATIONS = o .
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16. STATISTICAL RESULTS CONCERNING THE ROLE OF LEARNING EFFECTS
AS IT APPLIES TO PART 4.

. TITLE 'MULTI-COMPONENT QUANTITATIVE MAPPING'
FILE HANDLE DATA/NAME=’RESULTS4 .dat’
DATA LIST FILE-DATA/ID 1-3 SEX B AGE 7-8 COURSE 10 YEAR 12
MAJOR 14-165 COURSES 17-18 MAPS 20 COLOR 22 PATTERNS 24 ORDER 28
P1SCOREL TO PASCORES 28-3¢ P2SCOR! TO P25CORS 38-42°
P2SCOR6 TO P2SCOR10- 4448 P3SCORE! TO P3SCORE4 50-53 PASCORE 56
VARIABLE LABELS ORDER *ORDER OF PRESENTATION’ .
. PATTERNS °BLACK OR WHITE PATTERNS' ] R
VALUE LABELS SEX 1 'MALE® 2 'FEMALE'/
MAJOR 1 'GEOGRAPHY’/
PISCORE! TO P4SCORE (1)RIGHT (0)WRONG/ '
IF (COLOR=1 AND PATTERNS=1)GROUP=1 : -
IF . (COLOR=1 AND PATTERNS=2)GROUP=! .
IF (COLOR=2 AND PATTERNS=1)GROUP=3 : 5
F (COLOR=2 AND PATTERNS=2)GROUP=4 |
RECODE GROUP(1,2=1) (3,4=2) INTO CGRP
RECODE GROUP(1,3=1) (2,4=2) INTO PGRP
VALUE LABLES PGRP (1)BLACK PATTERN (2) WHITE PATTERN/ .
CGRP (1)GREEN (2) COLORED/ '
GROUP (1)GREEN-BL. (2)GREEN-TH (3) COLOR-BL. (1) COLOR-FH/
"ORDER (1)FIRST (2)LAST/ .
CROSSTABS TABLES=ORDER BY PASCORE
_ OPTIONS 3.4,5 ] /
STATISTICS 1 .

=
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A

(B i O M W GEIIOM TR N CROBSETABULATION OF
ORDER ORDER OF PRESENTATION BY P4SCORE
P4SCORE
COUNT !
ROW PCT !¥RONG RIGHT ROW
< . COL PCT ! TOTAL
ORDER
'
FIRST ' 2
R
. !
+
[T '
. LAST 1 22.4 ' -
r 37.8 !
1112 8.8 1 y
- .
COLUMN 320 760 1080 ‘ -
TOTAL 29.6 70.4 100.0
% 3
CHI-SQUARE D.F.  SIGNIFICAWE ' MINE.F. CELLSWITHEF.< 6
26.32944 . 1 0.0000 160.000
27.01776 1 . 0.0000 ' (BEFORE YATES CORRECTION)
\_, NUMBER OF MISSING OBSERVATIONS = 0 =
L ]
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