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ABSTRACT 

With increasing fkequency, Geographic Information Systems (GIS) are king used 
by cartographen and non-cartopphers alike to display spatial data. The GIS can create a 
wide variety of maps, some of which were extremely timesonsuming to produce 
manually. Also. a cathode cay tube (CRT) monitor differs fiom paper as a display medium 
for maps in tenns of resolution. colour, clarity, luminance. and glare. This new 
production environment. in combination with map producers who are not trained in 
cartography, provides a numkr of crucial research topics which cartographers have been 
urged to investigate. 

This research study measured the levels of understanding shown by GIS expMenced 
and non-experiencedsubjects on a wide range of GIS map use tasks. The subjects' 
performances also were cornpared on the basis of the use of either printed maps or 
standardized screen images to determine if the differences between the two media cauxd 
significant differences in performance. Their performances were also compared on the 
basis of gender as some studies in geography and cartography have shown gender 
differences in spatial ability. 

No statistically significant differences were found in performance levels whether the 
subjects used the printed maps or the screen maps. The gender variable was responsible 
for statistically significant performance differences on some of the map use tasks. The 
largest differences were found among the non-experienced subjects with the males scoring 
higher than the femallc subjects. Very Iittledifference was found between the scores of the 
experienced males and fernales. There was evidence of an interaction between the gender 
and experience variables, that is. expenence had a different effect of the subjects' scores 
depending on the the gender of the sub$cts. 

The presence of GIS experience resulted in significantly better performances on the 

majority of the map tasks, pnrnarily those requiring specific GIS knowledge. There was 
Iittie difierence in the scores of the experienced compared to the non-experienced subjects 
on simple map reading tasks or tasks based on colour differentiation. Thm was evidence 
of an interaction between the output and expenence variables. 
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CHAPTER 1: INTRODUCTION 

PROBLEM 
Maps are an essential component of Geographic Information Systems (GIS) in the 

data acquisition, the data analysis and the data presentation stages. These systems are 
widely used to handle spatial dataand, inmasingly, they are king made avaiiable to usen 
who have had little or no training in cartopphy. This is a problem because littie is known 
about how these users understand GIS images. 

Maps produced with GIS often do not resemble the traditional paper maps of the 
past. The dataanalysis capabilities of many of the systems allow the user to mate images 
of mathematical andor visual compiexity which would have been difficult. if not 
impossible, to create by manuai methods. Past rnap design research was not conducteci 
using these types of images and, therefore, studies are needed to determine if the 
established rnap design pidelines are still appropriate! for these "new" rnap products. 

Finally, the rnap products of GIS are k i n g  viewed and used on-screen rather than as 
paper output. As the media characteristics can differ significmdy in ternis of resolution. 
colour and clarity and, possibly, in ternis of the length of time available for the viewing of 
the rnap, it cannot be assumed that the rnap readers will understand paper maps and screen 
image maps in the same manner, nor that the designs which are successful on paper maps 
will be so when viewed on a computer screen. 

BACKGROUND 
Geographic Information Systems. or GIS, have had an increasing impact on 

cartography and geography for at least the last ten years. These computer systems, which 
store, manage, manipulate, analyze and display spatial data, have altered the ways in which 
cartographers and geographers use spatial data and make maps. The types of maps 
produced with GIS can differ from those made in the past with manual techniques. 
Complex maps depicting, for example, dope or aspect, are easily produced by the spatial 
analytical algorithms in the GIS software, whereas these images were difficult and time- 
consuming to produce manually. The images displayed on screen may not be final 
presentation maps, but rather 'intenm' imageseach of which display a stage in the spatial 
data analysis process. Yet these intenm images, and not the hard copy presentation maps, 
are very often used as the basis for decisions (Lee, 1995). 

The ability to use and display these digital data has also become readily available to a 
wide variety of users who in the past would not have made maps. With the appropriate 
hardware. software and data. usen who have had little or no cartographie training on 
easil y become "cartographers." 
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Cartographers have long conducted rnap use research to understand better the 

processes by which the cartographer's information is transferred or othenvise becomes 
part of the rnap reader's cognition. Some research (described as psychophysical) has 
fwussed on the characteristics of the rnap (e-g. symbols, text, colour, line work, etc.) and 
the user's pemption of these featuces. Cognitive research, on the other hand, is interested 
in the ways in which the rnap reader understands the content, message and puxpose of the 
map. The rnap reader's characteristics such as experience with rnap nading and gender 
may affect hislher understanding. Map design research (whether cognitive or 
psychophysical) tests the suitability of various designs with the goal of increasing the 
reader's ability to understand and use the map. 

Cognitive research using traditional paper maps essentially began in the middle 
1960s and interest in such studies steadily incnased until approximately 1980. after which 
it began to decline, as a proportion of the articles in three cartographie joumais (Gilmartin, 
1992). It was during this decline in user-orientated research that an increase in the nurnkr 
of articles reporting research on the technical aspects of automated cartography was seen in 
the same joumals (Gilmartin, 1992). As a result of this shift in research topics and 
because the decline in user-orientated studies came at the beginning of the technological 
changes in cartography, Iittle is known of how users understand interim, or final GIS 
images and even less is known of their understanding of a series of GIS images or the 
spatial analysis processes underlying these images. 

If the images are to be viewed on-screen. are they perceiveci and understood as well 
as printed maps? The characteristics of the cathode ray tube (CRT) monitor differ fiom 
those of the paper rnap in terms of resolution, colour and clarity. These differences may 
require the use of new designs created exclusively for this medium rather than the use of 
design guidelines developed for paper maps. However, cartographers must not assume 
the media differences necessitate design changes and, instead, conduct research into this 
question using suitable computer hardware and realistic GIS rnap use ta&. 

Cartographers are cailing for nnewed interest in both cognitive and psychophysical 
research studies on GIS images to detemine if and how map readers understand both on- 
screen and paper maps and if the rnap designs of the past are appropriate for the new 
medium (Robinson, 1982; Dobson, 1984; van Elzakker, 199 1 ; Buttenfield and 
Mackaness, 199 1). In addition, if these rnap readers are using GIS to solve spatial 
problems or if they are presented with others' solutions to spatial problems, researchers 
must investigate if the underlying spatial anaiysis procedures are understood. 

DESCRIPTION OF THE RESEARCH 
The methodology of rnap task research was used in this study to detemine how well 

map users understand the GIS images commonly produced and used to solve a spatial 
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problem. The usea were tested on theV understanding of the individual maps. a series of 
maps and on the solution of the spatial problem as illustrated by the maps. It is assumed 
that the degree and types of understanding will Vary depending on: 1) the types of GIS 
images being tested; 2) whether the GIS images are viewed as pnnted maps or as 
photographs of the GIS screen; 3) the types of rnap use tasks used to test the subjects; 4) 
the GIS experience level of the subjects, and 5) the gender of the subjects. 

The GIS images were produced using the raster based geographic information 
system, "Idrisi", produced by the Clark University Graduate School of Geography. Most 
of the resulting images were thematic maps composed primarily of polygons with few 
linear features. The use of the Idrisi GIS provided some decision-making modules which 
may not be present in other GIS. 

A redistic land allocation problem. based on future industrial development in the 
Kathmandu Valley of Nepal, was used as the bais  of the test images and the map tasks. 
The rd-world validity of the problem and the plausibility of the solution were inaoduced 
to the subjects as a means by which they could become involved with the project. It was 
suggested to them that they imagine themselves at a public meeting called to decide the 
location of hiture indusaial development. At this meeting, they would be shown a number 
of GIS rnap images which depict the existing features and also what might occur in the 
future if the development is allowed. This research is no< concerned withthe planning 
decisions per se. The public meeting scenarîo was used only to increase the subjects' 
interest in the maps and the solution of the land allocation problem. The Kathmandu 
Valley data set was chosen on the assumption that subjects were unlikely to have pnor 
knowledge of the area which could bias the results. 

The solution of the land allocation exercise provided a wide variety of images, 
ranging from a location map depicting actual data to more conceptually compiex images 
depicting features which may exist in the future. A wide range of images was desired to 
test the subjects' understanding under the assumption that the levels of understanding are 

related to the types of images upon which the questions are based. The types of images are 
de termined by the Idrisi modules which were used to produce them, but the majonty are 
characteristic of other GIS. 

One goal of this research is to determine if screen images require changes to the 
design guidelines which have k e n  developed for paper maps. Under the assumption that 
the subjects will perfom differently if they used a printed map or viewed a GIS smen 
image. the test images were pruduced using two media. The results of a pilot study found 
that the photographs of the screen were an adequate substitute for the actual computer 
image. Therefore, the images were produced in two formats for the main study: as 
photographs of the computer screen images and as hardcopy paper maps produced by a 
colour printer. Both sets of images were produced using the traditional cartojpphic 
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design standards suggested in cart0gr;tphic textbooks (such as Robinson et al. 1995 and 
Dent, 1993Mven though these standards are often not met by those producing GIS 
imageein order to have maps which were as clear and accurate as possible. 

A questionnaire was used to test the subjecis' understanding of the images. The use 
of this instrument as a measure of understanding makes a number of assumptions: 1) that 
understanding can adequately be measured by a series of rnap use tasks; 2) that the 
questions adequately reflect the rnap use tasks; 3) that the questions are worded clearly and 
correctly; and 4) that the questionnaire is not t w  onerous or lengthy for ma t  subjects. 

It was possible to create an equally wide variety of questions based on these images 
which required the subjects to complete rnap use tasks including legend reading, feature 
identification, location detemination, the Uiterpretation of spatial patterns and more. These 
tasks are included in the rnap reading, analysis and interpretation task levels of Muehrcke 
(1 98 1 ) and in the GIS data synthesis, data analysis and problem logic tasks which are part 
of GIS use. The questions, which consisted of multiple-choice and open-ended formats, 
were presented to the subjects in a ten page questionnaire in the order the images would 
appear during the solution process. 

The subjects' scores on the questions are the dependent variables in this research. 
Most of the questions had right and wrong answen which were objectively determined; 
others had answers with degrees of conectness which. of necessity, were subjectively 
determined. Several of the questions were of a muItiple-choice format and a scoring 
formula was developed to adjust the subjects' scores for the effects of guessing. The 
dependent variables are, therefore. subPct to the scoring system used. 

The independent variables in this study are: the output type of the image (that is, 
printed images or screen photographs), the GIS experience of the subjects and the gender 
of the subjects. Only the first was manipulated, the others were controlled. The output 
types were discussed above. The effects of the experience and gender are evaluated to 
determine if and how these affect the rnap users' task performances. It is expected that this 
research will show significant differences ktween experienced users and inexperienced 
users in tenns of how well each group completes the rnap tasks and in the types of 
understanding exhibitcd by both groups. The Iiterature on gender differences with nspect 
to rnap use task performance shows inconsistent results; it is expected that gender 
differences will be found on some rnap use tasks, but on which specific task or what the 
direction of the differences will k cannot be predicted. 

Experience was defined as courses in andor work experience with GIS. This 
definition does not address the problem of the equivalency of courses and work experience 
nor does it address the types and content of the courses or work experience. The subpcts' 
assessment of their experience was taken at face value. Subjects with and without 
experience in GIS were chosen to take part in the main study and the two pilot studies. 
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For the main stud y, one hundred sixty-two non-expecienced subjects were randoml y 
selected from the unniersity population; sixty-six experienced volunteers were selected 
€rom among those who use GIS in the Calgary area and from those in Geography or 
Cartography departments in pst-secondary institutions across Canada. The second pilot 
study used a randomly selected sample of fony-two subjects €rom the same non- 
experienced subject pool used for the main study. The non-experienced subjects were 
chosen fiom the university population and were primarily undergraduates from a variety of 
faculties and departments. While there may be some concem that this sample pool does 
not adequately represent the general public, i t  may in fact do so under the assumption that a 
sample of this population can represent (in tems of their level of education and interest) 
that portion of the general public iikely to use GIS images. 

Other chatacteristics of the subjects which could potentially affect the dependent 
variables include age, color vision deficiencies,cuiture, and prior (unknown) exposure to 
maps. The use of university students for the non-experienced group limited the range of 
ages. Also, an analysis of age versus scores showed no nlationship betweea the two for 
both the non-experienced and the experienced subjects. The subjects were asked if they 
had any deficiencies in color vision. The scores of those who professed to have these 
showed no effects which could be attributed to the inability to see certain colon. The 
remaining characteristics were assumed to be randomized in the study. 

The testing environment was controlled in the case of the non-experienced 
subjects-they were dl tested in the sarne room within the Department of Geography. It 
was not possible to maintain this control on the experienced subjects, however. The non- 
experienced subjects were paid for their time; the experienced subjects were not. It is 
assumed that al1 subjects completed the tasks conscientiously and to the best of their 
abilities. 

OBJECTIVES 
In order to address some of the issues identified above. a large group of map users 

have been tested with a realistic GIS land allocation scenario. The objectives of this 
research are: 

1 : to detemine the types and levels of the map users' understanding of: 
a) single GIS maps, and 
b) a series of GIS maps. 
in tems of the meanings of the individual maps and of the solution of the 
spatial land allocation problem which is reflected in the series of maps, 

2: to determine if computer m e n  maps require changes to the designs traditionally 
used for hard-copy maps due to the characteristics of a cathode ray tube 
monitor. The users's task performance is the dependent variable and the 
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output type is the independent variable. 

3: to determine if the levels of the rnap users' understanding of the maps and the 
underlying spatiai problem vary with the subpcts': 
a) gender, or 
b) expricnce Ievel 
The user's task perbnnance is the dependent variable and the characteristics 
listeci above are the independent variables. 

SCOPE AND LIMITATIONS 
This research is undertaken from the cartographic cognitive research perspective 

which focuses on cognition for the purposes of understanding the effects of the maps on 
the users' cognition. The identification of the cognitive processes or the schernata of the 
rnap usea is outside the scope of this research. The knowledge of the cognition of the 
rnap readers is vital whether maps are considered a communication device or a 
representational device. that is, whether maps transmit information to the rnap reader or 
assist the rnap reder in building, or building upon. theu cartographic lmowledge. 

The limitations of this study include: 
1) the use of a raster-based GIS. The results may not be generalizable to images 

produced by a vector-based geographic information system. Both the 
appearance and the range of images may di ffer substantially with the use of 
other GIS. 

2) the use of the Kathmandu Valley land allocation data set. Mile the data set was 

assumed to be unfamilia to the subjects, this was not in fact questioned. It 
is unknown what effect one data set (as compared to another) might have on 
the subjects' understanding of GIS images in general. There rnay be 
problems generalizing the results due to the unique characteristics of the 
Kathmandu Valley; however, the rnap use tasks were designed to elicit the 
understanding of GIS images and GIS problem solving which are common 
to many spatial data problems and many other geographic information 
systems. 

3) the use of the specific types of rnap images as produced by the land allocation 
solution. The results may not be generalizable to another set of GIS 
images. 

4) the production of the m e n  photographs and the printer images. This includes 
the monitor and printer characteristics, the software charactenstics, the 
accuracy of the photography, and the reproduction of the images. 

5) the format and length of the questionnaire and the types and wording of the 
questions. These characteristics, as well as the scoring system used. are 
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specific to this study. The scoring system was designed io be as unbiased 
as possible in that no question or group of questions was weighted more 
than any other question. 

6) the selection of the subjects. The use of (primarily) univenity students for the 
noncxperienced subjects may have biwd the mults. Also, the sample 
sizes of the experienced subjects are srnalier than what is desirable for the 
use of inferential statistics. The expericnced subjects may not be typical of 
GIS users as they were sampled from a number of companies within the oil 
and gas industry of Calgary and from academic departments at post- 
secondary institutions amss Canada 

7) the testing of the experienced subjects. It was not possible to control the 
physicai environment in which they completed the tasks and whether, in 
fact, the person who was given the questionnaire was the person who 
completed it. 

ORGANIZATION OF THE DISSERTATION 
Chapter One has introduced the problems which are addressed by the research and 

given some background to show where the research fits in the field of cartography. 
Chapter Two reviews the literature. primarïly in the field of cartography and, 

secondarily, in the fieldof psychology. in the areas of the design of images produced by 
Geographic Information Systems, spatial cognition. gender differences in spatial abiiities 
and map design in generai. 

Chapter Three descriks the methodology of this study. specifically in terms of the 
production of the test images and the rnap use tasks in the questionnaire, the testing 
conditions and the data analysis meihods. 

Chapter Four gives the results of the cognitive analysis of the subjects* answers to 
the map use questions. The individual questions are presented in detail and the range and 
types of answers are reponed and discussed. 

Chapter Five looks at the subjects' patterns of scoring over al1 the questions which 
make up the questionnaire. This pattern may show if. assuming a subject scores well or 
poorly on one question. the subject scores equally well or p r l y  on al1 the questions. 

Chapter Six reports on the pilot studies. The second pilot study tested the degree of 
similarity of photographs of the computer screen compared to the actual computer screen in 
ternis of their use in the tests. 

Chapter Seven reports on the statistical analyses canied out on the subjects* scores 
on the questions based on pariicular map types. The subjects are grouped on the basis of 
gender, experience level and the type of graphic output used for the purposes of this 
analysis. The subject groups' scores are compared to determine if there are diffe~nces due 
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to the van-ables of gender, expMence or output type or if then are interactions betwcen any 
two of the independent variables. 

A summary of the research project and a discussion of the results and implications 
appear in Chapter Eight. 
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CKAPTER 2: LITERATURE REVIEW 

"A generai definition of a rnap must be based on its king simply a representation of 
things in space ..." (Robinson and Petchenik, 1976). This view of a rnap as a 
representation appears early in the academic cartography literature and, as shall be seen. 
resurfaces in a very recent publication about the nature of cartography. Stating this more 
formally, Robinson et ai. (1 984 and 1995) describecl a rnap as " a  graphic representation of 
spatial relationships and spatial forrns.** The map makers's task is to evoke in the rnap user 
a more or less similar image of the spatial information held by the rnap maker and the task 
of the map user is to undentand the cartographic process (Robinson et al., 1995). 
Muehrcke and Muehrcke (1992) agreed that the rnap is an extemal representationof the 
envuonment and they defined rnap use as "the process of transnbing the physical rnap 
back into the mental picture of rrality." 

The literature dealing with the theories of cartography , rnap design. rnap use research 
studies and methodologies is pertinent to this study. References from the fields of 
psychology are included, where these involve papa maps or screen images. 

THEORIES OF CARTOGRAPHY 
In 1952. Robinson published The Look of Maps in which he encouraged 

cartographes to undertake a more scientific approach to rnap design. This type of analysis 
of rnap design would encompass "the development of design principles based on objective 
visual tests, experience and logic; the pursuit of research in the physiological and 
psychological effects of colour, and investigations in percepiibility and readability in 
typography" (Robinson. L952). Mapping was seen as a communication between the 
cartographer and the rnap user and a thorough understanding of cartography required a 
greater knowledge of the perceptual and cognitive processes of humans (Robinson and 
Petchenik, 1976). Cartographers began to conduct primarily psychophysical experiments 
on rnap design, using the methodologies of the Behavioural Psychology paradigrn. 

This cal1 for the consideration of the effectiveness of the rnap led (beginning in ik 
1960s) to the concept of cartography as a communication science (MacEachren, 1995) and. 
with it. the development of a number of models of cartographic communication. The 
simplest was based on the analogy of electronic signals transmission under the assumption 
that a rnap has a predefined message and this knowledge is transmitted fiom the rnap maker 
to the rnap user (Board, 198 1 ; Medyckyj-Scott and Board, 1 991 ; MacEachren, 1995). 
While the model acknowledged some of the complexities of the data acquisition, 
manipulation, and representation on one end and the user's knowledge, experience, and 
cognition of the rnap on the other, research based on the model focused on the 
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psychophysical perceptions of the user and essentially ignored the complexities of map 
use. Early research was prllnarily psychophysicai; that is, examinations of the primary 
perception of one or more elements which occur in a map. Such studies included tests of 
the size estimations of point symbols (the majonty), line symbols and area shadings 
(McCleary, IWO). These studïes dealt with easily measured elements and their perceived 
variations. Reviews of the early psychophysical studies of Crawford, Jenks and Caspall. 
Miehoefer, Rannery and others were given by Brandes (1976) and Castner (1983). 

The use of  the simplest. restrictive model has been criticized by a number of 
researchers (Robinson and Petchenik, 1 976; Petchenik, 1 977; Olson, 1 979; Keates, 1 982; 
MacEachn, 1995; and others) primarilyon the grounds that knowledge is not transmitted 
as "some sort of sealed packet, carrieci unaiterrd from transmitter to receiver" (Petchenik. 
1977) and that the reader is an active participant in the process, not passive as is suggested 
by the model. The rnap user is, therefore, fat more in control of how much is kamed 
directly or indirectly from the rnap than the rnap maker may believe. There are many 
obstacles to the information transfer including the objectives, knowledge and expenence. 
abilities and attitudes of the cartographer; the production considerations and the abstraction 
processes used; and the percepual and spatial abilities, knowledge and experience of the 
rnap user. Complex models were developed to address the deficiencies of the earlier 
simple model (Keates, 1982) and while these acknowledged the existence of these factors. 
in practise, cartographic research experimenu continued to minimize or ignore their 
existence. 

The shift away fiom the strict behavioural psychology paradigrn led cmographers 
towards research on rnap cognition based in cognitive psychology (McCleary, 1970; 
Olson, 1979; B lades and Spencer, 1986; MacEachren, 1995; Krygier, 1996). In cognitive 
psychology, humans are viewed as "active organisms that filter information. a 
selec tivel y, organise experience and create." This view di ffers from previous concepts 
which defined subjects as the passive receivers of information (Gilrnartin, 198 1 ). The 
cognitive approach is concemed with people's acquisition of knowledge; it focuses on 
discussions of intemal processes and mental operations in which information is perceived. 
selected, compared, stored and recalled (Roediger et al ., 1 984 Blades and Spencer. 1 986). 
The cognitive approach to perception focuses on "how perception is affected by mental 
processing, stimulus meaning , and the su bject 's kno wledge and expectations." (Goldstein. 
1989). 

The inclusion of the rnap user's cognitive process and other characteristics was 
ini tiall y made w i thin the cartographic communication paradigm, albeit not the restrictive 
version of the information transmission modet. Concern witb the rnap user, the use of 
empirical research, and the belief that objectively derived design niles can be found are 
inherent in the communication paradigm and continue to be accepted by most canographen 
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today but few now accept it in its Iited sense (MacEachren, 1995). The concept has been 
cririckd on a number of levels: 1) maps are not only used as communication devices, 2) 
the paradigm is particularly 'positivist' and ignores the anistic component of cartography 
as it also assumes that maps cm exist as obpaiverepresentatïons of reality (see Harley 
1989 and 1990 for post-modern criticisms; MacEachren, 1995). Oison (1983) urged 
communication to be put in its proper perspective-it is not the core of the field (of 
c-graphy). 

Petchenik (1 977) pposed the following conception of communication as: 

"the process wherein thought originating in one human mind is 
converted by that mind into physicd fonns according to rules developed by 
the culture in which he lives. These symbols are then apprehended through 
eye or ear by the person for whom the message was intended. and nom 
them he consmicts in his own mùid the meaning originally formulateci in the 
message sender's mind. In this view, the physical means of 
comrnunication such as language and maps. do not carry meaning. but 
rather, they trigger or release it." 

Meaning. therefore. becomes very important to the communication process as successful 
comrnunication depends on the viewer building the same, or very similar, meaning fiom 
the map as the map maker who constructed it. Guelke. in 1977. criticized the information 
theory (and by extension, the broader concept of cartography as a communication science) 
because it ignored the content of the i~ormation and whether i t was, in fact, meanin gful. 
The criterion of meanuigfilness requires u s  to ask how the information acquired meaning 
in the first place for one user or a group of users. Guelke saw this connection between 
meaning and representation: "topographic maps are not maps which transmit a specific 
message to any user. rather they are a general representation of the earth's surface fiom 
which different users will denve different meanings." He. was, therefore. criticizing the 
communication paradigm at its core. This point was examined in some depth by 
MacEachren (1 995) in his discussion of cartographie representation. 

MacEachren. in his 1 995 book How Mups Work: Represenfafion. VisuaCization a d  

Design. took the position that maps are spatial representations. He has made extensive use 
of concepts from cognitive psychology and semiotics to expand the idea into a multi-level 
representation theory of cartography to encompass both the individual and the society and 
culture in which people live and use maps. From MacEachrenls perspective. cartography 
creates graphic spatial representations and its goal is to produce maps that are more 
consistently functional. He saw the communication paradigm as too constraining a mode1 

for cartography because maps are not necessarily used as communication devices. 
However. they may serve as such and. therefore, communication-oriented research 
continues to be important in testing aspects of the design, such as symbols (MacEachren. 



'The representational approach assumes that the process of representation results in 
knowledge that did not exist prior to that representation; thus mapping and rnap use are 
processes of knowledge construction rather than tmnsfer" (MacEachren, 1995). Research 
is needed into how knowledge is structured and how cognitive and social processes 
restructure that knowledge into one or more spatial repnsentations in the minds of the 
user(s). This includes how cepresentations are imbued with meaning by the individual and 
the society and culture in which the rnap reader fiinctions; the cultural, social and scientific 
practices and how reprcsentations are understood (the visual and cognitive pmcessing done 
by the individual map reader). MacEachren then applied this perspective to applications in 
geographical visualization in his book. 

Taylor (1 99 1) expressed a similarview of the theoretical basis for cartography. He 
stated "there are three concepts which might infom and improve the technological 
formalisrn and positivism of modem cartography. These are cognition, visualization and 
communication. and together these might provide a strong concepaial and theoretical basis 
for the discipline.'* 

MAP DESIGN 
The word "design" is both a noun and a verb. As a verb, it means to think up, 

invent, or to form a plan. As a noun, it c m  mean a drawing or a sketch, the art of creating 
designs, or "the order or arrangement of the components and details of something in 
accordance with a plan" (Webster's II New Riverside Dictionary, 1984). The term 
"design" as applied to cartographie design is used as both a verb, "the process of making a 
map" and a noun, as in "the appearance of the rnap", or "that rnap has a gwd design" 
(Olson, f 983; Dent, 1993). 

In cartography, "design" can be used to describe the'entire process, from problem 
identification to implementation. or the portion of the process which is primarily concerned 
with appearance of the map-the graphic design. The two major textbooks of cartography 
address the concept siightly differently. Robinson et al. (1995). in the sixth edition of 
Elements of Cartography. used the tenn 'design' in the context of graphic design and, as 
such, it is composed of symbols and text, the graphic elements (point. line and ami 
marks). the visual van*ables (shape, size, orientation, hue. value, chroma, and pattern). 
Dent ( L993), in the third edition of Cartography: Thematic Map Design. clearly defined the 
design as the entire process of making a rnap but then still used the phrase 'designing 
thematic maps" to label the portion of the text which discusses graphic design. 

Other cartographes applied the tenn 'design' to the entire process of mapmaking. In 
Buttenfield and Mark's (1991) concept, rnap design is divided into three inter-related 
components: generaiization, symbolization and production. Generalization is both the 
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abstraction of detail and the u a n s f o d o n  of the data for presentation at a reduced scale. 
Syrnbolitationdevises a set of graphical marks that represent the features being mapped. 
The rules of graphic design apply here. Production is the process of irnplementing a rnap 
design strategy, the actual construction of the rnap display. The division of the process 
into thnt compnents is not to imply a linear process. If problems occur in the production 
phase, for example two objects are too close together, further generalization may be 
required and possibly a change in the symbolization before the production phase cm be 
completed (Buttenfield and Mark, 199 1 ). 

Wood and Keller (1996) suggested cartographers would have difficulty defining 
what design is and what its processes are, but that most would agree that it is 
fundamentally important to cartography. They descnbed it as "one of the processes 
involved in preparing and producing a map." The design of the rnap is the means (or one 
of the means, depending on one's viewpoint) by which the rnap communicates or 
represents the spatial data. The objective in designing a rnap is "to evoke in the minds of 
viewers an environmental image appropriate to the map's purpose" and the goal of 
improvements to a rnap design would be the enhancement of the viewer's ability to evoke 
that image (Robinson et al., 1995). Muehrcke (1 996) also gave design the umiost 
importance: ''Cartography happens at the design stage. Design is the creative heart and 
sou1 of our field." However, Muehrcke did not define the tenn and Wood and Keller, in 
the fmt  chap ter of Cartogrophic Design: Theoretical and Practical Perspectives implied i t is 
graphic design. 

When the "map as a communication device*' perspective was dominant during the late 
1960s and early 1970s. cartographie design received much attention as a focus of research 
(Wood and Keller. 1996). During this time, the research consisted largely of 
psychophysical studies, although the cal1 for cognitive research had been made by the 
middle of the 1970s. After almost fifteen years of research pnmarily focused on the 
technical aspects of automated cartography, interest in rnap design is resurfacing as 
cartographers are beginning to investigate the effect automation may be having on rnap 
design. 

MAP USE RESEARCH 
Ra tionale 

Past rnap use research can be grouped into two broad categories: 1) research into the 
design (and its potentiai improvements) of the rnap itself and how the rnap is perceived and 
unders td  by the user and 2) ceseardi into the user or users' requirements and purposes. 
The latter is as important as the former because the purpose or purposes to which the map 
will be put controls the design possibilities available to the cartographer. It is the former 
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category of research which is discussed hm. 

The percephial nsearch of the 1960s and l97Os. much of which was concerned with 
the perception of symbols, text, colours and other rnap features, did not produce a 
cornprehensive set of cartographic design d e s  (Petchenik, 1977). Psychophysical 
research has not given cartograpbers the degree of improvements to maps that were 
predicted by the early mearchers within the communication science (infornation transfer) 
perspective. These expectations were quite likely unredistic, based on a hope that a set of 
rnap design niles could be found (Oison, 1983). Psychophysical research tells us nothing 
about how people read maps in tenns of learning. remembenng or using them but it has 
provided useful information such as perceptuaüy comcted value scdes (Gilmartin, 198 1 ). 
The early predictions came from a positivist position that there was an 'optimum' rnap and 
it could be found by testing rnap u s m  (MacEachren, 1995). 

Variations in how symbols are perceived in a psychophysical sense, in and of 
themselves, are not important unless these variations lead to an incorrect interpretation of 
the rnap message (Guelke, 1979) which depends on the cognitive processes of the user. 
The variation in subjects' responses, especially with more complex images, has indicated 
that characteristics of these subpcts (such as experience) were affecthg ilieir performances 
(Eastman. 1 985). "Cognitive and cultural factors are at least as important as perceptual 
factors in explaining users' nactions to maps" (Guelke, 1979). By knowing how the user 
perceives and understands the map, the cartographer may then be able to improve the 
design to adjust to the user's needs. 

Rather than conducting either psychophysical or cognitive research, an integration of 
both has k e n  suggested because the rnap reading process can be seen "as including both 
visual (psychophysical) and cognitive components" (Guelke, 1979). Gilmartin (1 98 1 ) in 
fact caiied for three types of research: 1 ) primarily psychophysical, 2) primarily cognitive 

and 3) integrated psychophysicai/cognitive because cenaiircartographic design questions 
are best suited to one or the other perspective, or perhaps an interaction of both and 
"working in one perspective creates a need to understand both in order to understand 
either." An integrated expenment might include discrimination tasks (psychophysical) and 
a subjective assessment of similarity (cognitive). In any event, experimentai tasks are 
seldom exclusively one or the other. Tasks which appear to be psychophysical might have 
cognitive ovenones depending on the exact nature of the instructions given or questions 
asked, or depending on the experiences. biases or cognitive strategies the subject brings to 
the task. SimiIarly, cognitive studies may be influenced by psychophysical relationships 
(Gilmartin, 1 98 1 ). 

A numkr  of variables may confound rnap design research; some arise from the test 
stimuli and the testing situation and some from the subjects. 1s the rnap stimulus 
sufficiently similar to a real rnap to allow any solutions to be applicable to 'real life'? Are 
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subjects required to perform map use tasks that are similar to those they would use when 
reading maps outside of a testing situation? Can a testing situation ever approach a n m a l  
rnap reading task since the subjeas know it is a test (Robinson, 1982)? What is the 
purpose to which the rnap will be put in mai life? Are the rnap reading tasks appropriate to 
this purpose (Board, 1978)? In addition, factors such as the user's skills and abilities, 
experience and training, motivation and biases influence the effectiveness of the map 
design but cannot be controlled by the cartographer (Robinson, 1 982; Petchenik, 1 983; 
Worth, 1989). More research is required as to what constitutes 'experience', cognitive 
abitities and rnap reading abilities (Eastman and Casmer, 1983). Also, the cartographer 
cannot anticipate all the uses to which the rnap may k put, even though it is important to 
know how the map is intended to be used when the design is contemplated. 

Map design nsearch is still necessary even if such research does not produce an dl- 
inclusive set of design rules. This type of research could, however, provide the rnap 
designer with a range of graphic choices in keeping with the users' visuai and cognitive 
characteristics (Petchenik, 1 983). It is possible (it is too early to predict because of the 
scarcity of cognitive studies) that there will be cognitive factors suffkiently typical of the 
'average' map-using population to allow these also to be taken into account This will not 
be known unless the research is camied out. Map users are able to recognize and use maps 
which are sub-optimal in design and cartographic research has spent too much tirne 

pursuing an optimal design and too little to the users' abilities to use maps in spite of 
graphic alteration and auisformation (Petchenik, 1983). 

Petchenik, in 1983. advanced a concept of the rnap user and the culture of which he 
or she is a part that is put foward again by MacEachren in 1995. Petchenik noted that 
cartographers had failed to "distinguish between the intrinsic characteristics of the human 
organism as a rnap petcipient (user) and characteristics he has acquired as a result of being 
boni into a particular culture at a panicular tirne." MacEachren (1 995) emphasized the 
importance of the  societal meanings and constraints attached to cartographic 
representations. 

The importance of education must dso not be forgotten or minimi-zed. It may be f x  
more important than minor differences in rnap design and possibly more important than 
even major differences. Muehrcke (1 9%) noted: 

"ail the research (psychophysical, cognitive and visualization) have 
led to small advances in rnap design improvement. The basis for making 
much bigger and quicker gains is already within our grasp. We mereiy 
need to catalogue and teach the strategies practised by expert rnap maken 
and users. "Only after that foundation education is estabiished does it make 
sense to attempt a fine-tuning of rnap design parameters to achieve 
maximum effectiveness." 
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The concept of cartography will no doubt shift from the strict communication 

paradigm to one which will encompass al1 forrns of cartographic representation. 
Cartographie design is not only about communication using maps and other graphic 
images; it is also about data exploration and visualization. data synthesis and analysis 
(Krygier, 1996). Within this new paradigm. perception studies are still needed to assess 
the limits of detection and discrimination when an image (static or dynamic) is presented to 
the rnap reaâer on a CRT or a television screen. Cognitive analyses are also needed to 
probe the users' responses to the technological innovations and limitations (Keller and 
Wood. 1996). Map use studies which encompass the user's training and education in 
graphic representation and the influence of culture on the understanding of these images are 
neceuaxy as well. 

Maps no longer only depici the final presentations of geographical data analysis; they 
now also depict stages in the data analysis processes. They can be interactive working 
documents in Geographic Information Systems, photogrammetry and digital image 
processing systems and automated cartography systems. Map designs and rnap design 
research based on presentation paper maps may not be applicable to these other 
cartographic representations (Brown. 1993). They may dso not be applicable to a series 

of maps. whether these are animatedor dynamic maps or a progression of GIS images 
used to solve a geographic problem (DiBiase. 1992). Therefore, research into the 
effectiveness of traditional designs on new media and the search for new and innovative 
designs to use with the current (and future) technologies must continue. 

Review of Relevant Literature 
COGNITIVE RESEARCH ON TRADITIONAL MAPS 

A few studies have appeared in the psychology literature which deal with maps. A 
frequently cited paper by Thomdyke and Stasz (1980) reported the procedures for 
knowledge acquisition of rnap information. It was found that individuals differed in ternis 
of their strategies for encoding information. A later study by Thomdyke and Hayes-Roth 
(1982) investigated the different types of knowledge which were obtained from maps as 
compared with that learned from actual navigation. Factor analysis was used by Sholl and 
Egeth (1982) to isolate the cognitive processes which underlie rnap reading abilities. 

Gilhooly et al. (1 988) investigated the affect of experience in topographie contour 
rnap and planimtric rnap reading performances of skilled rnap usen as compared to those 
of novices. In a very recent study. McGuinness et al. (1 993) researched how skilled and 
novice rnap users interacted with the displays of a GIS. Their focus was on the cognitive 
processes of the users. which were extracted using protocol analysis. Users in both 
groups were able to complete the tasks (actual GIS analyses) but the experts explorad more 
variables, produced simplet and more maps, gained more knowledge from the database 
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and gave better quality answers than did the novices. 

The field of cognitive psychology can be useful to cactography in two ways: by 
providing research results produced in those fields which rnay be useful for cartographic 
purposes and by providing the methodologies for cartographic research experiments. Most 
of these studies, however. have not ken  conducted in the context of a mal map, but on test 
cards often using single syrnbols (Blades and Spencer, 1986). As the results of such 
studies might not be applicable to cartography, cartographers have often conducted theu 
own experiments borrowing the methodologies of cognitive psychology but using real (or 
nearly so) rnaps as test images. 

Whereas rnaps (usually simple ones) have k e n  used in some psychophysical and 
cognitive psychology studies, they are not used in the same way as they would be in 
cartographic studies. In the fonner, they are a tool which the researcher uses to understand 
the subject's mental processing while in the latter, they an the object of study, with the 
purpose of improving the design of the rnap (Olson, 1979; Gilmartin, 198 1; Medyckyj- 
Scott and Board, 1991). The implication of this difference in focus is that the snidies of 
the psychologist are unlikely to solve cartographic problems. The two fields meet at the 
concept of the interaction of the visuai stimuli and the mentaf processes. From this 
junction. cartographers can still keep the rnap as central and the improvement of rnap 
design as their goal while using cognitiveexpenmentation to help anain that goal (Olson, 
1979). 

Little cartographic research has been done from the perspective of cognitive 
psychology. In a study of the cartography literature in t h e  major joumals over the last 
twenty-five years, Gilmariin (1992) found that the proportion of articles deaiing with the 
rnap user. which included articles about cartographic communication, peaked in the late 
1970s and then declined reaching a low around 1985. It was during the late 1970s and 
early 1980s that the move towards cognitive research was begun, but research on rnap use 
in general declined at that time because of a shift towards other research topics. 

GIS SCREEN IMAGE RESEARCH 
Cognition and communication. which are not new concepts in cartography. are 

taking on a new significance in the age of automated cartography and data visualization 
systems (Taylor, 1993). The graphic producu of these systems can be quite different from 
the traditional paper rnap and the rnap user's perception of these images may also be quite 
diffemnt. Little research has yet been cazried out in this area. More research is needed into 
the rnap readers' responses. not just to the possibilities of the new technology, but also to 
its limitations (Rase, 1991 ; Keller and Wood, 1996). 

Renewed interest in the area of the design of map images and the graphic ouiput of 
automated cartography systems and geographic information systems has been called for 
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because of the ease with which poor map products can be produced with these systerns 
(Dobson, 1984; Taylor, 1985, Rhind. 1989; van Elzakker, 1991 ; Buttenfield and 
Mackaness, 199 1 ; Weibel and Buttenfield. 1988 and 1992). There are two main paths by 
which the quality of graphics pmduced by GIS can k irnproved: 1 ) users can be educated 
in the proper map design principles and 2) mapping modules, incorporating this 
knowledge, can be included in the GIS systems (Weibel and Buttenfield, 1992). At thïs 
time. "none of the systems available on the market includes mechanisms to ensure the 
correct use of graphics functions" (Weibel and Buttenfield, 1 992). More knowledge about 
map design and how the usen pemiveand understand rnap designs is required to allow 
the consmiction of these design modules. There has also k e n  renewed interest in, and 
study of, cognitive processes as they relate to map use. In discussing the design of 
visualization twls, Buttenfield and Mackaness (1991) stated "as a prenquisite there must 
be an understanding of the mental processes involved in the cognition of spatial 
information as well as an understanding of the mental representations of spatial 
know ledge." 

Cognitive research in GIS is late in coming afier the implementation of Geographic 
Information Systems because of the ernphasis on the technical aspects in the early years of 
the technology. "The conceptual and theoretical development of cartography as a discipline 
has been retarded, if not diverted, by the explosion of interest in automated mapping and 
GIS" (Taylor, 199 1 ). Research into database structure, accurate and efficient algorithms 
and generalization has predominated and certainly continues to do so. Attention is now 
king given to the non-technical aspects of the technology. which the Chorley Cornmittee 
considered "were, in many cases, much greater impediments to their exploitation than were 
technical shortcomings" (quoted in Rhind, 1989). As a result. the Cornmittee 
recommended. in 1987, research into the area of "what is an effective display or of how 
this varies with the human individual and the display technology employed" (quoted in 
Rhind, 1989). 

Cartographers have not k e n  heavily involved with the design of the computer 
graphics used in GIS; these have been created. in the main, by computer scientists or 
computer graphics specialists (Taylor, 1985). As a result. some of the GIS'S design 
capabilities do not mflect even the cartographie design knowledge currently available (Lee. 
1995; Weibel and Buttenfield, 1992). Much of the knowledge based on traditional paper 
maps may apply, such as the need for generalization and simplification, and its 
implementation would certainly improve the appearance and efficiency of the current 
images (Taylor, 1985; Weibel and Buttenfield, 1988; Buttenfield and Mackaness, 1 99 1 ). 
The problem of possibly invalid decisions based on poor graphic producis is not 
recognized by GIS users although perceptual limitation literature exists in cartography. 
Cartographers should "assert their knowledge of visual perception to improve the quality 
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of visualized information in GIS" (Buttenfield and Mackaness. 199 1 ). Nevertheless. new 
research must be undertaken to cietennine the best possible designs for digital display 
images. 

While many studies on map design have ken completed over the past 30 years, few 
studies on the design of digital displays exist and the results of those based on traditional 
paper maps may not be en tk ly  applicable to the new medium due to differences in colour, 
resolution and possibly other factors yet undetermineci (Dobson, 1984; Gooding and 
Fomst. 1990). As the electronic products differ fiom paper maps. it is expected that the 
human perception of these images will also differ compareci to the perception of traditional 
presentations (Taylor, 1 993). Dobson (1 984) suggested that research on this perception is 
required "rather than to simply assume that the transfer from one presentational mode to 
anoiher is automatic." He was specificaily addressing colour displays in the cornputer 
environment, but the advice is surely applicable to other aspects of map design. In 
Gooding and Forrest's study (1990). subjects performed significantly better using 
conventional paper maps as cornparrd to using the same maps displayed on video 
monitors. The authors called for the design of images specifically for the medium by 
which they will be displayed. The quality of monitors is decidedly better today . however. 
and the results of a similarexperiment done now could be very different. McGranaghan 
(1989) tested the (paper) choropleth map pideline which holds that "darker means 'more"' 
to ascertain if it holds for screen maps. He found that the pideline is applicable to the 
screen media. but that the background (whether dark or light) was important to a 
proportion of the subjects. He also suggested that further research, using a cross-media 
study, was indicated. 

Knowledge obtained through this research can then be used to equip existing GIS 
and autornated cartography systems with the appropriate cartographic design guidelines (a 
relatively difficult task) and. in future, to build expert systems for map design (a far more 
difficult task) to assist the users of GIS who have little or no knowledge of good 
cartographic design (Weikl and Buttenfield, 1988 and 1992). Visualization, the important 
new research area within GIS and scientific computing. will depend on past and haire 
reseanih into map design as well as the design of graphical displays as an important 
component (Buttenfield and Mackaness, 1 99 1 ). 

However, it is not only in the area of image design where GIS research is needed. 
Renewed interest in the cognitive aspects of map use needs to be applied to the electronic 
products as well as to the more traditional. paper images. Some studies have recently been 
undertaken in this area. McGuinness et al. (1993) investigated how usea interact with the 
displays in a GIS environment with the prime focus on the cognitive process of 
(moderately) experienced and novice users. The subjects used two GIS databases to 
examine the distribution of the variables, explore the relationships between the variables 
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and map one or more variables for display. The observable diffennces between the two 
groups included: 1) the experts spent longer on the tasks, 2) the experts exploced more 
variables. but they generated the same number of plots as the novices, 3) the experts used 
simpler displays and sequential displays rather than placing too many variables on the 
maps as did the novices. The experts also made more sysiematic searches through the 
database and explored the data in a logical and comp~hensive manner while the novices 
searched randomly, rnissed variables and performed superficial hypothesis testing. 

A recently published study by Lee (1 995) addressed a very important point that had 
not k e n  previously investigated that of the use to which maps are put in a GIS working 
environment. The researcher found the majority (80% or more) of GIS professionals 
worked with screen maps rather than paper maps. and that the s a e n  map images were 

used primarily for analysis. Therefore, if decisions are made on the basis of the on-screen 
images, it is important that these be presented using the best possible standards of 
cartographic design @th graphic and general). 

GENDER RESEARCH 
Human spatial abilities have been studied by psychologists for more than 60 years; 

they have net* however, been studied for as long or as thoroughly by cartographers or 
geographers (Gilmarti-n and Patton, 1984). There is some doubt whether the findings of 
the psychologists are applicable to geography (Self et ai., 1992). 

Maccoby and Jacklin (1974) completed an extensive revicw of over 1,400 studies in 
the discipline of psychology and postulated these four basic differences between males and 
fernales: women have superior verbal abilities, men have more aggressive behaviour, men 
have higher skills in mathematical uisks and men have higherskills in visual-spatial tasks. 
Most re~eatrhers have identified two separate visual-spatial factors 1) a visualization factor 
which includes the ability to manipulate. rotate, twist or invert two- or three-dimensional 
stimuli and 2) a spatial orientation factor which includes the ability to detect relationships 
between different stimuli and the ability to perceive spatial patterns accurately and perceive 
how the stimuli would appear from another orientation (McGee, 1979; Halpern, 1986). In 
geographic ternis, visualization could be involved in constnicting (mentally) a three- 
dimensional surface fiom a two-dimensional representaiion or vice versa (Gilmartin and 
Patton, 1 984). Not al1 researchers agree the= are only two factors. Self et al. ( 1 992) 
found a third factor mentioned in their review of the literature, a factor called 'spatial 
relations' which they defined (in geographic ternis) as "the ability to analyse pattern, 
shape, layout, linkage. spatial auto-correlation, hierarchy, regionalization, distance decay 
and nearest neighbour." 

A ment  review of nearly 200 studies in the psychology, geography and cartographic 
literature by Self et al. (1992) found generally conflicting research results on spatial 
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cognition. Differences wen "ofien task-specific ami cannot be assumed to exist across a 
wide range of spatial aptitude and performance tasks." In many of the studies reviewed by 
Maccoby and Jacklin (1974). the differences were relatively small. Male superiority is 
found in visuai-spatial tasks but there are other types of spatial abilities; females do better 
on spatial abiüty tasks involving the perception or verbalization of spatial feanires (Self et 
al., 1 992). Spatial cornpetence (in reai-Mc problem solving tasks) may ceflect mon than 
success on spatial ability tests as it includes spatial behaviour as well. There is some 
evidence that gender differences in spatial task performance and behaviours are 
disappearing, likely as a nsult of societal, cultural and experientid changes (Maccoby and 
Jacklin, 1974; Halpern, 1986; Self et al.. 1 W2). Sex differences present before training 
often disappear by the end of the training sessions (McGee, 1979; Halpern, 1986; Self et 
al., 1992) which indicates that education in and experience with spatial tasks is a factor in 
the obsemed gender diffennces. 

The findings of the psychological research may not be applicable to geography or 
cartography. Tests of spatial ability performed in the labonitory may not be tmnsferable 
"to larger-sale environmental setting and to active decision-making situations" as these 
tasks require compkx spatial cornpetence which spatial ability may not measure (Self et al.. 
1992). Geographers and cartographers should carry out their own research on gender 
diffennces in map task performance rather than borrow the results from the psychology 
literature as the conclusion of the psychological tests are often based on stimuli which have 
no similarity to geographic maps (Gilmartin and Patton, 1984). Gilmartin and Patton 
(1984) also noted that cartographers do not know which specific spatial skills are 
necessary or desirable for map use and whether there are any gender differences in them. 

There has k e n  little gender research in the geographic literature (Kumler and 
Bu ttenfield. 1 996). In Gilmartïn and Patton's ( 1 984) research on the college-aged 
subjects' abilities to l e m  geographic information with the- aid of a map, the researchers 
f o n d  almost identical scores between the males and females who used the map to aid in 
text understanding while the females benefited more than the men from the presence of the 
map. Another experiment in the same study showed no signifiant differences between 
college-aged subjects on a variety of rnap use tasks, including visual search, pattern 
recognition. distance estimation, and route planning. In a subsequent study by Gilmartin 
(1 986), she investigated "whether mental imagery can be an effective aid in the recall of 
spatial information and whether there are gender-based differences in the ability to 
employ ... a visualization technique." The subjects in this study either used no maps, used 
a printed map or were asked to visualize a map. The results showed significantgender 
differences (the males scored higher than the females) in the group which used printed 
maps but no significantgender differences in the group which used no maps or in the 
group which used the visuaiization technique. There is, apparently, inconsistent evidence 
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of gender differences in ternis of spatial task performances. 

The only other study found in the cartographic fiterature is that of Chang and Antes 
(1 987) (literatm review by Kumler and Buttenfield, 1996). Their experiment exarnined 
sex and cultural differences in rnap reading skills for reference, topographic and street 
maps. The authors reported gender differences (males scored higher) on the tasks using 
reference and topographic maps, but not those using saeet maps (distance estimation, route 
planning, direction) in both the cultures investigated. The Taiwanese su b jec ts scored 
highcr than those from North Dakota in topographic rnap reading, in fact, the Taiwanese 
females scored higher than the American males. An examination of the questions and the 
scores of the topographic sub-test showed females did significantly worse than the males 
on some of the rnap questions but not on others which appeared to be identical. Ihe 
authors did not explain the apparent incongmity. 

There are biologicai and environmental differences between the gender groups, but it 
is still not clear how these may be responsible for differences in rnap M i n g  (Kumler and 
Buttenfield, 1996). Muehrcke (1  996) cautioned cartographers to "remember that a rnap is 
a sophisticated hybnd repcesentation. It involves the simultaneous use of graphies, 
images, tex& and number systems. Thus, even if significant gender-specific difierences 
exist, they will be difficult to son out through nmowly defined research projects." The 
recent interest in cartographic strategies (MacEachren, 1995) gives us the opportunity to 
focus on the range of strategies used by individuals, regardless of gender and to present 
those strategies to d l  rnap usen to enhance their abilities to use cartographic presentations 
(Muehrke, 1996). 

RESEARCH INTO CARTOGRAPHIC EXPERIENCE 
Research into the effects of experienceon rnap use task performance has recently 

become more common although the possible effects of expenence had k e n  theonzed and 
tested by a few nsearchers in the past (see Thomdyke and Stasz, 1980; Thorndyke and 
Hayes-Roth, 1982 and McGuinness et al.., 1993 cited above; Eastman and Castner, 
1983). The increasing concem with the rnap user and hisher characteristics that was 

indicative of the map communication paradigm (and accompanying cognitive research) of 
the late 1 96ûs and early 1970s causes nsearchers to consider rnap training and exposure as 
well as age, gender and education level. 

Some studies have shown that experience does rrsult in differen t performance levels. 
while others have not shown this (Eastman, 1985; Eastman and Castner, 1983; 
McGuinness et ai.. 1993). Apparently the degree to which experience is a factor depends 
on the type of rnap tasks required of the subjects and the type of rnap stimuli which were 
used. Map reading experience (as well as age, sex, training or educational and 
professional status) is not correlated with test scores on simple tasks and on simple 
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graphies, but is comlated with scores on difficulttasks or on those using complex maps 
(Eastman and Castner, 1983). 

Kulbavy et al .. (1 992) tested high school students and college geography majors 
with a real thematic map (previously published in the National Geographic Magmne) . 
using verbal protocol analysis to investigate how the students encoded the spatial and 
conceptual information. They found no significant differences due to sex or the 
instructions to leam the map. There were. however, differences due to the experience 
levels of the subjects. The experienced students made greater use of conceptual schema. 
"Most students are able to leam simple reference displays, so that cartographie knowledge 
has littie, if any, influence on acquiring the information. However. when specialized data 
are added to the rnap space (contours, themes), there are marked differences between 
experienced and non-experienced populations" (Kulhavy et al.. 1992). Chang et al. 
( 1 985) also found higher performance scores for experienced topographic map readers and 
they suggested that those subjects had better conceptual schema and had a better 
visualization of the terrain. 

Crampton (1992) tested expert and novice orienteen to isolate their wayfinding 
expertise using 'think-aloud' protocols and a published onenteering map. The groups 
differed in their repcesentation of the problem and in their problem solving processes. The 
experts could make mater use of problem-solving strategies compared to the novices. 
They could adjust the detail of mental represenmtion according to the complexity of the task 
whereas the "novices lacked the representationd richness and flexibility of the experts" 
(Crarnp ton, 1 992). 

Another study dealing with rnap reading experience underiaken by a geographer was 
Saku's (1 992) research on the effects of geography expenence and rnap teaching on al1 
t h e  levels of map use tasks. nie participants were second year honours students in 
geography and psychology. The results confirmed earlier findings that experience 
primarily affected higher level rnap use tasks. "Geographic training does have an impact 
on rnap use penormance in the higher level task questions and, in some cases, in the lower 
level task questions. There was also evidence supporthg the fact that participants who 
were instructed did better than those who were not instructed, at least in the higher level 
tasks" (Saku, 1992). 

A study by a team of geographers and psychologists (Montello et al.. 1994) tested 
the recall of information from landscape scenes and topographic maps using experienced 
and novice topographic rnap readers. The focus of this research was on the perceptual and 
cognitive processes rather than on the characteristics of the images. The pattern of results 
"is suggestive of the specialized knowledge that develops as part of experience with 
topographic maps" (Montello et ai., 1994). These results were similar to those found by 
Crampton ( 1992). 
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RESEARCH METHODOLOGIES 

Research into rnap users' cognitive strategies, map-using performances, problems, 
charactenstics and requirements has used the following methodologies: eye movernent 
studies, rnap task studies, questionnaires and interviews (van Elzakker, 199 1 ). An 
example is the use of task performance followed by unstructured interviews to elicit 
comrnents from the subjects which may shed light on the cognitive strategies which were 
used (Petchenik, 1983). Not as îiequently used are such methods as recorded 
introspection and verbal protocols. The latter has been used to analyze wayfinding 
expenise (Crampton, 1992) and rnap encoding strategies (Kuihavy et al., 1992). Although 
the second study was performed by psychologists, the test rnap was a iraditional, complex 
rnap and the variable tested was the arnount of the subjects' cartographie exmence. 
Interviewing, while k ing  more time-consuming and difficult to quanti@, c m  yield 
understandings (albeit personal) of why one design may be better than another (Robinson, 
1977). Task-orientated research has often k e n  used to operationalizc psychophysical and 
cognitive studies. 

Task-orientated research focuses on the uses to which maps are commonly put and 
the actuai operations users will perform on a map. Subjects cm be asked to complete map 
use exercises while their accuracy of penorrnance, length of time used to perfom the task 
andfor their strategies are recorded and analyzed. The performances of subjects on map 
tasks can be analyzed statistically (assuming the sample is sufficiently iarge) and the results 
may show which design is better, but not why it is better. It is very important that the 
tasks be as real as possible (Board, 1 978 and 198 1 ). "If map use is a cognitive act ... then 
progress is more Iikely to be achieved by studying and observing people engaged in real 
map-using tasks" (Keates, 1982). 

The use of task-orientated nsearch implies that the process of reading or using a rnap 
can be broken down into a number of different operations. Lists of these task have been 
complied by Board (1 98 1 ) and others. Researchen have attempted to classifi these tasks 
in ternis of the major purposes for using maps (Board, 198 1 ) and to better "describe the 
way rnap information is being organized and extracted, and to label the cognitive level or 
intellectual stage at which tasks are king performed" (Castner, 1983). 

McCleary's (1970) classification is also of interest because of its emphasis on the 
aspects of the rnap which are perceived at each level. He divided the process of reading 
("decoding") a thematic rnap into three stages. Stage One is totally visual. An image of the 
rnap as a whole is created in the reader's mind, in an instantaneous process. Stage Two 
follows immediatcly and involves some intellectual schema. Smaller areas of the image are 
subjected to detailed examination and the ~ a d e r  "relates the information show on the map 
with some particulararea on the surface of the e h . "  If the third stage of prwessing 
occurs, and it may not. the reader analyses the map, attempting io correlate it with other 
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information (McCleary. 1970). This last stage is purely cognitive. 

Olson's (1976) classification scbeme is similatin many respects. This scheme also 
has three levels, organized on the basis of the degree of mental involvement required at 

each level, fiom iess to very demanding. Level One involves the comparison of individual 
syrnbols on the basis of size, shape, importance, etc. In Level Two, a recognition of the 
properties of groups of symbols over the entire rnap occua. Relationships within and 
arnong symbol groups are of importance. A Level-The task requires the user to make 
decisions by integrating the symbols on the rnap with prior information the user has. The 
symbol-referent relationship is involved at th-s stage. 

Task-orientated research approaches questions of the communication process by 
testing specific tasks which lie at some level of this hierarchy. For example, pattem 
recognition tasks would be level two tasks (Olson, 1976). Psychophysical research 
utilizes level one tasks. Cognitive research primarily utilizes level two and t h e  tasks, 
such as those involving selection. comparison, measurement, recognition and r d 1  
(Blades and Spencer, 1986). The results of subjects' performances on appropriate rnap 
use tasks have enabled researchers to draw inferences about the underlying cognitive 
processes (Blades and Spencer, 1986). 

Board (1 984) discusad Olson's thne levels of rnap use tasks and pointed out some 
problerns with the designations. He noted three methods of pattern cornparisons (which 
would be a Level Two task. according to Olson): 1) two or more distributions on one rnap 
(Olson's definition), 2) superimposition of one pattem upon another, and 3) side by side 
cornparison of maps of different distributions. Where the comparison of two or more 
distributions canot be made simultaneously, Board expressed some doubt as "to whether 
the cornparison ... requires skills which are of a different order altogether." He suggested it 
brings long-term memory into play and therefore the pattem is visualized, a Level Three 
task. Even the comparison of pattems on one rnap would Iikely involve interpretation, also 
a Level Three task. 

Muehrcke ( 1  98 1. also Muehrcke and Muehrcke, 1992) grouped rnap use into three 
stages: rnap reading, rnap anaiysis and rnap interpretation. There are no clear dividing lines 
between the stages and they are not necessarïiy sequential (Muehrcke, 198 1 ), nor do they 
depict a clear hierarchy based on the degree of mental involvement In Map Reading, the 

user examines the environment being mapped. the geographical data types, the abstraction 
process. the image or map types and the methods of data portrayal. Map Analysis 
describes the spatial structures, patterns and relationships, either cartometrically or visually 
(quaiitatively). Map Interpretation asks 'why' the pattem (noticed and measured in the 
other stages) is as it is. The user must use other sources of knowledge, such as other 
maps, general knowledge or specific knowledge about the physicd or human environment 
king depicted. (Muehrcke and Muehrcke, 19%). 
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Muehrke's three stages are not d k t i y  comparabie with those of Olson. The major 

difference is in the handling of the symbol-referent relationship. Olson brought this 
relationship into consideration only in Level Three, whereas Muehrcke introduced it in the 
Map Reading stage (and thecefore in the other stages as well). It is likely that this 
celatïonship would kcome apparent to the user at the earliest stages of rnap use, assuming 
any d e p e  of rnap reading is occurring. Muehrcke's stages encompass the higher level 
rnap use tasks and the higher level cognition involved with sophisticated rnap reading. 

Whether the iheory of cartography is based on the communication paradigrn or the 
more recently revived view of maps as spatial representations, research into the design of 
maps to be viewed on the screen and the cognitive processes and characteristics of the rnap 
user is still vital (Buttenfield and Mackaness, 199 1 ; Rase, 1 99 1 ; Keller and Wood, 1996). 
Map use research on GIS images has recently k e n  undertaken, but the numkr of studies 
completed to date is small (see Goading and Forrest. 1990; McGuinness et al., 1993). 
There is a wide range of research topics which have yet to be addressed. The following 
topics are applicable to this study. 

Map design research done earlier on paper maps may not be entirely applicable to 
screen images due to the different characteristics of the two media (Dobson, 1984; 
Gooding and Forrest, 1990; DiBiase, 1992). Research using psychophysical or cognitive 
methods. or a combination of both, is needed, using a screen image and a series of screen 
images as the test maps (Gilmartin, 198 1). Psychophysical methods cm be used to test the 
users' perceptions of the symbols, text and colours. Cognitive methods c m  be used to 
investigate the users' understanding of the wide range of possible images which can be 
produced with GIS. 

Cognitive research had begun during the 1970s but was curtailed during the 1980s in 
favour of research into the technical aspects of automated cartography (Gilmartin, 1992). 
There has been a renewed interest in this area due to wide use of GIS, Automated 
Cartography systems and scientific visualization tools and the subsequent need to 
understand the mental processes involved in the cognition of the varied images produced 
by these computer systems. The goals of cognitive research within cartography are to 
improve the design of the rnap and to improve rnap use (Olson, 1979; Gilmartin, 198 1 ). 

The user characteristics of gender and cartographie experience may affect their 
understanding of GIS maps and, therefore. these should be taken into account in any rnap 
task studies. The literature on gender differences in spatial abilities or performances is 
inconclusive with some research showing gender differences on some map use tasks while 
other studies do not show these differences. No studies have yet been reported on the 
gender differences in GIS rnap use task performances (Self et al., 1992). 
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Cartographie experience appears to affect the higher level map use tasks andfor tasks 

involving the use of complex images (Eastman and Castner, 1983; Eastman, 1983; 
McGuinness et al., 1993). The images which can be produced with GIS provide the 
means to construct a wide range of mal-Iife rnap use tasks, From simple to complex. with 
which to test the effect of  the rnap usea' experience (Board. 1978 and 198 1 ; Keates, 
1982). 



CHAPTER THREE: METHODOLOGY 

INTRODUCTION 
The purpose of this research is to determine if the map products of a Geographic 

Information System are understood, how they are understood, if there are differences in 
the understanding of scnen images and prhter images, and how different subPct groups 
Vary in their levels and types of understanding. The premise of this research is thai 
inexperienced map users, having access to GIS images on either their own systems or as 
clients of GIS professionals, may not understand the images' messages or may understand 
them differently than experienced users. 

A reai environmental land allocation scenario was used as the basis for the test 
images and the test questions. Real data, as opposed to made-up data, give real world 
validity to the questions and motivation and purpose to the subjects as they tackle the tasks. 
The solution of a land allocation problem also created a variety of images, differing in the 
type of data they portray, the ways in which the data are poctrayed and the degrees of 
difficulty. These were used to test the subjects' abilities to understand the individual maps 
and the use of these maps to solve a land allocation problem. The location of the land 
allocation problem (in Nepal) was one with which the subjects were not likely to be 
familiar so that pnor knowledge was unlikely to influence their answers and therefore. the 
subjects were as similar as possible in their level of pnor knowledge. 

The set of images was provided by an actual land allocation problem in the 
Kathmandu Valley of Nepal. one of the GIS and Decision Making exercises in Volume 4 
of Erpforations in Geogruphiclnformation Systerns Technology (United Nations Institute 
for Training and Research. 1 993). These exercises were developed by the Idrisi Roject of 
Clark University to train govemment officiais in the use of GIS and. while the solution 
was not used for a policy decision, the scenario used substantial field work and established 
perspectives (Idnsi Manual, 1993). Idrisi is the Geographical Analysis S ystem for the PC 
platform developed b y the Clark Labs at Clark University , Worcester, Massachusetts. 
Permission has been granted by the Idrisi Ropct to use the data for this research. 

The Kathmandu Valley land allocation problem concemed the future land needs of 
the carpet industry and agricuiture withh the valley. As the carpet industry is the major 
source of expon incorne for Nepal, there is significant pressure to expand that industry. 
The Kathmandu Valley, with its very fertile alluvial soils, has k e n  a very important 
agricuiturai area for centunes. Urbanization is creating pressures on future land use as 
well. Approximaiel y six per cent of Nepal 's 22,630,000 residents (estimated 1 990 
population by the United Nations, reported in the 1994 Canadian Global Almanac) live in 
the Kathmandu Valley and the population is rapidly increasing each year. The capital (and 
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largest) city is Kathmandu (with an estimated population of 41 4,260 in 1 995)- to the south 
is the srnalier city of Patan and to the east of this urban area and towards the mountains is 
the smaller centre of Bakhtipur. The Valley, represented by the data set, is 33360 hectares 
in ana or approximately 0.23% of the total land area of Nepal (see Figure 3.1 for tk 
location of the study area, npmsented by the shaded rectangle). 

The GIS task was to develop a planning map which would set aside 1500 hectares 
for future development of the carpet industry and 6000 hectares for future agriculture 
needs. The land was to be allocatedon the basis of its relative suitability for each industry. 
Nepalese govemment officiais chose the decision cnteria (and their relative importance) 
which would detemine the allocation of land for agriculture and for the carpet industry, 
such as soi1 quality, slope, access to water, access to market, etc. They also decided 
which land characteristics which would exclude certain areas fkom consideration. (Eastman 
et al.., 1993). 

THE GIS IMAGES 
Production of the GIS Maps 

Idrisi Decision Making modules were used to crrate a variety of maps from the 
original data of the Kathmandu Valley, including a location map, categoncal data maps of 
land use and soil types, distance maps and a cost-surfice map. The instructions of the 

Kathmandu Valleyexercise were followed exactly as outlined. All the following images 
except the locationmap are prduced dunng the completion of the exercise. The location 
map was generated as an extra image to provide a two-dimensional representation of the 
area using contour data. 

ORIGINAL DATA 
The onginal data for the land allocation exercise consisied of these digital files: 

1) land useiland cover data in twelve categories 
2) land capability data with six soil types 
3) digital elevation model, in meters 
4) 3D perspective image of the digital elevation model 

with a LANDSAT land use irnagery drape 
5) vector file of rivers 
6) vector file of roads 

The elevation data were used to mate  a Location Map which illustrates the elevation 
data (in eight classes). the urban areas within the valley and the rivea and roads networks. 
Al1 the images, except the 3D perspective image, are 761 x 490 pixels, with a ce11 
resolution of 30 meters and a planar reference system. The 3D image, KVORTHV, is 640 





x 480 pixels. 

W G E S  CREATED DURING THE EXERCISE 
The land allocation problem was solved by taking into account the decision criteria 

chosen by the Nepalese officiais. A criterion is the basis for a decision that can be 
measured and evaluated and is either a factor or a constraint. A factor quantifies a 
characteristic of the land in ternis of its suitability for the activity to which it is apptied. For 
example, if closer to the river is better for the carpet industry then the highest factor value 
is assigned to land adjacent to a river and the values decnase with inaeasing distance from 
the nearest river. The values are measured on a continuous linear scde. Factors are 
known as decision variables in the mathematical programming literature and structural 
variables in the linear goal prograrnming literature (Eastman et al., 1993). 

Constraints are characteristics which, if present on a parcel of land, cause that land to 
be excluded from consideration in the land allocation problem. For example, no 
development may be allowed on slopes greater than a 45% gradient. In this scenarïo. 
constraints are expressed in the fom of a Boolean image-areas which pass the criterion 
are coded with a ' 1 '; those which do not are coded with a '0'. 

Constraint Maps 
The future industriai development in the valley was constrained by the following 

t h e  characteristics of a piece of land: 
-it cannot occur on lands within the ring road surrounding Kathmandu. 
-it c m  only occur on existing agricultural lands, and 
-it can only occur on lands with slope of less than 45 degrees. 

T h e  images were produced, each of which represents one of these constraints: the 
"Ring Road Land Constraint" map, the "Landuse Constraint" rnap and the "Slope 
Constraint" map. The consmint images are Booiean images with values of 'O' and ' 1 ' for 
unsuitable and suitable, respectively. 

Factor Maps 
Five characteristics of any particularparcel of land were deemed important for the 

carpet industry and four for the agicultural industry: 

proximity to water 
proximity to market 
dope gradient 

proximity to water 
proxirnity to market 
dope gradient 
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proximity to power soi1 capability 
proximity to roads 

For each characteristic, the value was fmt determined (for example, the distance to 
the nemst river was calculated). then standardized by linear rescaiing to a range of 0-255 
factor values where the high values cocresponded to the most suitable areas for thai 
characteristic. The "Roximity to Market Site" map is a cost-surfa image. 

Suitability Maps 
The factors and constraints were entered into a weighted linear combination formula 

to create a suitability rnap for each indusay. The procedure summed, for each cell, the 
weighted factor values and multiplied the sum by the product of the constraints. The 
weightings of the factors for each industry were decided (in the original Idrisi project) by 
the decision makers and those weights were also used in this research. The suitability 
maps were used to locate the best 1500 hectares of land for the carpet industry (''Future 
Carpet Industry Sites" map) and the best 6000 hectares for the agricultural industry 
("Future Agricultual Sites" rnap). 

Allocation Maps 
At this point in the solution of the land allocation problem, each industry had ken 

allocated land individually. An overlay of the "Future Carpet Industry Sites" rnap with the 
"Future Agricultural Sites" rnap showed then were many areas (categorized as 'both' on 
the "Allocation of Land to Industries" map) which were suitable to both and therefore there 
was a conflict between the industries at this point. Neither had been allocated sufkient 
land if the 'shared' areas were not taken into account. The areas suitable to both industries 
were then allocated to the one for which they were more suitable. The "Final Allocation to 
Best Use Industries" rnap shows the allocation of 1500 hectares to the carpet industry and 
6000 hectares to the agricultural industry. 

Special Images 
The digital elevation mode1 @EM) had been produced from a 1 : 1 00,000 scale rnap 

with 100 foot contour intervals using Idrisi's INTERCON module. The module's 
algorithm has known problems interpreting an elevation mode1 in areas of very low slope 
which c m  result in aberration in images denved from the DEM. These did occur in the 
"Slope" rnap and the "Aspect" rnap but the images were deemed adequate for this study 
and the types of questions asked about images produced with the DEM. They are not part 
of the land allocation problem but were included as these types of images are easily 
produced by many GIS and it was important to test how well these images are understood. 
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Visual Characteristics of the Images 

The data in the test  images were classified for display purposes only. When the data 
were used to produce subsequent images, only the unclassified digitai files were used. 
The quantitative data were grouped into eight classes as previous hiais had shown that the 
diftèrences between the colours of 16 classes (the default number) could not be 
distinguished. Eight classes appmaches the upper Iimit usually suggested for this type of 
data, 

Each map type was given a unique palette of colours so that the subjects would 
associate the colour scheme with only one type of map. The same colour for the rivers 
was used throughout dl the images; the roads were symbolised with one of two shades of 
red depending on which palette was applied to the data classes. 

The quantitative series varied in hue and value with dark values denoting the concept 
of 'more' as suggested in the cartographie literature (Dent, 1993; Robinson et al., 1985; 
Mersey, 1990). Mersey (1990) advised the use of hue and value sequences for general 
rnap reading tasks. The hues should k contiguous on the colour wheel, with the use of 
intermediate coloun if necessary. The "'Location*' map elevation data were symbolised 
using hypsometric tints which show more hue changes than value changes. 

CMYK coiours were the primary colour scale used and the equivalent RGB values 

were then calculated and assigned to the Idrisi images so that the screen images pmjected 
the colours as process colours. The Hue-Lightness-Saturation (HU) values were used to 
adjust the value levels to approximate the perceptual grey values with larger steps between 
the colours at the lighter end of the scale than at the darker end (Cox, 1980). The colour 
monitor was balanced to match the printer test svip and colour synchronization software 
(Apple Color Sync 2.0. Color Sync Rofile "Performa Plus Display" with no gamma 
correction) was used to match the screen colours and the printer colours as closely as 
possible, within the technical limits of the equipment The  palettes used with each image 
or type of image and the colour specifications for each of the palettes are listed in Appendix 
B. 

Vector Ales of the nvers and roads of the Kathmandu Valley were included with the 
original data. Not al1 of the onginal images nor the produced images required the addition 
of the river andkroad networks; however, some of the images required one or both for 
the subject to answer the question. On images such as the "Roximity to Rivers" map, the 

addition of the rivers was logically necessary. The addition of rivea or roads was found 
to be necessary to enable the subjects to reiain the geographical location of each of the 
images. In this way. differences in understanding are less attributable to confusion over 
location. The following guidelines were used: 

1 ) both the rivers and roads were used on a rnap where 
- both were required for the question, or 



- the cesultant rnap was not too cornplex. or 
- no logic probkms or confusion occuned by the use of both 

2) if these conditions could not be met, then either rivers or d s  was used: 
- fivers were used on images which portrayeci natural features 
- mads were used on images which portrayed (mainly) man-made features. 

Construction of the Test Maps 
The GIS images were produced using the raster based Geographic Information 

System "Idrisi" (Idrisi for Windows 3.1 pmduced by the Clark University Graduate 
School of Geography, Massachusetts, U.S.A.). The maps had a default white 
background, default legends of 16 categories for the raster data. not including the 
background and vector overlay colours and no border around the map images. The 
background colour and the format of the legend and title text can be altered as can the 
position of the legend. titie. scaie bar and North arrow relative to the map pmper. 

The images were transferred to the Macintosh platform to facilitate the colow 
synchronization and prïnting of the rnaps. The Idrisi images were exported as PC TIFF 
images and imported into Freehand 3.1 with no alterations to their appearance (color 
specifications or numkr of classes). The River and Roads vector files were exported as 
Postscript files. The raster images were displayed at high resolution, using a scale of 
1 : 1 1 8,1 IO. Legends, titles, scale bars and North arrows were added in Freehand to 
simulate the appearance of these featltres in Idrisi for Windows. 

The computer images were dispiayed on a 1 5-inch (diagonal) multiple resolution 
Apple colour monitor at a resolution of 800 x 600 pixels (SVGA, 0.28 mm dot pitch), a 72 
hertz vertical refresh rate and a 48.1 hertz horizontai refresh rate. The size of the raster 
image alone was 7.1 x 4.4 inches; the size of the entin map (including title. legend. scale 
bar and North arrow) was 10.2 x 6.9 inches. 

Photographs were taken of the computer screen images in order to produce the hard 
copy versions of the screen maps. Kodak Super Gold print film (ASA 100) was used to 

capture the image, using a 50 mm lens, a 0.5 second shutter speed and an aperture of f8. 
The negatives were professionally developed to ensure the best possible colour bdancing 
and to enlarge the image to the sarne size as the printer output. Through the enlarging 
process, the vividness of the colours and the apparent resolution of the photo images 
decreased as compared to the screen images. The resolution now resembled the low 
resolution computer screen (640 x 480 pixels) rather than the high resolution (800 x 600 
pixels) screen which was used as the source of the photographs. Most of the colour 
palettes matched well visually with the computer screen palet tes. Four images showed 
slightly less well matched coloun, but they were still within the Iimits of usability as the 
questions based on these images were not colour specific. 
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The computer images were also pcinted using an Apple Stylewnter 2400 Colour Ink 

jet printer with a 360 x 360 dots per inch resolution and a four colour printers ink (CMYK) 
cartridge. The size of the raster map was 7.6 x 4.9 inches (a resolution of 100 pixels per 
inch) on a page size of 8.5 x 1 I inches. The images were printed onto coated ink-jet paper 
using the %estT sethg and a random scatter of colour dots. 

Both the photos and the printer images were professionally copied ont0 8.5 x 1 1 inch 
paper using a colour laser copier. The colour baiancing capabilities of the copier were used 
to match the laser copies to the actual computer images and. in many cases, the laser copies 
matched the computer maps better than the photographs had done. The colour laser 
reptoductions of the printer maps were such that the images were essentially identical to the 
original pnnter images. Both the prinier maps and the screen photo maps were bound into 
identical binders. 

THE QUESTIONNAIRE 
Design of the Questionnaire 

The questionnaire was pnnted as an 8.5 x 1 1 inch booklet with 10 double sided 
pages. It is reproduced in its entirety in Appendix D. The frst page explains the purpose 
of the research and the testing format. Next, a background to the Kathmandu Valley land 
use scenario gives the details of the land allocation problem to be solved. A short 
introduction is given at the beginning of each section of map types to explain the new 
maps. The 1st page of the questiomaire asks a respondent for some personal information 
including gender, age, the presence of vision colour deficiencies and hidher expenence 
with GIS in tems of the number of courses taken andor the nurnber of years of work 
experience (Dixon and Leach, 1978; Sheskin, 1985). 

Most of the questions are multiple choice to decre- the overall difficulty of the 
questionnaire and to shorten the time required to complete it. Closed or multiple choice 
questions can lead the subject in the correct direction and are the suggested type for self- 
administered questionnaires (Oppenheim 1966; Dixon and Leach. 1978). The answer 
options were primarily obtained through the pilot study where the subjects had been 
presented with the questions and asked to give short answen (Sheskin, 1985). Where the 
range of answers was srnail and the answer types easily categorized, this provided the 
multiple choice options for the final version of the questionnaire. Some of the options 
were designed to investigate particular types of answen and types of cognition. Seven of 
the multiple choice questions specitically request subjects to select as many answers as 
they think apply to determine whether they undentand the concept of one and only one 
datum type used on each GIS layer. Al1 multiple choice questions also have a 'don't 
know' option and an 'other' option to allow the subjects to insert theirown answers if they 
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choose (Dixon and Leach, 1978; Sheskin, 1985; Converse and Presser, 1986). 

Ten questions require the subjects to provide short answers. Short answer questions 
are used when the hi11 range of answers is not known, if the possible range of answers is 
very wide (Oppenheim, 1%6; Jacobs, 1974)). or to obtain the widest possible range of 
answers. In exploratory research of this nature, with its emphasis on cognition, open- 
ended questions are desirable. However, short answer questions increase the difficulty of 
a questionnaire and the time needed to complete the tasks; therefore a balance had to be 
found between the number of open-ended and multiplechoice questions which were used 
in this research, 

The questionnaire was designed to probe the subjects' understanding of the 
individual maps and also their ability to use a senes of maps to solve a land allocation 
problem. The rnap use tasks range from very easy to very difficult and include tasks of 
detection and discrimination of features and colours; decoding, recognizing and 
identification of symbols; visudization of 2D and 3D pamms; and the understanding of the 
organization and spatial association of the pattems. The questions include dl three levels 
of rnap use tasks discussed by many researchers (Muehrcke and Muehrcke. 1992; Olson, 
1 976). 

The accurate use of a GIS for spatial problem solving or the understanding of GIS 
procedures depends on the user's ability to use the information of one or more maps to 

understand any individual rnap or to undentand a series of maps and the spatial problems 
they are designed to solve. GIS maps are, most often, not final presentation (quality) 
images; rather they are 'interim' images which are part of a series. Therefore, the 
traditional rnap use tasks, based on 'stand-alone' presentation maps which depict the final 
stage of data analysis. are not applicable to GIS images without some changes to the 
definitions of the tasks. 

The Map Reading level of rnap use, which is primarily concemed with determining 
what the rnap is portraying and what features are depicted and where they are located, 
requires an alteration when used with GIS images. A GIS rnap user may need the 
information available in one or more other images to answer questions of this type. 
Therefore, Map Reading tasks should allow the use of more than one image. Similarly. 
the Map Analysis stage, in which spatial patterns are to be exarnined andor measured, 
should be expanded to allow the use of more than one image as some GIS images are 
incomplete as stand-alone images and require knowledge from another image or images to 
obtain a full understanding. 

GIS spatial problem solving also requires the users to isolate data and then to 

combine the information of two or more 'intenm' maps to arrive at a solution. Questions 
designed to measure these abilities in the subjects are included in the questionnaire. These 
types of tasks do not easily fit into Muehrcke's three categories of rnap tasks but require an 
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additional three categories specifically for GIS. one of which can be called "GIS Data 
Analysis" and another called "GIS Data S ynthesis." GIS Data Analy sis tasks explore what 
data were used and, more importantly. what data were not used for any image and how the 
data were manipulated andor classified. GIS Data Synthesis tasks explore the 
combination of two or more interim maps to mate new data, to solve a spatial probkm and 
the knowledge of what data from each of the layerdimages are used and what are not. 
Questions which probe the subjects' understanding of the logic of the spatial solution. 
including the order of the data analysis and synthesis. the purpose of each image, what has 
influenced the outcome and what has not. and the plausibility of the final solution can be 
considered part of the third task category called "GIS Problem Logic." Table 3.1 
categorizes the questions used in this research in ternis of the six rnap use task categories. 

The Map Questions 
The images, and theûaccompanying questions. were grouped primarily on the basis 

of rnap type to facilitate the data analysis. The rnap images are included in Appendices E 
and F. Question 30 was not included in the analyses as the image on which it is based 
contains an aberration and the question is. therefore. inappropriate. The subjects were 
asked to rate each image on scales of abstraction and dificulty. The preliminary results of 
this research into image abstraction and difficulty are included in Appendix G. 

CROUP 1 MAPS 
The original data and the "Location*' rnap make up the images of Map Group 1. The 

"Kathmandu Valley Elevation Model" has two questions. Question 1 A tests a subjectTs 
ability to visualize the shape of the landscape from a 3D image. This is a straightfonvard 
map reading task. Question 1 B requires colour identification and differentiation (of the 
landuse drape over the DEM) to locate the urban and agricultural classes and requires an 
estimate of the relative areas of the two main land use types. 

The "Location" rnap image was included in the questionnaire to enable the subjects to 
transfer the 3D spatial infonnation ont0 a 2D elevation image. Question 2 is a rnap legend 
reading task designed to test basic rnap reading skills and to provide a question thai 
everyone could answer. 

The questions on the "Landuse/Landcover"map are colour detection and 
discrimination and legend category identification tasks. In Question 3A, the Ring Road 
area must be located. requiring more of the subject than merely legend reading. Question 
3B also requires colour identification and location. but now the ' Southeast ' area must be 
located and the high mountain axa within that portion of the image. The elevation 
information in the bbLocation" rnap or the DEM may be used here. 

The questions on the "Soi1 Types" rnap are very similar to Questions 3A and 3B of 
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Table 3.1 The GIS Map Use Tasks and Comsponding Questions 

Map Use Tasks Questions 

Map Reading 
One iznage 
Two or more images 

Map Analysis 
One image 
Two or more images 

Map Interpmtation 
GIS Data Anaiysis 
GIS Data Synthesis 
GIS Roblem Logic 

the "LanduselLandcover" map. The colour detection and discrimination tasks are much 
easier as the land use areas to be discemed are larger and their colour (hue) differences not 
as subtle. The elevation information from the "Location" map also needs to be used to 
answer Question 4A in order to locate the 'high1a.d' areas. This time, the term 'highland' 
was used deliberately to see how subjects defined this term which is more general than 
'Southeast* or 'high mountain area.' 

GROUP 2 MAPS 
The images of Group 2 are the three constraint maps which are Boolean images. 

Question 5 is a GIS Roblem Logic task because subjects must decode the image to 
understand what the rnap is trying to show and also to understand the purpose of this 
image in particular and Boolean images in general. Questions 6 and 7 ask a subject to 
identify the suitable features on the "Ring Road Land Constraint" map and the "Landuse 
Constraint" map. The answer c m  be found by reading the legend and using the 
information from the "Landuse/Landcover** map to iden ti fy the land use categories. 
Question 6 requires only one answer, therefore a subject must generalize and pick the most 
common land use category within the Ring Road area. Question 8 is a GIS Data Analysis 
task. The three constraints must be identified using the constraint maps and then integrated 
to understand that a parcel of land is unsuitable if any one of the three constraints is 
present. 
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GROUP 3 MAPS 

This group is made up of al1 the factor maps which includes three distance maps, one 
cost-surface map. a slope gradient image and a soi1 capability image. The "'Roximity to 
Rivers" map is used to test a user's understanding of the data which is displayedon a 
factor map and of the factor values and their range as it applies to the suitabilityof the 
pertinent charactenstics. Question 9 specifically tests "what is depicted and what is not 
depicted" on the GIS layer represented by this distance image. Question 10 requires a 
subject to understand that the upper end of the 0-255 range denotes the 'best* suitability for 
the factor in question. This biowledge will k needed to answer futiue questions. 

Question 1 1 compares the spatial patterns on two thematic maps and asks for 
explanation of the similarities ktween them. In addition. spatial pattem visualization is 
required to answer Question 12. Here a subject should understand the variation in 
suitability over space and locate the visual centre of the image and then realize tbat the 
market is located there. Question 13 requires much more understanding of the construction 
of a cost-surface image. Subjects are allowed to give as many answers as they wish (as in 
Question 9) to test if they understand what data are used and what are not. 

To answer Question 14 correctly, the users' must understand the concept of slope. 
that the ' best' category was depicted by the highest fmor value and be able to visuaiize the 
slope of the land with that factor value. The information in the "Slope Factor*' map is 
suffkient to answer the question without the need to use general knowledge. Questions 
1 SA and 1 SB are essentially the same questions as Questions 4A and 4B which asked for 
the identification and location of soils using the "Soil Types" map, but now. rather than 
using categorical data. the soi1 types are quantified in terms of suitability using factor 
values. 

CROUP 4 M A P S  
This group of images includes the suitability maps and the allocation maps used in 

the final stage of the land allocation solution. Most of the questions in this group test 
whether subjects can follow the logic of the given solution, or if they are infl uenced by 
extraneous knowledge. Questions of spatial pattem analysis and legend reading also are 
included. 

Question 16 requires an examination of the spatial pattem and the location of the 
highest factor values, a concept first introduced in Question 10. The correct selection of 
the best answer shows an understanding of the main factor influencing suitability values. 
This understanding is then tested further in Question 17 which asks a respondent to rank 
the factors which determine the suitability of land for the carpet industry. A subject must 
explain why the pattem is as it is in terms of the relative weightings of the factors. that is 
that the darkest colours are around the rivets because the proximity to water is the most 
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important factor. Question 20 asks the same using the "Agriculture Industry Suitability" 
map. The answers can be detennined by close examination of the spatial pattems of the 
two suitability maps. 

Question 1 8 is another legend and titk reading task. but the image is a thematic map 
rather than the location map used earlier (see Question 2). Question 19 is amther version 
of Question 8 (regarding the three consvaints which make a p a m l  of land unsuitable for 
hiture development) but now in the format of a multiple choice question which was 
expectcd to k easier to answer. The short answers requhd in Question 8 are given as 
some of the options. Subjects must realize, fint, that the legend category '0' denotes 
'non-suitable' areas as defined by the constraint maps and then they must explain what 
characteristics are deemed 'non-suitable' . 

The "Funue Agicultural Sites" map was created by taking the areas with the highest 
suitability factors on the "Agriculture Industry Suitabiiity" map and working dom until a 
total of 6000 hectares had beea selected. Question 21 tests whether a respondent can 
understand this process and describe it in tems of the highest factor values or the darkest 
green colour. Question 22 asks for an explanation of the category 'both' in the "'Ailocation 
of Land to Industries" map. A respondent needs to compare patterns on the b'Futun Carpet 
Industry" map and the "Future Agriculttual Sites" rnap with that of the new image. The 
question is more difficult than a mere legend reading problem. 

Question 23A and 238 is a two part question which investigates the understanding of 
the stage of the land allocation solution as illustrated by the ''Allocation of Land to 
Industries" map. Neither the carpet industry nor the agricultwal industry had yet been 
given the total amount of land each required because of the conflict over the land which 
was suitable for both. The answers can be found by logic rather than the examination of 
any map. After the conflict was resolved, the land was allocated to one or both of the 
industries. Question 24 requires subjects to compare ciosely the "'Allocation of Land to 
Industries" map to the "Final Allocation to Best Use Industries" to see how land was 
allocated. 

Question 25 asks subjects to first rate the plausibility of the solution and then expand 
upon and explain their rating. It was of interest to compare the ratings to how well the 
subjects understood the land allocation problem and its solution as evidenced by their 
scores. 

SPECIAL IMAGES 
The "Slope" and "Aspect" maps are not part of the land allocation problem, but are 

characteristic of some of the images commonly produced by man y GIS. As suc h, they 
were included in this study to see how well the map users understood the concepts. 
Question 26 is a multiple choice question which asks for a definition of the concept 
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'aspect*. The range of answers covers many of the possible ways of interpnting aspect. 
As the subjects could answer comctly by reading the legend carehilly, Questions 27A and 
27B were included and structured as short answer questions to require the subjects to 

expand on the definition and illushate k i r  understanding of the term. 
Question 28 for the slope map is similar to Question 26 for the "Aspect" map. For 

both questions. subjects are requestd to select as many terms as they think apply to each 
map which will determine how well they understand the concepts shown. Question 29 
requires the visualization of a 3D fonn from a 2D siope map. The subjects had been 
shown the DEM previously. so their answers cannot be fm of that bias. However. this 
question works together with Question 28 in eliciting the subjects* knowledge of slope. 

SELECTION OF THE SUBJECTS 
Sampling Methods 

The sampiing techniques used for the non-experienced subjects and the experienced 
subjects differed substantially. The non-experienced subjects were sarnpled primarily fiom 
the undergraduate student population of the University of Calgary. This sarnple group was 
deemed to possess suff~ciently the characteristics of non-experienced GIS users required 
for the research in that they had an adequate, relatively homogeneous level of education 
required for the tasks. A sample pool was obtained by asking for participants from a wide 
range of faculties and departments and offering a payment for their time. The requirement 
of having no experience with GIS or cornputer mapping was stressed. From this sarnple 
pool, an equal number of males and females were randomly selected and, within each 
gender group, the subjects were randomly assigned the pnnter images or the screen 
photographs to use with the questionnaire. 

The criterion for experienced subjects was that they had had GIS training andlor 
work experience specifically using GIS. It was also explained to potential participants that 
they had to have knowledge of thematic maps. An "experienced" subject was defined (for 
the purposes of this study) as: 1) working in a GISlGeomatia Company. 2) teaching in a 
Geography/Geomatics/Cartography Depamnent, 3) having had coune(s) in GIS and 
experience using GIS other than in course work. Due to the known small size of the 
population. a random sampie was not possible. Unequal numbers of males and females in 
the population of experienced GIS users made it necessary to ignore the pnder variable. 

A large number of GIS companies and individuals in the Calgary area were sent a 

letter describing the project and the amount of time required to complete the questionnaire. 
A large proportion of the GIS users who had responded to this letter and had agmd to take 

part in the research did not follow through with their commitment; therefore. it was 
necessary to put out a cal1 for volunteers across Canada. GIS users in Geography or 
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Cartography Departments at a number of universities and colleges across Canada were sent 
a letter requesting theu participation. Papent  was not offered to ther participants. 

Subjects' Characteristics 
NON-EXPERIENCED SUB JECTS 

A toial of 204 non-experienced subrcts with equal number of males and females 
were seiected from the sample pool. Table 3.2 shows the age distribution for both gender 
groups. The modal age was 18-22 years. The mean age was 23.03 Yeats, wiih a standard 
deviation of 5.83 years. The distribution was skewed towards the lowest age groups. 
Sixty-two percent of these subjects were between the ages of 18-22 yem; 21 1 were 

between the ages of 23-27 years, foi a totai of 83.3% of the subjects king between the 
ages of 18-27 years. The age distributions were comparable for the two gender groups. 

There were no conelations ktween the non-experienced subjects' scores on the Map 
Group questions (see Table 3.8 for an explanation of the question groups) and their ages. 
The Spearman's rank conelation coefficients varied from 0.029 to 0.097 for the seven 
questions groups. Within each age group, the subjects were equally divided between those 
who used the printer maps and those who used the screen photograph images. 

Most of the subjects in the pool were sampled from the undergraduate student 
population. The nmaining subjects were graduate students, unclassified students, staff 
rnembers and those who did not report their year of study. Table 3.3 shows the 
distribution of the subjects (who reported ihis information) by year of study. Within the 
undergraduate years, the proportion of subjects was essentially equal; this baiance was also 
seen within the gender groups, dthough the highest proportion of males were in first year 
while the higher proportions of females were in the third and fourth years of study. 

EXPERIENCED SUBJECTS 
The majority of the experienced subjects (both males and females) belonged to the 

28-32 years age group (33.3%) with another 19.7% of the subjects in the 23-27 years age 
group. Table 3.4 shows the age distribution of the experienced subjects. The mean age 
was 3 1.59 years with a standard deviation of 7.60 years. The distribution was near- 
normal. . 

The last page of the questionnaire asked the subjects to indicate the number of GIS 
courses and/or the amount of GIS working experience they had (see Appendix D). The 
options under the "courses" were: none, one, two, or more than two courses; the options 
under the "work experience" were: none, less than one year, 1-3 years, or more than 3 
years experience. Of the total of 66 experienced subjects, 38 (or 57.796) had taken two or 
more GIS courses and had work experience as well. Many had work experience but no 
formal courses. The total amount of experience did not Vary substantially between the 



Table 3.2 Non-experienced Subject Group Age Structure 

Age Group Females Males Total 
Years N Percent N Percent N Percent 

18-22 
23-27 
28-32 
33-37 
38-42 
43-47 
48 and over 
Not stated 

Total 

local GIS users and those in the post-secondary institutions. The local subjects tended to 
have more work experience (in ternis of the number of years) and the out-of-tom subjects 
had more courses. No specific data were available on the types of GIS work experience 
the subjects had. Most of the local subjects were tested with screen photo images (27 out 
of 32), while most of the out-of-town subjects were given printer images (26 out of 34) 
due to the logistical and time problems encountered during @e sampling and testing phases 
of the study. 

The experience levels were quantified as six experience levels (see Table 3.5) to test 
the relationships between the amount of experience, the ages and the subjects' rnap 
question scores. Tests of multiple regression were perfomed using the subjects' scores 
for each of the map question groups as the dependent variable and their ages and 
experience leveis as the independent variables. Neither the experience nor age levels were 

correlated with the subjects' scores. The probabilities that experience levels were not 
correlated with the scores ranged €rom 0.06 (for the question group "Special Images") to 

0.88; the probabilities that age levels were not correlated with the scores ranged from 0.1 1 
to 0.98. The Coefficients of Detemination (R Squared) ranged from 0.0004 to 0.056 
which indicated that the variations in the two variables, age and experience. explained very 
little of the total variation in the scores within the experienced su bject grou p. Thenfore. 
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Table 3.3 Non-experienced SubpCt Group Education Levels 

Year of Study Fernales Mates Totd 
N Percent N Percent N Percent 

Fit 17 16.7 26 25.5 43 21.1 
Second 17 16.7 19 18.6 36 17.7 
Thud 24 23.5 19 18.6 43 21.1 
Fowth 24 23.5 13 12.7 37 18.1 
More 4 3 -9 2 2.0 6 2 -9 
Not Stated 16 15.7 23 22.6 39 19.1 

Total 102 102 204 

because of the lack of correlation between the various experience levels and the subjects' 
scores, the experienced subjects were treated as a single group (in tenns of experience 
levels) for the purposes of cornparisons between the experienced groups and the 
appropriate non-experienced groups. 

COLOR DEFICIENT SUB JECTS 
The subjects were asked to state their level of color vision (objective tests of color 
deficiencies were not performed). Seven subPcts of the total of 270 subjects professed to 
have a red-green colour blindness (none professed a blue-yellow colour blindncss): one 
female and six males. Table 3.6 shows the scores of these subjects on Map Group 1. Map 
Group 4 and the Total questionnaue. The three columns on the right in the table list the 
average scores of the FNP. MNC. MW. MEP, and MES groups for each of the map 
groups. The scores for Map Group 1 and Map Group 4 are listed as the images within 
these groups used colors of red andlor green. The scores of most of these subjects were 
not greatly different than the average scores of the subjects with normal colour vision of 
the same gender, experience level and output type. In fact. five out of the seven sub- 
obtained higher than the average Total scores for their subject group and they scored near 
or above the subject group averages for the Map Group 1 and Map Group 4 scores. Two 

of the subjects (MNC 7 and MW 14) scored very low compared to the average for theu 
subject group. A close examination of their scores within the Map Groups showed that 
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Table 3.4 Experienced Subject Group Age Structure 

Age Group Females Maies TotaI 
Years N Percent N Percent N Percent 

18-22 1 7.1 
23-27 4 28.6 
28-32 6 42.9 
33-37 O O 
3842 3 21.4 
43-47 O O 
48 and over O O 

Total 14 

both subjects did very poorly on the entire questionnaire, even on those questions which 
were not dependent on color differentiation. Since their general poor performance was not 
the result of the subjects' requinng colour differentiation. there was no basis for the 
exclusion of these subjects. 

Subject Groups 
Within each expenence group, the subjects were grouped (see Table 3.7) according 

to gender and within each gender group. they were grouped into those who used the 
printer images, those who used the scmn photographs, and those who used the computer 
screen images. 

The Level One subject groups were differemtiated on al1 three variables: gender, 
expenence level and output type. The subject groups were then identified using letter 
codes: M-Male. F-Female, N=Non-experienced. E-Experienced, P-Printer output, 
S-Screen output. C-Computer output. For exarnple, MNP denotes the Male, Non- 
experienced. Printer output subjects. These codes wilt be used throughout the remainder 
of the dissertation. The Level Two groups were fonned by cornbining the gender variable 
for the fim set. the output variable for the second, and the experience variable for the third. 
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Table 3.5 Experienced Subject Gmup GIS Experience Levels 

Experience Level Fernales Males Total 
Level Courses/Years FEP FES MEP MES N Percent 

Total 

TESTING 
The testing of the main study subjects at the University was performed in a 

conference rmm under fluorescent lighting conditions and under supervision. They were 
usually tested in small groups (4-1 2 subjects). The subjects were not timed as this was not 
a test of memory and it was important that they complete the questionnaire. The images, 
whether on paper or on the cornputer screen, were viewed one at a timc and the subjecu 
were allowed to Nm back to any previously seen image if they wished. 

A testing time was assigned to each selected participant Any participant who did not 
arrive for his first appointment was given a second oppominity to cornplete the test. A 
volunteer who had not taken the test by the end of the second appointment was deleted 
from the sarnple pool and the next random-ordered volunteer was selected. 
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Table 3.6 Color Deficient Subjects Scores 

Subject Group 1 Group 4 Total Group Average Scores 
Score Score Score Group 1 Group 4 Total 

FNP 33 6.50 S. 1 O 25.18 5.46 5.35 20.39 
MNC 7 5.50 6.00 27.47 5.54 6.04 24.58 
MNC 14 3.00 4.59 13.99 5.54 6.04 24.58 
MJW 98 3 .O0 2.60 14.18 5.86 5.54 23-35 
MEP 53 6.25 10.30 3 1.90 6.59 7.03 28.16 
MES 30 6 . 0  7.80 29.67 5.84 6.50 26.78 
MES 46 7 .50 7.30 32.80 5.84 6.50 26.78 

The experienced s u b m  were given or mailed the questionnaire and a map set and 
they completed the questionnaire at their location and retumed the materials to the 
researcher when they had completed the tasks. A deiailed instruction sheet was included 
which copied the instructions which were given to the non-experienced su bjects tested at 
the University. It was not possible to control the test environment under which the 
experienced subjects completed their questionnaires. 

DATA ANALYSIS 
The questionnaire answers were analyzed by comparing and contrasting the types of 

answers and by a statistical analysis of the scores obtained by the subjects for questions of 
the individual map groups, the environmental portion of the questionnaire and the entire 
questionnaire. 

The first type of analysis was concerned with the type and variety of the answers, 
rather than their degree of correctness. An analysis of the incorrect answers can give 
insight into the misunderstandings of the sub$cts and into their cognitive processes. The 
data were the answers for each multiple choice question and the subjects' range of answen 
for each short answer question, al1 of which were coded and tabulated. In this way. the 
answers for a particularquestion could be compared and contrasted among the subjects as 
the data for the individual questions were not suitable for statistical analysis. Many of 
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Table 3.7 Subject Group Designaiions and Sample Sizes 

Level One 
GENDER 

mem Female (F) 
EXPERENCE: No(N) (El No 0 yes (El 

OUTPUT 
Rinter (P) MNP (40) MEP (25) FNP (39) FEP (10) 
Screen Photo (S) MNS (41) MES (27) FNS (42) FES (4) 
Computer Screen (C) MNC (21 ) - FNC (21) - 

Level Two (Gender Variable Combined) 
EXPERIENCE No Yes 

OUTPUT 
Pcinter Np (79) EP (35) 
Screen Photo NS (83) (3)) 
Compu ter Screen NC (42) - 

Level Two (Output Variable Combined - cornputer output not included) 
EXPERIENCE No Yes 

GENDER 
Male MN (81) ME (52) 
F e d e  FN (81) FE (14) 

Level Two (Experience Variabie Combined) 
OUTPUT Printer Screen Photo 

GENDER 
Male na' (65) MS (68) 
Fernale Fp (49) FS (46) 

these options' frequencies were very low or zero and. therefore. would have made a Chi- 
squareci statistic umliable. 

The answers to the open-ended questions were grouped into classes based on the 
similarity of the responses within each group and the cognitive differences between the 
answer groups. The range of answers seldom exceeded five categories which were more 
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or less similar depending on the individual question. Some answer classes were 
essentially equally correct, but coded differently to d e c t  different wordings or different 
underlying cognition. For example, answers A and B for Question 2 1 are worded 
differently but are equally correct. The answers were given letter codes at the time of 
analysis only for the purpose of identification. The differences in coding show how many 
subjects mentioned the factor values and how many mentioned the colours of the suitable 
cells. nie codings are, of necessity, subjective. 

Individual Subjects9 Scores 
To provide the data needed for statistical analyses, a sconng method was used which 

gave each subject a 'grade' for an individual question. The short answer question codes 
were assigned scores of '1 * for a totally correct answer and '0' for a totally incorrect 
answer and scores between 'O* and ' 1 ' for partially comct answers, if those applied to a 
pariicular question. Al1 short answer questions except Question 8 have a highest possible 
score of ' 1 '; Question 8 is worth three points. The short answer questions, the answer 
codes and the points given for each answer code are discussed in the Cognitive Analysis 
chapter. 

The multiple choice questions were scored with two difFerent methods depending on 
whether only one answer was allowed or multiple answers were requested. The single 
answer questions are wonh one point for the correct answer and zero points for the 
incorrect answer. There is no degree of correctness and therefore no partial points. These 
areQuestions IA, 1B, 2, 3A, 4B, 6, 7, 10, 12, ISA, 15B. 16, 18, 23A, 23B, and24 
Questions for which multiple answen were allowed required a scoring method which 
penalized the respondent for guessing. Without such a penalty, those who selected d l  the 
options would, of course, select the one or more correct answers. but that cannot be 
attributed to knowledge. A simple 'right' minus 'wrong' f k u l a  inflicts a severe penalty 
in that only one incorrect answer negates a correct answer. The following formula was 
devised which is not as severe: a score of 'O* occurs if d l  the options are selected, Le. ali 

the correct options and al1 the incorrect options as well, or if the correct responses wew 
chosen in the same proportion as the incomct answers: 

(m - wmw) 
whcre: C - number of correct answers setected 

TPC - total possible correct 
W - number of incorrect answers selected 
TPW - totai possible incorrect 

Assuming the question has one correct answer out of eight possible options and the 
subject picks the one correct answer and one incorrect answer, hidher score would be 1 
minus 118 or 0.875. The result can be multiplied by a weighting factor to reflect the 
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number of correct answers possible; for example. Question 19 has three correct answers 
and the maximum score was set at three by multiplying the formula result by that factor. 
Negative scores are possible if proportionately more incorrect choices are selected than 
comct ones. For this study, it was decided to limit the lowest possible score for thes 
types of questions to zero. rather than penalizing the subject unduly by using negative 
scores. The questions in this category are Questions 3B, 4A, 9, 13, 19.26, and 28. 

Two of the questions required the subjects to rank the factors in terms of importance 
(Questions 17 and 20). One point was given for every comct ranlüng and then the totai 
number of points for each question was divided by the total number of factors to be ranked 
to bring the final score to a maximum of one point. Question 25 was not scored as the 
answen reflected the subjects' opinions on the plausibility of the solution and the answers 
could not be defined as 'cornct' or 'incorrect'. The question was included only to obtain 
information. 

Subjects Groups' Scores 
The subjects' scores for the individual questions were sumrned to obtain their scores 

for the Map Groups 1 to 4. the Special Images Group. the environmentai portion subtotai 
(called 'Environ') and the Grand Total. These scores were then grouped io obtain the 
subject groups' scores for each of the map question classes. Table 3.8 shows the rnap 
groups. the questions included in each group and the maximum possible score for each 
map group. The Environ subtotal is the sum of Groups 1,2,3, and 4. The Grand Total is 
the sum of the Environ and the Special Images scores. These data were used in the 
subsequent statistical analyses. Statistical analyses were not performed on the group 
means on the individual questions as the distributions of the scores within the subject 
groups were essentidl y discrete and not necessaril y normal. 

Statistical Tests 
Each Level One and Two subject groups' scores were tested using the Lilliefors and 

Levene tests within the SPSS for Windows V6.1 statistical program. The Lilliefors test 
for nonnality is a variation of the Kolmogorov-Smimov test used when the population 
means and variances are unknown and must be estimated. The Levene test is a test of 
homogeneity of variance which is not as dependent on the data coming from nomal 
populations as is the F-test The F-test was performed also on pairs of means where the 
sample distributions were normal. Al1 the distributions were checked for the presence of 
extreme outiiers (defined as those which lie more than plus or minus 3.29 Z scores from 
the mean); none were found (Tabachnick and Fidell, 1996). One-way ANOVAs were 
performed whenever the assumptions of these tests were met; othenvise t-tests andfor 
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Table 3.8 Map Question Grwping and Scoring 

Question Group Questions No. of Maximum 
Questions Score 

ENVIRON Q1A - Q24 29 35.0 

Group 1 QIA - Q4% 7 9.0 
Group 2 Q5 -Qs 4 6 .O 

Group 3 @ -Q15B 8 8 .O 
GCOUP 4 416  - Q24 10 12.0 

SPEClAL IMAGES Q26 - Q29 5 5 .O 

GRANDTOTAL QIA - Q29 34 40.0 

Mann-Whitney tests were used. 
Although the use of t h e  independent variables should require the use of three-way 

Factorial Analyses of Variance (F-ANOVAs) or a three-way Factorial Multivariate Anaiysis 
of Variance (F-MANOVA). the very low sarnple sizes of the FES and FEP groups, the 
non-normal distributions of some of the dependent variables. and the heterogeneity of 
some of the dependent variable variances precluded mnning these tests (see Tabachnick 
and Fidell. 1996 for the assumptions of these tests). 

A three-way factorial design will give significance levels for the main effects, Le. the 
output (P vs S). gender (M vs F) and experience levels (N vs E) variables. the two-way 
interactions (output by gender, experience by gender, and output by experience and a 
three-way interaction (output by gender by experience) while partitioning the overall 
variation among the scores among the main effects and interactions. An alternative fom of 
analysis was devised which attempts to compensate for the smail sarnple sizes of the FES 
and FEP gmups by grouping them into the FE group which had a sarnple size of 1 4. 

The twelve Level Two groups were fonned to run t h e  two-way F-ANOVAs (each 
on four Level Two groups) which will detemine the presence of any two-way 
interactions. Also, each two-way F-ANOVA will provide significant levels for two of the 
three independent variables; as three of these F-ANOVAs were performed on each 
dependent variable, two values for each main effect were obtained. These values may 
differ due to the different amounts of variation, and different partitioning of the variation, 
between the two sets of Level Two groups which can produce the sarne main effect. 'Ihe 



52 
levels of the main effects in these analyses are affected by the other variable which is 
ignoced by the combination of the Level One groups. 

Simple ANOVAs were perfomed on the three sets of Level Two groups. using a 
number of pst-hoc multiple cornparison tests and adjustments (Tukey B. Tukey HSD. 
Scheflé and Bonferroni), on the scores which had normal distributions and homogeneous 
variances to test whether the means corne fiom the same population. The Mann-Whitney 
test was perfomed on pairs of means where one or both showed non-normal distributions 
ancilor heterogeneous variances. The analyses of the means of the Level Two groups 
enabled comparisons to be made bclwem the Fernale. Experienced groups and the others 
which could not be done at the Level One groupings. 

The investigation of the differences between the means of al1 of the Level One groups 
was required to obtain the measures of the effects of the output, gender. or experience 
variables separately, without the influence of the other variables or any possible 
interactions since the use of three-way F-ANOVAs was not feasible. The analysis of the 
diffemnces among the Level One groups will give more accurate estimations of the separate 
effects of the output, gender and experience variables than the F-ANOVA analyses of the 
Level Two groups. The Level One groups' means were compared using ANOVAs, 
Student's t-tests or Mann-Whitney tests. Only occasional pairs of distributions were non- 
normal. therefore the Kruskal-Wallis test (the non-parametric equivalent of the ANOVA 
test) was not necessary. 

Two alpha levels were used throughout the statistical analyses: alpha 1 0.05 (the per- 
cornparison Type 1 error rate) and alpha - 0.007 (the original Type 1 emw rate comctwl 
(Bonferroni's) for the increased experiment-wise enor rate). The use of the latter alpha 
level is suggested to compensate for the multiple comparisons which were made 
('I'abachnick and Fidell. 19%) and it is derived by dividing the overail desired alpha level 
of 0.050 by the number of comparisons made (in this case. 7) (Howell. 1982). 

Discriminant Function Analysis was also c h e d  out to investigate the relationships 
among the five main dependent variables (as a group) and the subject groups. The results 
showed the amount of influence each dependent variable (the subject groups' scores on 
each of the Map Groups) had on the discriminant hinctions which best separate the subject 
groups in question. 

HYPOTHESES 
There are three independent variables in this study: output type (printer images or 

screen photographs). experience level (no experiencdexperience with GIS), and gender. 
The literature has shown that the direction of the differences on any of these variables 
cannot be predicted, that is. experience is expected to result in higher scores. but it is not 
known a priori on which map use tasks or on which map types this difference will appear. 
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Similarly, gender differences on cartographie tasks have k e n  inconciusive. GIS screen 
venus printer images have not been extensively tested and the differences between the 
scores due to the two types of images may noi be present and the direction of the 
differences cannot be pndicted. 

Therefore, dl of the hypotheses will be worded as nul1 hypotheses which wiil test 

for differences in either direction (Le. al1 will use two-tailed tests). 

HYPOTKESIS ONE 
The fiat variable is the output type. Each subject used either the printer image or the 

photograph of the scmn to complete the questionnaim. There are two parts to this 
hypothesis: 

A) The subjects' test scores do not differ signifcantly depending on the output 
type, while controlling for the gender level and experience variables. 
The Level One subject groups which were compared are: MNP vs MNS. 
FNP vs FNS, MEP vs MES, and FEP vs FES. 

B) The subjects' test scores do not differ significantly depending on the output 
type, while ignoring first the gender level variable and then the experience 
variable. 
The Level Two subject groups which were compared are: NP vs NS, EP vs 
ES, MP vs MS, and FP vs FS 

HYPOTHESIS TWO 
The second variable is gender and there are also two parts to this hypothesis: 

A) The subjects' test scores do not differ significantly depending on the gender of 
the subject, while controlling for the output level and experience variables. 
The Level One subject groups which were compared are: M W  vs FNP, 
MNS vs FNS, MEP vs FEP, and MES vs ES. 

B) The subjects' test scores do not difier sipificantly depending on the gender of 
the subject, while ignoring first the output level variable and then the 
experience variable. 
The Level Two subject groups which were compared are: MN vs FN, ME 
vs FE; MP vs FP, and MS vs FS. 

HYPOTHESIS THREE 
The final variable is the experience level of the subject. This hypothesis has three 

parts: 
A) The subpcts' test scores do not differ significantly depending on the experience 

level of the subject, while controlling for the gender and output variables. 
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The Level Om subject groups which were compared are: MNP vs MEP, 
FNP vs FEP, MNS vs MES, and FNS vs FES. 

B) The subjects' test scores do not differ significantiy depending on the experience 
level of the subject. whiie fmt ignoring the gender variable and then the 
output variable. 
The Level Two subject groups which were compared are: NP vs EP, and 
NS vs ES; MN vs ME, FN vs FE. 

HYPOTHESIS FOUR 
As there are t h e  independent variables, there can be three different two-way 

interactions: output by gender, gender by experience, and experience by output. 
Hypothesis Four has four parts: 

A) There is no significant interaction between the gender and the output variables. 
The Levei Two subject groups which were compared are: MP, MS, FP and 
FS . 

B) There is no significant interaction between the gender and the experience 
variables. 
The Level Two subject groups which were compared are: MN, FN, ME 
and FE. 

C) There is no significant interaction between the experience and the output 
variables. 
The Level Two subject groups which were cornpared are: NP, NS. EP and 
ES. 

SUMMARY 
The purpose of this research is to determine if and how GIS images are understood 

by map readers and how subjects' understanding differs between experienced and non- 
experienced subjects, between males and fernales, and between those using screen 
photographs and those using printer output. 

A real world land allocation pmblem was used as the basis for the test images and the 
test questions. Twenty-one images. ranging from a Location map to the final land 
allocation map, provided examples of the types of images commonly produced with a 
Geographic Information System in the solution of such problems. A dope map and an 
aspect map were also included in the map use study. 

The images were produced using the Idrisi Geographic Analysis System and 
transferred to the illustration program 'Freehand 3.1 ' on the Macintosh platforni for the 
screen display and the production of the screen photographs and the printer images. The 
photographs and the printer maps were reproduced to identical specifications, copied and 



55 
bound as map sets. A ten page questionnaire containing 29 questions was designed to test 

the subjects' understanding of the images. The questionnaire included a variety of map use 
mks. some in a multiple-choice format and others in the openended question format. 

For the main study. 162 subjects without GIS or cartography training or experience 
were randornl y selected from the undergraduate student population at the Univeai ty of 
Calgary. S ixty -six experienced su bjects were sampled from the GIS professional 
community in Calgary and from Geography or  Cartography Departments at a number of 
pst-secondary institutions across Canada The subjects were divided into two groups on 
the basis of gender. within these groups. they were hirther divided into two groups on the 
basis of having some or no experience. Al1 were then grouped into those using either the 
printer image or the screcn photo rnap set. 

Each subject' s answers were classified on the basis of general answer types. The 
frequencies of the answer categories for each question were recorded for the cognitive 
analysis. The answer codes were then scored and the subject groups' scores for the 
various rnap types were prepared for statistical analysis using parametric and non- 
parametric tests of means. The groups' scores were compared to determine if there were 
differences between them on the basis of gender, output type or experience level or if there 

were interactions between the independent variables. The relationships among the scores 
of five of the sections of the questionnaire (Map Groups 1-4 and Special Images) were 
examined using Discriminant Function Analysis. 



CHAPTER FOUR: COGNITIVE ANALYSIS 

INTRODUCTION 
This cesearch is designed to discover if, and how well. Geographic Infornation 

Systems' images are understood by non-experienced and experienced users. Two types of 
anaiysis were performed: a cognitive analysis and a statistical analysis. A cognitive 
analysis of the range and types of answers is of interest in that it provides insight into the 
ways in which the images (and questions) were understood and. more importantly, 
misunderstood. The answers can also be coded and scored and the scores of the various 
groups of subjects compared statistically. The statistical analgsis results are reported in 
Chapter 7. The insights gained in the cognitive analysis will be used to clarify the 
differences found between the subject groups in the statistical analysis. 

The questions are reproduced hem exactly as they appeared in the questionnaire. Ail 

of the multiple choice questions provided a 'donTt know' option and space for the 
respondents CO write in an optional answer if they did not like any of the choices (these 
were coded as '0' for 'other'). The numkr of subjects who chose each option are given 
in the text and the correct answen are indicated with an asterisk. For this analysis, the 228 
subjects of the main study were not grouped on the basis of gender, experience level or 
output type. 

The questions were grouped on the basis of map types for the subsequent statistical 
analysis. Map Group 1 includes the Digital Elevation Model, the Location map. the 
LanduseILandcover map and the Soi1 type map. Map Group 2 is made up of the thRe 
constraint maps. The six factor maps are grouped into Map Group 3 and Map Group 4 
includes al1 the suitability and ailocation maps. Question 25 is based on the final allocation 
map, but is not included in Map Group 4 as it is not scored for the purposes of statistical 
analysis. The Special Images Group includes the slope and aspect maps. 

MAP CROUP 1 QUESTIONS 

Kathmandu Valley Elevation 
QUESTIONS IA AND B: 

How would you describe this landscape in rems of physical shape and location of 
the main Iund use vpes? Select the unswer you like best in euch section. 

A)  Physicul Shope: 
5 (A) a gentle roiiing plain throughout the enrire îuea 
7 (B) predomi~ntly rnountains 



213 (C)* aflar vulley bonom surrounded &y high mountains 
2 (D) mny wuter features, for example. lakes und rivers 
1 (X) don't know 
O (0) other 

11) L4nd use Charactenstics: 
119 (A) predoniinmuly urban areas throughout the valley 
14 (B)  predonill01llIy agricultural areas throughovt the vczliey 
5 (C) mountaim are forested 

72 @)* urbmi areas interspersed with agricuitwal areas 
3 0 limited vegetation rhroughour the vulley 
2 ( X )  don't know 

13 (O) other 

These two questions are based on the three-dimensional image of the area. 'Ihe 
questions wenz iniroduced with the following explanation: "North is towards the upper left 
of the image. The relief image is draped with a false colour composite Landsat image, in 
which the urban areas appearas blue and grey, the agriculture areas are light grey (fallow 
and recently planted) and pinkish (young crops), and the fonst areas are bright red." 

The majority of the subjects (93.496) had no problem recognizing the physical shape 
of the landscape from the Digital Elevation Mode1 (DEM) in Question 1 A. Question 1 B 
required the identification and differentiation of the land use classes on the basis of theu 
colours and the estimation of the relative areas of the urban and agicultural classes. More 
of the subjects (52.2%) selected answer 'A' than answered 'D' (3 1.6%). The colours of 
the two categories are very similar. more so on the screen photographs than on the printer 
images. The majority of the 1 3 subjects who gave the 'other' answers selected both 'A' 
and 'C' or 'A' and 'D' although the instructions asked for the one best answer. 

Kathmandu Valley Location Map 
QUESTION 2: 

In which elevation category do the mapriv of urban areas occur? 

This map was designed to introduce the map readers to the Kathmandu Valley using 
a two-dimensional elevation map of the Valley which dso locates the urban areas and the 
river and road networks. The answer was to be chosen from the legend which categorizes 
the elevation into eight classes. The comct answer is 1280-1 379 meters. The vast 
majority of the subjects, 225 out of 228 (98.7%). slected this answer. Only two subpcts 
failed to do this and, rather than picking another elevation ctass, they answered "low 
elevation" and "urban areas". One subject did not give an answer at dl. 
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Kathmandu Valley: Landuse/Landcover Map 
QUESTIONS 3A AND B 

The land use map depicts the twelve land use categories in the Valley. These 12 
categories are grouped into ttnce major classes of land use: Forest, Urban and Agriculture 
and this grouping was introduced to the subjects immediately preceding the questions. 

Question 3A: 
W h t  is the predomimntagricu~turaf land use cafegory of the land area within the 

ring r d  sumounding the Kathmadu u r h  area? 
O (A) katrcs 1 (G) maturewheat 
2 (B) forestlshadow 3 (H) field 
O (C) chilatine O (I) p m r e  
O @) saila/bamboo O (J) mustard 
O (E) wbanareas 53 ( K )  vegetables 
O w h c o r e  146 (L)* young wheat 
4 ( X )  don't know 

19 (0) other 

Question 3A is a two-part task. first the Ring Road areamust be found and then the 
colours within the area must be identified. The correct answer is 'L* (young wheat) and 
64.0% of the subjects could identify this category. Fifty-three (23.2%) subjects selected 
category 'K'. Therefore, 87.256 of the 228 subjects could correctly complete the fmt part 
of the task which was to locate and identiQ an agrkultural land use category within the 
Ring Road surrounding Kathmandu. The second part of the task, colour discrimination, 
proved to be more difficult. Both colours are flesh tones with a subtle difference between 
them; the subtlety increases in the screen photo image compared to the printer image. The 
19 'other' answers included categories which were not agricultural, more than one land use 
category and answers such as "agriculture" and "urban." 

Question 3B: 
Is there any agriculture in the high mountain areas in the Southeast and if so. what 

category or categorïes islare present? 
24 (A) katus 7 3  (G)* mature wheat 
1 7 (B)  forestlshadoow 60 (H) fieid 
9 (C) chilaune 141 O* pasture 

43 (D) sallaf* 38 ( J )  mustard 

1 (E) wbanweas 148 (K)* vegelobles 
1 (F) wban core 1 16 (L)* young wheat 





207 (B)* IBhlR 
O (C) IIBh2st 
O (X) don't know 
O (O) o t k  

O O IIICp 
14 (F)  IVBh 

The predorninant soi1 type around the rivers is IBhlR ('B'). Type IBh 1 ('A*) is also 
located around the rivers but not as often as is soil type IBhl . The soil type IVBh ('F') 
occurs prïmarily in the mountains and its colour is sirnilar to the comct answer 'B'. The 
simi1arity of the colours is greater in the printer images than in the screen photo images. 

This question was comctly answered by 90.8% of the subjects. Of those who made 
errors, 14 selected IVBh which must be attnbuted to error in differentiating the two subtle 
shades of green. The remaining errors reflectedthose who chose lBhl as the most 
common soil type around the rivers. 

MAP CROUP 2 QUESTIONS 
Map Group 2 contains the three constraint maps. The question tasks include feature 

identification, the integration of the three images and the identification of the purpose of a 
consnaint map. The maps were introduced by the following information: ''The Nepaiese 
Govemment officiais have decided on three constraints (restrictions) which will exclude 
certain areas from any future development in either the carpet industry or the agricultural 
industry." 

Slope Constraint Map 
QUESTION 5: 

What do you think Lslare the purpose or purposes of a slope construint map? 
1 15 (A)* 1 pt image shows norilsuitabiiity of (and for development due to 

slopefsteep slopes/slopes greuter than 45 degrees 
25 (B) 0.5 pt image shows nonlsuitability of land, but no indication given as 

to w k t  the constrainr criteriun is 

15 (C) 0.75 pt image shows nonlsuitability of land due to slope but only one 
industry is said to be affected 

6 @) O pt image shows nonhuitabiiity of lad  due to elevation 
10 (E) O pt image shows nodsuitubiliry of land due to any other factor 
36 (F) O pi any other a w e r  not of the above categories 
21 ( X )  Opt don'tknow 

This question tested the subjects' understanding of a Boolean image which 
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categorizes areas as 'yes' or 'no'. Half the subjects (1 15 out of 228) gave an 'A' answer. 
another 40 subjects gave one of two partially correct answers. The partially correct 
answers attributed the consaaùit to oniy one industry or did not mention the characteristic 
which was constrained or which developmenu were constrained. Fully one quarter of the 
subjects (57 out of 228) could not indicate that the map shows non-suitable and suitable 
areas. even if they did not understand what characteristic was suitable or which industry or 
industries the suitability affected. The preamble to this question. which defines a 
consnaint, was appafently not of sufficient help to many of the subjects. 

Ring Road Land Constraint Map 
QUESTION 6: 

What is located in the non-suitable area of this image? Select the one a m e r  you 
think is best. 

9 (A) f a m  199 ) *  &atea 

7 (B) steeply sloped Zan& 2 (E) forests 
2 (C) baliesofwater 
3 ( X )  don't know 6 (O) d e r  

This is a spatial pattern identification problem. The subjects needed to use the 
Landuse/Landcover map to find which land use category best described the unsuitable 
land. The area includes the Urban c m ,  Urban areas, agriculture (vegetables, young wheat 
and pasture) and katus. so the subjects must select the answer which best describes the 
land use. The 'urban area' option was chosen by 199 out of 228 subjects (87.3%). There 
is agriculaual land use within the Ring Road ana, but the= is no information on whether 
that land use includes f m s .  The 'other' answers included multiple answen. "roads" and 
"river valley". 

Landuse Constraint Map 
QUESTION 7: 

What is the land use cutegory or îype of the lands clarsified as suitable for future 
developnent? Select the best a m e r  in your opinion. 

140 (A)* agrîcul~allhnd 16 @) landnear r d  
13 (B)  urbanland 6 (E) landnearwaîer 
13 (C) forested l a d  
24 ( X )  don't know 16 (O) other 

Question 7 is similar to Question 6 in that the land use category of the land classes as 
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'suitable' must be identified. The Mue coloured areas must be located on the 
LanduseRandcover Map and the land use categories identitied. The areas are smallerthan 
the ana to be identified in the previous question. so it is expected that this question will 
prove more difficult than Question 6. 

The comct answer is 'agriculanal land' ('A') and 140 subjects (6 1.4%) selected this 
option. This question was not answered as well as was Question 6. which supports the 
supposition that this question was more difficult. Answer 'D' (iand nearroads) was often 
picked by those making emrs  as were answers 'Bq (urban land). 'C' (foiested land) and 
'E' (land near water). Forty subpcts answered 'don't know' or some 'other' option. The 
'other' answers tended to give multiple options or use the terms 'elevation' or 
'mountainous areas' to describe the suitabie land. These subjects may have used their 
general knowledge of land characteristics to determine the suitability of land rather ihan 
only the land use information available to them from the original data 

QUESTION 8 
Refer to al1 three constmint nuips to amver the folfowin question. 
List ail the characteristics of a parcel of Land in this valley which would make ir 

unsuitaMe forficnre deyelopment. 
sfope tw steeplsevere (uny mention of sfope gained the point) 
lond inside the Ring R d  aren or within the major urban area 
Iand rwt cummtfy ogriculrvre 
forested land 
existing agricu~turui Imd 
existing developrnent/ur&nlpopulation areas 
near u~n/settlementlpopularion areas 
not neor urbanlsettlement/'pulation areas 
neur fociLities: roods. power or water 
not near facilities: r d ,  pwer or water 
elevation, nuiuntains. rough terrain 
suil condilions: p r  quaiity. dmiinage problents, Pooding 
my d e r  answer 
don't know 

The task was to integrate al1 three constraint maps and to understand that if any of the 
three constraints apply to a particular area of land then that piece of iand becomes excluded 
from further consideration for future development. The subjects must identify which 
characteristic is unsuitable in each constraint map and then list them. The unsuitable 
characteristics are not always explicitly given in the previous three questions. 
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There are three comct answers, 'A', 'B' and 'C'. A total of 632 answers were 

given, or an averageof 2.8 answers per person. Answer 'A', the constraint of steep slope 
( p a t e r  than 45 degrees), was selected by almost al1 the subjects. The more generai 
answer 'KT (mountainous, etc.) was also a cornmon selection. The subjects may have 
understood the slope constraint on a more general level or used general knowledge to 
answer this. The next correcianswer ('B') identified the unsuitable anas in the Ring Road 
Land Constraint Map as king urban land located within the Ring Road area. Many 
subjects understood that urban areas or existing developed ateas were unsuitable (note 
large number selecting option F), but did not see the significance of the location within the 
Ring Road. 

The third comct answer identified any land which is not agriculture (in the land use 
Constraint Map) as unsuitable. This is the logical opposite of agricultural land being the 
suitable areas. The answer most often given was that forested land was not suitable 
(option D). The majonty of subjects failed to see the required logical opposite, this in spite 
of the number of subjects who identified agriculhual land as king suitable in Question 7. 

A wide variety of other answers, dl reptesenting the subjects' guesses as to what 
might cause land to be unsuitable for development, were given. These latter answers 
indicated a lack of understanding of which constraints had been selected by tbe pmject 
officials. 

MAP GROUP 3 QUESTIONS 
This group of map questions is based on the six factor maps. The questions include 

legend reading tasks, spatial pattern identification tasks, cornparisons of spatial patterns 
and questions probing the understanding of the concept of assigning factor values to 
characteristics and probing the understanding of a cost-surface and a distance map. 

The following information was given to the subjects at the head of this section: 'nie 
Nepalese oficials decided the major land characteristics affecthg the suitability of land for 
the carpet industry are proximity to water, roads, power and market and the degree of 
slope of the land. The characteristics affecthg the agricultural suitability of the land are 
proximity to water and market. the degree of dope and the soi1 capability. These 
characteristics are expressed as factors with values ranging frorn 0-255 (the range is 
arbitmy )." 

Proximity to Rivers Factor Map 
QUESTION 9: 

For any pat-iicuitw parcel of land. what detemines the v&e arsigned to it? Select as 
ntany as you think apply. 
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21 (A) elevation a h v e  sea level 64 (E) siope of the land 

2 1 7 (B)* distunce to nearest river 18 0 populorion densiiy 
52 (C) availcbilily ofpower 41 (G) distance fian neorest ci- 
48 @) distance tonearestrd 
4 ( X )  don'thow 6 (0) other 

This task required the subjects to understand the map title and legend and to 

understand what characteristic of the land is king depicted in this image. The wording of 
the question was designed to find al1 the land charactenstics the subjects thought influenced 
a map which was clearly labelleci 'Rpxirnity to Rivers Factor Map'. 

The subjects chose a total of 471 answers. or an average of 2.1 answers per person. 
There is oniy one correct answer. 'distance to nearest river* ('B*). The majonty of subjects 
selected this answer (217 out of 228 or 95.2%). whether they chose only one answer or 
many. The answers 'E* (slope of the land), 'C* (availability of power), 'D' ( distance to 
the nearest road) and then 'G* (distance frorn the nearest city) were often chosen dong 
with 'distance to nearest river*. The 'other* answers included: 'soi1 capacity*. 'tourist 
industry potential*, 'distance from water source*. and 'lowest points in the watersbed'. 
The subjects choosing these 'other* answers appamtly answered on the basis of theû 
general knowledge of which charactenstics might make a parcel of land suitable for 
development rather than using only the information in the map. 

QUESTION 10: 
What factor value cutegory (chss) is given to land which is most suitable for the 

future industries in terms of the proximity to the rivets? 
1 (A) 0-31 2 (E) 128- 1.59 
2 (B) 32 -63 4 (F)' 160-191 
O (C) 64 95 2 (G) 192 -223 
1 @) W-127 194 (H)* 224 - 255 

16 (X) don'rknow 
6 (0) other 

This question. which also uses the Roximity to Rivers Factor Map. was designed to 

test whether the subjects can understand that a factor value of 224-255 (answer 'H*) was 
assigned to the most suitable land characteristic. This knowledge was needed to answer 
later questions. 

This question was correctly answered by 85.1 % of the subjects. Very few of the 
other categones were selected indicating that most understood that the highest factor value 
signified the most suitable. or best in ternis of the characteristics being depicted. The 
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answer chosen by those who did not pick 'H* was usually 'don't know'. The 'other' 
answers included "it doesn't Say which is most suitable, it just gives proximities", 
"suitable". "farming" and "'distance to nearest river". These answers may show an 
inability to understand the concept of assigning a value to the suitability of a characteristic. 

Proximity to Power and Proximity to Roads Factor Maps 
QUESTION 11: 

The "Proxiniry to Power" map is very similar to the "Proximity to Roads" map. 
Pieuse explain why this might be su. 

157 (A)* 1 pt power lines fohw (sonte) roa&/share the sme comdor 
24 (B) 0.5 pt 104dS and power service the same centres of popuiation or 

source of power or are equally Mected by settlement patterns. 
ïïtere is no indication of sharing the same corridor. 

1 2 (C) 0.5 pt h t h  services are eqvnlly @cted by infiastructure. terrain. 
induse , access, rivers, etc. 

6 @) O pt both m p s  show similar colours, pattern or factor s c h e  
24 (E) O pt some otheraltswers 

5 (X) Opt don'tknow 

Here the subjects had to compare and contrast two images with very similar spatial 
pattems. This question is not pertinent to the land allocation problem; rather, it was 
designed to test the subjects' abilities to compare spatial pattems and then explain the 
similarity. The simplest answer, and the one most commonly selected (by 68.9% of the 
subjects), is answer 'A'. Another 36 subjects (15.8%) gave answers which were deemed 
partidiy correct in that they knew that roadways and power lines were equall y affected by 
some econornic or natural chara~teristics, but they did not mention the utiiities' use of the 
same corridor. Knowledge about the construction of puwer lines in relation to roadways is 
not necessary to answer this question; al1 that is required is to see that the Proximity to 
Power Factor Map was created by locating the power lines dong the (major) roads from 
the previous map. Few subjects gave this answer; most who gave an answer of the 
general type 'A' said the utilities s h e d  the sarne comdor and mentioned the economic and 
other advantages to building power lines dong roadway comdors as well. 

Proximity to Market Site Factor Map 
QUESTION 12: 

Where is the market located? Select the best option. 
2 (A) pointA 196 @)* point D 



2 (B) point B 
7 (C) pointC 

17 ( X )  don'tknow 

This question on the cost-surface image was designed to determine whether subjects 
can locate the visual centre of the spatial pattern depicting the cost of travel fiom the market 
site. Knowledge of the construction of a cost-surface map is not necessary. The subpcts 
were given this background information: 'n ie  proxirnity to market is calcuiated by taking 
into account the difficulty of travelling over various types of surfaces. Paved roads are the 
easiea to mvel and so are given a fnction value of 1.0; grave1 and eaah roads are more 
dificult, with a fiction value of 1.5; main trails cost 6.0; local erails cost 8.0 and off-road 
areas cost 10.0 times the effort as main roads." 

A large majority of the subjects (196 out of 228 or 86%) comctly located the market 
site. Most of those who madeerrors chose the answer 'C' or 'don't know*. Answer 'C' 
is O bviously in the phy sicd centre of the map, but it is not the market centre. If those who 
answered 'don't know' were able to see the visuai centre, then possibly these subjects 
were more nlucmt io gwss  if they did not understand whaî a cost surface map was. 

QUESTION 13: 
Whut other component, besides surface type, detemifies the resultant value o f  any 

particular area on the nurp? Select as l ~ n y  ar you t h i '  apply. 
28 (A) elevation above sea level 76 (E) dope athe l a d  
5 1 (B ) distance tu nearest river 1 07 (F) population demity 
7 1 (C) avuilability of power 1 73 (G)* distance fiom the ntcvket 

155 (D) distance to nearest r d  56 ( H )  tm$c 

8 ( X )  don'r h o w  5 (O) other 

This second question dealing with the cost-surface map tested whether the subjects 
know how a cost-sudace image is calculated. The correct answer is 'G' (distance fiom the 

market) and only 'G*. but the subjecu were asked to select as many detemu'nants as ihey 
thought influenced the factor values. The subjects gave a total of 730 answers or an 
average of 3.2 answers per persun. Those subjects selecting only 'D' and 'G' were almost 
correct. but very few did this. Clearly most of the subjects thought many more 
charactenstics besides surface type and distance from the market are used to create this 
cost-surface map. 
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Slope Factor Map 
QUESTION 14: 

Describe (or dmw) the dopes of the lands best suited for future indusmai 
development. 

99 (A)*lpt 
10 (AZ)*lpt 
24 (B) 0.5 pt 

10 (C) Opt 
25 0) 0.25pt 
10 Opt 

fuit or gently sloped land 
jtàt atea with@ctor value of 224-255 
jkzt or gentle siope and sonte other fuctor such 4s promXImity to 
rivers, low elevation, soil conditions 
lo w e levation 
correct factor value (224-255) but no description of slope 
the use of generai knowledge of siope as it pertains to 
industrial devebpment 
any other answer 
don't know 

This question tested whether the subjects could identify the legend category which 
denotes the best suitability (using the knowledge obtained in Question 10) and then, using 
the Digital Elevation Model, describe the slop which has been given a value of 224-255. 

A correct answer describes the siope as flat or slightly sloped, with or without the 
added information of the category king 224-255. Only 47.8% of the subjects gave 
answen in the 'A' or 'A2' code categories. Code 'A2' is the preferredanswer because the 
'best ' factor category is given dong with the description of the slope. Another 49 subjects 
(21.5%) gave answers which were deemed partially correct if some other physical 
characteristic was included or the legendcategory was given without describing the slope. 
Seventy subjects (30.7% of the total number) gave answers which could not be considered 
even paaially correct. The errors included the confusion of slope and elevation and the 
description of general economic and physical characteristics of land suitable for indusaial 
deve lopmen t . 

Soi1 Capability Factor Map 
QUESTIONS 15A AND B 

Both questions tested the subjects' abilities to identify which legend categories are 
applied to the soils in question and then to locate those soil types in relation to the physical 
features of the valley. The subjects were given this background information: The officiais 
decided that the order of soils in ternis of capability for agriculture (from best io least) was 
IBh 1 R, IB h 1. IIBhZst, IIIBh. IIICp, and IVBh. Only six, rather than eight. classes are 
vsed as there are only six different soi1 types." 
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Question 15A: 

Wliere is the IBhIR soil type genemlly located? Select the besr answer in your 
opinion. 

2 (A) on the high nwuntain slopes 124 @)* along the rivers 
6 1 (B)* in the lower nountuin valleys 27 @) in the urbmr area 

4 (C) in theforested area O (F) on the mountain tops 
4 (X) don'tknow 6 (0) other 

Both 'along the rivers' ('D') and 'in the iower mountain valleys' ('B') were 
considered to be correct. A total of 185 subjects (8 1.1%) chose one of these answen. 
The answer 'in the urban area' was iikely selected because the rnajority of the urban areas 
are in the vailey, o h  dong the rivers. 

This question is very similar to Question 48 in which 90.8% of the subjects selected 
the correct answer. Whether the number selecting answer 'D' (54.4%) or the number 
selecting either 'D' or 'B' in Question 15A is compared to the number of correct answers 
in Question 4B, fewer subjects selected tk comct answer in Question 1 SA. It is possible 
that the subjects who correctly answered Question 4B but not this question could not, or 
did not, discem from the preamble and the legend that the soil type IBhl R had the legend 
class 224-255 (the darkest orange-brown colour). 

Question 1SB: 
Where is the NBh soil ope generally located? Select the best anrwer in your 

opinion. 
1 10 (A)* on the high mountain slopes 2 @) alongthe rivers 

7 ( B )  in the lower mountain valleys 5 (E) in theurbon areo 
24 (C) in the forested area 59 (F)* on the mountain tops 
I I  ( X )  don'tknow 10 (0) other 

If the subjects have understood the legend in Question 1 SA, then the scores should 
be the same if they can locate this soil type as well as they did in the previous question. 
Both answers 'A' and 'F' were considered to be correct and a total of 169 subjects 
(74.1%) chose one of these options. This was a lower percentage than those who 
correctly answered Question 1 SA. A number of subjects selected answer 'C' and while 
there are some forested areas in the mountains, this answer was not considered to be 
correct for the purposes of scoring. There were more 'don't know ' and 'other' answen 
for this question than for the previous one (Question UA). Four of the 'other' 
respondents chose both answers 'A' and 'C': the nmainder located the soil type along the 
rivers which may indicate their misunderstanding of the factor values. 
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This question is similarto Question 4A in which the subjects were asked to identiQ 

the soi1 types in the highlands but the results are not easily compared due to the ciifferences 
in the wording of the questions. 

MAP GROUP 4 QUESTIONS 
This group of questions is based on the suitability and allocation images which depict 

the solution of the land allocation problem. These images combine the information of the 
constraint maps and the factor maps. 

The subjects were given a large amount of background information on the suiîability 
and allocation maps: "The goal of this environmental problem is to allocate 1 500 hectares 
to the carpet industry and 6000 hectares to agicultural use from the available land in the 
valley. To do thh, the GIS finds the k s t  lands for each industry by taking into account 
the factors and constraints as detamimd by the Nepaiese officiais. The land characteristics 
(or factors) do not al1 have equal weight when used to determine the suitability of land for 
either the carpet industry or agriculture. For exarnple, the proximity to roads may be more 
important to development than the proxùnity to the market. The weightings of the factors 
and the constraints (includecVexcluded lands) are combined in a formula to cdculate the 
degree of suitability of land for each industry. The levels of suitability range fiom 0-255." 

Carpet Industry Suitabüity Map 
QUESTION 16: 

Where (geographically) are the most suitable lundi located? Select the best answer in 
your opinion. 

1 (A) in the mountuirwus meas 133 @)* dong the rivers 
15 ( B )  in the wbonareas 1 . (E)  in the forests 
64 (C) next tdoutside of the ring r d  area 

3 ( X )  don'tknow I l  (O) other 

The task was to understand that the most suitable land is depicted by the legend 
category 224-255 (here using the same legend and orientation as the factor maps) and to 
locate that colour category on the images. The comct answer is 'D' (dong the rivers) and 
133 out of 228 subjects (58.3%) selected this answer. Much of the highiy suitable land is 
also located near the Ring Road centre (answer 'C'). but even there the most suitable land 
is dong the rivers. The 'other' answers consisted maiiily of the selection of both 'C' and 
'D'. 
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QUESTION 17: 

The following factors were used in detennining the suitability of land for the corpet 
industry. Please rank the factors jkom most important (1)  to least (5), based on the 
information mailable in the image. 

proxinity to water proximity to r d  
proxhity to power prarimity tu market 
degree of siope 

This question asked the subjects to estimate the ranking of the five factors which 
determineci the suitability ratings. The answers can k obtained by examining this map and 
locating the suitability values in relation to the physicai features. 

The subject groups agreed very well on the rankings. Kendall's Coefficient of 
Concordance (W) on the groups' rankings was 0.92 (the range of W is 0-1 and this value 
is significant at alpha c 0.05). The rankings of the factors 'degree of slope' and 
'proximity to market' were tied. 

The subjects' ranking of the factors is given in the left-hand column; the correct 
ranking is in the colurnn on the nght 

1 - proximity to water 
2 - proximity to roaàs 
3 - proximity to power 
4.5 - degree of slope 
4.5 - proximity to market. 

1 - proximity to water 
2 - proximity to roads 
4 - proximity to power 
5 - degree of slope 
3 - proximity to market 

The subjects correctly ranked the most important factor (proximity to water) and the 
second most important factor (proximity to roads). The importance of the proximity to 
power factor was over-estimated and the importance of the proximity to market factor was 
underes timated. 

Future Carpet Industry Sites Map 
QUESTION 18: 

What do the yellow-shaded areas on this image represent? Pleuse select the &est 

answer in your opinion. 
1 (A) hrgestparcelsof lrurd 205 (D)* best land for carpet industty 

1 1 ( B )  best lund for dl industries 1 (E) already developed land 
7 (C) al1 landfor carpet industry 
1 (X) don'tknow 2 (O) other 
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This is a straighdonuard legend and titlereading task. The subjects had been ofien 

told that the carpet industry was in need of 1500 hectares for future expansion. The 
majority of the subjects (89.9%) answend this question correctly. The selection of 
answea 'B ' @est land for al1 industries) and 'C ' (al1 land for carpet industry) indicates the 
subjects who selected these options 151y did not read the title andfor the legend correctly. 
The nurnberof correct aoswers was somewhat lower than that seen for Question 2 which 
is solely a legend ceading task. 

Agricultural Industry Suitability Map 
QUESTION 19 

Why ore certain areas, located throughuur the map, ossigned a vahe of O? Check 
ALL a m e r s  that you think apply. nese lads  are... 

149 (A)* steeper than 45 degrees 5 i (E) eXLSting agricultural land 
123 ( B )  foresteduea~ 173 O* inside the ring r d  

52 (C)* mt  agricultural I<ud m w  2 (G) outside the ring r d  
7 @) Iess steep than 45 degrees 

I I  (X) don'rknow 35 (0) other 

Three constraints were introduced to the subject with Questions 5 to 8. A piece of 
land which has at least one characteristic which is constrained is eliminated from king 
considered for future development and therefore it receives a value of 'O* on the suitability 
maps. This question gave the subjects another chance at identifying the three constraints 
but in an easier question format (multiple choice rather than short answer) than in Question 
8. The Agriculture Industry Suitability Map is used for Question 19 but the subjects must 
understand that the legend category 'O* denotes non-suitable areas as defined by the 
constrajnts. 

The total number of answers were 603 or an average of 2.6 answers per person. 
This was very similar to the nurnkr of answers (627) and average per person (2.7) seen in 
Question 8. Therefore, on both questions. the subjects tended to give three answers. 
However, compared to Question 8, the three answers they gave were somewhat more 
often correct. The most popular answers were 'A*, 'F*, 'B* (forested areas). These 
answen confimi what was seen in the answers to Question 8: that the logical opposite hot 
agicultural land' was not selected and 'forested areas' was chosen instead. 

There were a relatively large number of 'other' answers. The most common of these 
were answers reiated to urban or developed areas. This answer was the same as answer 
'F* in Question 8 and was the answer given most often for that question. Also given as an 
'other* option were "high elevation" or "mountainous areas". "poor soi1 conditions" or 
"not close to water". These answers were given for Question 8 also, but here. as there. 
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they indicate that general knowledge was used to detennine what characteristics were 

unsuitable rather than an understanding of the specific constraints used in this 
environmenial problern. 

QUESTION 20: 
The following factors were used in detennining the suitobility of laiid for agricultwe. 

P Iease rank the factors jkom most important (1) ro least (4). bused on the infunnation 
uvaihbie in the imoge. 

proximiiy to wafer 
proximity to market 

soi1 cupabifiiry 

- degree of dope 

This is the same type of question as Question 17 but the subjects were asked here to 
rank the four factors which make up the suitability ratings in the Agriculture Industry 
Suitability Map. 

The subject groups agreed very weil on their rankings and. this time, they aiso 
agreed with the actual ranking of the factors which was used to construct the map. The 
correct ranking is: 1) proximity to water, 2) soi1 capability, 3) degree of siope and 4) 
proximity to market. Kendall's Coefficient of Concordance (W) on the groups' rankings 
was 0.96 (the range of W is 0-1 and this value is significant at alpha < 0.0 1 ). The 
subjects were more able to rank the factors correctly in this question than on Question 17. 

Agricultural Industry Suitability Map and Future 
Agricultural Sites Map 

QUESTION 21: 
Compare the Future Agriculturd Sites map to the Agriculture Industry SuitabiIity 

map imediutely preceding it- What information is taken from the Agriculture Industry 
Suitability map io produce the Future Agriculturai Sites m p ?  

(A)* I pt land described by the factor values 224-255 or factor values 
greater thun or equal to 192. or land hoving the highest factors 

(B)* 1 pt the best or most suitable lad for agriculture or the l a d  wirh the 
darkest green Iegend cutegory 

(C) O pt any or ail of the factors used to create the previour map 

@) O pt physical or man-nude features indicated on the o r i g i ~ l  map(s) 
(e.g. roads, rivers, urban areas, etc.) 

(E) O pt any other answer nor of the above categories 
(X) O pt don't know 



73 
Both answers 'A* and 'B' were considered to k correct: 150 out of 228 subjects 

(65.8%) gave shori answers which fit Uito one or the other of these categories. Most w ho 
made mors menly restatecl any or al1 of the factors used to create the Agricultm Industry 
Suitability Map rather than understanding that these factors were combined to produce the 
suitability values and then the highest of these were displayed in the Future Agricultural 
Sites Map (answer code 'C'). 

The answers in category 'E' were those which did not fit into the other categories 
and had no degree of correcmess. Many of these answers expressed the idea that the 
Future Agicultural Sites map illustrated al1 the areas suitable for agriculture rather than 
only the best areas; some suggested the rnap showed the best agricuiturd sites wmbhed 
with the best carpet indusay sites. The remaining answers included "the suitable lands for 
agriculture were omitted and the map shows the other lands" and "nothing was used-a new 
suitability rnap was produced with different weightings." nie answers in this category 
cleariy showed a total iack of understanding of the data manipulation used to create the 
Future Agricultural Sites Map. 

Aiiocrition of Land to Industries Map 
QUESTION 22: 

Why is much of the land that was previously aliocated to the Fume Catpet Indwtry 
now allocated diierently? 

108 (A)*1pt 

44 (BI OPt 

7 (C) o s p t  

7 (D) 0.5 pt 

the Innd is sharedlallocated to both indust~ès or suitable for 
both industries 
the land ii more suituble for agricultwe or agriculture needî 
nwre lunù t h  or is m e  important than the carpet industry 
the îànd is prime agricultwal Iand or is suitable for agriculture 
(no indication of relative importance or whether the previously 
a l l ~ e d  carpet &nd t3 now agricultural land or is aïs0 
ag~cultural land 
the corpet industry lands infinged on the agricultural W or 
were on agnculnual land or in caj ict  with agricuizural lami 
the lnnd is mt allocated differently 
any other a m e r  
don? know 

This question also required the subjects to integrate the information from more than 
one map. Here two images were overlaid and the intersection of the best land for 
agriculture and the best land for the carpet industry was defined as the category labelled 
'both' on the Allocationof Land to Industries Map. The subjects must realize that this 
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category represents land that was suitable for both industries and was. therefore, not 
ailocated to eitber one. They were given the following background information: "'Land 
has now ken separately allocated to the carpet industry and the agriculturai industry. The 
GIS system then compares the Future Carpet Industry Sites map and the Future 
Agriculniral Sites map. Image 18 is the mult of this cornparison." 

The comct answer is an indication that the category 'both' means that the land is 
good for both industries (answer 'A'). Partial scores were given if the subjects indicated 
that the agriculairal industry has a daim on the land or is in confiict with the catpet 
indusriy. Only 1 O8 out of the 228 subjects (47.4%) gave answcrs which were in category 
'A'; another 14 (6.1 %) gave partiallycomct answers for at total of 53.5% of the subjects 
giving answers which were at les t  somewhat correct. The Iow number of correct answers 
indicates îhat the subjects had difficulty integrating the information from two images to 
mate a third image. 

A cornmon enor was the belief that the land was allocated differently now k a u s e  
agriculture was more suiîable for the land than the carpet industry (answer 'B.). The types 
of 'other* answers varied greatly. including the ideas that the land was now not suitable for 
the carpet industry or that the land was better for some other industry other than carpet or 
agriculture. A number of subjects thought another factor had been entered into the 
equation, either one of the previously mentioned factors such as road proximity. soi1 
conditions. or proximity to the market (presumably they did not realize al1 the factors had 
aiready been accounted for) or some new factor (for example. environmental. political, 
export market conditions and the location of factories were mentioned). Many subjects 
simply stated 'don' t know'. 

QUESTION 23: 
The goal of this environmentalproblem has been to ailocate l5ûU hectares to the 

carpet industry and 6000 hectares to agricu[twa[ use. At this point. has either industry 
been ailocated the anwunt oflnnd each needr? 

Crupet Industry: Yes: 66 No: 155* X: 7 
Agricultum- Yes: 107 No: 113* X: 8 

This question is split into two parts: A (carpet industry estimate) and B (agriculture 
estimate) and each was scored separately. The task was to understand that because a large 
portion of land was allocated to 'both' in the Allocation of Land to Industries Map it w as, 
therefore, not allocated to either the carpet industry or agriculture. As a result. neither 
industry had the total arnount of land it required. This is a logic question and does not 
require a close anaiysis of the images, although some subjects attempted to find the answer 
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by estimating the size of the areas allocated to each industry. 

Mon subjects (68.0%) comctly answered the first part of the question on the carpet 
industry allocation than did the second part on the agriculaval land allocation (49.6%). A 
larger number of subjects thought the agriculture industry had k e n  given its total needed 
allocation of 6000 hectares at the stage of the land allocation solution illustrated by the 
Aliocation of Land to Industries Map than thought the carpet industry had been so 
allocated. This may be a reflection of the opinions seen in Question 22 that the agricuul 
industry is of greater importance. 

Final Allocation to Best Use Industries Map 
QUESTION 24: 

In this image. al1 the land which was categorizedas "Both" in the lust image 

(Allocation of Lund to Ind~cstries) h m  harw been ... ?(pieose select one m e r )  
12 1 (A) given to thefiture carpet indzuîry 

5 (B )  given to the firture agncultural industry 
89 (C)* given mostly tu the carpet indusîry. with some to agriculture 

5 (D) given mostly to agn'cuIture. with sume to the capet indwtiry 
4 (E)  divuled equaily between the carpet and agriculture industries 

3 0 given to both industries (on the sume piece of land) 
1 ( X )  don'tknow 
O (O) otiler 

Since the industries did not have d l  the land they needed in the previous image. the 
final allocation solution was solved by allocating the land labelled 'best' to one or the other 
of the industries on the basis of its better suitability. The answer can be found by 
comparing the Allocation of Land to Industries Map and the Final Allocation to Best Use 
Industries Map to detexmine what the red areas on the former image have become on the 
latter image. 

Only 89 oui of the 228 subjects (39.0%) comctiy identified that the land classed as 
'both' had been allocated mostly to the carpet industry with some going to agriculture. 
More of the subjects (1 2 1 out of 228 or 53.15%) thought the carpet industry alone had 
ken given the shared land. A very carefûl cornparison of the two images was required for 
the subjects to notice the srna11 areas of land which wen given to the agricultural industry . 

OTHER QUESTIONS 
QUESTION 25: 

The Nepalese oflcials have chosen the factors, the hportunce of these factors. anà 
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the c o ~ a i n t s  which have been used to planfvture development in this valley. Whether 
or not you agree with them on ethical or nwral grounds and disregardiig market forces. do 
you think the Geogmpiic Infomtion System ' s  solution seems plausible (possible) given 
the guidelines 7HEY have chosen? 

Please place an 'X' anywhere on the scale which reflects your view on Low 
plausible the solution is.- 
Very Plausible I-l-l-l-l--- I 1 I Nut Plausible 
No Opinion: 

Please erpand on your view of the piausibility of the solution more fuily: 

The answers to these questions were not graded and were not included in the 

subjects' scores. However, they give interesting insights into the subjects' understanding 
of the land allocation solution. 

The number of subjects selecting each rating value is given below: 
Rank No. Percentage 
I (very plausible): 35 15.4% 
2: 84 36.8% 
3: 53 23.2% 
4 18 7.9% 
5: 14 6.1 % 
6: 4 1.8% 
7 (not plausible): 3 1.3% 
no answer given: 17 7.5% 

Each subject's plausibility ratings did not match well with the subject's scores on the 

Environmental portion of the questionnaire. In other words. most subjects thoug hi the 
GIS solution was plausible or very plausible whether or not they scored well or poorly on 
the questions. 

The responses to the second part of the question were grouped into the following 
categones (the number of subjects who selected each category are given): 

75 (A) theguidelinesan&orfactorschosenbyiheonicialsorabeliefinthe 
usehilness of the GIS technology in applying the guidelines 

37 (B) tk solution is plausible as far as it goes. They mentioned other 
factors that should be applied to the problem. but not necessaril y put 
into the GIS 

24 (C) the solution is suspect because of the lack of addressing social. 
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environmental or other factors (the raùng would be lower than 2) 
the factors have not ken chosen well or are not valid 
the solution is other than the one actuaily produced. These subjects 
show a misunderstanding of the suitability calculations, the land 
allocations ar the entire prucess 
the moral or ethical issues should have been considered 
the solution is rnaihematically plausible but will not work in 'real life' 
any other answers 
no opinion was given 
[the comment 'no comment' was given] 
don't know 

The Code A answer expressed a belief in the accuracy a d o r  usefulness of the GIS 
solution given the officials' guidelines and factors. The subjects who gave answers in this 
category dso rated the plausibility as t or 2 (very high). 

The Code B answer rated the plausibility of the GIS solution as high but only "'as far 
as it goes." The subjects mentioned other factors which should have been considered (but 
not necessarily included in the GIS program). These subjects' ratings of the plausibility 
were 1 or 2 (very high). 

The Code E answer showed these subjects misundeatood either the suitability 
calculations, the land allocation procedures, the final solution to the problem or the entire 
land allocation solution. This lack of understanding did not prevent the subjects from 
rating the plausibility as high or very high. 

The remaining codes expressed the belief that the plausibility was more or Iess 
suspect with the accompanying ratings given as '3' or higher. The next popular answer 
choice (chosen by approximately 10.5% of the respondents) indicated a suspicion of the 
plausibility of the solution because the officials failed to address social, environmental and 
other factors. Other answers questioned the validity of the chosen factors or questioned 
the 'rd-worldT validity of the solution. 

Many subjects. therefore, were not convinced of the comctness of the GIS solution 
merely because a computer produced it. In fact. they show a suspicion of the solution 
because of disagreements (real or mistaken) with the factors and constraints which were 
used, or the fact that factors they thought were important were not included. They were 
not to take moral or ethical considerations into account when they considered the 
plausibility and most complied with that instruction. 

SPECIAL IMAGES QUESTIONS 
The questions in this group are based on the Aspect and Slope Maps. The subjects 
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37 (E) O pt a mere restatement of the 'B' answer to Quesrion 26 where it is 

evident that t b e  is no understanding of the aspect 
1 0 O pt mountains, rough terrain, hiils. etc. 

18 (G) O pt anyotheranswer 
15 (X) Opt don'rbiow 

Question 27A asked the subjects to indicate whether they understand what the 'B' 
answer of Question 26 means. The correct answer is 'A' and 101 subjects (44.2%) chose 
this option. Answers which restated the correct answer to Question 26 ('the direction in 
which the slope of the panel of land faces') were given the code 'E' if hdsh t  was unable 
to answer Question 27B comctly. 

Question 27B: 
There is a legend category. with values of 136-1 80. which covers much of the 

image. Whar does it specijïcalZy represent? 
91 (A)* I pt dopes f b n g  SSE to S. or SE to S 
24 (B) O pt the dope, or any orner mentiming slope in tennis of the angle 

fron fku 80 tiited upfiorn the horizontal 
I l  (C) O pt theelmation 
14 (D) O pt the direction of the slope given as something other than SE to S 
19 (E) O pt any incorrect v e r  and where the a m e r  to Question 27A 

was a restatement of the 'B' ahnver to Question 26 
24 (F) O pt mountains. rough terrain, hilis. etc. 
17 (G) O pt any otheranswer 
28 ( X )  Opt don't know 

Question 278 confirms the understanding of aspect by asking the cardinal direction 
associated with the legend category of 136-1 80. Question 27B is necessary to confimi 
understanding as Question 27A cm be answered by repeating the 'B' answer of Question 
26. nie correct answer is 'A' (dopes facing SSE to S, or SE to S) and it was chosen by 
9 1 of the subjects (39.9%) which corresponds with the proportion of subjects who were 
correct in Question 27A. 

An analysis of the answers on both Questions 27A and 27B showed a confusion of 
aspect with elevation and slope indicated by the answers to Question 26. Other incorrect 
answers dealt with rough terrain, hilly country and mountains. There were a high 
percentage of 'don 't know' answers. 



Slope Map 
QUESTION 28: 

Whar does thk image show? Select as muny as YOM think apply to this image. 

3 1 (A) the elmatr'on of a pcrrcel of l<ud - height above sea level 

2 1 (B) the direction in which the slow of the parcel of land faces 
56 (C) the raughness of the tetrain 
17 @) the land cover in the region 

2û6 O* the s b p e  (steepness) of a p r c e l  o f l d  
6 (X) don't know 
1 (O) other 

This question is similar to Question 26 in requinng a definition. in this case of the 
word 'slope* in the title of the Slope Map. The correct answer is 'E* (the slope or 
steepness of a parce1 of land). Other than possibly some validity of the answer 'C' 
(roughness of the terrain), al1 the other answers are incorrect. A total of 338 answers were 
given or an average of 1.5 answers per person. This was slightly less than the number of 
answers per person on the similar question on the Aspect Map (1.8 answen per person). 
Errors were made when the image was thought to depict elevation or aspect instead of or 
dong with slope; however. more of these types of errors were made in Question 26. 

Question 29 
Using the information in this Slope Map. describe the topography (physical shape) 

of the region in this irnage. 
a jh t  or low siuped vuiiey surrounded by amas of higherf 
steeper slope 
a flat or low sloped vailey surrounded by mountaim (no 
mention of increased slope in the mountainous areas) 
mountains. hills, rough terrain. etc. 
a mt valley of low elewtion 
a valley surrounded by mountains (no indication of slopel 
steepness for either the valfey or the mountains) 
any uther u w e r  
don? know 

nie subjects were required to use the infornation in the Slope Map to visualize the 
shape of the depicted region. They had. however, been told that this map is of the 
Kathmandu Valley and they had previously seen the Digital Elevation Model. In spite of 
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these confounding factors. sorne interesting results occurred. 

The correct answer is 'A' and 1 20 out of 228 subjects (52.6%) seiected this option. 
Answer 'A2' is partially correct because the slope is mentioned for the flat areas but not the 
mountainous areas around the edges of the map. Forty-eight (2 1.1 46) of the subjects 
answered in this way. If the subjects ncognized the topography of a valley surrounded by 
mountains without mentioning the slope of eithet, then they were given half a point. An 
additional 26 subjects answered in this way . In total, 194 (85.1 5)  subjects answered with 
some degree of accuracy. The groups' answers show the sarne relationships to each other 
as seen in Question 28. The confusion of slope with elevation remains. 

SUMMARY 
The variety of answers given for each question was analyzed to gain insight on how 

the images were understood by the 228 subjects in the main study. 
The questions based on the images of Map Group 1 (the original data images) were 

answered comcily by the majority of the subjects. Most could easily visualize the t h e -  
dimensional Digital Elevation Mode1 and identiQ categories on the legends of the Location 
map and the Soils Type Map. Cotour differentiation problems and misreadings of the 
questions caused the errors which occumd in the identification of land uw categones. The 
incorrect definitions of ternis were also responsible for a number of these enors. 

The identification of the suitable or unsuitable land use categories on two of the 
constraint maps was generally done well, although the smaller, more dispersed areas on 
one map proved harder to identiw than did the major land use type within a large 
unsuitable area on the other map. One-half of the subjects had some degree of difficulty 
stating the purpose of a constraint map and comctly identifying the effect of the conspaint 
on the biture development. The task of listing al1 the consûaints which might apply proved 
to be very difficult for the majority of the subjects. Those who offered some restrictions to 
development gave the constraints in general terrns rather than in the specific tems of the 
B oo lean criteria. 

A large majonty of the subjects understood that the highest values in the legends of 
the Factor maps signifed the best suitability of the characteristics in question. but fewer 
understood the concept of applying a factor value scale to a land characteristic. Most were 
also able to interpnt accurately the cause of the spatial distributions seen on two of the 

distance maps. A majority of subjects believed more data than only the distance were used 
to calculate the Proximity to Rivers distance map. The same tendency to include 
extraneous data was seen in the answers to the simitar question about the cost-surface 
image. 

The suitability and allocation rnap (Map Group 4) questions which required legend 
reading and the location of areas within a spatial distribution were correctly answered by 
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most subjects. Also, most could estimate the relative importance of the factors by 
examining the spatial distribution of each suitability maps. However, the questions which 
probed the subjects' understanding of the manipulation of data on two or more images to 
solve spatial problems proved to be kyond the capabilities of the majority of subjects. 
The diffcdties in this area did not prevent the same subjects from rating the GIS land 
allocation solution as "plausibk*' to "very plausible**. 

A dope map and an aspect map were included in the questionnaire as these images 
are commonly prduced by many Geographic Information Systems. Approximately one 
half of the subjects understd the concept of 'slope' but fewer (approximately 40%) could 
understand 'aspect'. The confusion of aspect with slope andlor elevation and of slope with 
elevation andior aspect was evident in the answers given by those who made errors in this 
section (the former was more common than the latter). 
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CHAPTER 5: SUB JECTS9 RELATIVE PERFORMANCES 

INTRODUCTION 
Whereas the emphasis of the Cognitive Analysis chapter was on the actual answen 

chosen, here it is on the scores obtaincd for each question and the differences and 
similarities among question scores. The average scores are compared for each question to 
determine which questions were answered correctly and which were not. The questions 
and their scores are! also compared by Map Groups and Map Use Tasks. Then, the 
subjects* pattern of scores over al1 34 questions are examined to show whether. if the 
subjects did well or pootly on one question, they showed the same abilities on al1 the 
questions. The subjects were not grouped on the basis of gender, output or experience 
level for this d y s i s .  

The subjects' scores were caiculated using the methods outiined in Chapter t h e .  
The average scores (called the 'overall mean*) for each question were obiained from the 
scores of the 228 subjects who took part in the main study. A few of the questions had 
scoîes with ranges pa ter  than the common0-1 range and. therefore, the percentages of 
the scores were used rather than the raw scores in order to standardize the values. 
Percentages are used throughout this chapter to compare the questions. 

COMPARISON OF QUESTION SCORES 
The questions were ordered from the highest rnean percentage to the lowest. Table 

5.1 shows the order of the questions and the mean scores, the ranges each score as well as 
the standard deviations and the mean scores expressed as percentages. The questions were 

evenly distributed between the highest mean score (98.685) and the lowest (28.5 1 ). 
indicating an even mix of 'easy' and 'difficult' (as defined by the subjects' scores) 
questions. When graphed, the distribution showed an essentially straight line down ftom 
highest to lowest scores. 

The questions at the top of the ranking (Questions 2. 1A. and 4B) showed little 
variation arnong the subjects* scores. Most of the sub@cts obtained the correct answea for 
these questions. The standard deviations tended to rise as the questions' mean scores 
decreased. As the questions became more difficult, the likelihood of very Iow and very 
high scores incnases. However, small variations were occasionally seen along the 
continuum. For example. the scores for Questions 20 and 1 7 had relatively small standard 
deviations, even though the scores were low (48.79 and 33.95 respectively). The 
subjects, regardless of their differing characteristics, tended to answer these in the same, 
generally incorrect. way. A number of question scores showed higher than average 
standard deviations (Questions 4A. 3B. 19, and 8). most likely because the ranges of 
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Table 5.1 Mean Score. Range, Standard Deviation and Percentage for Al1 228 Subjects for 
Each Question (Sorted in Order of Highest to Lowest Scores as a Percentage) 

Question Mean Score Range Std. Dev. Pemntage 

possible scores were greater than the 0 - 1  range seen on most of the questions. 
The questions can be sorted by score and the Map Groups used in the questionnaire 

to investigate any relationship between the scores and the type of maps on which the 
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Table 5.2 The Questions' Mean Scores and Comsponding Map Group Categories 

Percentile Questions Map Group 

questions were based. Table 5.2 shows the questions grouped by the percentile range of 
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the scores and the Map Group type. 

Questions with mean scores in the range of 90% to 100% were al1 in Map Group 1 . 
specifically the Digital Elevation image and the Soi1 Types map. At the other extreme, die 
question with the lowest mean score was based on the Constraint maps (Map Group 2). 
Within these two extremes of score percentiles, the other rnap groups are generally equally 
distributed. The questionnaire was designed to provide a mix of easy and difficult 
questions for each rnap type, and these results show this was accomplished. This 
distribution of rnap groups by scores is particular to the entire subject gmup, i.e. al1 228 
subjects. It is expected that tite relationships of question scores by rnap group type would 
show different patterns for each of the subject groups based on gender, experience level 
and output type. These relationships are discus~ed in the Statisticai Analysis (Chapter 7). 

The question scores cm also be grouped on the basis of the rnap use task type. The 
rnap use tasks were introduced in Chapter 3 (Methodology) and are listed, dong with the 
corresponding questions in Table 3.1. That table is reproduced here, with the addition of 
the mean scores for each question (see Table 5.3). 

Although the= is a wide variation of scores within the task categories, generally the 
Map Reading and Map Analysis tasks which cequice the use of only one image showed 
higher mean scores than those cequiring the use of two images. The GIS rnap use task 
categories (GIS Data Analysis. GIS Data Synthesis. and GIS Data Logic) obtained lower 
mean scores, on average. 

Some of the questions within a particular task category can be c~mpared. The 
category, Map Reading with one image, includes two such pairs: Questions 2 and 18 are 
both legend reading tasks but showed differences in their mean scores; also, Questions 48 
and 15A are similar tasks with different scores. In the category of GIS Data Synthesis. 
Questions 8 and 19 tested the sarne concept, but Question 8 proved to be more dificult for 
the subjects, most likely because it was an open-ended question whereas Question 19 was 
a mu1 tiple-choice question. 

The high degree of within-class variability is due to the questions having different 
levels of difficuity even though they are of the sarne task type. While Map Reading tasks 
were generally done very well, Questions 27A and 27B. for example, were not answered 
correctly by many as it required the pnor imowledge of the concept of aspect. Question 3A 
is intellectually easy, but difficult to answer correctly because it requires the differentiation 
of two very similar colors. A more complete discussion of the differences among the 
questions can be found in the Cognitive Analysis chapter. 
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Table 5.3 The GIS Map Use Tasks and Corresponding Questions' Mean Scores (as 

Percentages) for AI1 228 S u b w  

Map Use Tasks Question Mean Score Task Group Average 

Map Reading 
One image 

Two or more images 3B 44.4 1 
4A 57.13 
6 87.28 
7 61.40 
1 SB 74.12 

Map Analysis 
-1mrige 

Two or more images 24 39.04 

Map Interpretation 1 1  76.75 

GIS Data Analysis 9 80.58 
13 5 1.76 

GIS Data Synthesis 17 33.95 
19 37.22 
20 48 -79 
21 65.79 
22 50.44 

GIS Roblem Logic 5 60.56 59.37 
23A 67.98 
23B 49.56 
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SUB JECTS' RELATIVE PERFORMANCES 

The most important analysis in this discussion of the individual question scores is to 
detemine if a subject who did well or poorly on one question tended to do so on ail the 
questions of the entire questionnaire. Rat her than comparing subjects, either individuaily 
or by groups, on their scores for a question or a group of questions (which is the basis of 
the statisticai analysis described in a following chapter), the focus here is to describe the 
pattern of scores of a subject over al1 the questions. 

For the purposes of this study, "doing well or poorlyT' was defined as the location of 
each subject's score (as a percentage) relative to the mean of the entire group of 228 
subjects (the 'ovedl mean') who tmk part in the main study. for each question. The use 
of percentages has two important advantages over the use of Z scores for this purpose: the 
upper and lower theoteticd limits of the possible scores are explicit (the actual upper and 
lower lirnits were, in fact, 0% and lûû% for each question) and the overall mean is clearly 
indicated for each question (rather than being standatdized to zero) which simplifies 
betweenquestion comparisons. The location of each subject relative to the overall mean 
was defined as the difference between the two values. 

To facilitate the anaiysis, the 228 subjects were grouped into ten groups on the basis 
of each subject's score on the entire questionnaire (their 'Total' score, see Table 3.8). 
First, the subjects were ranked from best to worst on the basis of their total scores, then 
the groups were fonned by placing 23 persons in the first and last groups and 22 persons 
into each of the remaining groups. The distribution of scores was such that the division of 
the subjects into 1 O equal groups was possible (there were no clear class breaks). Table 
5.4 describes the group characteristics in ternis of the range of Total scores (and percentage 
scores) for each of the groups. Each group's mean score for each question was calculateci, 
converted to a percentage and the difference between this value and the overall mean was 
obtained. Table 5.5 shows the ranges of botb the score and difference ranges for each 
group over al1 34 questions as well as the means and standard deviations for the scores and 
differences distributions. 

The widths of the score ranges Vary among the groups: Group 3 showed a range of 
34.78% to IO%, while at the other extreme, Group 9 showed a range of 0% to 10%.  
Similarly, the standard deviations of the scores varied among the groups from a low of 
16.80 to a high of 26.84, showing that the groups differed on the amount of variability in 
their scores over al1 the questions. 

The differences between the groups' scores and the overall mean also showed 
variation among the groups. The narrowest ranges were seen in the middle groups; Group 
5 had differences ranging from -1 4.78 to +18.10 (a spread of 32.88 percentage points). In 
contrast. the highest and lowest scoring groups showed the widest ranges of difference 
values; Group 2 had difference values ranging from -5.49 to +5 1.39 and Group 1 O 
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Table 5.4 Groups 1-10 Ranges of Total Scores and Percentage Scores. 

Group Range of Scores Range of Percentages 

showed differences of -52.15 to +4.78. a range of 56.93 prcentage points. The standard 
deviations showed that the greatest variability in difference values occumd in groups at 
each end of the continuum. 

Each of the groups was then compared to the overall results. Table 5.6 lists the 
overall mean scores and the mean scores and differences for each of the ten subject groups- 
Also included. at the bottom of each section of the table, are the averages of each column. 
The differences are coded by asterisks: one astensk denotes a difference value which is 
greater or less than one standard deviation h m  the mean difference, two asterisks denote a 
value which is greater or less than two standard deviations. This will show on which 
questions each group had a panicular advantage or disadvantage compared to the subjects 
as a whole. Each of the subject groups will be discussed in detail. 

GROUP 1 
The highest scoring subject group obtained high scores for 20 of the 34 questions. 

At Question 16. the scores began to drop klow the range of approximately 9096-100%. 
From this question to the last question, the scores continued to show positive differences 
(i.e. higher than the overall means) but the degree of fluctuation of the differences 
increased. The average difference for this group is 2 1.98 percentage points above the 
overall mean. 
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Table 5.5 Ranges of Scores and Differences over 34 Questions with Means and Standard 
Deviations for Groups 1- 1 O. 

Group Range ofScores M m  Std. Dev. Range of Differences Mean Std. Dev. 

These questions showed differences more than one standard deviation above the 
mean: Questions 16,22, 238. 27B, and 8. Question 27A (dealing with the Aspect map) 
produced a score which was greater than two standard deviations above the difference 
mean. This group had the greatest advantage on the two questions dealing with the Aspect 
map. 

The differences between Group 1 's and the overall mean scores on Questions 2, 1 A, 
18 and 6 were more than one standard deviation below the group's average difference 
value. The possible range of scores for these questions, in which the range over al1 the 
subjects was very small, did not allow this group to score much above the overall mean. 
The only other difference which was well below the usual difference for this group was 
seen with Question 1 7. As will be seen with the other groups. the variation among thc 
subjects' scores was very low for this question and any group's score had Littie 
relationship to the general level of their scores. 

GROUP 2 
The average difference for this group is 16.06 percentage points above the overall 

means. This group showed consistently high scores until Question 2 1 was reached 
(number 16 out of the 34 questions) after which the scores fluctuate around their own 
mean while still remaining above the overall mean scores. At Question 19 and proceeding 
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Table 5.6 Ail S ubjects' (Overall) and Groups' Mean Percentage for Each Question and the 
Differences between the Group Means h m  the Overall Mean 

Question Overail Mean Group 1 Merence Group 2 Difference 

* denotes > 1 S.D. from the rnean difference 
** denotes > 2 S.D. kom the mean difference 
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Table 5.6 Continued 

Question Overall Mean Group 3 Difference Group 4 Difference 

* denotes > 1 S.D. from the mean difference 
** denotes > 2 S.D. fiom the mean difference 
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Table 5.6 Continued 

Question Overaii Mean Group 5 Diffemce Group 6 Difference 

* denotes > 1 S.D. h m  the mean difference 
** denotes > 2 S.D. fkom the mean difference 
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Table 5-6 Continued 

Question Overall Mean Group 7 Diffince Group 8 Difference 

* denotes > 1 S.D. from the mean difference 
** denotes > 2 S.D. from the mean difference 
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Table 5.6 Continued 

Question Overail Mean Group 9 DEerence Group 1 O Difference 

* denotes > 1 S.D. ftom the mean difference 
** denotes 2 S.D. from the mean difference 
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to the last question (numkr 3 1 of 34). this group 's scores becorne very similar to the 
overall means, 

The group scored more than one standard deviation above the mean difference on 
Questions 2 1 and 23B; more than two standard deviations above on Questions 27A and 
27B. the questions dealing with the Aspect map, as seen in Group 1. The score on 
Question 2 was more than one standard deviation lower for the reasons given above for 
Group 1. The only other score which was lower than the average was Question 1B. 

GROUP 3 
This group did not show the high scores seen with the preceding two groups, rather. 

the scores began to faIl steadily immediately after Question 2. The scores were moderately 
high, with a good deal of fluctuation seen among the scons until Question 19 (number 3 1 
out of 34) at which point their scores approached the overall means. The average 
difference for this group was 1 1.65 percentage points above the overall means. 

A number of question scores were more than one standard deviation above the 
average: Question 26, 2 1 , 7, 5, 22, 23 B, 27A and 24. None were higher than 2 standard 
deviations above the mean. Questions 2 and 1 A were more than 1 standard deviation 
below the mean, as seen above. The scores of Questions 12, 1 SA, 1 SB and 17 were also 
more than one standard deviation below, and the score for Question 20 was more than two 

standard deviations klow the mean difference for this group. 

GROUP 4 
Immediately after Question 2, the scores of this group begin to fluctuate. Question 

1 A, which has been answered very well by the first three groups, was answered very 
poorly by the subjects of this group. The average difference was 7.36 percentage points 
above the overall means. The scons fluctuatecl about the groups' mean until the 3 1 st out 
of the 34 questions (Question L 9) after which their scores were essentially the same as the 

overall means. 
Questions 1 SB, 7, 1 3, and 27A showed differences more than one standard 

deviation above the mean difference, Question 22 was more than two standard deviations 
different. The questions with differences more than one standard deviation below the 
mean were: Question 3A, 5, 4A and 17. Question 1A was more than two standard 
deviations below the average diffennce. 

GROUP 5 
The general pattern for this group is the same as that of Group 4. The average 

difference was 3.79 percentage points above the overall means. The differences which are 
more than one standard deviation above the average difference belong to Questions 26, 5 .  
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14'27A and 27B. There were no differences more than two standard deviations abve the 
mean. Questions 3A and 13 showed score differences p a t e r  than one standard deviation 
below the mean; Questions 23B and 24 were more than NO standard deviations below. 

Groups 4 and 5 had the lowest standard deviations of their difference value 
distributions of al1 the ten groups. 

GROUP 6 
Group 6 showed moderateLy high scores from Question 2 to Question 9 (number 10 

out of 34 questions). then the average score drops to the range of 70%-80% to Question 7 
(number 18 out of 34). Afier this, their mean scores hover on or (generally) below the 
overall means. The average difference was 0.39 percentage points above the overall 
means. 

A few questions showed differences which were more than one standard deviation 
above the average: Questions 6, 28, 26, 21, and 7. None were more than two standard 
deviations above. Questions 4B, 5, 13 and 27B were more than one standard deviation 
below the mean. This group is the first to show below average scores for both Question 
27A and 27B. Question 24's difference was more than two standard deviations beiow the 
mean. 

GROUP 7 
This group was the fmt to show below average scores for even the easiest questions 

at the top of the list The pattern of their scores generaily follows the slope of the overall 
means, but the variation arnong the difference values again increasing. The middle three 
groups (Groups 4,s' and 6) were characterized by Iittle variation in their diffemnce values. 
The average difference was -6.M pemntage points from the overall mean. 

Only two score differences were more than one standard deviation above the mean: 
Questions 18 and 12; Question 24 was more than two standard deviations above. 
Questions 21 and 27B showed differences which were more than one standard deviation 
below the mean; Question 22 and 27A were more than two standard deviations beiow. 
The two questions (Questions 27A and 27B) dealing with the Aspect map are becoming 
inmasingly dificult to answer correctiy. 

GROUP 8 
Group 8's scores follow the general pattern as the overall means until Question 26 

(nurnber 14 out of 34). From Question 26 to Question 278, the scores show much 
fluctuation below the overall mean levels after which, from Question 24 to Question 8, 
they are only slightly below overall means. The average difference for this group was 
minus 10.53 percentage points from the overall means. 
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Questions 2, LA showed differences more than one standard deviation above the 

rnean diffennce. This is the reverse of the pattern seen with the top groups and is due to 
the very smdi variation in scores for these questions. Question 3A was dso more than one 
standard deviation above the rnean. A larger number of questions were below the mean 
difference: Questions 26, 21, 7, 16, 22, 23B and 27B were dl more than one standard 
deviation below. Question 27A was more than two standard deviations below. 

GROUP 9 
This group's scores held close to the overail means only for the fint three questions. 

After the third question, Group 9's scores were generally 16.46 percentage points below 
the overall means. As was seen with Group 8, this group's scores on Questions 19 to 8 
approached the overall rneans again. 

The fint thne questions (Questions 2, 1A and 48) had differences which were more 
than one standard deviation from the mean due to the very n m w  range of scores for these 
questions over ail the subjects. Questions 3A and 20 were aiso more than one standard 
deviation above. Questions 26, 7, 27B and 24 were more than one standard deviation 
below the average difference value, while Question 27A (in a pattern seen previously) was 
more than two standard deviations below the mean. 

GROUP 10 
This group's scores showed the highest standard deviation of the difference scores 

of al1 the groups. Their scores were moderately below the overall means for the fiat four 
questions after which they remained very much below the overall means until Question 19. 
In a pattern seen with the other groups. their scores for the last three (out of four) 
questions approach the average. The average difference for this group is -28.50 
percentage points from the overall means. 

Questions 2, 18.20 and 17 were more than one standarddeviation above the mean 
difference value. Question 1 B was more than two standard deviations above. Ques rions 
26, 2 1, 7, 5, 1 4, and 27A showed differences more than one standard deviation below the 
average difference. 

COMPAREKONTRAST AMONG GROUPS 
Table 5.7 ranks the groups' scores to detemine if the groups show consistently high 

or low scores over al1 the questions. It is clear that this consistency exists in al1 the 
groups. There is some variation among the groups, but generally the highest scoring 
groups score consistently higher, while the lowest scorïng groups remain in that position 
on most questions. The overd1 rankings at the bottom of the table are calculated from each 
group's average ranking over al1 the questions. The groups maintain their relative 
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Table 5.7 Rankings of Groups 1-10 on the Questions 

Groups 
Question / 1 2 3 4 5 6 7 8 9 10 
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positions as was dete- initially by theu scores on the entire questionnaire. 

The major differences between the scores of the top fiive groups and the bottom five 
groups were on Questions 27A 27B. 22.7'2 1 and 8. These questions are the most WcIy 
to be influenced by the subjects' characteristics such as experience with GIS. gender, 
output type used or general intelligence. Low differences arnong the groups were found 
on the scores of Questions 2, 1A. 1B. 4B. and 18 as these questions were answered 
correctly be almost al1 subjects. Questions 17, 19 and 20 also showed small differences 
among the group's scores and the scores were not high. therefore the subjects' experience 
or generai knowledge seemed to have littk effeft. 

SUMMARY 
The questions were ranked on order of difficulty. from easiest to most difficult, on 

the basis of the average score obtaineâ by the 288 subjects of the main study. This enabled 
the questions' scores to be cornptued on the basis of their rnap group types and their rnap 
task types. Then. the subjects' scores on the individual questions were examined to 
determine if the subjects who scored highly on one question tended do so on d l  questions 
or, conversely. if they did poorly on one. then they did poorly on dl. The subjects were 
grouped into ten groups on the basis of their scores on the entire questionnaire and the 
mean scores for each of the ten groups were used in the subsequent analyses. 

Each of the ten group's mean scores were compared to the overall mean scores by 
obtaining the differences between the two sets of scores. Each group's average difference 
was detennined and. aiso, the standard deviations of the difference distribution in order to 
judge which questions exhibited greater or lesser differences than the average. 

The groups showed consistency among their scores; that is, if they scored 
highlylprly on one question. they tended to score highly/prly on the others. There 
were fluctuations in the patterns evident in al1 the groups' scores. however. with the 
highest scoring and the lowest scoring groups showing the highest dispersion values of al1 
the ten groups. The scores of each group were analysed to determine which questions 
caused the widest fluctuations. Ranking the groups on the basis of their scores confimis 
there is a consistency among the scores within each group. When the ranks were averaged 
over al1 the questions. the groups's relative positions (o~iginally based on their scores over 
the entire questionnaire) were maintained. 



CHAPTER 6: PILOT STUDIES 

Two pilot studies were completed The first tested the utility of the questions and 
images and the second tested the similariùes of the computer images and the screen 
photographs to determine if the photographs can be an adequate substitute for the acaial 
screen images. 

The f i t  pilot study involved 3 1 experienced and non-experienced subjects selected 
from a class of map readen, a senior cartography class and graduate smdents in the 
Geography department at the University of Calgary. They were given a draft of the 
questionnaire composed of short answer questions designed to elicit a range of answers for 
hiture use in the multiple choice questions of the final questionnaire. The wording and the 
difficulty of the questions were also changed as a result of the pilot study (Converse and 
Presser, 1986). Some questions elicited umxpected answers (answers which were not on 
the topic) and so were altered to make the questions easier to understand and to obtain the 
desired range of answers. The original series of questions did not cover a suffciently 
wide range of difficulty and, therefore, a number of questions were simplified. The length 
of time these subjects took to complete the questionnaire made it necessary to shorten the 
final version. 

This pilot study also tested the map images in terms of colours, nurnber of classes, 
text format, and other characteristics. The subjects used either photographs of the GIS 
screen or the actual computer screen. Many of the image characteristics were altered 
because of the pilot study results. The preliminary, informal results indicated that there 
were no differences in the types of answers given by those who used the photographs and 
those who used the computer screen. There were sufficient differences in the answers of 
those with GIS expenence and those without to support the premises of the research 
project. No other major problems with the proposed study were found. 

The second pilot study investigated more fmal ly  the premis that photographs are 
an adequate substitute for the actual computer screen in these types of studies. 
Photographs have advantages over the actual computer images for the testing of a large 
number of subjects or those who could not complete the questionnaire at the testing site. 
The use of photographs also eliminates the time delay (of approximately eight seconds in 
this study) caused by the need to regenerate the screen images which may or may not affect 
the test results and avoids possible day-to-day variations in the screen images. The 
computer screen cm give more glare than the photograph. Whether the differences in the 
image characteristics were suficient to cause significant differences on the scores of 
questions which are dependent on colour and clarity and/or on cognitive questions was 
tes ted. 
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Non-exprienced subjects (2 1 males and 21 fernales) were selected from the sample 

pool to complete the final version of the questio~aire using the cornputer images which 
were the source of the screen photographs. Each subject was tested individually in a 
private room under fluorescent lights. The subjects, if they were cornfortable with the use 
of a computer mouse and menus, completed the questionnaire entirely on their own. (nie 

subject was not cornfortable with the menus or the mouse. and therefore the resarcher 
assisted by generating each map image when cequested. 

The only variable of interest in this pilot study was the output variable. The 
experience variable is held constant by virtue of the fact al1 subjects were selected from the 
non-experienced subject pool. At the Level One groupings, the gender variable was held 
constant by cornparhg scores within the gender groups. Thmfore the MNC (Male, Non- 
experienced, Computer) scores were compared to those of the MNS (Male, Non- 
experienced, Screen) group and the FNC (Fernale. Non-expenenced, Computer) scores 
were compared to those of the FNS (Fernale. Non-experienced, Screen) group. At the 
Level Two grouping, the gender variable was ignored for both the cornputer image groups 
and the screen photo groups which resulted in the cornparison of the scores of the NC 
(Non-experienced, Computer) and the NS (Nonexperienced, Screen) groups. 

The group mean scores and standard deviations are shown in Table 6.1 and the 
results of the statistical tests of means and the significance levels of the results are reported 
in Table 6.2. The Grand Total means were very similar, with the males sconng very 
slightly higher with the screen photos and the fernales sconng slightly higher with the 
computer images. Within the same gender group, the means were very sirnilar on most of 
the map groups, with the higher score altemating between the computer image group and 
the screen photo group. No significant differences were found. An analysis of the 
individual questions showed little or no diffuence between the scores of the FNC or MNC 
groups compared to the FNS or MNS groups. Where differences existed, many did not 
consistently show a preference for eitherthe computer image or the screen photo image or 
could not be explained in tems of any advantage of one medium over the other. 

The scores of the questions in Group 1 (the majority of which are dependent on 
colour location and identification) showed no clear advantage of one medium over the 
other, in fact. often the scores of those using the screen photo images were higher (albeit 
slightly) than of those using the computer images. This is what would be expected if it is 
assumed that the photos would be an adequate representation of the computer scmn 
image. Question 3A showed a diffemnce in the means (only between the male groups) 
which might be attributed to the easier differentiation of coloun on the paper image. 

Some of the questions in Group 4 were also dependent on colour differentiation and 
similarly most showed no clear advantage for the computer images. Those subjects using 
the meen photos generaliy scored higher than those using the computer screen. In the 
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Table 6.1 MNC, MNS, FNC and FNS Gmups* Means (and Standard Deviations) of 
Scores on Map Question Groups 

MNC MNS FNC FNS 
Question Group (Max) \ (n) 2 1 41 21 42 

ENVIRON (35) 20.80 
(4.57) 

GROUP 1 (9) 5 -54 
( 1  -39) 

GROUP 2 (6) 2.84 
( 1 -07) 

GROUP 3 (8) 6.38 
(1.19) 

GROUP 4 (12) 6 .O4 
(2.35) 

SPECIAL IMAGES (5) 3 -78 
(1.31) 

GRAND TOTAL (40) 24.58 
(5.00) 

case of Question 16. this cm be attributed to the broader colour range of the quantitative 
series on the printer image palette compared to the range of colors on the screen image. 

The questions conceming the Aspect and Slope images are cognitive in nature and 
should not be infiuenced by the differences in the media. It is in this group that the largest 
difference occurred, that between the means of the MNC and MNS groups, although the 
difference was not significant at alpha = 0.05. The differences were specifically on those 
questions dealing with the aspect map (Questions 26, 27A and 278). There were very 
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Table 6.2 MNC-MNS and FNC-FNS Groups' Staiistical Analysis Results 

MNC versus MNS 
Question Group Test Robabüity Significant 

ENVIRON 
GROW 1 
GROUP 2 
GROUP 3 
GROüP 4 

SPECIAL IMAGES 
GRAND TOTAL 

t-tes t 
t-test 

Mann-Whimey 
t-test 
t-mt 

MannoWhitney 
t-test 

FNC versus FNS 
Question Group Test Probability Significant 

ENVIRON t-test 0.999 
GROWP 1 t-test 0,866 
GROW 2 Mann-Whitney 0,924 
GROUP 3 t-test 0.338 
GROUP 4 t-tes t 0.407 

SPECIAL IMAGES Mann-Whitne y 0.3 I O  

GRAND TOTAL t-test 0.883 

- denotes no significance 
* denotes signifîcance at a= 0.05 
+* denotes significance at a=0.007 

small differences arnong all the four groups on the questions dealing with the Slope map. 
The two fernale groups' score means were essentially the same for most of the questions. 
Overall. the FNC group scored somewhat higher than the FNS group. As the difference 
between the MNC and MNS groups on Question 26 was not repeated on Question 28 
(which should be similarly affected by the colour or resolution), the cause cannot be 
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attributed to media characteristics but rather that the MNC group had knowledge of aspect 
images which the MNS group did not. 

The M C  and MNC subject groups were combined to form the NC group with a 
sample size of 42. The FNS and MNS groups were combinai to focm the NS group with 
a sample size of 83. Cornparisons of the means of the NC and NS groups showed very 
similarscores for the Grand Total. the Environ subtotal. and the map groups (see Table 
6.3). As with the Level One scores, some question groups showed higher scores with the 
computer screen images and some with the screen photo images, but none of the 
differences between the means were significant (see Table 6.4). As befoce, the difference 
between the Special Images scores was the largest of d l .  but even with the larger sarnple 
sizes provided by the Level Two groups, the difference approached but did not reach 
signi ficance. 

The questions in Map Group 1 generally showed the same or slightly higher scores 
for the subjects who used the screen photos than for those who used the actual computer 
screen; therefore the screen photo images showed no disadvantage compared to actual 
computer images. As these were the questions most likely CO be influenced by any 
differences in the media. it is clearthat the photos of the screen are adequate substitutes for 
the computer screen even on these type of maps and these types of questions. 

The purpose of this investigation was to test whether there are differences in the 
scores between subject groups using screen photographs and those using the actual 
computer images. There were no statistically significant differences between any of the 
Map Group means. An analysis of the questions showed littk difference or no difference 
between the scores of the FNC or MNC groups compared to the FNS or MNS groups. 
Where differences did exist. many did not show a consistent preference for either the 
computer image or the screen photo image and the differences cannot be explained in tems 
of any advantage of one medium over the other. 

The possible advantage of the hard copy images in tems of king able to switch back 
and forth easily between two maps did not materialize. The subject' scores (as compared 
to the scores of those using the photos) on the questions which might have been influenced 
by the refresh delay support the contention that this was not a factor. The performance of 
those using the computer screen was not influenced by the delay in re&hing the screen. 

In conclusion. it can be stated that screen photo images showed no disadvantage as 
compared to actual computer images for this type of research. They are an acceptable 
substitute for the actual computer screen. 
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Table 6.3 NC and NS Groups' Means (and Standard Deviations) of Scores on Map 
Question Groups 

NC NS 
QuesUonGroup (Max) \ (n) 42 83 

ENVIRON (35) 20.0 1 
(4.59) 

GROUP 1 (9) 5 -43 
( 1.30) 

GROUP 2 (6) 2.74 
( 1  -29) 

GROUP 4 (12) 5.8 1 
(2.08) 
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Table 6.4 NC and NS Gmups' Statistical Analysis Results 

NC versus NS 
Question Group Test Pmbability Signi fîcan t 

ENVIRON t-test 0.6 16 
GROUP 1 t-test 0.422 
GROUP 2 Mann-Whitney 0.876 
GROUP 3 t-test 0.323 
GROUP 4 t-mt 0.232 

SPECIAL IMAGES Mann-Whitney 0.066 
GRANDTOTAL t-test 0.9 1 9 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a=0.007 



CHAPTER 7: STATISTICAL ANALYSES 

INTRODUCTION 
Two main groups of subjects were sampled: those with no experience with 

Geographic information Systems or Cornputer Mapping and those with e i k r  academic or 
practical experience with GIS. Within these two groups, the subjects were divided into 
subgroups on the basis of gender and then on the basis of the use of the printer images or 
the smen photographs. The lemr codes used to describe the subjects are: 'M' and 'F' for 
male and female; 'N' and 'E' for non-experienced and experienced respectively; and 'Sv 
and 'P' for screen photograph and printer image respectively. 

The questions were grouped on the basis of map types primarily for the statistical 
analysis. Map Group 1 includes the Digital Elevation Model. the Location map. the 
LandusJLandcover rnap and the Soi1 type map. Map Group 2 is made up of the three 
constraint maps. The six factor maps are grouped into Map Group 3 and Map Group 4 
includes ail the suiiability and allocation maps. The Special Images Group includes the 
slope and aspect map. The Environ subtotai is the sum of the scores of Map Groups 1 to 4 
inclusive. The Grand Total is the sum of the Environ subtotal and the Special Images 
Group scores. 

Each subject's answers were coded and scored according to the method discussed in 
Chapter 3. The scores were then summed to give each subject a total for each of the Map 
Groups 1 to 4. the Special Images group, the Environ subtotal and the Grand Total of the 
entire questionnaire. The respondents' scores were grouped into the subject groups' 
scores and the subject group scores were compared using statistical tests of mean 

differences. The Level One and Two groups were paired to test separately the effects of 
the three variables in the following order: output type, gender, and experience level. 
These results are reported in the first section. Any possible interactions were then tated 
with the Level Two groups and repocted in the second section of this chapter. Finally, the 
effects of the five main dependent variables on the differences between the groups as 
determined by Discriminant Function Analyses were tested; the results are in the fmal 
section of this chapter. 

As multiple cornparisons of means tests were performed. Bonferroni's correction 
was applied to the alpha kvel to correct for the otherwise increased expriment-wise error 
rate. The recommended alpha of 0.007 is indicated by a double asterisk in the following 
tables; the more liberal alpha level of 0.050 is indicated by a single asterisk. 
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COMPARISON OF MEANS 

Cornparison of Graphic Output Types 
The first variable on which the subjects' scores were compared is the output variable. 

Each subject used either the printer image or the photograph of the screen to complete the 
questionnaut. The results of the two parts of the following hypothesis will be discussed 
in tum- 

HYPOTHESIS ONE 
The fust variable is the output type. Each subject used either the printer image or the 

photograph of the screen to complete the questionnaire. There are two parts to this 
hypothesis: 

A) The subjects' test scores do not differ ~ i ~ c a n t l y  depending on the output 
type, while controlling for the gender level and experience variables. 
The Level One subject groups which were cornpared are: M W  vs MNS. 
FNP vs FNS, MEP vs MES, and FEP vs FES. 

B) The subjects' test scores do not differ significandy depending on the output 
type, while ignoring fmt the gender level variable and then the experience 
variable. 
The Level Two subject groups which were compared are: N P  vs NS, EP vs 
ES, MP vs MS. and FP vs FS 

HYPOTHESIS 1A 
Non-Experienced Subjects 

The means and standard deviations of the non-expenenced subject groups' scons for 
each of the map question groups of the questionnaire are given in Table 7.1. The Grand 
Total score means for the M W  (Male. Non-experienced, Printer). MNS (Male. Non- 
experienced, Screen photo), FNP (Femaie, Non-experienced, Rinter) and M S  (Femaie, 
Non-experienced, Screen photo) ranged from 20.39 to 24-62 (out of a maximum of 40 
points) with the pemntages ranged from 50.9% to 6 1 -6%. These four groups of subjects 
did not do particularly well on the questionnaire as a whole. The Grand Total is the sum of 
the Environ and Spccial Images scores. The score means on the Environ subtotal ranged 
from 18.34 to 21 -70 out of a maximum score of 35. The MNS. FNP and FNS groups 
scored slightly higher on the Environ section than they did on the entire questionnaire. 
Only the M W  group scond lower on this section. The percentages ranged from 52.4% to 
62.096, which are not high marks. 

The scores for the Special Images were generally (except for the MNP group) lower 
with percentages ranging fmm 41 -0% to 61.4%. The standard deviations are given below 
each of the means and the similarity of these across al1 four groups should be noted. Of 
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Table 7.1 M W ,  MNS, FNP and M S  Groups' Means (and Standard Deviations) of 
Scores on Map Question Groups 

MNP MNS FNP FNS 
Question Group (Max) \ (n) 40 41 39 42 

GROUP 1 (9) 5-86 
(1.45) 

GROUP 2 (6) 2.74 
(1 -24) 

GROUP 3 (8) 6.14 
(1 -35) 

GROUP 4 (12) 5-54 
(2.02) 

GRAND TOTAL (40) 23.35 
(5.43) 

the subgmups of map questions which make up the Grand Total, the subjects did the best 

on Group 3 questions (average of 71.7%). Then, the order from best to worst was: Group 
1 scores, Special Images scores, Group 4 scores and Group 2 scores king the lowest 
(with averages ranging from 62.6% to 44.3%). The inexperienced subjects scored highest 
on the questions on the factor maps, then those of the original images, slope and aspect 
maps, suitability and allocation images and finally, the lowest on the constraint rnaps. 

nie means of the scores of the subject groups MW, MNS, FNP and FNS were 
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compared to determine if there were differences due to the use of the printer images or the 
screen photographs. The printer output has a higher nsolution than the computer screen. 
On those questions which depend on the identification and differentiation of colours. 
particularly small areas of colour. it would be expected that the use of the prînter output 
would be an advantage. 

The groups who used the screen photos (MNS and FNS) had higher Grand Total 
and Environ score means than those using the printer images (MW and FNP). The MNS 
group also scored higher than the MNP group on al1 the subgroups except the Special 
Images group. The FNS also scored higher than the FNP group on ail the subgroups 
except Groups I and 3. The differences behueen the Map Group means were generally 
small. The tests of the score means were significantly different (ai alpha= 0.05) only for 
the Group 4 scores (see Table 7.2) between the MNS and M W  groups. The difference 
was not significant at alpha - 0.007. The Map Groups 1 and 4 scores will be examined in 
detail as it is in these groups that differences due to the output would be expected. 

GROUP 1 SCORES 
As some of the questions in this group are dependent on colour identification and 

differentiation, it is in this group that differences between the scores might be expected to 
occur which are due to the media characteristics. The printer scores would be expected to 
be higher than the screen photo scores. There were. however. no significant differences 
within male or female groups scores. 

Some diffemnces were evident in the scores on the individual questions which make 
up Map Group 1 (the scores for al1 the questions are found in Appendix A). The expected 
advantage of the printer images over the screen photographs in the difierentiation of 
colours did not occur in Question 1B; whereas. on Question 3A the groups using the 
printer image scored higher than the correspondhg groups using the screen photograph. 
The difference in scores can be attributed to the differentiation between two very subrIe 
shades of colour for which the printer image provided a clearer image. The printer image 
provided an advantage only for the males on Question 3B. the females scored slightly 
higher with the screen images. The rask required the identification of areas on the basis of 
colour but did not tequire the differentiationof two very similarcolours. Here again the 
printer image did not provide a consistent advantage. Questions 4A and 4B also requireâ 
the identification of categories on the basis of colour, but showed no advantages for the 

printer images. 

GROUP 4 SCORES 
Some of these map questions. based on the suitability and allocation maps, would be 

expected to be influenced by the colour and resolution differences of the two output media. 
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Table 7.2 MNP-MNS and FNP-FNS Groups* Statistical Analysis Results 

MNP versus MNS 
Question Group Test Robability Significan t 

ENVIRON t- test O, 1 58 
GROUP I t-test 0.993 
GROUP 2 Mann-Whitney 0.454 
GROUP 3 t-tes t 0.690 
GROUP 4 t- tes t 0.03 1 

SPECIAL IMAGES Mann-Whitney 0.747 
GRAND TOTAL t-test 0.297 

FNP versus FNS 
Question Group Test Robability Signif ican t 

ENVIRON t-test 0,407 
GROUP 1 t-tes t 0.78 1 
GROUP 2 Mm-Hrhi tney 0,293 
GROUP 3 t-test 0.99 1 
GROWP 4 t-test 0,140 

SPECIAL IMAGES Mann-Whitney 0.469 
GRAND TûTAL t-test 0.358 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a=0.007 

Both genders scored higher with the screen images than with the pnnter images which is 
contrary to the expected outcorne. It is in the scores of this group that the only significant 
difference (at alpha - 0.05) was found between two groups, MNP and MNS. The MNS 
group scored higher on ail but one of the questions witbin this group. This consistency 
contnbuted to making the total scores significantly different (probability of 0.03 1 ). The 
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difference between the score means of the FNP and FNS groups was not significant. 

The questions which are particularly dependent on colour and resolution are 
Questions 1 6, 1 7,20 and 24. On Question 1 6, the subjects using the printer image picked 
the close but incomct answer more often than those using the screen photographs. The 
value range of the legend is broader in the screen photos than in the printer image, 
therefoce the location of the correct colours may k easier to determine on the photographs. 

The scores of Question 20 were also highcr with the screen image than the pinter 
images and this is likely due to the greater value range of the quantitative sale on the 
photographs. The scores for Question 17, which is the same type of question as Question 
20, did not show the screen photo advantage. However, this question (Question 17) 
required the subject to rank five factors rather than four and so is inherently much more 
difficult. It is Iikely that there is a small advantage provided by the screen photo colour 
range, but bis is not sufficient to make a difference to the scores on Question 17. The 
answer to Question 24 is colour and resolution dependent. However. the non-experienced 
subjects showed no difference in the scores using either image. 

GROUPS 2 AND 3 AND SPECIAL IMAGES GROUP SCORES 
The questions about the consiraint images (Group 2) would not be expected to be 

influenced by the different characteristics of the two output types. Both gender groups 
scored slightly higher with the s c m n  photo images for most, if not d l ,  the questions in the 
groups but the differences were not large enough to make the total scores for the Map 
Group significantly difierent. The questions in Map Group 3 are dl based on the factor 
maps. The colour differences between the legend categones of these maps are not subtle 
and so no differences in scores due to the output are expected. In addition, the answers are 
not colour depndent. The scores for the Group 3 total and for al1 the questions within this 
group were, in fact, very similar between the different output groups for both the males 
and fernales. 

There were no significant differences between the MNP-MNS and FNP-FNS 
groups on the total score means for the Special Images Map Group. There were also 
essentially no differences between the group means for any of the individual questions 
which make up this Map Group. It was not expected that any of the questions would be 

dependent on the media differences. 

Experienced Subjects 
The subject groups to be compared in this section are MEP (Male, Experienced. 

Printer), MES (Male, Experienced, Screen photo), FEP (Female, Experienced, Printer) 
and FES (Female, Experienced. Screen photo). Table 7.3 shows the means and standard 
deviations of the experienced subject groups' scores for each of the map question groups. 
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Table 7.3 MEP. MES. FEP and FES Groups' Means (and Standard Deviations) of Scores 
on Map Question Groups. 

MEP MES FEP FES 
Question Group (Max) \ (n) 25 27 10 4 

ENVIRON (35) 23 -72 
(4.73) 

GROUP 1 (9) 6.59 
(1 -20) 

GROUP 2 (6) 3.5 1 
(1.21) 

GROUP 3 (8) 6.59 
(1.21) 

GROUP 4 (12) 7.03 
(2.5 1 ) 

SPECIAL IMAGES (5) 4.44 
(0.69) 

Due to the difficulty in finding adequate numbers of experienced people of either gender, 
the sampie sizes of these four groups were not large for the male groups and were very 
small for the female groups. This caused difficulties in performing reliable statistical 
cornparisons of the group means, particuiarly in the case of the FE!S group. 

The Grand Total scores for al1 four groups were very similar and ranged from 26.76 
(66.9%) to 28.16 (70.4%). The means on the environmental portion of  the questionnaire 
(Environ subgroup) ranged from 22.42 (64.1 %) to 23.74 (67.8%). Map Groups 1 to 4 
make up the environmental portion of the questionnaire. The scores on Group 3 (average 
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of 76.7%) were the highest, then (in order) Group 1, Group 2 and, lowest, Group 4 with 
average percentages ranging from 69.7% to 57.9%. The scores for the Special Images 
section showed the highest values of ail the map question groups, ranging from 3.87 
(77.4%) to 4.44 (88.8%). The Special Images Map Group clearly gave an advantage to 
the experienced subjects. 

Both gender gmups scored higher with the pnnter images than with the screen 
images on the G m d  Totai, the Environ subgroup and on the rnajority of the Map Groups. 
The MEP subjects scored higher than the MES subjects on al1 subgroups except Group 2; 
however, only the differences on the Group 1 scores were significant. The FEP subjects 
scored higher than the FES subjects on al1 subgroups except Group 2 and Special Images. 
The standard deviations were generaily very similar, although the low sample size of the 
FES group did cause very different values on some of the Map Group scores. 

Table 7.4 gives the probability levels and their significance for the cornparison of the 
means of the MEP and MES groups. The significance levels of the tests of means between 
FEP and FES were not calculated(due to the low sample size of the FES group) but the 
spreads between the scores are not likely largeenough to be significant if compared to the 
larger differences seen between the male groups and the just significant difference which 
occumd then. The Map Groups 1 and 4 results will be examined in detail because of the 
significant difference (only at alpha = 0.05) seen in Group 1 between the male groups and 
the lack of a difference on the Group 4 scores which had been present among the non- 
expenenced male subjects. 

GROUP 1 SCORES 
This is the only subgroup of questions in which there was a significant difference (at 

alpha 0.05) between the male subjects using the printer image and those using the screen 
photos. The MEP group scored higher than the MES group on al1 the questions. The 
consistency of the MEP group's higher scores on al1 seven question made the totals 
significantly different and the MES group scored much lower than the the other three 
expenenced subject groups. 

As with the non-experienced subjects, the expected advantage of the printer images 
over the screen photographs in the differentiation of coloun in Question 1 B did not occur 
with the experienced subjects. Question 3A showed a large difference between the means 
of the MEP and MES groups but the FES group scored higher than the FEP group. The 
scores for Question 3B were slightly higher for both the gender groups which used the 
printer images. The scores on Questions 4A and 4B did not support the contention that the 
pnnter images were superior to the photo images. 
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Table 7.4 MEP-MES Groups' Statistical Analysis Results 

MEP versus MES 
Question Group Test Pmbabiiity S igni fi cant 

ENVIRON t-test 0.247 - 
GROUP 1 t-test 0,037 * 
GROUP 2 Mann-Whitney 0.476 - 
GROüP 3 t-test 0.568 - 
GROUP 4 t-test 0,393 - 

Sf ECIAL IMAGES Mann-Whitney 0.894 - 
GRAND TOTAL t-test 0,265 - 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a=0.07 

GROUP 4 SCORES 
The images of Map Group 4 are the suitability and allocation maps and some 

questions (1 6,17,20 and 24) can be infiuenced by the colour and resolution characteristics 
of the output media. There were no large differences between total scores of MES vs MEP 
or FES vs FEP; both genders scored higher with the prïnter images than with the screen 
photographs. The difierence between the male groups score means was not statistically 
significant. 

Question 16 is of interest as both MES and FES scored higher than the comparable 
printer groups. This is unusual for the experienced subjects. as has been seen before. The 
non-experienced groups also showed a similar, fairly strong advantage for the screen 
group and this consistent result strengthens the supposition that the screen photo image 
was better than the printer image for this question. 

Questions 17 and 20 also showed higher scores for the screen image groups. The 
sizes of the screen image advantage were small but were present in both questions. 
Therefore, it seems likely that the wider range of colours contributed to the higher scores 
for the screen image groups. On Question 24, both the MEP and FEP groups scored 
higher than the MES and FES groups. This task was expected to be aided by the better 
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colour and resolution characteristics of the printer images. However, the non-experienced 
subjects did not score ktter using the pnnter maps. Therefore, it is not clear that the media 
characteristics were the cause of the difference. 

GROUPS 2 AND 3 AND SPECIAL IMAGES GROUP SCORES 
There were no significant differences, or even particularly large ones, between the 

screen and printer groups' score means for eithergender on the Group 2 questions. Both 
the MES and FES groups had higher means than the MEP and FEP groups: an unusual 
occurrence among the experienced subjects, in particular the males. None of the difTerence 
can be attributed to colour or resolution differences. The total scons for the Group 3 
questions showed some of the smallest differences between the subject gmups of al1 the 

Map Group scores. There were overall slightly higher means for those who used the 
printer images for both gender groups. 

On the questions of the Special Images Map Group, there was no large difference 
between the total score means of the FEP and FES groups and no significant difference 
between the MEP and MES subject groups. There is no expected advantage for colour and 
resolution for these questions and none was seen. 

HYPOTHESIS 1B 
B) The subjects' test scores do not differ signifi~cantly depending on the output 

type, while ignonng firsst the gender level variable and then the expuience 

variable. 
The Level Two subject groups which were compared are: NP vs NS, EP vs 

ES, M P  vs MS, and FP vs FS 

NP vs NS and EP vs ES 
TLe MNP and FNP groups were combined into the NP (Non-experienced, Printer) 

group, which has a sarnple size of 79. The MNS and FNS groups were combined into the 
NS (Non-experienced, Screen photo) group with a sarnple size of 83. Of the experienced 
groups, the MEP and FEP groups were combined into the EP (Experienced, Printer) group 
(sample size is 35) and the MES and FES groups were combined into the ES 
(Experienced. Screen photo) group (sarnple size 3 1 ). The increased sarnple sizes for the 
ES and EP groups now make statistical tests of the means more nliable. 

Table 7.5 shows the means and standard deviations of the scores of these four kvei 
Two groups. The noncxperienced subjects continued to score higher with the screen 
images on most of the Map Groups and the totals, and the experienced subjects continued 
to show their higher scores with the prhter images when the gender groups were 

combined. 
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Table 7.5 NP, NS, EP and ES Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

NP NS EP ES 
QuestionGroup (Max) \ (n) 79 83 35 3 1 

ENVIRON (35) 19.32 
(4.89) 

GROUP 3 (8) 5.7 1 
(1 -55) 

GROUP 4 (1 2) 5.44 
(2.03) 

SPECIAL IMAGES (5) 2.57 
( 1 -50) 

GRAND TOTAL (40) 21 -89 
(5.85) 

The NS means were not statistically different from the NP means for any of the Map 
Groups except Group 4, as was seen with the Level One male groups (MNP and MNS) 
(see Tables 7.2 and 7.6). The probability level is, however. not below alpha - 0.007 for 
either pairs of means. The differences between the means of the EP and ES groups were 
not significant except for that of Group 1, also reflecting that seen in the Level One male 
groups (MEP and MES) where the significance Level was also less than 0.050 but not Iess 

than 0.007. 
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Table 7.6 NP-NS and EP-ES Groups' Statistical Analysis Results 

NP versus NS 
Question Group Test Probability S igni ficant 

ENVIRON pst-hoc >O.OS0 
GROUP 1 pst-hoc >O.OS0 
GROUP 2 pst-hoc >O.OS0 
GROUP 3 pst-hoc >O.OS0 
GROLJP 4 pst-hoc ~0,050 

SPECIAL IMAGES t-test 0,792 
GRAND TOTAL t-test 0.191 

EP versus ES 
Question Group Test Probability S ignificant 

ENVIRON pst-hoc >O.OS0 
GROUP 1 pos t-hoc <O.OS0 
GROUP 2 pst-hoc >0,050 
GROUP 3 pst-hoc >O,OSO 
GROUP 4 pst-hoc >0.050 

SPECIAL IMAGES t- test 0,820 
GRAM)TOTAL t-test 0.244 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a=0.07 

MP vs MS and FP vs FS 
The MNP and MEP groups were combined into the MP (Male. Printer) group with a 

sarnple sire of 65 subjects. The MNS and MES groups were combined into the MS (Male. 
Screen Photograph) group with 68 subjects. Similarly. the FNP and FEP groups were 
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combined into the FP (Female, Printer) groups and the FNS and FES groups were 

combined into the FS (Female, Screen Photograph) groups with sarnpie sizes of 49 and 46 
respectively. These combinations ignored the experience variable. Table 7.7 shows the 
means and standard deviations of the scores of these Level Two Groups. 

By combining these groups over the experience variable, the preference seen earlier 
among the NP-NS groups (for the screen photographs) and the EP-ES groups (for the 
printer images) was not as apparent. The males who used the printer images showed 
higher scores for Map Group 3 and Special Images as well as Map Group 1. The 
remaining Map Group scons were higher for the MS group. The FP group scored higher 
than the FS group on Map Group 1 and 3, but not on the Special Images group. The 
differences between both sets of output groups were. however, slight and generally 
smaller than the differences between the NP-NS and EP-ES groups. 

Thenfore. whether the Level One groups were combined over the gender variable or 
the experience variable, those subjects who used the printer images scond higher than 
those using the screen photographs on Map Group 1 (in which there were questions 
dependent on subtle color differentiations), and (al1 but one pairing) for Map Group 3. 
Conversely, those subjects who used the smen photographs scored higher than those who 

used the printer images on the questions in Map Group 2 (the constraint maps). 
None of the pairings of either the MP-MS groups or the FP-FS groups were 

sufficiently different to be statistically significant (see Table 7.8). The slightly significant 
value seen previously for the Group 1 scores of the EP and ES groups and, similarly, the 
slight significance of the diffetence between the NP and NS groups for Map Group 4 have 
ken  elirninated by combining the groups on the expenence variable. 

SUMMARY 
None of the Map Groups. Environ subtotal or the Grand Total score of the non- 

experienced su bjects di ffered signiticantl y from each other w hen FNP was compared to 
FNS. When M W  was compared to MNS. a significant difference (at alpha = 0.050) 
occurred only between the means of the Map Group 4 scores. Both the male and f e d e  
non-experienced subjects tended to score higher with the screen photos than with the 
printer images. The only significmt difference (at alpha = 0.050) between the NP and NS 
groups (where the gender variable was combined) was also between the means of the Map 
Group 4 scores. 

The results for the experienced subjects wen similar. The differences between the 
FEP and FES groups were not large; unfominately the sample sizes were too small to 
compute reliable statistics of the means. The differences between the MEP and MES 
groups' means were significant (ai alpha - 0.050) only for the Map Group 1 scores. The 
experienced subjects scored higher with the printer images on the majority of the Map 
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Table 7.7 MP, MS, FP and FS Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

MP MS FP FS 
Question Group (Max) \ (n) 65 68 49 46 

GROUP 1 (9) 6.14 

( f 940) 

GROUP 3 (8) 6.33 
(1.3 1) 

GROUP 4 (12) 6.1 1 
(2.32) 

SPECIAL IMAGES (5) 3.59 
(1 A l )  

Groups. When the gender groups were combined to form the ES and EP groups, the same 
relationship occurred4nly the scores of Map Group 1 were significantly different (at 
alpha 1 0.050). 

When the Level One groups were combined differently. that is. over the experience 
variable to form the groups MS, MP, FS and FP. the differences between the means 
decreased compared to those seen between the NPT NST EP and ES groups. None of the 
differences were significant at even the alpha - 0.050 level. 
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Table 7.8 MP-MS and FP-FS Groups' Statistical Analysis Results 

MP versus MS 
Question Group Test Robability Signifcant 

ENVIRON pos t-hoc >O.OS0 - 
GROUP 1  OS t-hoc >o,oso - 
GROUP 2 pos t-hoc >O.OS0 - 
GROUP 3 t-test 0.984 - 
GROUP 4 pst-  hoc >0,050 - 

SPECIAL IMAGES pos t- hoc >O.OS0 - 
GRAND TOTAL pst-hoc >0,050 - 

FP versus FS 
Question Group Test Pmbability Significant 

ENVlRON 
GROUP 1 

GROUP 2 
GROUP 3 
GROUP 4 

SPECIAL IMAGES 
GRAND TOTAL 

pos t- hoc >O.OS0 
pst-hoc >O.OS0 
pst-hoc >o.os0 

t-test 0.841 
pst-hoc >O.OS0 
pst-hoc >O.OS0 
pst-hoc >O.OS0 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a4.007 

The printer image was better only for one task of very subtle colour differentiation. 
It c m .  in fact, provide colours which are too close together and therefore provide no 
advantage. The screen photograph produced a wider range of colour values and so it was 
superior on those tasks which were dependent on that characteristic. Other questions 
which might also be expected to be dependent on the colour and resolution characteristics 
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of the mediadid not show consistent support for the superiority of one type of image over 
the other. These results are, of course, specific to this nsearch and the types of colours 
that were selected. The more important variable is not the medium and its characteristics 
but the proper selection of colours which do not ove- the human percephial systerns 
regardless of which type of output is used. 

in conciusion, there wen no significant differences between the screen photographs 
and the pnnter images for questions which are not colour or resolution dependent. Nor 
was one output type consistently superior to the other. How well or how poorly the 
subjects, whether experienced with GIS images or not, understd the environmental land 
allocation problem or the aspect and slope maps was not influenced by the differences in 
the media they used. Therefore, the computer screen images function as well or as poorly 
as the printer images and no change in the design of the computer screen images is 
necessary to compensate for the different characteristics of that medium. 

Cornparison of Gender Differences 
The second variable on which the subject groups were compared is the gender 

variable. The groups were paired by comparing males and females and the output variable 
was kept constant in order to test the differences between the groups. The non- 
experienced groups were tested separately from the experienced groups to control for the 
that variable. 

HYPOTHESIS TWO 
The second variable is gender and there are also two parts to this hypothesis: 

A) The subjects' test scores do not differ signîficanily depending on the gender of 
the subject, while controlling for the output level and experience variables. 
The Level One subject groups which were compared are: MNP vs FNP. 
MNS vs FNS, MEP vs FEP, and MES vs FES. 

B) The subjects' test scores do not differ significantly depending on the gender of 
the subject, while ignonng first the output level variable and then the 
experience variable. 
The Level Two subject groups which were compared are: MN vs FN. ME 
vs FE, MP vs FE', and MS vs FS. 

HYPOTHESIS 2A 
Non-experienced Subjects 

The first groups to be cornparrd were the following non-experienced groups: MNP 
(Male. Non-experienced, Printer) versus FNP (Female, Non-experienced, Printer) and 
MNS (Male, Non-expenenced, Screen) venus FNS (Female, Non-expenenced. Screen). 
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Table 79 MNP, FNP, MNS and FNS Groups' Means (and Standard Deviations) of 
Scores on Map Question Groups 

MNP FNP MNS FNS 
Question Group (Max) \ (n) 40 39 41 42 

ENVIRON (35) 20.28 
(4.47) 

GROUP 1 (9) 5.86 
(1 -45) 

GROUP 2 (6) 2.74 
(1 -24) 

GROUP 3 (8) 6.14 
(1 -35) 

GROUP 4 (12) 5.54 
(2.02) 

SPECIALIMAGES (5) 3 .O7 
(1 -49) 

18.34 
(S. 17) 

5.45 
( 1 .4Z) 

2.27 
(1.39) 

5.27 
(1 -63) 

5.35 
(2.05) 

2.05 
(1 -33) 

20.39 
(5 -95) 

Table 7.9 shows the groups' means and standard deviations of the scores of the map 
question groups. The males showed consistently higher score than the females of the 

comparable output group on dl the question groups. Table 7.10 gives the results of the 
cornparisons of the group means. 

The males and females who used the printer images showed stau'stically significant 
differences between means on the Grand Total (at alpha = 0.050). the Special Images (at 
alpha - 0.007) and the Map Group 3 (at alpha - 0.050). Due to the significance of the 
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Table 7.10 MNP-FNP and MNS-FNS Groups' Statistical Analysis Results 

MNP versus FNP 
Question Group Test Robability Significan t 

ENVIRON t- test 0.077 
GROUP 1 t-test 0.2 1 1 
GROUP 2 Mann-Whitney 0.1 10 
GROUP 3 t-test 0.01 1 
GROUP 4 t-test 0.674 

SPECIAL IMAGES Mann-Whitney 0.00 1 
GRAND TOTAL t-test 0.023 

MNS versus FNS 
Question Group Test Pmbability Significant 

ENVIRON t-test 0.01 3 
GROUP 1 t- test 0.060 
GROUP 2 Mann-Whitne y 0.220 
GROUP 3 t-test 0.002 
GROUP 4 t-test 0.191 

SPECXAL IMAGES Mann-Whitney 0.041 
GRAND TOTAL t-test 0.0 1'3 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a4.007 

latter difference, the Environ score means were almost significant (probability of 0.077) as 
well. The groups which used the screen photographs (MNS and FNS) showed very 
similar ~sults: then were si gni ficant differences ktween the rneans of the Grand Total and 
the Special Images (at alpha = 0.050) and Map Group 3 (at alpha - 0.007) and, between 
these subject groups, the Environ subgroup rneans differed significantly (at alpha - 0.050) 
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as well. The MNS and FNS groups showed an almost significant difference between their 
means on Map Group 1. The results of Map Groups 1 and 3 and the Special Images 
Group are now looked at in detail. 

GROUP 1 SCORES 
The differences between the groups' means of this Map Gmup were not statistically 

significant, although the diffennce between the MNS and FNS means was close at a 
probability of 0.060. None of the individual question scores showed large differences; 
however, both maie groups scored higher than the corresponding female groups on most 
of the questions within this Map Group. In the case of the subjects who used the screen 
photographs. the males scored higher on six out of the seven questions than the females 
and this consistency caused the difference to be nearly significant. Only Question 4A 
showed higher scores for the male groups than for the female groups that were large and 
consistent for both the groups using the printer images and those using the screen 
photographs. The femaies gave a wider range of answers and had diffant (and incorrect 
in tems of this study) definitions of the word 'highland'. 

GROUP 3 SCORES 
The eight questions in this group are al1 based on the six factor maps. The means 

showed statistically significant differences between both the MNP-FNP and MNS-FNS 
pairings, although only the MNS-FNS difference was significant at alpha -0.007. The 
MNS group scored higher than the F N S  gmup on al1 the questions; the MNP group scored 
higher than the FNP group on seven out of the eight questions. The scores on Questions 
1 1, 1 2. 14, and 1 SB showed some of the largest differences. 

The females of both output groups scored lower than the corresponding males on 
Question 1 I because they gave more answers which were- partially conect by indicating 
that roadways and power lines were affected by some economic characteristics, or because 
they gave answers unrelated to the utilities sharing the sarne corridor. On Question 12, the 
females of both output groups selected the answer representing the physical centre of the 
map (rather than the pattern's centre) or 'don't know' if they did not select the correct 
answer. If the error is not in the ability to see the visual centre, then possibly the fernales 
were reluctant to guess. The scores of Question 13 showed that the males and females 
were equally poor in understanding the construction of the cost-surface map. 

Question 14 is based on the Slope Factor Map. nie females scored lower than the 
males on this question because they gave more panially correct answers, answers not at dl 
related to slope or 'don't know ' answers. On Questions 1 SA and 1 SB, the females often 
chose other plausible, but incorrect, answers and their 'other* answer options showed a 
lack of satisfaction with the given options. 
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SPECIAL IMAGES GROUP SCORES 

The differences between the means of the M W  and FNP groups and the MNS and 
FNS groups were statistically significant, but only the MNP-FNP difference was 
significant at alpha = 0.007. An examination of their scores on the five questions which 
make up this group showed that both male groups scored higher than the corresponding 
femaie groups on al1 the questions. There was, therefoce, a cumulative effect, but a 
nurnber of the questions showed large difference in scores as well. 

The females confused aspect with slope andlor elevation on Questions 26, 27A and 
278 more so than did the males. Similariy, they confused dope with elevation a d o r  
aspect in Questions 28 and 29 more so than the males. On both Questions 26 and 28. the 
fernales selected more answers than the males. As these questions had a penalty for 
guessing, the female scores were lower. 

GROüPS 2 AND 4 SCORES 
The question in Map Group 2 are based on the three consaaint maps. There were no 

significant differences between male and female groups' scores for those who used either 
the printer images or the screen photographs. The male groups had higher scores for al1 
the four questions which make up the Map Group 2 total, but most of the differences were 
smali. 

Neither the MNP-FNP nor the MNS-FNS mean cornparisons showed significant 
differences for the totals of the suitability and allocation map (Map Group 4) questions' 
scores. The difierences between the gender groups were sorne of the smallest seen in al1 
the map question groups. 

Experienced Su bjects 
The second set of groups to be cornpared was the MEP (Male, Experienced, Printer) 

versus the FEP (Female. Experienced, Printer) groups and the MES (Male, Experienced. 
Screen) versus the FES (Female, Experienced, Screen) groups. Table 7.1 1 shows the 
means and standard deviations of the groups' scores on al1 the Map Groups, the Environ 
subtotal and the Grand Total scores. Both the male groups showed overall grand total 
means which were higherthan those of the female groups, although, in the groups using 
the screen photographs. there was essentiaily no difference between the means. On the 
Environ subtotal of the questionnaire, both female groups scored slightly higher than the 
corresponding male groups. Therefore, the males had an advantage on the Special Images 
Map Group and the females had an advantage on the environmental portion of the 
questionnaire. Of the Map Groups which make up the Environ subtotal, both the female 
groups scored higher than the two male groups on Groups 1, 2, and 4. The males' scores 
on Map Group 3 and the Special Images Map Group were sufficiently higher than the 
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Table 7.1 1 MEP, FEP. MES and FES Groups' Means (and Standard Deviations) of 
Scores on Map Question Groups 

MEP FEP MES FES 
Question Group (Max) \ (n) 25 10 27 4 

ENVIRON (35) 23 .72 
(4.73) 

GROUP 2 (6) 3.5 1 
( 1  -21) 

GROUP 3 (8) 6.59 
(1.21) 

GROUP 4 (12) 7 .O3 
(2.5 1 ) 

SPECIAL IMAGES (5) 4-44 

(0.69) 

fernales' scores which gave the males the higher Grand Total scores. 
Table 7.12 shows, however, that none of the differences between the mems of the 

MEP and FEP groups were statisticdly significant. The largest difference was seen on the 
Map Group 3 questions. The very small sarnple size (n = 4) of the FES group made the 
tests of the differences between the means of this group and the MES group unreliable and 
the significance levels are not reported. A cornparison of the means showed the MES and 
FES scores were very close on al1 the question groups. Map Group 3 and the SpeciaI 
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Table 7.12 MEP-FEP Groups* Statistical Andysis Results 

MEP versus FEP 
Question Group Test Probability S ignificant 

ENVIRON t-test 0.993 - 
GROUP 1 t- test 0.982 - 
GROUP 2 Mann-Whitney 0.352 - 
GROUP 3 t-test 0-093 - 
GROUP 4 t-tes t 0.645 - 

SPECIAL IMAGES Mann-Whitney 0.174 - 
GRAND TOTAL t-test 0.758 - 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a=0.007 

Images group will be discussed in detail fiat. 

GROUP 3 SCORES 
The two male groups scored higher than both the female groups on the total of al1 the 

questions based on the six factor maps. The difference between the Group 3 means of 
MEP and FEP was not staustically significant, but the probability level was the lowest of 
al1 the Map Groups. On t h e  of the questions (1 2, 14 and 1 SB), the differences between 
the group means were larger than on the other questions. On Question 12, 30% of the 
W P  group answered 'don 't know ' whereas none in the MEP group did so. On Question 

1 4 based on the Slope Factor Map, the experienced females gave more partially correct 
answers and answers not nlated to the dope than did the males. These types of answers 
were also seen for the m-experienced females. The Question 1 SB scores were lower for 
both the female groups compareci to the corresponding male groups. They often chose a 
plausible, but incorrect, answer. 

SPECLAL IMAGES GROUP SCORES 
Over al! this group of questions, based on the Slope and Aspect maps, both the MEP 
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and MES groups scored higher than the corresponding FEP and FES groups. The 
difference between the means of the MEP and FEP groups was not statistically significant. 
however. The questions which showed the largest differences between the MEP and the 
FEP scores were those on the Aspect Map. The two questions on the Slope Map did not 
show the male advantage, instead, the groups scored the same on one and the females 
scored higher on the other. The scores for the MES gmup were higher than those of the 
FES group for Questions 26, 27A and 27B, but the ciifferences were not as large as those 
seen for the MEP and FEP groups. 

GROUPS 1,2 AM) 4 SCORES 
Most of the scores on the seven questions which make up Map Group 1 were very 

similar when the femaie groups were compared to the comsponding male groups. 
therefore the totais showed very littie differences. The four questions of Map Group 2 are 
based on the constraint maps. The difference between the means of the MEP and FEP 
groups was not significant. Both female groups scored higher than the comsponding 
males on al1 but one of the four questions. 

Both female groups scored higher on  the total of Map Group 4 than the 
corresponding male groups, but the difference between the MEP and FEP group means 
was not significant. Both groups of female subjects scored higher than the males on the 
majority of the ten questions which make up this question group. 

HYPOTHESIS 2B 
B) The subjects' test scores do not differ significantly depending on the gender of 

the subject, while ignoring first the output level variable and then the 
expenence variable. 
The Level Two subject groups which were compared are: MN vs M. ME 
vs FE; MP vs FP, and MS vs FS. 

MN vs FN and ME vs FE 
The non-experienced subject groups, MNP and MNS. were combined to form the 

MN (Male, Nonexperienced) group, with a sarnple size of 8 1 which ignored the effect of 
the output variable. The FNP and FNS groups fonned the FN (Female, Non- 
experienced) group (also with 8 1 subjects). The MEP and MES subjects were grouped 
into the ME (Male, Experienced) group (52 subjects) and the FEP and FES subjects were 
grouped into the FE (Female, Experienced) group (1 4 subjects). nie FE group still had a 
small sample size and the statisticai tests of the differences between the means of the FE 
and ME group are, therefore, suspect. The results will, however, be reported. Table 7.13 
shows the means and standard deviations of the scores of each of these Level Two groups. 
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Table 7.1 3 MNT FNT ME and FE Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

MN FN ME FE 
Question Group (Max) \ (n) 8 1 81 52 14 

ENVIRON (35) 21 -00 
(4.50) 

GROUP 1 (9) 5.86 
(1.31) 

6-45 
(O. 8 8) 

GROUP 3 (8) 6.20 
(1 -25) 

GROUP 4 (12) 6.06 
(2.1 4) 

The means of the MN group were higher than those of the FN group on al1 the 
question groups. This compares with the results of the Level One cornparisons of the 
MW-FNP and MNS-MS groups. The means of the ME and FE groups showed the 
same relationships to those seen with the Level One experienced groups (MEP, MES. 
FEP and FES) as well, in that the ME groups scored slightly higher than the FE group on 
the Grand Tocal, the Special Images and much higher on the Map Group 3 scores. 

Table 7.1 4 shows the results of the means tests of the scores of the MN, FN, ME 
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Table 7.1 4 MN-FN and ME-FE Groups' Statisticai Analy sis Resulu 

MN versus FN 
Question Group Test Robability Signifiant 

ENVIRON  OS t- OC <0.007 
GROUP 1 pos t-hoc <0.050 
GROUP 2 pos t-hoc c0.050 
GROUP 3 t-test 0.000 
GROW 4 pos t-hoc >O.OS0 

SPECIAL IMAGES t-test 0.00 1 
GRAND TOTAL pst-hoc ~0.007 

ME versus FE 
Question Group Test Robability S ignifican t 

ENVIRON pst-hoc >O.OS0 - 
GROUP 1 pst-hoc >O.OS0 - 
GROUP 2 pst-hoc >0.050 - 
GROUP 3 t- test 0.033 a 

GROUP 4 pst-hoc: >0.050 - 
SPECIAL IMAGES Mann-Whitney 0.2 16 - 
GFtAm TOTAL pst-hoc >O.OS0 - 

- denotes no significance 
+ denotes significance at a= 0.05 
** denotes significance at a=0.007 

and FE groups. Between the MN and FN groups, dl the differences except that of the 
Map Group 4 score means are now significant (four at alpha - 0.007) due to the increased 
power of the statistical tests. The two experïenced groups showed a significant difference 
only between the means of the Map Group 3 scores (at alpha 0.050). This was the Map 
Group which exhibited the largest differences between the means of the Level One 
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expenenced groups (MEP. FEP). Because of the increased power of the test, the 
difference became significant. The FE group still had a very smail sample size (n-14) so 
the results must be interpreted with caution. 

MP vs FP and MS vs FS 
The Level One subject groups were combined into two sets of gender groups which 

differed in terms of the output variable, while ignonng the experience variable. The MNP 
and MEP groups were combined to form the MP (Males, Printer) groups with a sarnple 
size of 65. The FNP and FEP groups were combined into the FP (Femak, Printer) group 
(n 1 49). The MNS and MES groups formed the MS (Male. Screen Photograph) group (n - 68) and the FNS and FES groups were combined to fomi the FS (Female. Screen 
Photograph) group which had 46 members. 

Table 7.15 shows the means and standard deviations of the scores of each of these 
groups. In both sets of gender comparisons, the males scored higher than the 
corresponding females for ail the map groups. Since the experience variable was ignored. 
the advantages seen (above. Table 7.13) for the FE group over the MEgroup on some of 
the rnap groups were not seen hem. The patterns were the same as those seen between the 

MN and EW painngs in which the males also scored higher than the females on al1 the map 
groups. 

The significance levels of the differences between the means are shown in Table 
7.16. The differences between the scores on Map Group 3, the Special Images and the 
Total Score were dl significant at alpha- 0.007 for the MP-FP and MS-FS comparisons. 
The Environ score differences were also significant at alpha - 0.007 for the MS-FS 
pairing. Each pair had one map group which was significant at alpha - 0.050: MP-FP 
showed this for the Environ group and MS-FS showed this for Map Group 2. 

Therefore, Map Group 3 (the factor map) showed significant differences between the 
gender groups whether they were fomed by ignoring the output variable or the experience 
variable. The Special Images map group showed significantly different scores on three out 
of the four possible pairings-only the ME-FE pairing failed to show any gender related 
differences. 

SUMMARY 
Among the nonexperienced subjects. the largest differences between the male and 

femaie subjects were found on the questions based on the factor maps (Map Group 3). and 
the dope and aspect maps (Special Images Group). The difierences between their scores 
on the other Map Groups were generally large and these differences becarne significant 
(many at alpha = 0.007) when the output groups were combined to form the MN and FN 
groups. Only the scores on the suitability and allocation maps (Map Group 4) continued to 
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Table 7.15 MP. FP. MS and FS Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

MP FP MS FS 
Question Group (Max) \ (n) 65 49 68 46 

GROUP 2 (6) 3 .O3 
(1 -28) 

GROUP 3 (8) 6.33 
(1.3 1) 

GROUP 4 (1 2) 6.1 1 
(2.32) 

SPECIAL IMAGES (5) 3 -59 
(1 -41 ) 

GRAND TOTAL (a) 25.20 2 1 -86 25.48 22 .O2 
(5.75) (6.29) (4.94) (5.54) 

be non-signifcant between the MN and FN groups. 
The experienced subjects showed srnall differences between the male and female 

subjects' scores on many of the question groups. The MEP versus FEP cornparison 
showed no significantdifferences. When the experienced subjects were grouped into the 
ME and FE groups, a significant difference (at alpha - 0.050) becarne evident between the 
scores of the question based on the factor maps (Map Group 3), a group of questions 
which aiso caused problems for the non-experienced femaies. 
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Table 7.16 MP-FP and MS-FS Groups' Statistical Analysk Results 

MP versus FP 
Question Gmup Test Robability S igni fican t 

ENVIRON pst-hoc <O.OS0 
GROUP 1 pst-hoc >O.OS0 
GROUP 2 pst-hoc >O.OS0 
GROUP 3 t-test 0.00 1 
GROUP 4 pst-hoc >0,050 

SPECIAL IMAGES pos t-hoc <0,007 
GRAND TOTAL pst-hoc ~0,007 

MS versus FS 
Question Group Test Pmbability S ignificant 

ENVIRON pos t-hoc <0,007 
GROUP 1 p s t -  hoc >O.OS0 
GROUP 2 pst-hoc <O.OS0 
GROUP 3 t-test 0.000 
GROUP 4 pst-hoc >O.OS0 

SPECIAL IMAGES pst-hoc ~0.007 
GMNDTCYrAL pst-hoc ~0,007 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at aI0.007 

When the Level One groups were combined on the basis of output, not experience 
level, the differences between the MP and FP groups and the differences between the MS 
and FS groups continued to occur. Map Group 3, the Special Images group and the Grand 
Total showed highly significant dinerences for both sets of groups. Only the scores of 
Map Groups 1 and 4 showed no significant differences between the gender groups. The 
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lack of differem between the genden on Map Group 4 (the allocation and suitability 
maps) was also seen on the MN-FN and ME-FE pairings. 

In conclusion, there were significant gender differences between the male and female 
subjects on many of the tasks. As far larger differences between their scores were seen 
arnong the non-experienced subjects than among the experienced groups, there is support 
for the position that the differences can be reduced or eliminated by educating fernales in 
the use of maps. 

Cornparison of Experience Levels 
The means of the experienced subjects were pairrd with those of the non-experienced 

subjects to investigate how these groups differ in their scores on the Map Group 1 to 4 
questions, the Environ subgroup, the Specid Images group and the Grand Total of the 
entire questionnaire. Initially, the groups were separated on the basis of the type of 
graphic output each used and the gender of the subjects. Then the groups were compared 
while disregarding the gender variable but while still holding the output variable constant. 
Finally, the output variable was combined and the groups were compared oniy on the basis 
of experience. 

HYPOTHESIS THREE 
A) The subjects* test scores do not differ significantiy depending on the experience 

level of the subject, while controlling for the gender and output variables. 
The Level One subject groups which were compared are: MNP vs MEP, 
FNP vs FEP, MNS vs MES, and FNS vs FES. 

B) The subjects' test scores do not differ significantly depending on the experience 
level of the subject, while first ignoring the gender variable and then the 
output variable. 
The Level Two subject groups which were compared are: NP vs EP, and 
NS vs ES; MN vs ME, FN vs FE. 

HYPOTHESIS 3A 
Printer Images 

The MNP (Male, Non-experienced, Printer) , MEP (Male. Experienced, Printer), 
FNP (Female, Non-experienced, Rinter), and FEP (Female, Experienced, Printer) group 
scores on the Map Groups 1 to 4, the Special Images group, the Environ subgroup and the 
Grand Totai were compared (sec Table 7.17). As might be expected, both experienced 
groups showed higher scores than the corresponding non-experienced groups for each of 
the question groups. The differences between the means of the female groups were larger 
than between the means of the male groups on al1 the question groups. Therefore. the 
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Table 7.17 MNP. MEP, FNP and FEP Groups' Means (and Standard Deviations) of 
Scores on Map Question Groups 

MNP MEP FNP FEP 
Question Grwp (Max) \ (n) 40 25 39 IO 

ENVIRON (35) 20.28 
(4.47) 

GROUP 1 (9) 5.86 
( 1.45) 

GROUP 2 (6) 2.74 
(1 -24) 

GROUP 3 (8) 6.14 
(1 -35) 

GROUP 4 (12) 5.54 
(2.02) 

SPECIAL IMAGES (5)  3 .O7 
( 1.49) 

females consistently gained more with experience than did the males. 
The differences between the means of the non-experienced subjects and the 

experienced subjects were tested using statistical tests of means. The results of these tests 
are given in Table 7.18. The male groups and the female groups showed the same 
patterns: they differed on al1 the map groups except Map Group 3. Of those Map Groups 
showing significant differences, the differences between the means of the female groups 
had lower probability values than the differences between the means of the male groups. 
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Table 7.18 MNP-MEP and FNP-FEP Groups' Statistical Analysis Results 

MNP versus MEP 
Question Group Test Probability Signi ficant 

ENVIRON t-test 0,005 S* 

GROUP 1 t-test 0.040 I 

GROUP 2 M a ~ m - W h i ~ y  0,030 ~t 

GROUP 3 t-test O. 186 - 
GROUP 4 t-test 0.01 1 * 

SPECIAL IMAGES Mann-Whitney 0.00 1 a* 

GRANDTOTAL t-test 0.001 ** 

FNP versus FEP 
Question Group Test Pmbabiiity S ignificant 

ENVIRON t-test 0.004 S* 

GROUP 1 t- test 0.020 a 

GROUP 2 Mann-Whimey 0.003 ** 
GROUP 3 t- test 0.340 - 
GROUP 4 t-test 0.005 *ics 

SPECIAL IMAGES Mann-Whimey 0.000 $1: 

GRAND TOTAL t-test 0.00 1 *t 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a4.007 

The MP-FEP pairings produced differences which were significant at alpha - 0.007 for 
Map Groups 2 and 4, Special Images, Environ and Total. Map Group 1 was significant ai 
alpha = 0.050. It should be remembered that the sarnple size for the FEP group is srna11 
(n - 10). The MNP-MEP pairings showed highly significant differences for Special 
Images, Environ and the Grand Total scores. Map Groups 1. 2 and 4 were significant ai 



alpha = 0.050. Due to its unusual nature. Map Group 3 is discussed in detail. 

GROUP 3 SCORES 
Neither the MEP group nor the FEP group had significantly higher means on the 

scores of this Map Group than the corresponding non-experienced groups. 'Ihe 
experienced groups scored higher than the non-experienced groups on most of the 
individual questions based on these factor maps, but they failed to show the degree of 
difference between the non-experienced and experienced subjects' scores as might have 
ken expected and as was seen on the othcr map question groups. 

On Question 9, where the subjects were asked to select as many answers as they 
thought were correct, the experienced subjects answered on average 1.3 answers each 
whereas the non-experienced subjects answered an average of 2.4 answers each. As a 
resul t, the experienced subjects scored better. On Question 1 3, however, al1 the subjects 
selected approximately thrw answers each and, therefore, the experienced subjects did not 
do better than the nonexperienced subpCis on this question on the cost-surface map. 

GROUPS 1,2 AND 4 SCORES 
Both of the experienced groups scored significantly higher (at alpha = 0.050) than 

the corresponding non-experienced groups on the totals of the Map Group 1 questions. 
The groups differed primarily on Questions 3 8  and 4A. On Question 38. the non- 
experienced subjects selected landuse categories not of the agriculture class which had been 
specifically requested; the expenenced subjects seldom made this mistake. The non- 
experienced subjects selected the comct answers in the sarne proportion as the experienced 
subjects on Question 4A; however, the former generally scored lower because they 
selected more incorrect soi1 types as well (subjects were allowed to select as many answers 
as they thought correct). 

On these questions based on the constraint maps (Map Group 2). the two 
experienced groups again scored significantly higher than the non-expenenced groups. but 
only the difference between the Female groups was significant at alpha = 0.007. The 
experienced males scored higher than the their non-experienced counterparts on al1 but one 
of the questions in this group. The experienced females scored higher than the non- 
experienced females on al1 of the questions. The experienced subjects (males and females) 
understood the purpose of a constraint map and could list the three consuaints with much 
better success than that show by the non-experienced subjects. 

The scores on the questions based on the suitability and allocation images (Map 
Group 4) showed large and significant differences between the scores of the experienced 
and the non-experienced subject groups. Again, the difference between the two female 
groups was larger than that of the male groups. Of the ten individual questions which 
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make up this group, the only questions which did not show large differences between the 
groups were Questions 17. 18. and 20. The ability to answer these questions correctiy 
clearly was not assisted by GIS experience. nor was it expecied to be. The remaining 
questions of this Map G m p  al1 required the subjects to understand each of the images, the 
iogic of the solution, and the integration of idonnation from two or more images. The 
experienced subpcts had an advantage on these. 

SPECTAL IMAGES GROüP SCORES 
This Map Group (of the Slope and Aspect maps) showed some of the most 

significantly different means ktween the experienced groups and the coftesponding non- 
experienced groups of ail the means of the questionnaire (both gender groups showed 
significance at alpha - 0.007). The experienced groups scored higher on al1 the questions 
of this group. those based on the Aspect Map as well as those of the Slope Map. The MEP 
group scored much higher than the MNP group on the Aspect questions than the Slope 
questions, whereas the differences behween the FEP and FNP groups were essentially the 
same on the Aspect questions as the Slope questions. The experienced subjects gave fewer 
(and more correct) answers to both the multiple-choice question in this section when 
compared to the non-experienced subjects' responses. 

Screen Photographs 
The groups which were compared in this section were MNS (Male, Non- 

experienced, Screen) venus MES (Male, Experienced, Screen) and FNS (Femaie, Non- 
experienced, Screen) versus FES (Fernale. Experienced, Screen). The output and gender 
variables were held constant. The FES group consisted only of four subjects, therefore the 
statistical tests of the difference between the means of this group and the FNS group were 
not reported. Table 7.19 shows the means and standard deviations of the scores of these 
groups on the questions groups. The large differences seen between the experienced and 
non-experienced male groups who used the printer images were not seen here between the 
males who used the meen photographs. In fact, on the questions of Map Groups 1 and 4, 
the MNS group scored higher than the MES group; an unexpected result. The means were 
very similaras well on Map Group 3 and the Environ subtotal. In contrast, the FES group 
scored higher than the FNS group on ail the question groups although the small sample 
size prevented testing for statistical significance. 

Table 7.20 shows the results of the statistical tests of means between the MES and 
MNS groups. Only the differences between the means of the MES and MNS groups on 
Map Group 2 (at alpha - 0.050) and the Special Images group (at alpha - 0.007) were 
statistically significant. 
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Table 7-19 MNS, MES. FNS and FES Groups' Means (and Standard Deviations) of 
Scores on Map Question Groups 

MNS MES F N S  FES 
Question Gmup (Max) \ (n) 41 27 42 4 

ENVIRON (35) 2 1.70 
(4.47) 

GROUP 1 (9) 5.86 
(l.16) 

GROUP 3 (8) 6.26 
(1.15) 

GROUP 4 (12) 6.56 
(2.15) 

SPECIAL IMAGES (5) 2.92 
( 1 -48) 

GROUP 2 SCORES 
On these constraint map questions, the means of the male groups were significantly 

different and there was a large difference between the means of the femaie groups. Large 
difierences were found between the scores of the experienced and non-experienced 
subjects on three out of four of the questions. The reasons for the differences are the same 
as those previousiy discussed for the groups who used the pinter images (see page 137). 
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Table 7.20 MNS-MES Grwps' Siatistical Analysis Results 

MNS versus MES 
Question Gmup Test Probability Significant 

ENVIRON t-test 0.470 
GROUP 1 t-test 0.955 
GROUP 2 M~M-Whitney 0.034 
GROUP 3 t-test 0.562 
GROUP 4 t-test 0.907 

SPECIAL IMAGES Mann-Whitney 0.000 
G W T O T A L  t-test 0.058 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a4.007 

SPECIAL IMAGES GROUP SCORES 
On the questions based on the Slope and Aspect Maps, the experienced subjects 

again scored higher than the non-experienced subjects (the difference between the MNS 
and MES groups is statistically signifcant at alpha - 0.007). The relationships between 
the two male groups and between the two female groups were the same as seen between 
the comsponding printer groups: the exprienced males had a much larger advantage over 
the non-expet-ienced males on the Aspect Map questions than on the Slope Map questions, 
but differences between the female groups score means were less on the Slope Map 
questions than the Aspect Map questions. 

GROUPS 1'3 AND 4 SCORES 
The scores on the Group i questions showed very Iittle difference between the 

groups. The experienced males who used the photographs (MES) scored much lower than 
the other experienced subjects. The scores of the M S  and FES groups on these questions 
were also similar to each other, but the FES group scored higher on the total of the 
question scores. 

The experienced subjects did not score significantly ktter than the nonexperienced 
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subjects on the total of the questions in Map Group 3. This similanty between the score 
means was dso seen with the subjects who used the pnntet images. The differences in the 
types of answers given by the non-experienced groups as compareci to the experienced are 
comparable to those previously discussed for the printer groups (see page 137). 

The questions of Map Group 4 are based on the suitability and allocation images. 
The diffennces between the score means of the female groups showed a higher score for 
the FES group. The FES grwp scored higher than the M S  group on Questions 16. 17, 
19, 21. 22, and 23; a pattern sirnilar to that seen between the FEP and FNP groups. 
However. the MNS groups scored higher than the MES group. although the difference 
was very small and not significant. In contrast, the non-experienced and experienced 
groups who used the printer images differed significantly on this Map Group. 

HYPOTHESIS 3B 
The second part of the third hypothesis states that: 

B) The subjects' test scores do not differ significantly depending on the experience 
level of the subject, while f iat  ignoring the gender variable and then the 
output variable. 
The Level Two subjectgroups which were compared are: NP vs EP, and 
NS vs ES; MN vs ME, FN vs FE. 

NP vs EP and NS vs ES 
The Level Two subject groups were formed by combining the MNP and FNP 

groups to fom the NP (Non-experienced, Frinter) group with 79 subjects. The MNS and 
FNS groups were combined to fonn the NS (Non-experienced, Screen) group (83 
subjects). The MES and FES groups were combined to mate  the ES (Experienced. 
Screen) group with 31 members; the MEP and FEP groups now form the EP 
(Experienced. Printer) group which has 35 members. The means of the NP and EP 
groups were compared, as were the means of the NS and ES groups, thereby combining 
the gender variable while holding the output variable constant. 

Table 7.2 1 shows the means and standard deviations of the scores of these four 
groups on al1 the rnap question groups. As expected, the experienced groups scored 
higher than the non-experienced groups on al1 the rnap question groups. The di fferences 
between the ES and NS group score means were not as large as those between the EP and 
NP groups. The results of the statistical tests of means are given in Table 7.22. 

Al1 the means of the EP and NP groups were significantly different, al1 but one pair 
were significant ai alpha - 0.007. The Map Group 3 score means became, on the 
formation of the Level Two groups, significantly different, with a probability level of 
0.030. In contrast, the means of the ES and NS scores of Map Group 3 did not become 
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Table 7.2 1 NP. EP, NS and ES Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

NP EP NS ES 
Question Group (Max) \ (n) 79 35 83 3 1 

ENVIRON (35) 19.32 
(4.89) 

GROUP 3 (8) 5.7 1 
( 1 -55) 

GROUP 4 (1 2) 5.44 
(2.03) 

SPECIAL IMAGES (5) 2.57 
( 1 -50) 

statistically significant. The Map Groups I and 4 means also remained not significantly 
different. as they were in the Level One subject group pairings. The Environ subtotal and 
the Grand Total score means are significant (at alphas of 0.050 and 0.07  respectiveiy) due 
to the increased power of the statisticai tests. 

M N  vs ME and FN vs FE 
The MNP and MNS groups produced the MN (Male. Non-experienced) group with 
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Table 7.22 NP-EP and NS-E!S Groups' Statistical Analysis Results 

NP versus EP 
Question Group Test hbability S igni ficant 

ENVIRON pst-hoc ~0.007 
GROUP 1 pst-hoc c0.007 
GROUP 2 pst-hoc ~0.007 
GROUP 3 pst-hoc ~0.050 
GROW 4 pst-hoc c0.007 

SPECIAL IMAGES Mann-Whitney 0.000 
GWNDTOTAL t-test 0.000 

NS versus ES 
Question Group Test Pmbability S ignificant 

ENVIRON pst-hoc <0.050 
GROUP 1 pst-hoc >O.OS0 
GROUP 2 pst-hoc ~0.007 
GROUP 3 post-ho~ >O.OS0 
GROUP 4 pas t- hoc >0,050 

SPECIAL IMAGES Mann-Whitney 0.000 
GRAND TOTAL Mann-Whi tney 0.000 

- denotes no sipiticance 
* denotes significance at a= 0.05 
** denotes significance at a=0.007 

8 1 subjects. The MEP and MES groups were similarly joined, producing the ME (Male, 
Experienced) group (n - 52). The female groups were joined as follows: FNP plus FNS 
to fom M (n - 81) and FEP plus FES to form FE (n - 14). As was mentioned 
previously, this latter group had a small sarnple size still. Table 7.23 shows the means and 
the standard deviations for the groups' scores. As expected, the experienced subjects 
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Table 7.23 MN, ME. FN and FE Groups' Means (and Standard Deviations) of Scores on 
Map Question Groups 

MN ME FN FE 
Question Group (Max) \ (n) 8 1 52 81 14 

ENVIRON (35) 19.32 
(4.50) 

GROUP 1 (9) 5.86 
(1.31) 

GROUP 2 (6) 2.88 
(1 -32) 

GROUP 3 (8) 6.20 
(1.25) 

SPECIAL IMAGES (5) 2.99 
(1 -48) 

GRAND TOTAL (40) 23.99 
(5.45) 

scored higher than the non-experienced subjects. The differences between the femaie 
groups were larger than between the male groups. often markedly so. This was similar to 
the previous cornparisons between the NP-EP and NS-ES groups. The supenonty of the 
experienced subjects held. regardless of whether the output or the gender variables were 
ignored. 

The significances of the means tests are given in Table 7.24. The values confumed 
that the differences between the FN-FE groups were greater than between the scores of the 
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Table 724 MN-ME and EW-FE Groups' Statistical Analysis Results 

MN versus ME 
Question Group Test Robability Signifrcant 

- - - -  - -- 

ENVIRON pst-hoc ~0.050 * 
GROUP 1 p~st-ho~ >O.OS0 - 
GROUP 2 pst- ho^ <0.007 I* 
GROUP 3 t- tes t 0.163 - 
GROUP 4 pst-hoc >O.OS0 - 

SPECIAL IMAGES Mann-Whitney 0,000 ** 
GRAND TOTAL pst-hoc <0,007 ** 

FN versus FE 
Question Group Test Probabiiity Significant 

ENVIRON 
GROUP 1 

GROUP 2 
GROUP 3 
GROUP 4 

SPECIAL IMAGES 
GRAND TOTAL 

pst-hm ~0.007 
pos t- hoc <0.007 
pas t- h m  ~0.007 

t-tes t 0.250 
p~st-ho~ <0.007 

t-tes t 0.000 
pst-hoc CO.007 

- denotes no significance 
* denotes significance at a= 0.05 
** denotes significance at a4.007 

MN-ME groups. Al1 map groups except Map Group 3 were significant at alpha- 0.007 
for the female groups. while only Groups 2. Special images and the Grand Total were 
signifiant at that level when the means of the two male groups (MN-ME) were compared. 

The experience variable caused significant differences on Map Group 2, Spcial 
[mages. and the Grand Total regardless of how the Level Two groups were formed. that is 
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whether it was the gender or the output variable which was ignored. The scores of Map 
Group 3. on the olher hand, were not affecteci by thne of the four groups and the NP-EP 
pairing produced a significance only at alpha - 0.050. The differences for Map Groups 1 
and 4 showed a reverse relationship between the genders. The difference between the 
female groups were highly signifcant on both map groups while the differences beiween 
the male groups were not. 

SUMMARY 
The difference in experience levels caused significant differences in the scores of the 

four groups who used the printer images (MEP, FEPT MNP and FNP) for Map Groups 1. 
2. 4, Special Images, the Environ subtotal and the Grand Total of the questionnaire. Only 
the means of Map Group 3 failed to show signifcant differences at evcn an alpha level of 
0.050 between the groups on the basis of experience, although the two experienced groups 
scored consistently higher than the non-experienced groups. The FNP group showed the 
lowest score means of the four groups and the FEP group often had the highest scores; 
therefore the differences were larger between the female groups than between the MEP and 
M h P  groups. When the gender groups were combined to f o m  the NP and EP groups, 
the differences between their scores on Map Group 3 (the factor maps) became slightly 
significant 

Among the groups who used the screen photographs, the MES group scored higher 
than the MNS group on al1 the Map Groups except Map Group 1 and 4, but the differences 
were significant only for Map Group 2 (at alpha - 0.050) and the Special Images group (at 
alpha - 0.007). These unusual results were caused by the MNS group scoring much 
higher than expected on Map Group 4 and the MES group scorïng much lower than 
expected on Map Group 1. The FES group scored higher than the FNS group on al1 the 
Map Groups, the Special Images group, the Environ subtotai and the Grand Total. 
Statistical test resulis were not reported for these comparisons due to the very small sample 
size of the FES group. The differences between the two female groups were larger than 
between the male groups, as was seen between the printergroups discussed above. When 
the four groups were combined to fonn the ES and NS groups, significant differences 
between the scores were found in Map Group 2 and Special Images. as was seen with the 
Level One groups, MNS and MES. 

The MN, ME, FNT and FE Level Two groups showed sirnilar results as those seen 
between the NS and ES groups. The difierences ktween the scores for Map Group 2 and 
Special Images were highly significant as well. Al1 groups had highly significant 
differences for the Grand Total. but this was caused by the scores on Map Group 2 and 
Special Images. The FN-FE groups' differences were also highly significant for Map 
Group 1 . 4 and Environ (which is the total of Map Groups 1 -4 and therefore significant 
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ditferences in this category were caused by differences in Map Groups 1-4). 

Generally, the experienced subjects did much better than the nonexperienced 
subjects on the questions pertaining to Map Group 2 (the constraint maps) and Special 
Images (the slope and Aspect maps). They also scored much higher than the non- 
experiencedsubjects on al1 the sections of the questionnaire when the cornparisons were 
made between the femaie groups (of eitheroutput type) and the groups who used the 
pnnter output (of either gender type). 

VARIABLE INTERACTIONS 
The twelve Level Two groups (see Table 3.7, page 46) were formed primarily to 

detennine the presence and strengths of any interaction between any two independeni 
variables, that is, output by gender, gender by experience or experience by output. These 

are the same two-way interactions which would have been obtained had three-way 
Factorial ANOVAs been possible to perform. Even though there are significant problems 
with this approach. estimations of the interactions are now available. 

The problems with this method stem from using Level Two groups which were 

formed by using two variables while ignoring the remaining variable. The variation in the 
scores due to the third variable caused different results for the main effects of the variables 
depending on which Level Two grouping was used. For example, the maineffect of the 
output variable can be obtained by comparing the NP, NS. EP and ES groups and also the 
MP. MS, FP, and FS groups. As the fint set ignored the gender variable and the second 
the experience variable, the results of the Factorial ANOVAs done with each set produced 
different values for the main effect due to the output variable. This fact must be kept in 
mind when reading the following results. Estimations of the effects of any one variable 
can be obtained from the analyses of the means of the Level One groups which control for 
the other variables. 

The non-normality and heterogeneity of some of the distributions of the Level ûne 
groups was given (in the Methodology) as some of the reasons why three-way Factorial 
ANOVAs and Factorial MANOVAS were not perfomed. These problems nmain with the 
Level Two groups: The dependent variables, Special Images and Map Group 2, showed 
non-normal distributions for almost al1 of the Level Two groups. Significant differences in 
the variances among the groups also occurred on the following dependent variables: Map 
Group 3, Special Images, and Grand Total. 

Among the Level Two groups of MN, FN, ME, and FE (used to estimate the gender 
by expenence interaction) was the problem of unequal sample sizes. The largest groups 
had 8 1 subjecu while the srnailest group (FE) had only 14 subjects. Factorial ANOVAs 
done with these groups are not as robust to violations of the assumptions of normality and 
homogeneity of variances as would be seen in groups with larger sample sizes. ne 
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partitionhg of the variation (Sums of Squares) due to the main eKects and the interaction 
were. therefore, subject to emt. The Factocial ANOVAresults for this set are included in 
this discussion to provide estimations of the interaction effects, but these problems must be 
taken into account whcn interpreting the significance values. 

The nmainingtwo sets of kvel Two groups are: 1) MP. MS, FP, FS which were 
used to estimate the gender by output interaction, and 2) NP, NS, EP, and ES which were 
used to estimate the output by experience interaction. Al1 of these Level Two groups have 
sample sizes of at least 30 which will allow more robustness to the violations of the 
nonnality and variance assumptions. 

Despite the problems. Factorial ANOVAs were perfonned on al1 the dependent 
variabies, using each of the t h e  sets of Level Two groups as there is no reai altemative to 
obtain quantitative estimates of the variable interactions. Most of the probability values 
were either very high or very low and, even though dected by the errors, are likely 
suficiently accurate for the purposes of this study. Probability levels which are close to 
alpha - 0.050 and alpha -. 0.07 should be interpreted with the errors in mind. The 
dependent variables which were subject to these errors have k e n  so labelled in ihe 
foliowing tables. 

HYPOTHESIS FOUR 
As there are three independent variables. there can be three different two-way 

interactions: output by gender. gender by experience, and experience by output. 
Hypothesis Four has four parts: 

A) There is no significant interaction between the output and the gender variables. 
The Level Two subject groups which were compared are: MP, MS, FP and 
FS . 

B) There is no significant interaction between the gender and the experience 
variables. 
The Level Two subject groups which were compared are: MN. FN. ME 
and FE. 

C) There is no significant interaction between the experience and the output 
variables. 
The Level Two subject groups which were compared are: NP, NS . EP and 
ES. 

Output by Gender Interaction 
The first interaction which was investigated is that of the output variable by the 

gender variable. The four Level Two groups which were compared in this Factorial 
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ANOVA were MF+ (n - 65), MS (n = 68), FP (n - 49) and FS (n - 46). The results for 
each of the dependent variables are given in Table 7.25. 

None of the dependent variables showed any significant main effects due to the 
output variable. This confmed the results seen in the comparisons of the means of these 
Level Two and Level One groups which rnake up the Level Two groups. The significance 
levels of Map Groups 1 am1 4 were lowet than those of the other dependent variables; this 
was due to the differences betwecn the MEP and MES groups on Map Group 1 and the 
MNP and MNS groups on Map Group 4. 

The means of the scores on Map Groups 2 and 3, Special Images, Environ, and 
Grand Total showed highiy significant diffemces (at alpha = 0.007) due to the gender 
variable. Map Group 1 showed a significant difference at alpha - 0.050. Only the scores 
on Map Group 4 did not show an effect due to gender. This supported the results of the 
Level One and Level Two groups' means comparisons. It was the differences between the 
MNP-FNP and MNS-FNS means which have caused the gender main effect; the 
experienced groups (MES-FES) differed only on tkir Map Group 3 scores. 

There was no significant interaction between the output and gender variables on any 
of the dependent variables, in fact, the probability levels were very high that there were no 
interactions. 

Gender by Experience Interaction 
The second interaction which was investigated is that of the gender variable by the 

expenence variable. The four Level Two groups which were compared in this Factorial 
ANOVA were MN (n = 8 1 ), ME (n = 52), FN (n - 8 1 ) and FE (n - 1 4). The results of 
the Factorial ANOVAs done on each of the dependent variables are given in Table 7.26. 

The main effect of the gender variable was significant only for Map Group 3 and 
Special Images and almost significant (p = 0.086) for the Giand Total scores. The gender 
effect for Map Groups 2 and 4 was highly non-significant. These results were similar to 
those seen when the means of the Level Ones groups wece compared. Here the effects of 
the experience variable and the interaction were taken into account, resu lting in somew hat 
different significance levels for the gender variable than was seen on the cornparisons of 
the means of the LeveI Two groups. 

The main effect of experience showed highly significant values for the Environ. Map 
Groups 1, 2, 4, Special Images and Grand Totai scores. Only the Map Group 3 did not 
show a significant experienceeffect, although the probability level was low (p = 0.077). 
These results compare well with the comparisons of the means of the Level One and Level 
Two groups which differed on the experience variables. 

There was an interaction effect between the experience and gender variables. 
although not in every dependent variable, nor at levels which were statistically significant. 
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Table 7.25 MP, MS, FP and FS Groups' Factociai ANOVA Results 

Question Group F value Signifcance 

ENVIRON 
Main Effects 

output 
Gender 

Output X Gender interaction 
Explained 

GROUP 1 
Main Effects 

Output 
Gender 

Output X Gender Interaction 
Explained 

GROLJP 2 
Main Effects 

ourput 
Gender 

Output X Gender Interaction 
Explained 
(moderate violations of nomality) 

GROUP 3 
Main Effects 

ourput 
Gender 

Output X Gender Interaction 
Explained 
(moderate violation of homogeneity of variance, data are nomally distributed) 
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Table 7.25 Continued 

Question Group F value Significance 

GROUP 4 
Main Effixts 1.895 0.153 

output 1 -57 1 0.21 I 
Gender 2.1 14 O. 147 

Output X Gender Interaction 0.06 1 0.806 
Explaineci 1.332 0.265 

SPECIAL MAGES 
Main Effécts 14.717 O.OOOX* 

Output 0.005 0.946 
Gender 29.426 O.OOO** 

Output X Gender Interaction 0.203 0.653 
Explaineci 9.892 O.OOO** 
(homogeneous variance, two groups have highly non-normal distributions) 

GRAND TOTAL 
Main Effects 10.289 0.000** 

Output 0.084 0.772 
Gender 20.404 O.OOo** 

Output X Gender Interaction 0.006. 0.936 
Explaineci 6.863 O.OOO** 

- denotes no significance 

* denotes significance ai a= 0.05 

** denotes significance at a=0.007 

The strongest interactions were seen in the Map Groups 1 and 2, Environ, and Grand Total 
scores. In three of these dependent variables, the MN group scored higher than the FN 
group while the FE group scored higher than the ME groups; on the remaining dependent 
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Table 7.26 MN. ME M and FE Groups' Factorial ANOVA Results 

Question Group F value S ignificance 

ENVIRON 
Main Effects 16.197 

Gender 1 ,479 
Experience 19.43 1 

Gender X Experience Interaction 2.894 
Explained 11.551 

GROUP 1 
Main Effects 7.318 

Gender 0,220 
Experience 10,072 

Gender X Experience Interaction 2.556 
Explaineci 5.458 

GROUP 2 
Main Effects 16.334 

Gender 0.059 
Experience 24,823 

Gender X Experience interaction 3.137 
Explained 11,128. 
(3 of the groups have highly non-normal distributions) 

GROUP 3 
Main Effects 13.774 

Gender 1 2.962 
Experience 3. 156 

Gender X Experience Interaction 0,230 
Explained 10,738 
(heterogeneity of variances, ail the groups have normal distributions) 
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Table 7.26 Continued 

Question Group F value Sipificance 

GROüP 4 
Main Effects 6,354 0.002** 

Gender 0.030 0.863 
Experience 1 0.583 0.00 1 ** 

Gender X Experience Interaction 1.574 0.2 1 1 

Explauied 4.3 1 4 0.006** 

SPECIAL IMAGES 
Main Effects 46.120 O.OOO** 

Gender 7.506 0.007** 
hperience 48.566 O.OOO** 

Gender X Experience Interaction 0.599 0.440 
Explained 30.808 0.000** 
(heterogeneity of variances, three groups have highly non-nomal distributions) 

GRAND TOTAL 
Main Effects 26.295 O.OOO** 

Gender 2.975 0.086 
Experience 30.26 1 O.ooO** 

Gender X Experience Interaction 2.68 1 . O. 1 03 
Explained 18.167 O.oOO** 

- denotes no significance 

* denotes significance at a= 0.05 

** denotes significmce at a=0.007 

variable (Grand Total) the MN-FN relationship was the same, but the ME group scored 
higher than the FE groups (although the difference was slight). These relationships were 
also present among the Level One groups regardless of which output type was used. 
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Experience by Output Interaction 
The last interaction which was investigated is that of the experience variable by the 

output variable. The four Level Two groups which were compared in this Factonal 
ANOVA were NP (n = 79). NS (n = 83), EP (n = 35) and ES (n = 3 1). The results of the 
Factod ANOVAs done on each of the dependent variables are given in Table 7.27. 

The main effect of the experience variable was significant (at alpha = 0.007) for each 
of the dependent variables. This compared very well with the comparisons of the means of 
the Level Two groups and the Level One groups. The effect due to the output variable was 
not significant, often highly so, for d l  of the dependent variables except Map Group 1. In 
this dependent variable, the probability was low (p - 0.040) but not significant at alpha = 

0.007. Again, these results compared very well with the comparisons of means done 
previously. that is. no significant differences were found in most scores which can be 
attributed to the output types. The Map Group I scores showed differences due to the 
output variable, however. 

There was an interaction between the experience and output variables on some of the 
dependent variables although none were significant at alpha - 0.007 and only one was 
significant at alpha 0.050. Map Group 4 showed the largest interaction effect. This was 
substantiated by the cornparison of the means of the Level Two groups. The NS group 
scored higher than the N P  group, while the EP group scored higher than the ES group. 
This sarne relationship holds among the Level One groups: the non-experienced subjects 

(of both gendea) scored higher with the printer images than the screen photographs while 
the experienced subjects (of both genders) scored higher with the pn'nter images. Similar 
relationships were the cause of the interaction effects seen in the Environ and Map Group 1 
dependent variables. 

Summary 
Factorial ANOVAs were run on the twelve Level Two groups (in sets of four) to 

investigate the presence and significance of two-way interactions between the independent 
variables of output. experience and gender. 

There was no interaction between the output and gender variables on any of the 
dependent variables in this study (these are the scores of the Environ, Map Groups 1-4, 
Special Images and Grand Total). 

There was an interaction effect between the gender and experience variables on sorne 
of the dependent variables although none were significant at alpha = O.OM. The Map 
Groups I and 2. Environ and Grand Total scores showed this interaction effect. 
Generally. the non-experienced males scored higher than the non-experienced females 
while the experienced males scored lower than the experienced females. 
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Table 7.27 NP, NS, EP and ES Groups' Factorial ANOVA Results 

Question Group F value S igni fiance 

ENVIRON 
Main Effects 1 1.842 0.000** 

Expience 23.555 O.OOO** 

Output 0.01 3 0.909 
Experience X Output Interaction 3.318 0.070 

Explhed 9.276 0.000** 

GROUP 1 
Main Effects 7.554 0.001** 

Expxience 10.156 0.002** 
Output 4.254 0.040* 

Experience X Output Interaction 3.278 0.072 
Explained 5.432 0,001** 

GROUP 2 
Main Effects 14.173 O.OOo** 

Experience 27.780 O.OOO** 

Output 1 .O34 0.3 1 O 
Experience X Output Interaction 0.309 0.579 
Explaineci 9.907- O.OOO** 
(two groups highly non-normal, two groups moderately non-normal) 

GROUP 3 
Main Effects 4.385 0.0 1 4' 

Experiena 8.755 0.003** 
Output 0.00 1 0,979 

Experience X Output Interaction 0.040 0.842 
Explained 2.950 0.034* 
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Table 7.27 Continued 

Question Group F value Signifiicance 

GROLJP 4 
Main Effects 5.524 0.005** 

Experience 1 1 .007 0.001 ** 
Outplt O. 135 0.7 14 

Experience X Output Interaction 5.8 1 1 0.0 17* 
Explaineci 6.456 0.000** 

SPECIAL IMAGES 
Main Effects 35.909 O.OOO** 

aperience 7 1 -798 O.OOO** 
Output 0.08 1 0.776 

Experience X Output Interaction 0.00 1 0.977 
Explaineci 23 M O  O.OOO** 
(heterogeneity of variances. al1 groups have highly non-normal distributions) 

GRAM> TOTAL 
Main Effects 19.569 O.OOO** 

Experience 39.025 0,000** 
Output 0.00 1 0.982 

Experience X Output Interaction 2.362. 0.126 
Explained 14.1 1 1  O.ooO** 
(moderate heterogeneity of variances, al1 groups have normal distributions) 

- denotes no significance 

* denotes significance at a= 0.05 

** denotes significance at a=0.007 

There was also an experience by output interaction effect, again seen only on some of the 
dependent variables. The interaction effect was swngest on the Map Group 4 scores 
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(p - 0.017) and somewhat weaker on the scores of Map group 1 and Environ (p - 0.072 
and 0.070 respectively). The non-experienced subjecis who used the screen photographs 
generally scored higher than those using the printer images. while the experienced subjccts 
who used the screen photographs scored lower than those who used the printer images. 

DISCRIMINANT FUNCTION ANALYSES 
nira one-way Discriminant Function analyses were performed on the thm sets of 

Level Two subject groups to detennÏne which scores conaibuteci most heavily to the 
differences among the subject groups. The problems of the data sets in tenns of non- 
normal data and heterogeneity of variances precluded the use of Factorial Discriminant 
analyses, but allowed the use of the one-way Discriminant Function analyses with the 
sarne precautions as were given with the Factorial ANOVA analyses. 

The Dim-minant Function analyses compare the effects of a number of predictors 
(the Map Group scores, in this case), and the relative importance of each predictor, to the 
separation of subject groups. Analyses of Variance, on the other hand. consider only the 
effects of one dependent variable at a time. The predictors used here were the scores on 
these sections of the questionnaire: Special Images, Map Group 1. 2 3 and 4. The sub- 
total Environ and the Grand Total scores were not used as these are produced by summing 
the scores of the fotmer groups and are, thenfore, comlated highly with them. Predictors 
which are highly comlated add Little explanation to the discrimination among the subject 
groups and are best eliminated. 

The Level Two subject groups were chosen for these analyses as the Level One 
groups contained one subject group (FES) which contained fewer members than the 
number of predictors-a situation which is not ~commended (Tabachnick and Fidell, 
1996). An analysis was performed on six of the Level One groups (FES and FEP were 
ornitted), but the results were not as satisfactory as those*performed on the Level Two 
groups. 

A maximum of three discriminant functions can be produced with these data sets. 
Each discriminant iunction is a linear combination of the predictor variables which best 
separates the subject groups. The frst discriminant function accounts for the greatest 
van-ation among the groups; the second then accounts for the remaining variation. and so 
on. If there is a significant difference among the subject groups, the first function will be 
significant, however the second or subsequent functions may not be. Two discriminant 
functions will be reported for these analyses even if only the first is significant. A 
significance level of 0.050 was used for these analyses. 
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Gmups MP, MS, FP and FS 

The fint Discriminant Anaiysis was perfomd on the Level Two groups MP, MS. 
F P and FS which compared the subjects on the gender and output variables. while 
ignoring the effects of the experience variable. Table 7.28 gives the output of the analyses. 

Only the first discriminant function was significant. It explained 83.2396 of the 
variation seen arnong the subjects' scores. The standardized canonical discriminant 
function coefficients showed that the prcdictors Special Images and Group 3 had the 
greatest importance to this discriminant function, which was confmed by the high 
correlations show between these variables and the canonical discriminant functions. Map 
Groups 1 and 2 showed fair correlations with this function. The group centroids on 
Function One separated the groups primarüy on the basis of gender and, to a much lesser 
degree, on the basis of output. 

The second discriminant hinction, which is not significant, showed that Map Groups 
1, 2 and 4 were the most important discriminators after most of the variation had been 
accounted for by the first discriminant function. These predictors separated the subject 
groups mainly on the type of output used, with a srnail separation on the basis of gender. 

Groups MN, ME, FN and FE 
The Level Two groups MN, ME, FN and FE differed on the basis of gender and 

experience levels. The sample sizes differed more in this set than in either of the others. 
The FE group (n = 14) had a rnuch smaller size than either of the two non-experienced 
groups (MN and M each had 8 1 members). 

The results of the discriminant analysis are reported in Table 7.29. In this case, the 
fmst two discriminant functions were significant and the third was not. The fint hinction 
explained 8 1.39% of the variation: the second function explained another 16.1696. The 
Special scores were &y far the most important predictor in Function One. An investigation 
of the group centroids on Function One showed a clear separation of the subject groups on 
the basis of experience level. There was also a separation on the basis of gender. The 
comlations confmed the importance of first, the Special scores and then Map Group 2, in 
scparating the groups on the basis of experience. The other Map Gmups showed only fair 
correlations to this discriminant function. 

Function Two sepanited the groups on the bais  of gender and expenence. Map 
Group 3 was the most important variable. The correlations of the other variables were 
low* 

Groups NP, NS, EP and ES 
The last set of Level Two groups included the NP, NS, EP and ES groups which 

separated the subjects on the basis of output types and experience levels. The results of the 
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Table 7.28 MP, MS. FP and FS Groups' Discriminant Function Andysis Results 

Discriminant Functions 
Function Percentage of V m i  After Function Significance 

1 83.23 O 0.000 
2 15.89 1 0.363 
3 0.88 2 0.926 

Standardized Canonical Discriminant Function Coefficients 
&pendent Variable Function 1 Function 2 

Specii 0.7 188 -0,0400 
Group 1 0.06 17 -0.9 145 
Group 2 -0.2577 0.623 1 
Group 3 0.6739 0,0629 
Group 4 -0.2283 0.5567 

Pooled Within-Groups Correlations between D.V.s and Discriminant Functions 
Dependent Variable hnction 1 Function 2 

Special 0.81 17 O. 1804 
Group 3 0.7936 0.2 156 
Group 4 O. 1933 0.5235 
Group 2 0.3824 0.50 12 
Group 1 0.3974 -0.4264 

Canonical Discriminant Functions Evaluated at Group Means 

Group Function 1 Function 2 
M P  0.4485 -0.198 1 
MS 0.2946 0.2330 
FP -0.4889 -0,1776 
FS -0,5485 O. 1 247 

discriminant analysis of this set are given in Table 7.30. Al1 three of the possible 
discriminant functions were significant at alpha - 0.050. The first explained 8 1.69% of 
the total variation; the second explained 9.41 95 and the third 8.90%. 
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Table 7.29 MN. ME. FN and FE Gmups' Discriminant Function Andysis Results 

Discriminant Functions 
Function Percentage of Variance Aficr Function Significance 

1 8 1.39 O 0,000 
2 16.16 1 0.008 

3 2.44 2 0,426 

S tandardized Canonical Discriminant Function Coefficients 
Dependent Variable Function 1 Function 2 

Special 0.9090 -0.082 1 
Group 1 0.0353 -0,0996 
Group 2 O. 1264 -0.58 17 
Group 3 0.036 1 1.1544 
G~OUP 4 -0.0 1 54 -0.3241 

Pooled Within-Groups Comlations between D.V.s and Discriminant Functions 
Dependent Variable Function 1 Function 2 

Special 0.9908 0.0041 
Group 3 0.4939 0,6803 
Group 1 0,3974 -0.0304 

Group 2 0.577 1 -0.241 6 
Group 4 0.3 504 -0.2204 

Canonical Disaiminant Functions Evaluated at Group Means 
Group Function 1 Function 2 
FE 0.6883 -0.8226 
ME 0.975 1 0.0 1 04 
FN -0.6825 -0.1609 
MN -0.0624 0.2964 

The Special scores were the most important contributor to the first discriminant 
function, followed by Map Group 2. The remaining predictors were not highly correlated 
with this function. The analysis of the group centroids showed that this discriminant 
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Table 7.30 NP. NS. EP and ES Groups' Discriminant Function Analysis Results 

Discriminant Func tions 
Function krcentage of Variance After Function Sipnificance 

1 8 1-69 O 0.000 
2 9-41 1 0.03 1 
3 8 -90 2 0.041 

Standardized Canonid Discriminant Function Coefficients 
Dependent Variable Function 1 Function 2 Function 3 

Special 0,9364 -0.41 56 0.1 290 
Group 1 0.0003 0.3292 1 .O38 1 
Group 2 0.2480 -0.058 1 -0.629 1 
Group 3 -0.2585 -0.2484 0.01 19 
Group 4 0.0879 0.9847 -0.3 153 

Pooled WithinGroups Comlations ktween D.V.s and Discriminant Functions 
Dependent Variable Function 1 Function 2 Function 3 

Special 0.96 12 -0.1275 O. 1 056 
Group 2 0.6090 O, 1983 -0.2745 
Group 3 0.3375 0.0 170 0.05 1 9 
Group 4 0.4039 0.8464 -0.2001 
Group 1 0.3683 0.3929 0.7225 

Canonicai Discriminant Functions Evaluated at Group Means 
Group Function 1 Function 2 Function 3 

NP -0.4356 -0.1705 O. 1472 
N S  -0.3085 0.1 767 -0.1574 
EP 0.8943 0.2 140 0.27 16 
ES 0.9263 -0.2800 -0.260 1 

function separated the four groups on the basis of experience level. There was a very 
slight sepration on the basis of the output type. 

The second discriminant function was influenced rnost strongly by Map Group 4. 
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with some additional influence from Map Group 1. The correlation between the 

discrimuiating variable and the discriminating hinction was high for Map Group 4 and fair 
for Map Group 1. The subject groups were separated on the basis of an output and 
experience intenrtion-the EP and NS groups wen atone end of the function, while the 
ES and NP groups were at the other end. 

Map Group 1 was highly comIated with the third discriminant function, with the 
exclusion of al1 the other predictors. The group centroids indicated that this function 
separated the subject groups on the basis of the output variable. 

Summary 
Discriminant Function Analyses were performed on the Level Two groups to analyze 

the relationships among the scores on al1 sections of the questionnaire and the relative 
importance of each section to the differences among the subject groups. 

The MP, MS, FP and FS groups showed significant differences among the groups 
on a discriminant hnction which separated them on the basis of gender. The most 
important predictors were Special Images and Map Group 3; Map Groups 1 and 2 were 
less important. The second discriminant function which separated the groups on the output 
variable was not significant. 

The second set of Level Two groups was made up of the FE, ME, FN and MN 
subjects. Two discriminant hinctions were significant. Function ûne separated the subject 
groups primarily on the bais of experience and also on gender. The most important 
predictor was the Special Images score, then, at a lower level of importance, the Map 
Group 2, 3. 1 and 4 scores. The second discriminant function separated the four groups 
first on the basis of gender and then on experience. Map Gmup 3 was correlated with this 
function. 

The finai discriminant analysis cornparrd the NP, NS, EP and ES groups. AU three 
possible discriminant functions were significant at alpha = 0.050. The first discriminant 
function separated the subject groups on the basis of gender. The most important predictor 
was Special Images. then Map Group 2. The remaining variables showed fair levels of 
comlation with the function. The second discriminant function was highly correlated with 
Map Group 4 and separated the subject groups into the EP and NS groups at one end and 
the ES and NP groups at the other. This indicated that the interaction between the output 
variable and the experience variables was responsible for the discrimination. The third 
discriminant function, with which only for Map Group 1 was significant, separated the 
subject groups on the basis of the output variable. 
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY OF RESEARCH 
Background 

Geographic Information Systems, or GIS, have had a significant impact on the fields 
of cartography and geography for several years. Maps are an essential cornponent of these 
systems in the data acquisition. the data analysis and the data presentation stages of any 
GIS analysis. The images displayed on screen are not only final presentation maps, &ut 
also 'interim* images which display a stage in the spatial data analysis process. These 
intexim images, and not the hard copy presentaiion maps, are very often used as the basis 
for spatial decisions. These systems are increasingly king  made available to users who 
have had littie or no training in cartography which would assist them both in the 
understanding and the production of the cartographie images. 

Little is known about how rnap usea perceive or understand the various types of 
GIS images, whether or not screen images are perceivecl or understood differently than 
papa  maps. or about the effects of gender or expenence on the users' perceptions and 
understanding. Map use research which uses GIS screen images as the test maps is 
needed to answer these questions. 

This study addressed ihis lack of knowledge by investigating four main arcas. 'Ihe 
first objective was to determine the types and levels of the map users' understanding of 
single maps and a senes of maps in tems of the meanings of the individual maps and of 
the solution of the spatial land allocation problem which is reflected in the series of maps. 
The second objective addressed whether maps which are to be used on-screen requk 
changes to the design guidelines which have b e n  developed for maps produced on paper 
due to the differences between the two media. Then, the effects of the variables of gender 
and GIS expenence were evaluated to determine if and how these variables af5ect the rnap 
users' task performances. 

Methodology 
Map task research was used to test the subjects' understanding of the individual 

maps. a series of maps and on the solution of the spatial problem as illustrated by the 
maps. A real-life land allocation problem was used as the basis of the test images and the 
map tasks (as suggested by Board, 1978 and 198 1 ; Keates, 1982) to provide real-world 
validity to the testing situation. The dataset was developed by the United Nations Institute 
for Training and Research (UNITAR) in conjunction with the Clark Labs for Cartographie 
Technology and Geographic Analysis (Clark University) as a G 1 S training exercise. The 
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solution to the problem required the creation of a final planning map for future industrial 
development in the Kathmandu Valley of Nepal. The subjects were given a background of 
the scenario. The focus of this research is on the understanding of the individual images 
and groups of images; the focus is not on the planning issues perse. 

The raster-based geographic information sy stem, "Idrisi", produced by the Clark 
Labs for Cartographie Technology and Geographic Analysis, was used to generate the set 
of images which illustrated the solution of the land allocation problern. The GIS images 
were photographed fkom the computer screen and printed in colour to provide the two sets 
of test images. 

The Kathmandu Valley land allocation exercise enabled twenty-one images to be 
produced that provided examples of the variety of maps commonly produced with a 
Geographic Information System. These images included the original data images of soi1 
types and land use categones. an elevation model, and a location map; and the images 
produced through the solution of the problem which included Bwlean constra.int maps, 
distance maps, a cost-surface image, suitability maps and the allocation maps. A slope and 
an aspect map were included in the questionnaire to test the subjects' understanding of 
these images. even though they were not part of the land allocation problem. 

It was possible to mate an equally wide variety of questions based on these images 
which required the subjects to complete map use tasks included in the map reading, 
anal y sis and interpretation task levels of Muehrcke ( 1 98 1 ) and in the GIS data syn thesis, 
data analysis and problem logic tasks which are part of GIS use. Both psychophysical and 
cognitive tasks. as well as those which were an integrationof both types of tasks were 
included in the questionnaire (Gilmartin, 198 1). The questions were presented to the 
subjects in the ten-pagequestio~aire in the order the images appeared dunng the solution 
process. 

Expenence was defined, for the purposes of this snidy, to mean the subject had 
taken courses in GIS or Computer Cartography andior had experience working with GIS. 
Sixty-six subjects were sampled from the GIS business community in Calgary and fiom 
the GIS and Cartography academic community across Canada. The sample sizes within 
the four experienced groups are low (especially in the two female groups) due to the 
difficulties of accumulating volunteers and the low numbers of females with experience 
who took pari in this research. The non-experienced subbcts were requireâ to have had no 
GIS or Computer Cartography training or work experience. They were sarnpled, 
pnmarily. from the University of Calgary population. A total of 204 subjects were 
randomly selected from a wide variety of faculties and departments. Al1 subjects were 

grouped according to experience level (yes or no) and gender. Within these groups, the 
subjects were randomly assigned the printer image output or the scleen photograph output. 

Each subject's answers were coded on the basis of general answer types. The fint 
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objective of this research was to Uivestigate the types of answers which were chosen to 
gain insight into how the rnap readers understood the individual images, the series of 
images and the progression and solution of the land allocation problem. The cognitive 
analysis chapterrecorded the fkequencies of these answers for each question and discussed 
the possible reasons for any rnisunderstandings. 

The answer codes were scored and the subject groups' scores for the individual 
questions were analyzed to ascertain whether theirscores were consistently good or poor 
over the entire questionnaire. Then. the subjects' scores for the rnap type groups were 
obtained for the subsequent statistical analyses. The individual question scores were not 
suitable for these types of analyses. The groups' scores were compared to determine if 
there were differtnces due to gender, output type or experience level and if there were 
interactions between any two variables, such as between gender and output. gender and 
experience or experience and output. 

SUMlMARY OF RESULTS 
The questionnaire answers were analyzed by cornparhg and contrasting the types of 

answers (the cognitive analysis) and by a statistical analysis of the scores obtained by the 
subjects for questions of the individual rnap groups, the environmental portion of the 
questionnaire and the questionnaire as a whole. 

The questions were grouped on the basis of rnap types. Map Group 1 included the 
Digital Elevation Model, the Location map. the LandusclLandcover rnap and the Soi1 type 
map. Map Group 2 was made up of the three const.ra.int maps. The s i r  factor maps were 

grouped into Map Group 3 and Map Group 4 included all the suitability and allocation 
maps. Question 25 was based on the final allocation map, but was not included in Map 
Group 4 as it was not scored for the purposes o f  statistical anaiysis. The Special Images 
Group included the slope and aspect maps. 

The Cognitive Analysis 
This analysis reflects an exploration into the cognitive process of the rnap users. 

This research (on traditional and on-screen maps) has been recommended for rnany years 
by numerous cartographen (Buttenfield and Mackaness, 199 1 ; Rase. 199 1 ; Weibel and 
Buttenfield. 1992; Keller and Wood, 19% and others) but is only now king  carried out in 

the GIS environment (McGuinness et al., 1993). 
The cognitive analysis was more concemed with the type and varïety of the answers 

than their degree of correctness. An analysis of the incorrect answen cm give insighi into 
the misunderstandings of the subjects and into their cognitive processes. The data were the 
answers for each multiple choice question and the subjects' range of answen for each 



168 
short answer question. The variety of answers given for each question was analyzed to 
gain iosight on how the images were understood by the 228 subjects in the main snidy. 

The questions of Map Group 1 were primarily tasks of map reading The subjects 
needed to identiw land use and soi1 caiegories by colour, read and understand the legends. 
visualize a 3-D image and locate areas by elevation categories. Most subjects (93.4%) 
could accurately describe the landscape from the digital elevation model, identiQ an 
elevation category (98.7%) and a soi1 category (90.896). Fewer subjects (only 64.0%) 
were able to comctly identify land use categories when then were subtle colour 
differences between them. A portion of the subjects faiied to understand the questions and 
selected categories which were not of interest. Some misundeatood the definition of the 
rem 'highland'. This general term was deliberately used to test how it would be 
understood. 

The conseaint maps are! Boolean images which identified those areas which failed to 
meet one of the criteria for fùture development The first question asked the subjects to 
identifi the purpose of the constraint map. One-half of the subjects had some degree of 
difficulty stating the purpose of a consaaint rnap and correctly identiQing tht effect of the 
constraint on the hiture development of both industries. They either failed to understand 
the concept of a Boolean image or failed to recognize that the constraint affected both the 
agricultural and carpet industries. 

The next two questions asked the subjects to iden tify the land use category which did 
or did not meet the consaaint criteria When the land area was large, 87.3% of the subjects 
could correctly identify it; however, when the land area of interest was made up of smaller. 
more dispersed areas. it was comctiy identified by only 6 1.4% of the subjects. Some of 
the incorrect answers to this latter question indicated that the subjects used their general 
knowledge about land development rather than the specifîc information on the map. 

The final question on the constraint maps required the subjects to synthesize the 
information seen on the t h e  consaaint images, each of which illustrated one constraint 
criterion. This task proved to be very difficult for the majority of the subjects. Few were 
able to correctly identiw al1 three constraints. Many of the subjects identified the 
constraints in general terms, but not in the "'A' / 'not A"' language of Boolean algebra. 
For example, agricultural land was "suitable" and 6 1.42 of the subjects correctly 
answered this on the preceding question. Therefore, one constraint is "not agricultural 
land". Only eight of the 228 subjects selected this option; 76 out of 228 answered 
"forested land" which is somewhat correct in a general sense, but not at al1 in the sense of 
Boolean algebra 

The third map group is made up of the six factor maps. The questions included 
simple legend reading tasks and dilficult tasks which probed the understanding of the 
construction of these images. The Iegend reading task (Question 10) was correctly 
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answered by 85.1 2 of the subjects. This answer informed the subjects that the factor 
class '224-255' denoted land that was 'the best* in terms of the factors; this information 
was necessary to answer the later questions. An understanding of the titie and legend of 
the Proximity to Rivers Factor Map eluded most subjects. Although they did select 
"distance to nearest river9* as an option, they also chose a variety of other options as well. 
This indicated a belief that more data than only distance infîuenced the factor values on this 
image. 

A common map use task is the cornparison of two spatial pattems. The majority of 
subjects were able to do this and correctly identim the reasons khind the similarity of the 
pattems. They gave general answers which indicated a knowledge of power lines in 
relation to roadways rathet than a specific answer which indicated an understanding of the 
underlying GIS data manipulation that was used. 

The cost-surface map asked the subpcts to find the centre of the pattern (correctly 
done by 8646 of the subjects) and to understand what data were used to calculate the cost- 
surface map. This latter task proved to be very difficult for most. As was seen with the 

question on the distance map. most thought more data had been used than, in fact, was. 
The majority of the subjects had answered Question 10 correctly and, therefore, 

understood that factor class 224255 represented the "best" land in ternis of the factor in 
question. Question 1 4 (on the Slope Factor Map) required this knowledge. Only 47.8% 
answered this question cotrectly, however. The errors can be attributed to a number of 
causes. including: not understanding that the factor value 224-255 denoted the %est1', a 
confusion between slope and elevation, and including other land characteristics to describe 
the most suitable land. Questions 15A and 15B (on the Soi1 Capability Factor Map) 
showed similar problems in the understanding of the concept of appl ying a factor value 
scale to a land characteristic. 

The suitability and allocation map (Map Group 4) questions required the subjects to 
read legends, analyze pattems and understand the manipulation of the data. The legend 
reading task (Question 18) was well done. Fully 89.9% of the subjects were able to 
answer this correctly. This is lower than the number who answered another legend 
reading question, Question 2, conectly. which may indicate that fatigue was a factor. 
Most of the subjects (58.3%) could locate the most suitable lands by examining the spatial 
pattem of the values on the Carpet Industry Suitability Map. 

Two questions asked the subjects to estimate the relative importance of 1 ) the four 
factors which produced the Agricultural Industries Suitability Map and 2) the five factors 
which produced the Carpet Industry Suitability Map. The majority correct1 y ranked the 
four factors, but the ranking of the five factors proved to be more difficult. The between- 
subject agreement was high, but their ranking differed from the correct answer. The first 
and second most important factors were correctly ranked (Proximity to Water and 
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Proximity to Roads. respectively). but the importance of the Roximity to Powcr was over- 
estimated while that of the Proximity to Market was under-estimated. 

The subjects were again asked to Iist the three constraints to development, as they 
had been on Question 8. Although Question 1 9 (w hich was in a multiple-choice format) 
was answered comctly by more subjects than answered the first question (which was in 
short-answer format), it too proved too dificuit for the majority. 

The nmaining questions probed the subjects' understanding of the manipulation of 
the data on two or more images (such as the overlay of two or more data layers). GIS 
procedures often entail using some of the data classes of one image to create another 
image. The Future Agriculnual Sites Map was created in this way by using only the land 
with the highest suitabiiity values from the Agricultural Suitabiüty Map. Only 65.9% of 
the subjects understood this process. Most of the others merely restated the important 
factors to agriculturai development. 

The overlaying of two images is another common GIS procedure. The land 
categorized as "both" in the Allocation of Land to Industries Map is the intersection of 
lands which are suitable for the carpet industry (on one image) with those which a~ 
suitable for the acuiturai industry (on the second image). A minonty of the subjects 
(47.4%) understood why the land was now labelled "both". Clearly subjects had difficulty 
integrating information h m  two images. 

The final allocation of land gave most of the mutually suitable land to the carpet 
industry and some to the agricultural industry. Prior to this last stage, however, neither 
industry has had its requirements met. This Iogic was not understood by approximately 
half of the subjects (50.4%). The final allocation was understood comctly by only 39% 
of the subjects. To find the correct answer for this question, the final image had to be 
carehilly compared to the previous image. Fatigue may have played a role in the subpcts' 
inability to answer correctly. 

The difficulties in understanding the solutions of the land allocation problem did not 
prevent the same subjects from rating the GIS land allocation solution as plausible to very 
plausible. However, these high levels of plausibility did not reflect an unquestioning belief 
in the GIS solution. Many s u b m  expressed some concerns about the solution in that it 
failed to address other environmental, economic or social factors. 

A slope map and an aspect map were included in the questionnaire as these images 
are commonly produced by many Geographic Information Systems. The concept of aspect 
was not understood easily by approximately 60% of the subjects. The concept of dope 
was apparently easier to understand as approximately one half of the subjects answered 
these questions correctly. The confusion of aspect with dope a d o r  elevation and (less 
SO) of dope with elevation andor aspect was apparent again in the interpretation of these 
images. On1 y 52.6% correctly described the siope map. The proportion increased to 
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85.1 W when the terms desccibing elevation ratber than dope were considered (temporarily) 
"correct". That is, most subjects could describe the mountains and the valley, but used 
terms denoting ekvation, no< slope. 

The Subjects9 Relative Performances 
The ernphasis on this analysis was on the scores of the individual questions and the 

relationship of these scores when the questions are compareà by the rnap use task type and 
by the image type and the relationship of the subjects' scores on al1 portions of the 
questionnaire. It is of intenst to determine if the subjects who scored well or poorly on 
one question maintained that level on al1 the other questions of the questionnaire. 

The average scores on each question over al1 the 228 subjects were caiculated and the 
questions were then ranlred from highest to lowest mean scores. The question which 
eamed the highest score was Question 2 (98.68%); the lowest score was for Question 8 
(28.5 1 %). Between these extremes, the remaining question scores followed essentially a 
straight line from highest to lowest, indicating that there was an even distribution of 
difficult, moderate and easy questions. 

AU the questions whose mean scores were in the range of 90%-100% were in Map 
Group 1 . This rnap group included the digital elevation mode1 and the soils type map. It 
was on questions based on these images that the highest scores were obtained. Where the 
questions in this rnap group did not rely on the differentiation of subtle colours, the scores 
were very high. The lowest scoring question was Question 8 which was based on the 
three constra.int maps. Within these limits. the other rnap groups had an even mix of high, 
moderate and low scores on theu questions. 

The questions were dso grouped on the basis of the rnap use task categones. Map 
Reading and Map Analysis tasks showed higher scores (on average) than task of the GIS 
Data Analysis. GIS Data S ynthesis and G 1 S Data Logic categories. Wi thin any prinicular 
category, those tasks which required the use of more than one image had lower scores than 
similar tasks which required the use of only one image. It is difficult to make within-group 
cornparisons as the level of difficulty varies considerably among questions of the same 
rnap use iask category. 

The most important part of this analysis was the andysis of the pattern of scores over 
the entire set of 34 questions, that is, the detemination of the subjects' consistency of 
sconng ability. Doing "well" or "poorly" was defined as the difference between the 
subjects' scores (quoted as a percentage) and the average score of al1 228 subjects (the 
"overall mean") for each question. 

The subjects were divided into ten groups, for the purpose of this analysis only, 
based on each subject's value on the Grand Total score. Each group's mean score for each 
question was calculated. All groups showed a wide range of scores. That is. each group 
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had some very high and very low scores among the al1 34 questions. From the '%est'* 
group (Group 1) to the "worst**group (Group IO), the lower limit of the scores decreases 
steadily. The upper lirnit, however, remained close to the lûû% level which indicated that. 
regardiess of the subjects' overall abilities, there were some questions which were always 
answered correctly by al1 members of the group, while overall pertomance decreased fmm 
Group I to Group 10. 

The differences between each group's mean scores and the overall mean scores 
showed consistencies. That is, if a group scored well on one question, they tended to do 
equally well on al1 questions. Sïmilar relationships were seen among the groups whose 
scores were lower than the ovedl means. There were fluctuations within each group's 
differences From the overall means. Some questions were answered much better or much 
worse than what was typical for that group. 

The highest scoring groups had their greatest advanrages (when compared to the 
overall mean) on the questions on the aspect map, some of the questions on the synthesis 
of data from two images, and two of the questions concerning the constraint maps. The 
lower scoring groups scored very poorly on these questions (more poorly than they 
usually scored). The ten groups did not differ a great deal fiom the overall means (either 
higher or lower) on the questions which required simple legend reading, the visualization 
of 3- D images. the identificationof data categories on the bais of colour and the ranking 
of the importance of factors in the production of the suitability maps. Contrary to the 
advantage seen in the best groups for Question 8 of the constraint maps, this advantage 
was not present for Question 19 which asked for the same information, but using a 
different question format. 

The ten groups had been fonned on the basis of the subjects* Grand Total scores and 
then ranked from " best" (Group 1 ) to "worst" (Grou p 1 0). This ranking was maintained 
when their ranks on the individual questions were averaged over the entire questionnaire. 
The consistency of uich group's position relative to the overall means was confumed. 

The Statistical Analyses 
In order to measure the effects of the three independent variables, the subjects' 

scores were compared using statistical tests of means, Factorial Analysis of Variance and 
Discriminant Function Analysis. Each subject's answers were coded and scored, then the 
scores were summed to give each subject a total for each of the Map Groups 1 to 4, the 
Special Images group, the Environ subtotal (the total of the scores of Map Groups 1 to 4) 

and the Grand Total of the entire questionnad (the total of the Speciai Images score and 
the Environ score). 

Eight subject groups were formed to differentiate the subjects on the basis of gender. 
experience level, and output type. These subject groups were paired to test separately the 
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effects of the three variables in the following order: output type. gender and experience 
level by comparisons of means. 

The Level One groups are: 
MNP (Male, Non-experienced, Rinter) 
FNP (Female, Non-experienced, Printer) 
MNS (Male, Non-experienced, Screen photograph) 
FNS (Female. Non-experienced, Screen ph0 tograph) 
MEP (Male. Experienced, Rinter) 
FEP (Fernale, Experienced, Rinter) 
MES (Male. Experienced, Screen photograph), and 
FES (Female, Experienced, Screen photograph. 

The Level One subjea grwps were then combined to form the Level Two groups on 
which additional comparisons on means, Factorial Analyses of Variance and Discriminant 
Function Analyses were perfomed. The Level One groups were combined difierently 
depending on whether the output, gender or experience variables were ignored. The 
effects of the variables were then tested. using these groups, holding one variable constant 
while the remaining variable was disregarded. 

The Level Two groups are: 

MP (Male, Rinter) MS (Male, Screen photograph 
FP (Fernale, Printer) FS (Fernale. Screen photograph) 
MN (Male. Non-experienced) ME (Male, Experienced) 
FN (Femaie. Non-experienced) FE (Fernale, Experienced) 
NP (Non-experienced, Printer) NS (Non-experienced,Screen photograph) 
EP (Experienced, Printer) ES (Experienced. Screen photograph) 

The four groups of nonexperienced subjects did not do particularly well on the 
entire questionnaire, with average percentages ranging from 50.9% to 6 1.6% for the 
Grand Total scores (the entire questionnaire). On the separate map groups which make up 
the Grand Total. these subjects scored highest on the questions on the factor maps, then 
those of the original images, slope and aspect maps, suitability and allocation images and 
finally, the lowest on the constraint maps. The Grand Total scores for the four 
experienced subject groups range from 66.98 to 70.4%. These subjects did best on the 
questions on the dope and aspect maps. then less well (in decreasing order) on the 
questions on the factor maps, the original images, the constraint maps. and worse on the 

suitability and allocation maps. 
There were three independent variables in this study: output type (pnnter images or 

screen photographs), experience level (no experience/some experience with GIS), and 
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gender. Three nul1 hypotheses were fonned to test the significance of these variables and 
one hypotheses addressed the significance of any interactions between the variables. The 
effects of three variables wilI be discussed in tum, after which the interaction effects will 
be discussed. 

THE GRAPHIC OUTPUT VARIABLE 
Hypothesis One 

The F i t  variable is the output type. Each subject used either the printer image or the 
photograph of the screen to complete the questionnaire. There are two parts to lhis 
hypothesis: 

A) The subjects* test scores do not differ significantly depending on the output 
type, while controlling for the gender level and expenence variables. 
The Level One subject groups which were compared are: MNP vs MNS, 
FNP vs F M ,  MEP vs MES, and FEP vs FES. 

B) The subjects' test scores do not differ significantiy depending on the output 
type, while ignonng Fust the gender levei variable and then the experience 
variable, 
The Level Two subject groups which were compared are: NP vs NS, EP vs 
ES, MP vs MS, and FP vs FS 

The scores of the non-experienced subject groups MNP, MNS, FNP and FNS were 
compared to detennine if there were significant differences due to the output type. Both 
the male groups and the female groups scored higher with the screen photographs than 
with the printer images for most of the sections of the questionnaire. However, none of 
these differences were significant at an alpha level of 0.007. (This consemative 
significance level is tecomended to comct for the increased Type 1 error rate created by 
the large number of cornparisons which were perfonned.) The MW-MNS scores were 
significantly different on the questions on the suitability and allocation maps (Map Group 
4) at alpha = 0.050. 

The experienced groups which were compared were MEP-MES and FEP-FES. 
Both gender groups scored higher with the printer images than with the screen 
photographs on most of the sections of the questionnaire. Only the scores of the 
MEP-MES groups on Map Group 1 (the original images) were significantly different at 

alpha - 0.050. The small sarnple sizes of the FES and FES groups precluded a statistical 
cornparison of their rneans. 

The scores on the questions of Map Groups 1 and 4 were expected to be influenced 
by differences between the printer images and the screen photographs. Some of the 
expected advantages of the printer output was a higher resolution than the screen 
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photographs and less glare. On those questions which depend on the identification and 
diffenntiation of colours, it was expected that the printer output would provide an 
advantage to the subjects. 

However, this expected advantage was not found in the nontxperienced groups. 
The scores for Question 1 B, which requüed the discrimination of colours, werr higher in 
the groups which used the smen  photographs. On Question 3A, on the other hand the 
printer groups scored higher. The latter question asked the subjects to differentiate two 
very similar shades of the same colour and, in this case only, the printer image may have 
provided a clearer image. 

The experienced groups showed a slightly significant difference between the 
MEP-MES groups for Map Group 1. An exarnination of the questions which make up 
bis group conf i ed  that the MEP scored higher on al1 the questions of the set. which 
caused the total for Map Group 1 to become significant due to a cumulative effect. The 
MEP group scored higher generally on al1 the questions of the questionnaire. 

The scores on Map Group 4 showed some of the largest differences between the 
nontxperienced groups (both gendea). However, the advantage did not go to the primer 
groups but rather to those who used the screen photographs. An exarnination of the 
images showed that the colour range of the screen photographs was wider than in the 
printer images which rnay have given those subjects an advantage on sorne of the questions 
of this group with required the differentiation of colours. This effect was also evident 
among the experienced subjects. Con- to the experienced groups* tendency to score 
higher with the printer images, on some questions in this map group the scores for the 
MES and FES groups were higher than for the MEP and FEP groups. 

The other questions in this map group which were expected to be colour dependent 
did not show strong preferences for the printer images. One output type was not 
consistently superior to the other. There were no significant differences between the 
scores of the printer groups and the screen photograph groups for questions which were 
not colour or resolution dependent. 

Therefore, the nul1 hypothesis (1 A) could not be rejected at alpha = 0.007 and there 
were no significant differences due to the output variable between the mean of the Level 
One groups. 

The Level Two groups which were compared were NP-NS, EP-ES, MP-MS and 
FP-FS. The first two groups ignored the gender variable and the second two groups 
ignored the experience variable. The NP, NS, EP and ES groups showed the same 
relationship between the output variables as was seen among the experienced and non- 
experienced Level One groups discussed above. The NP-NS groups showed a significant 
difference (ai alpha - 0.050) for Map Group 4; the EP-ES groups showed a similarly 
significant difference for Map Group 1. This difference in the pattern of scores between 
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the two sets indicated an output by experience interactions. 

When the Level One groups were combined over the experience variable, the 
differences seen previously in some of the map groups were no longer evident once the 
expetimce variable was ignond. The males who used the printer images (MP) showed 
higher scores for Map Gmup 3 and Special Images as well as Map Group 1. The 
remaining map group scores were higher for the MS group. The FP group scored higher 
than the FS group on Map Group 1 and 3. but not on the Special Images group. The 
differences between the scores on Map Groups 1 and 4 were still the largest among al1 the 
map groups. but the differences were not statisfically significant. 

Therefore, the second nul1 hypothesis (1 B) could not be rejected at alpha - 0.007 for 
any of the sections of the questionnaire. At a significance level of alpha = 0.050, dieR 
were significant differences between the MNP-MNS and NP-NS subjects on Map Group 
4 (the suitability and allocation maps), and between the MEP-MES and EP-ES subjects on 
Map Group 1 (the original images). The higher scores among the non-experienced groups 
who used the screen photographs compared to the higher scores among the experïenced 
groups who used the pnnter images indicatecl the presence of an interaction effect betsveen 
the output and experience variables. As the preference for the printer or the screen 
photographs was not consistent, the difference could not be attributed on1 y to the output 
variable. 

Rather than assuming that the rnap design guidelines developed for traditional paper 
maps would be applicable for screen images, researchea recommended that map use 
research be carried out using these "new" images (Dobson, 1984; Gooding and Fomst, 
1990; Taylor, 1993; Keller and Wood, 1996). The results of this study showed that the 

computer screen images function as well as the pnnter images and no change in the design 
of the computer screen images is necessary to compensate for the different colour and 
resolution characteristics of that medium. The supetiority of the paper maps over the 
screen images reported by Gooding and Forrest ( 1990) was likely primady due to the type 
of monitor they used (which had a Lower visual quality than the monitors available today) 
and, secondarily to the type of screen maps they used. Colour output devices have 
improved greatly since 1990. 

THE GENDER VARIABLE 
Hypothesis Two 

The second variable is gender and there are also two parts to this hypothesis: 
A) The subjects' test scores do not differ significantly depending on the gender of 

the subject, while contmlling for the output level and experience variables. 
The Level One subject groups which were compared are: MNP vs FNP. 
MNS vs FNS, MEP vs FEP, and MES vs FES. 
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B) The subjects* test scores do not differ significantly depending on the gender of 

the subject, while ignoring fiat the output level variable and then the 
experience variable. 
The Level Two subject groups which were compand are: MN vs MT ME 
vs F E  MP vs FP, and MS vs FS. 

The frst group of subjects compared on the gender variable were MW-FNP and 
MNS-FNS. In both output categocies, the males scored higher than the females on ail 
sections of the questionnaire. The differences between the printer groups were significant 
(at alpha 0.007) on the Speciai Images group (the aspect map and the slope map) and 
significant at alpha = 0.050 on Map Group 3 (the factor maps) and and the Grand Total 
score. Between the two groups who used the screen photographs (MNS-FNS), the 
scores for the males were significantly higher (at alpha = 0.007) for Map Group 3 and 
slightly significantly higher (at alpha = 0.050) for Special Images, the Environ score and 
the Grand Total score* 

The experienced groups were compared by pairing MEP-FEP and MES-FES. Ihe 
differems between the gender groups' scores were much smaller than was seen benveen 
the non-experienced groups. Ofien. the fernaie subjects scored higher than the males on 
the question groups. None of the differences between the MEP-FEP groups were 

statistically significant (even at alpha - 0.050). 
No prior assumption had been made as to which questions might be better answered 

by either gender. The scores of Map Group 3 (the factor maps) showed large differences 
between the gender groups, primarily in the non-experienced subjects, but also in the 
experienced subjects. The females gave more partiaily correct answers for questions 
related to the slope. the patterns on the distance maps and the construction of the cost- 
surface map. The answers to the questions based on the dope and aspect maps showed 
that the non-experienced females had problems with the concept of aspect and siope and 
confused each with elevation. The large differences between the scores on these rnap 
groups within the non-experienced subjects caused the weakly significant differences seen 
in the scores of the the Environ sub-total and the Grand Total scores. 

There were no significant differences between the scores on Map Group 1 (the 
original images), Map Group 2 (the constraint maps). and Map Group 4 (the suitability and 
allocation maps), although the latter map group showed large but not significant 
differences between the scores of the MNS and FNS groups. The 1 s t  two groups contain 
difficult questions but failed to show differences between the gender among the non- 
experienced groups. There is, therefore, no consistent gender effect. 

The nul1 hypothesis (2A) regarding the differences due to the gender variable could 
be rejected, in the case of the non-experienced subjects, for the scores of Special Images, 
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Map Group 3 (at alpha = 0.007). The hypothesis could not be rejected for the cxperienced 
groups on any portions of the questionnaire. This difference in the scoring pattems 
between the two experience levels indicates the presence of a gender and experience 
interac tion. 

The Level Two groups which were compared frst were MN-FN and ME-FE. This 
set ignored the output variable while comparing the groups on the gender variable. 'Ihe 
noncxperienced males' scores were higher than those of the females on al1 the sections of 
the questionnaire. The differences between the gtoups were significant at alpha - 0.007 
for the Map Group 3, Special Images, Environ and the Grand Total scores. The scores of 
Map Groups 1 and 2 were significantly different at alpha 1 0.050. The increased 
significance levels. when compared to the Level One groups. reflected the increased power 
of the tests due to the increased sample size. Only the scores of Map Group 4 were not 
significantly different. 

The experienced groups (MEFE) showed small differences between the gender 
groups. As was seen with the Level One groups, the females often scored higher than the 
males on rnany sections of the questionnaire. On Map Group 3, the males scored higher. 
but this difference was only significant at alpha - 0.050. The different pattern arnong the 
expenenced and non-experienced subjects substantiates the presence of a gender by 
experience interaction. 

When the Level One groups were combined by ignoring the experience variable, the 
following groups were fonned: MS-FS and MP-FP. In both sets of gender comparisons. 
the males scoced higher than the corresponding females for al1 the map groups. Since the 
experience variable was ignored, the advantages seen above for the FE group over the ME 
group on some of the map groups were not seen here. The pattems were the sarne as those 
seen between the MN and M pairings in which the males aiso scored higher than the 
femaies on al1 the map groups. 

Significant (at alpha = 0.007) gender differences were present for Map Group 3. 
Special Images and the Grand Total score. No significant differences occurred in Map 
Groups 1 or 4. The MS-FS pairing also showed a highly signifcant difference between 
the scores for the Environ sub-total; the MP-FP groups showed a weakly significant 
difference for these scores. The MS-FS groups also showed a weakly significant 
difference on Map Group 2 (the consaaint maps) while the MP-FP groups did not. 

The nul1 hypothesis (2B) could be rejected for the MN-FN groups for Map Group 3. 
Special Images, Environ and the Grand Total Scores. There was a significant gender 
effect on these scores. The nul1 hypothesis could not be rejected for this pair for Map 
Grou ps 1 , 2 or 4 at an alpha level of 0.050. The nul1 h ypothesis cou Id not be rejected for 
the experienced subjects. There was no highly significant gender effect between these 
groups at alpha - 0.007. 
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When the experienced variable was ignored and the MP-FP and MS-FS groups are 

compared. the nul1 hypothesis could be rejected at alpha- 0,007 for Map Group 3, Special 
Images, and the Grand Total scores. It could not be rejected for the scores of Map Groups 
1 or 4. The nsults were not as consistent for the Map Gmup 2 and the Environ scores. 

These nsults agned with those of other researchers in cartography who have found 
gender differences on some map use tasks, but not on others (Gilmartin and Patton, 1984; 
Gilmartin, 1986; Chang and Antes, 1987). The general lack of gender differences arnong 
the experienced subjects adds evidence to the contention that sex differences can be 
reduced or eliminated with training (McGee, 1979; Halpern, 1986; Self et al., 1992). 

THE EXPERIENCE VARIABLE 
Hypothesis Three 

The final vviable is the experience level of the subject. This hypothesis has three 

parts: 

A) The subjects' test scores do not differ significantly depending on the experience 
level of the subpct. while controllhg for the gender and output variables. 
The Level One subject groups which were compared are: M W  vs MEP, 
FNP vs FEP, MNS vs MES, and FNS vs FES. 

B) The subjects' test scores do not differ significantly depending on the experience 
level of the subject. while fmt ignoring the gender variable and then the 
output variable, 
The Level Two subject groups which were compared are: NP vs EP, and 
NS vs ES; MN vs ME, FN vs F E  

The subjects wen  then compared on theirexperience with GIS. Among the printer 
groups (MEP, MNP, FEP and FNP), the experienced subjects showed higher scores than 
the non-experienced subjects for al1 sections of the questionnaire. The size of these 
differences was graiter between the two female groups than between the male groups. The 
differences were statistically significant at alpha - 0.007 for the MEP-MNP groups on the 
Special Images, Environ sub-total and the Grand Total scores. The differences between 
their scores on Map Groups 1. 2, and 4 were weakly significant. Only the scores for Map 
Group 3 were not statistically different. 

The female groups' scores showed a sirnilar pattern: highly significant differences 
for Special Images, Environ, and Grand Total and also for Map Groups 2 and 4. nie 
differences for Map Group 1 were weakiy significant; only those for Map Group 3 were 

not significant at dl .  
Among the groups who used the screen photographs, there were also differences due 

to the experience variable, but these were not as large as those seen arnong the printer 
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groups. The ciifferences between the FES-FNS groups were larger than between the male 
groups, as was seen above for the pnnter groups. Between the MES and MNS groups, 
the MNS subjects scored higher than the MES subjects on Map Groups 1 and 4. This was 
an unusual resuit. The diuerences between the MES-MNS groups were significant at 
alpha - 0.007 only for the Special Images groups. The Map Group 2 scores were weakly 
significant. None of the scores of the other map groups or the Environ sub-total or the 
Grand Total scores were significantly different 

The questions of the Special Images group (based on the aspect and the slope rnaps) 
caused the largest differences due to the experience variable. The experienced subjccts 
scored higher on al1 the questions in this group. Among the males. the differentiai was 
greater on the aspect questions than on the slope questions; among the females. the 
advantage on the aspect questions as compared to that of the slope questions was not as 
pronounced. 

The questions of Map Group 2 (the constraint maps) aiso separated the experienced 
subjects from the non-experienced. The experienced males scored higher than the non- 
experienced males on three out of the four questions in this group. The experienced 
females scored higher than their non-experienced countelparts on ail four questions. They 
understood the purpose of a constraint map and could identify al1 the constraints much 
better than the non-experienced subjects could. 

Within the groups who used the printer images, significant differences were also 
found between the groups' scores on Map Groups 1 and 4. In Map Group 1, the 
differences were primarily seen on Questions 3B and 4A. On Question 3B, the non- 
experienced subjects made errors in reading the question. On Question 4A. they were less 
sure of their answers which was indicated by their selection of many incorrect options in 
addition to the correct options. Map Group 4 is made up of the suitability and allocation 
maps. The experienced subjects scored higher on al1 the questions in this set except the 
legend reading task and the questions (1 7 and 20) which asked the subjects to rank the 
importance of the factors to the resultant suitability values. The experience variable was 
not expected to be an advantage in answering these comctly. The remaining questions 
required the understanding of the underlying logic and the synthesis of the infomation 
and. on these questions, the experienced subpcts scored better. 

The nul1 hypothcsis regarding the effkxt of the expenence variable could be cejected 
in some cases. The differences are greater between the fernale groups than the male groups 
and between the pnnter groups than those who used the screen photographs (especially 
among the males). The most significantly different scores occurred in the Special Images 
question group, followed by those of Map Group 2. No expenence effects were found in 
the scores of Map Group 3. 

The fint set of Level Two groups (EP-NP and ES-NS) which were compared had 
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combined the gender variable. For both output types. the experienced subjects scored 
higher than the non-experienced subjects on al1 sections of the questionnaire. The sizes of 
the differences between the EP-NP groups were larger than between the ES-NS groups. 
The differences between the EP and NP groups wece significant (at alpha- 0.007) for al1 
the map groups except Map Group 3; however the scores for this latter group were weakly 
significant. Those map groups which showed weakly significantly differences between 
the Level One group now show larger differences. 

Between the ES and NS groups. highly significant differences between their scores 
occurred in Map Group 2 and Special Images. This relationship was also seen between the 
MES and MNS groups. The differences on the Environ sub-total were weakly significant. 
Tbere was no experience effect on the scores of Map Groups 1, 3 or 4. The patterns of 
scores differ between those groups who used the printer images and those who used die 
screen photographs. therefixe, there is an interaction between the output and expenence 
variables. 

The Level Two groups were aiso pduced by combining the output variable of the 
Level One groups to fonn the MN, ME, M and FE groups. The experienced subjects 
scored higher than the non-experienced subjects on al1 the question groups. The 
differences between the femaie groups were larger than between the male groups. often 
markedly so. This was sirnilar to the previous comparisons between the NP-EP and 
NS-ES groups. The superiority of the experienced subjects held, regardless of whether 
the gender or the output variables were ignored. The difference between the scores of Ik 
MN-ME and the FN-FE groups were highly significant (at alpha = 0.007) on Special 
Images, Map Group 2. Environ and the Grand Total scores. No significant differences 
were found in Map Group 3. The FN-FE groups also scored significantly different (alpha 
= 0.007) on Map Groups 1 and 4; the MN-ME groups had no significant differences on 
these questions. The different patters evident between the gender groups indicates there 
was a gender by experience variable interaction. 

The nul1 hypothesis (3B) could be rejected and there was a significant experience 
variable effeciamong dl the Level Two groups for the Special Images, Map Group 2 and 
Grand Total scores. The h ypothesis could not be rejected for Map Group 3: there was no 
evidence of an experience effect among the factor map questions. Among the femaie 
groups (FN and FE) and the printer groups (NP and EP), highly significant differences 
also occurred with Map Groups 1 and 4, and the Environ sub-total. For these groups. the 
differences between the scores for al1 the map groups except Map Group 3 were highly 
significant. The male groups (MN and ME) and the screen photograph groups (NS-ES) 
showed no significant differences for the scores on Map Groups I and 4 and only weak 
differences between the scores of the Environ sub-total. 

These results support the studies of other researchers (Eastman and Castner, 1983: 
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Eastman 1985; McGuinness, 1993 and others) who found that map use task performances 
were affecteci by the presence or absence of expericnce in map use and that the presence of 
experience i s  a bcnefit io dificult tasks or task using complex maps (Eastman and Casmer, 
1983; Saku, 1992). 

THE VARIABLE INTERACTIONS 
The Level Two groups were used to nin Factorial Analyses of Variance (F- 

ANOVAs) to determine the piesence and the strength of any two-way interactions between 
the gender, output or experience variables. While a three-way multivariate FANOVA 
would have ken  the theoretical test of choice, it was not performeddue to the number of 
violations of its assumptions which would have occurred had this test been perfomed on 
the Level One data (the eight subject groups which differentiated the subjects on the basis 
of gender, output type and experience). Rather, the subject groups were combined into the 
larger Level Two groups and the dependent variables were tested sepatately using a series 
of two-way F-ANOVAs. The violations of the assumptions of these tests, although still 
present, were not as scvere. Estimations of the same two-way interactions, as would have 
been obtained had a three-way F-ANOVA been possible, were calculated. The errors of 
the partitionhg of the variation in the data set due to this method were demied less serious 
than the potential violations of the assumptions of the alternative methods. 

Estimations of the levels of significance of the main effects (the variables of output, 
gender and experience) were dso produced by the two-way F-ANOVAs, but the results 
should only be used as an adjunct to those obtained by the comparisons of the means of the 
Level One groups as these latter deteminations did not partition the effects of the third 
variable, rather the third variable was ignored in each of the tests. 

Hypothesis Four 
As there are three independent variables, there can be three different two-way 

interactions: output b y gender, experience by gender, and output by experience. 
Hypothesis Four has four parts: 

A) There is no significant interaction behvcen the gender and the output variables. 
The Level Two subject groups which were compared are: MP, MS, FP and 
FS , 

B) There is no significant interaction between the gender and the experience 
variables. 
The Level Two subject groups which were compared are: MN, FN, ME 
and FE. 

C) There is no significant interaction between the output and the experience 
variables. 
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The Level Two subject groups which were comparedare: NP. NS, EP and 
ES. 

The first set of Level Two groups (m. MS, FP, and FS) varied in terrns of the 
gender and output variable. There were no significant interactions between these two 
variables on any of the sections of the questionnaire, that is. on Map Groups 1-4, the 
Special Images group, the Envbn sub-total nor on the Grand Totai scores. In al1 case. the 
probability levels were high that thm were no interactions. 

The second set of Level Two groups to be compared was made up of the MN, ME, 
F N  and FE groups. The possible interaction was between the gender md experience 
variables. There was evidence to support the presence of a gender by experknce effect on 
some of the question groups, aithough none of the interactions was statisticaily significant 
at an alpha level of 0.050. Therefore, the nul1 hypothesis could not be rejected. 

While not statistically significant, there is an interesting interaction nonetheless. Tbe 
strongest interaction effect occurred in the original maps group (Map Group 1). the 
constraint maps (Map Group 2). the Environ sub-total and the Grand Total Scores. This 
interaction was caused because the non-expenenced males scored higher than the non- 
expenenced females while the experienced males scored generally lower than the 
experienced females. 

The final set of Level Two groups (NP. NS, EPT and ES) were used to test for the 
presence of an output by experience interaction. There was such an interaction on a 
number of the dependent variables, only one of which was significant at alpha - 0.050 
(but not at alpha - 0.007). This weakly significant interaction was seen in Map Group 4 
(the suitability and allocation maps) and was produced because the non-experienced 
subjects scored higher using the screen photographs while the expenenced subjects scored 
higher using the printer images when compared to their counterparts. 

THE DISCRIMINANT FUNCTION ANALYSES 
Discriminant Function Analysis can investigate this relationship arnong the dependent 

(predictor) variables. As it was not suitable to perConn a multivariate factorial ANOVA on 
the data set comprised of the eight Level One groups, a series of F-ANOVAs were 
performed separately on each of the dependent variables. This method cannot estimate the 
relative importance of the dependent van-ables to the di fferentiation of the su bjec t groups. 

A factonal discriminant function anal ysi s (DFA) (as there were three inde pendent 
variables which defined the subject groups) would have been the test of choice, but the 
problems of the data set which precluded a multivariate ANOVA also precluded this test. 
The problems also precluded a one-way DFA using the eight Level One groups. 
Therefore, three DFAs were perfonned on the Level Two groups on which the Factorial 
ANOVAs were performed. The same cautions are recommended to be used when 
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interpreting the results. 

There were five predictor variables: Map Group 1, 2, 3, 4 and Special Images. The 
Environ sub-total and the Grand Total scores were not used hem as thcy are highly 
comlated with the other variables. The Environ sub-total is the sum of the scores of M .  
Groups 1 4 ,  the Grand Total is the sum of the Environ sub-total and the Special Images 
scores. 

The first DFA was performed on the Mi?, MS, FP and FS groups. Of the 
theoreticdy possible three discriminant tfuctions, only the f i t  was statistically significant 
and this explained 83.23% of the variation in the data set. This discriminant function 
separated the groups on the ba is  of gender and the most highly conelated predictor was 
the Special Images group (the aspect map and the dope map) followed closely by Map 
Group 3 (the factor maps). Map Group 1 (the original images) and Map Group 2 (the 
constraint maps) were also fairly well comlated with this function. Map Group 4 (the 
suitability and allocation maps) was not. These results supported the findings of the 
comparisons of the means tests on the sarne Level Two groups. It should be remembered 
that the experience variable has not km accounted for in this cornparison. 

The second set of groups (MN, ME, FN, and FE) differed in ternis of the gender 
and experience variables. Two discriminant functions explained most of the variation in 
the data set: the fim explained 8 1.39%, the second explained another 16.16% of the total 

variation. The first discriminant function separated the groups primarily on the basis of 
experience, but also sornewhat on gender. The predictor most highly comlated with this 
function was Special Images, then. at a moderate level of comlation, Map Groups 2 
(constraint maps) and 3 (factor maps). Map Groups 1 (original images) and 4 (suitability 
and allocation maps) showed a fair comlation to the discriminating function. 

The second discriminant function separated the groups primarïly on the gender 
variable, with some separation due to experience. Map Group 3 was the only predictor to 
show a significant correlation with this function. These results support the previous 
findings of the comparisons of the means of these groups. The Discriminant Function 
analysis did show ihat, when the influence of Special Images was allocated to the variation 
due to experience. it was Map Group 3 which had the most influence on the separation of 
the groups on the basis of gender. 

The last set of Level Two groups was made up of the NP. NS, EP and ES groups. 
The gender variable was ignored and the groups differed on the experience and output 
variables. All three possible discriminant functions were statistically significant. The first 
explained 8 1.69% of the variation, the second explained 9.41 % and the third explained 
8.90% of the total variation of the data set. 

The firs t discriminant function separated the groups on the basis of experience. Tbe 
predictor with the highest correlation was Special Images. Map Group 2 showed gwd 
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comlation, followed by Map Groups 4, 1 and 3 with fair correlations each. This a g ~ e d  
with the relationship seen previously with the FE, ME. FN, and MN groups in tems of 
the importance of the predictor variables in separating the groups on the basis of 
experience. 

The second discriminant function separated the groups on the basis of output and 
experience. In this case. the= was an interactioneffect evident as the EP and NS groups 
were at one end of the discriminant hinction and the ES and NP groups at the other. The 
third discriminant function was correlated with Map Group I only and separated the 
groups on the output variable. This confumed the ~ s u l t s  obtained by the cornparisons of 
the Level Two means where the output effect was significant at a probability of 0.040. 

DISCUSSION AND RECOMMENDATIONS 
Cornparison of Graphie Output Types 

There were no differences in the map task performances of thosc who used the 
printer maps as compared to those who used the smen photographs. The implications are 

clear. There is no need to design maps to be viewed on the screen difterently than those 
which are viewed on paper. This statement may only be valid for the types of thematic 
images which were used in ihis study. Further investigations of this topic should be 
carried out using other types of images (e-g. street maps and other more visually complex 
maps) to detemine if the results are applicable to other types of images. 

Many of the images were poorly understooà. but this was the case regardless of 
whether the image appeared to the subjects on paper or on the cornputer screen (or the 
screen photograph). The causes of the errors were primarily due to factors other than the 
medium used to display the image. Likely causes were the lack of generai geographic and 
cartographic knowledge among the subjects and, possibly. the design of the maps. nie 
maps were designed however. using standard cartographic techniques. Uniess these are 
to be changed to accommodate the user. then the user must be aained in the use of standard 
cartographic products. 

Cornparison of Gender Differences 
Further investigation is also needed into the gender differences which were evident 

on some of the rnap use tasks to determine the source of the differences. These results 
confirmed previous studies in the cartographic literature which have shown gender 
differences on some map use tasks, but no differences on others. It is possible that there 
are differences in the ways males and females define spatial ternis. in their cognitive 
schernata and/or in their levels of spatial training or exposure to maps. A larger sample of 
expenenced females shouid be tested to see if the lack of gender differences between 
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experienced subjects is consistent among larger groups. The experienced females often 
scored higher than their male counterparts on many of the sections of the questionnaire. 
This was opposite to the relationship between the gender seen among the non-experienced 
groups. Non-expenenced females may be lacking only in training; when this is provided, 
the gender difference appears to be eliminaied. There is the possibility that the experienced 
females have more natural spatial abiïity than their non-experienced counterparts and so 
have self-selected their career. This self-selection process, if indeed it did occur, is as 
likely to have infiuenced the experienced males as well. 

Cornparision of Experience Levels 
There were significant differences between the performances on the experimced and 

non-experienced subjects. The concept of "experience" wiWin GIS is rather nebuious at 

this time and, therefore, is very difficult to quantify. It would be beneficial for future 
studies to be able to classi@ better the rnap users on their GIS expenence. The 
experienced users had significant advantages over the non-experienced users in those 
classes of rnap types which are the most specific to GIS rather than traditional maps. th* 
is, with the constraint maps and the dope and aspect maps. These may have k e n  the 
result of the experienced users' better understanding of the processes which created these 
images or merely pnor exposure to such images. Many of the simpler questions did not 
show any differences in scores due to the experience level of the subjects. This supported 
other evidence in the cartographic literature which showed that experience differences are 
task specific. 

Further msearch is recommended into the types of cognitive schemata used by both 
the experienced and the non-experienced subjects, a topic which was outside of the scope 
of this research. Methods such as in-depth interviews cm be used to question the rnap 
users more fully as to their understanding of the images and the spatial data analysis 
processes. Many of the non-expenenced (in GIS) subjects did very well on the 
questionnaire. Research into the the relationship, if there is one, between "experience" and 
expert performance is required. It may be that specific uaining in GIS is only one factor in 
a subject's abilities with GIS rnap use tasks; other possible factors include innate spatial 
abilities or gened intelligence. 

Recommendations 
The concept of a revised set of rnap task categories was introduced in this 

dissertation. More wock is suggested to clariQ the types and levels of the map use tasks 
which are used in a GIS environment. Further research can then be undertaken to 
investigate rnap usen' performances on the various GIS rnap use tasks. 
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The Limitations of this study were listed in the introduction chapter and some will be 

reviewed here as the basis for a number of recornmendations for fiiture research. 
The images were produced using a raster-based GIS which influenced both the types 

of spatial analysis mutines and the type of cesultant images. The replication of this study 
using a vector-based GIS and vector images is required. 

This  study used a real-life land allocation problem to provide a wide range of GIS 
images and rnap use tasks to test the understanding of the images. The use of the 
Kathmandu Valley data may have reduced the generalizability of the results. Another data 
set, and a different range of images. is recomrnendcd to test whether the same results can 
be obtained with similar map use tasks. 

The study must be repeated on different sets of subjects, both with and without GIS 
experience. Experienced subpcts were difficult to obtain for this snidy which resulted in 
the low sample sizes. As well, the experienced subjects who volunteered mayp not be 
typical of those in other areas, with other work experience andlor training. It is 
recornmended that expertise in GIS be operationalized differently and that stricter control 
be placed on the recniimient and testing of the experienced subjects. 
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APPENDIX A: SUBJECT CROUPS' SCORES AND 
DESCRIPTIVE STATISTICS 
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Level One Non-Experienced Subject Groups' (Printer and Screen Photograph Output 
Types) Means of Scores on Individual Questions 

MNP MNS FNP FNS 
Question (Max) (n) 40 41 39 42 



1 99 
Level One Non-Experienced Subject Groups' (Screen Photograph and Cornputer Screen 
Output Types) Means of Scores on Individuai Questions 

MNS MNC FNS FNC 
Question (Max) (n) 41 21 42 21 
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Level One Experienced Subjat Groups' (Ptinter and Screen Photograph Output Types) 
Means of Scores on Individuai Questions 

MEP MES FEP FES 
Question (Max) (n) 25 27 10 4 
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Descriptive Statistics for Levels 1 and 2 Subw Gmups' Meaw on Grand Totai Scores: 
Kurtosis and Skewness Values and Lilliefors Test of Normality Robability Levels 

Subject Group Mean Score Variance Kurtosis Skewness Loiliefors 

Level One Groups 
MNP 
MNS 
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 2 1.89 
NS 23.08 
NC 23.18 
EP 2 8 . 0  
ES 26-77 
MN 23-99 
FN 21.00 
ME 27.44 
FE 27.36 
MP 25.20 
MS 25.48 
FP 2 I .86 
FS 22.02 



202 
Descriptive Statistics for Levels 1 and 2 Subject Groups' Means on Environ Scores: 
Kutosis and Skewness Values and Lilliefors Test of Nomahty Probability Levels 

Subject Group Mean Score Variance Kurtosis Skewness Lilliefors 

Level One Groups 
MNP 
MNS 
FWP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 19.32 
N S  20.45 
NC 20.0 1 
EP 23.72 
ES 22.45 
MN 21.00 
FN 18.80 
ME 23.05 
FE 23 -4 1 
MP 21.61 
M S  2 1 -99 
FP 19.44 
F S  19.52 
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Descriptive Statistics for Levels 1 and 2 Subject Groups' Means on Special Scores: 
Kurtosis anci Skewness Values and Lilliefors Test of Nomdity Pmbability Levels 

Subject Group Mean Score Variance Kurtosis Skewness Lilliefors 

LeveI One Groups 
MW 
M N S  
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 
NS 
NC 
EP 
ES 
MN 
FN 
ME 
FE 
MP 
MS 
FP 
FS 
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Descriptive Statistics for Levels 1 and 2 SubHt Groups' Means on Group 1 Scores: 
Kurtosis and Skemess Values and Lilliefors Test of Nomaiity Pmbability Levels 

Subject Group Mean Score Variance Kurtosis Skewness Lilliefors 

Levei One Groups 
MNF' 
MNS 
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 
NS 
NC 
EP 
ES 
MN 
FN 
ME 
FE 
MP 
MS 
FP 
FS 
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Descriptive Statistics for Levels 1 and 2 Subject Gmups' Means on Group 2 Scores: 
Kurtosis and Skewness Values and Lilliefors Test of Nomaiity Probability Levels 

Subject Group Mean Score Variance Kurtosis Skewness Lilliefors 

Level One Groups 
MNF' 
MNS 
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 
NS 
NC 
EP 
ES 
MN 
FN 
ME 
FE 
MP 
MS 
FP 
FS 
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Descriptive Statistics for Levels 1 and 2 Subject Gmps' Means on Group 3 Scores: 

Kurtosis and Skewness Values and Lillîefors Test of Nomality Probability Levels 

Subject G m p  Mean Score Variance Kurtosis Skewness Lilliefm 

Level One Groups 
MNP 
MNS 
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 
NS 
NC 
EP 
ES 
MN 
FN 
ME 
FE 
MP 
MS 
FP 
FS 
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Descriptive Statistics for Levels 1 and 2 Subject Groups' Means on Group 4 Scores: 
Kurtosis and Skewness Values and Lilliefors Test of Nonnality Probability Levels 

Subject Group Mean SCOR Vananame Kurtosis Skewness Liliiefors 

Level One Groups 
MNP 
MNS 
FNP 
FNS 
MNC 
FNC 
MEP 
MES 
FEP 
FES 

Level Two Groups 
NP 
NS 
NC 
EP 
ES 
MN 
FN 
ME 
FE 
MP 
MS 
FP 
FS 
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APPENDM B: RESEARCH IMAGES AND PALETTES 

IMAGE TITLE 

Kathmandu Valley Elevation Mode1 
Kathmandu Valley Location Map 

Kathmandu Valiey: LandusJLandcover 
Kathmandu Valley: Soil Types 
Slope Constraint Map 

Ring Road Constra.int Map 

Landuse Consmint Map 

Proximity to Rivers Factor Map 
Proxirnity to Roads Factor Map 
Proximity to Power Factor Map 
Proximity to Market Site Factor Map 
Slope Factor Map 

Soil Capability Fa- Map 

Carpet Industry Suitability Map 

Future Carpet Industry Sites 

Agriculture Industry Suitability Map 

Future Agricultural Sites 

Allocation of Land to Industries 

Final Allocation to Best Use Industries 

DESCRIPTION PALETTE 

DEM with Landsat drape 
classed elevation data 
and h a n  areas 
original land use rnap 
original soi1 types map 
slopes -5 degrees are unsuitable 
slopes <45 degrees ~ K C  suitable 
areas inside ring are unsuitable 
areas outside ring are suitable 
agricultural land is suitable 
non-agriculairal land is unsuitable 
distance to nearest river 
distance to nearest road 
distance to nearest main road 
cost sunace map 
factor values (0-255) attached 
to dope values 
soi1 capabilities given 6 factor 
vaiues (8 classes in legend) 
land given suitability factors on 
basis of factors and constraints 
1500 ha with highest suitability 
vaiues 
land given suitability factors on 
basis of factors and constraints 
6000 ha with highest suitability 
values 
areas for each industry and area 
good for both (overjap) 
conflict solved: more land given 
to both industries based on best 
suitability 

ORTH0 
LOCATION 

UND 
SOIL 
CONSTR 

CONSTR 

CONSTR 

QUANT 1 
QUANT 1 
QUANT 1 
QUANT 1 
QUANT 1 

QUANT 1 

QUANT 2 

AuDc 

QUANT 2 

ALLOC 

ALLOC 

ALLOC 
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degrees h m  North cIassed into QUANT 4 
8 classes 
degrees h m  horizontal classed QUANT 3 
into 8 classes 
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APPENDIX C: PALETTE COLOUR SPECIFICATIONS 

PALETTE 

R N E R S  
RûADS 1 
ROADS 2 

ORTHO 

LOCATION 1 
2 
3 
4 
5 
6 
7 
8 
9 

IDRISI (Win 3.1) FREEHAND FREEAAND CMYK 
RGB (0-255) RGB (0-100) HLS O/%/% 



PALETTE 

LAND 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

CONSTR 1 
2 

QUANT 1 1 
2 
3 
4 
5 
6 
7 
8 

21 1 
IDRISI (Win 3.1) FREEHAND FREEHAND CMYK 
RGB (0-255) RGB (0-109) EUS O/%/% %/%/%/% 



PALETTE IDRISI (Win 
RGB (0-255) 
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3.1) FREEHAND FREEHAND CMYK 

RGB (0-100) HLS "/%1% %/%/%/% 
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APPENDIX D: THE QUESTIONNAIRE 

The questionnaire, as discussed in this dissertation, is reproduced here as it was 
presented to the subjects. 



A COGNITIVE ANALYSIS OF MAP USERS' 
UNDERSTANDINGS OF GEOGRAPHIC 

INFORMATION SYSTEMS' OUTPUT 

PRINCIPAL MVESTIGATOR: MONIKA KATERINE REGER, MSC 
Department of Geography 
The University of Calgary 

Office: 220-5597 Fax: 282-6561 

Supervisor: Dr. M. R. C. Coulson. 
Depanment of Geography 

Office of the Vice-President (Research): 220-5465 



You will be shown a number of images of the sort commonly prociuced with a 
Geographic Information System (GIS). These types of cornputer programs are used to 
handle and manipulate spatial information (which can be thought of as maps) in 
order to solve geographical problems. The problem presented in this research study 
is an environmental one. specifcally the need to allocate lands to M industries. 

You might imagine yourself at a public meeting caiied to deade the location of 
future industrial development in your area. At this meeting. the developer shows 
you maps generated by the GIS which show existing features and ais0 what might 
occur in the future if the deveiopment is ailowed. 

The aim of the research is to evaluate such maps in ternis of their 
understandability and no? your map reading skills. The images will Vary in 

difficulty in order to test which types of maps can be understood by people with 
differing amounts of experience with GIS and GIS output. Some of the questions are 
purposely d m d t  and no-one is expected to answer ail correctly. 

TESTING FORMAT 

The questionnaire is designed to simulate the format of such a public meeting. 
You will be asked to view the images and answer questions about the environmental 
problem which the images, as a group. seek to illustrate and resolve. Some of the 

questions wiil test the appearance of individual maps. 
1 do not expea everyone to be able to answer ail the questions correctiy, but 

please answer al1 the questions to the best of your abïlity. I t  is impossible to analyse 
the results when no answer is given. Because of this, please use the "other" option 
to fil1 in an answer if the given ones are unacceptable to you. If you do not know a n  
answer. use the "don't known option rather than leaving the answer blank. You will 
not be tirned, but tsf to answer as quickly as possible. 

The answers will be summarized in statisticd form so that individuals cannot be 
identified. To maintain this complete confidentiality. please do not write your name 
anywhere on the questionnaire. 



BACKGROUND 

Geographic Information Systems are often used to assist in land allocation 
problems of this type by automating the dedsion making process. The curent  state 
of GIS technology dlows criteria to be entered into the system and solutions to be 
suggested based on a number of mathematical models. The scenario described below 
was developed as a training exercise as part of an advanced seminar in GIS. The 
result does not represent an actual policy decision, but it is one that incorporates 
substantial field work and well-established procedures. 

The images you wil1 see are of the Kathmandu Valley in Nepal. This region is a 
very important agricultural area, growing primarily rice but also significant 
amounts of wheat, mustard seed and vegetables. Since the 1950's, an extensive carpet 
producing industsy has been promoted in the valley which now ernploys over 
300,000 workers in approximately 5000 factories. Urbanization is occurrïng within 
the valley as well. The largest d t y  is Kathmandu, located in the northwest section of 
the valley. Nearby. to the south, is the smaller city of Patan. To the east of this 
urban area and towards the mountains is the smaller centre of Bakhtipur. 

As the carpet industry is a major economic resource, there is significant 
pressure to expand that indusuy. The Planning Commission of Nepal is promoting 
the expansion of the carpet industry outside of the valley; however, expansion 
within the valley is inevitable. The valley has some of the richest agricultural land 
in the country and the Commission wishes to protect that resource. 

The environmental problem is to develop a planning map for the available Land 
in the Kathmandu Valley. The plan is to set aside 1500 hectares for future 
development of the carpet industry and 6000 hectares for future agriculture needs. 
The land is to be allocated on the basis of the best suitability for each industry. 
Certain factors will determine the suitability of land for agriculture and for the 
carpet industry, such as soi1 quality, slope, access to water, access to market, etc. 
There are also constraints on future development which will exdude certain areas 
from consideration. Nepalese government officiais have, for the purposes of the 
training exercise, determined the factors, the degree of importance of these factors 
and the constraints pertinent to this realistic problem of land allocation. The 
correctness of these criteria is not of interest here, 



QUESTIONS 

AVAILABLE DATA 

The first group of images represent the original data available to the GIS user to 
arrive at a solution to this problem. These indude a digital elevation map, a landuse 
map, a soi1 type/capability map and maps of rivers and roads. The original data were 
used to produce the following four images. 

IMAGE 1: KATHMANDU VALLEY ELEVATION MODEL 

North is towards the upper left of the image. The relief image is draped with a 
false colour composite Landsat image, in which the urban areas appear as blue and 
grey, the agriculture areas are light grey (faiiow or recently planted) and pinkish 
(young crops), and the forest areas are bright red. 

QUESTION 1: 
How would you describe this landscape in terms of physical shape and location 
of the main landuse types? Select the answer you like best in each section. 

A) Physical Shape: 
a gentle rolling plain throughout the entire area 

-. predominantly mountains 
- a flat vailey bottom surrounded by high mountains 
- many water features, for example, lakes and rivers 

other: 

B) Landuse Characteristics: 
. predorninantly urban areas throughout the valley 
.- predorninandy agricultural areas throughout the valley 
-, rnountains are forested 
-, urban areas interspersed with agricultural areas 

limited vegetation throughout the valley 
O ther: 

IMAGE 2: KATHMANDU VALLEY LOCATION MAP 

QUESTION 2: 
In-which elevation category do the majority of urban areas occur? 
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IMAGE 3: KATHMANDU VALLEY: tANDUSE/LANDCOVER 

There are 12 land use categories in the vdey, grouped into the foiiowing types: 

Forest types: Katus, ForesVShadow, Chiiaune, Salla/Bamboo 
Urban: Urban Areas, Urban Core 
Agriculture: Matue Wheat, Field, Pasture, Mustard, Vegetables, 

Young Wheat 

QUESTION 3a: 
What is the predominant agricultural land use category of the land area wi t hin 
the ring road surrounding the Kathmandu urban area? 

QUESTION 3b: 
1s there any agriculture in the high mountain areas in the Southeast and if so. 
what category or categories is/are present? 

IMAGE 4: KATHMANDU VALLEY: SOIL TYPES 

The legend categories represent the following soi1 types (there is very littie of 
one type): 

QUESTION 40: 
What types of soils occur in the highlands? List as many as you see there. 

QUESTION 4b: 
What type of soi1 is most common around the rivers? (One type) 
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CONSTRAINT MAPS 
The Nepalese government officials have decided on three constraints 

(restrictions) which wiil exdude certain areas from any future development in 
either the carpet indusuy or the agricultural industry. 

IMAGE 5: SLOPE CONSTRAINT MAP 

QUESTION 5: 
What do you think isfare the purpose or purposes of a slope constraint map? 

IMAGE 6: RING ROAD LAND CONSTRAINT MAP 

QUESTION 6: 
What is located in the non-suitable area of this image? Select the one answer 
you think is best. 

other: 

IMAGE 7: 

farrns 
steeply sloped lands 
bodies of water 

- urban area 
- forests 
- don't know 

LANDUSE CONSTRAINT MAP 

QUESTION 7: 
What is the landuse category or type of the lands dassified as suitable for future 
development? Select the best answer in your opinion. 

. agricultural land . land near roads 
-. urban land - land near water 
. forested land - dont know 

other: 

QUESTION 8: 
Refer to al1 three constraint maps to answer the following question. 
List ail the characteristics of a parcel of land in this valley which would make it 
unsuitable for future development. 
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FACTOR MAPS 

The Nepalese officiais deaded the major Land characteristics affecting the 
suitability of land for the carpet industry are proximity to water, roads, power, and 
market; and the degree of slope of the land. The characteristics affecting the 
agricultural suitability of the Land are also proximity to water and market, the degree 
of slope and, in addition, the soi1 capability. These characteristics are expressed as 
factors with values ranging €rom 0-255 (the range is arbiuary). 

IMAGE 8: PROXIMITY TO RIVERS FACTOR MAP 

QUESTION 9: 
For any particular parce1 of land, what determines the value assigned to it? 
Select as many as you think apply. 

other: 

QUESTION 1 

elevation above sea level 
distance to nearest river 
availability of power 
distance to nearest road 

,- dope of the land 
. population density 

distance from nearest city 
. don't know 

What factor value category (dass) is given to Land which is most suitable for 
the future industries in terms of the proximity to the rivers? 

IMAGE 9: PROXIMITY TO ROADS FACTOR MAP 
MAGE IO: PROXIMITY TO POWER FACTOR MAP 

Compare Image 8 and Image 9. Feel free to flip back and forth between them. 

QUESTION 11: 
The "Proximity to Power" map is very similar to the "Proximity to Roads" map. 
Please explain why this might be so. 



IMAGE 11: PROXIMITY TO MARKET SITE FACTOR MAP 

The proximity to market is calculated by taking into account the difficulty of 
travelling over various types of surfaces. Paved roads are the easiest to travei and so 
are given a friction value of 1.0: grave1 and earth roads are more difficult, with a 
friction value of 1.5; main trails cost 6.0; local trails cost 8.0 and off-road areas cost 
10.0 times the effort as main roads. 

QUESTION 12: 
Where is the market located? Select the best option. 

- point A point D 
,- point B .- point E 
.- point C . don't know 

other: 

QUESTION 13: 
What other component, besides surface type, determines the resultant value of 
any partidar area on the map? Select as many as you think apply. 

- 

other: 

elevation above sea level 
distance to nearest river 
availability of power 
distance to nearest road 
don't know 

. slope of the land 

. population density 

. distance from the market 

. traffic 

IMAGE 12: SLOPE FACTOR MAP 

QUESTION 14: 
Describe (or draw) the slopes of the lands best suited for future industrial 
development. 



IMAGE 13: SOIL CAPABILITY FACTOR MAP 

The offïcials deaded that the order of soils in terms of capability for agriculture 
( from best to least) was IBhlR,  IBhl, nBh2st. IIIBh. mCp, and NBh. Only sut, rather 
chan eight, dasses are used as there are only six different soil types. 

QUESTION 1 Sa: 
Where is the I B h l R  soil type generally located? Select the best answer in your 
opinion. 

- on the high mounrain slopes , along the rivers 
- in the lower mountain valieys ,- in the wban area 
.,, in the forested area - on the mountain tops 
. don't know 

other: 

QUESTION 1 Sb: 
Where is the IVBh soil type generaily located? Select the best answer in your 
opinion. 

- on the high mountain slopes ,- along the rivers 
- in the lower mountain valieys . in the urban area 
. in the forested area . on the mountain tops 
._. don't know 

other: 



SUlTABlLlTY AND ALLOCATION MAPS 
The goal of this environmental problem is to aiiocate 1500 hectares to the carpet 

industry and 6000 hectares to agricuitural use from the available land in the valley. 
To do this, the GIS finds the best lands for each industry by taking into account the 
factors and consmaints as determined by the Nepalese offidals. 

The land characteristics (or factors) do not ai i  have equal weight when used to 
determine the suitability of land for either the carpet industry or agriculture. For 
example. the proximity to roads may be more important to development than the 
proximity to the market. The weightings of the factors and the constraints 
(included/exduded lands) are combined in a formula to calculate the degree of 
suitability of land for each industry. The levels of suitability range from O - 255. 

IMAGE 14: CARPET INDUSTRY SUITABILITY MAP 

QUESTION 16: 
Where (geographically) are the most suitable lands located? Select the best 
answer in your opinion. 

. in the mountainous areas . along the rivers 
- in the urban areas . in the forests 
- next toloutside of the ring road area 
. don't know 

O ther: 

QUESTION 17: 
The following factors were used in determining the suitability of land for 
carpet industry. Please rank the factors from most important (1) to least (5). 
based on the information available in the image. 

. proximity to water 

. proximity to power 

. degree of slope 

. proximity to roads 
proximity to market 

IMAGE 15: FUTURE CARPET INDUSTRY SITES 

QUESTION 18: 
What do the yellow-shaded areas on this image represent? Please select the best 
answer in your opinion. 

.- largest parcels of land . best land for carpet industry 
best land for ail industries . already developed land 

. .  ali land for carpet industry . don't know 
other: 
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IMAGE 16: AGRICULTURE INDUSTRY SUITABILITY MAP 
QUESTION 19: 

Why are certain areas, located throughout the rnap, assigned a value of O? 
Check AU answers that you think apply. These lands are... 

- steeper than 45 degrees existing agricultural land 
.- forested areas .- inside the ring road 
. not agricuitural land now . outside the ~g road 
._. less steep than 45 degrees . don't know why 

other: 

QUESTION 20: 
The following factors were used in determining the suitability of land for 
agriculture. Please rank the factors €rom most important ( 1) to least (4), based 
on the information available in the image. 

. proximity to wate. 

. proximity to market 
. soi1 capability 
. degree of slope 

IMAGE 17: FUTURE AGRICULTURAL SITES 

QUESTION 21 : 
Compare the Future Agricultural Sites map to the Agriculture Industry 
Suitability map immediately preceding it. What information is taken from the 
Agriculture Industry Suitabiiity map to produce the Future Agricultural Sites 
map? 

IMAGE 18: ALLOCATION OF LAND TO INDUSTRIES 
Land has now been separately allocated to the carpet industry and the 

agricultural industry. The GIS system then compares the Future Carpet Industry 
Sites map and the Future Agricultural Sites map. Image 18 is the result of this 
cornparison. 

QUESTION 22: 
Why is much of the land that was previously allocated to the Future Carpet 
Industry now allocated differently? 
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QUESTION 23: 

The goal of this environmental problem has been to allocate 1500 hectares to 
the carpet industry and 6000 hectares to agricultusal use. At this point, has 
either indusuy k e n  allocated the amount of land each needs? 

Carpet Industry: Yes: No: 
Agriculture: Yes: No: 

IMAGE 19: FINAL ALLOCATION TO BEST USE INDUSTRIES 
QUESTION 24: 

In this image, al1 the land which was categorized as "Both" in the last image 
(Allocation of Land to Industries) has now been ... ?(please select one answer) 

- given to the future carpet industry 
, ,  given to the future agricultural industry 
. given rnostly to the carpet industry, with some to agriculture 
- given mostly to agriculture, with some to the carpet industry 
- divided equaUy between the carpet and agriculture industries 
- given to both industries (on the same piece of land) 
- don't know 

other: 

QUESTION 25: 
The Nepalese officiais have chosen the factors, the importance of these factors, 

and the constraints which have been used to plan future development in this valley. 
Whether or not you agree with them on ethical or moral grounds and disregarding 
market forces, do you think the Geographic Information System's solution seems 
plausible (possible) given the guidelines THEY have chosen? 

Please place an 'X' anywhere on the scale which reflects your view on how 
plausible the solution is: 

Very Plausible [ ~ I _ I I . l  Not Plausible 
N o  Opinion: 

Please expand on your view of the plausibility of the solution more fully: 



The following images have nothing to do with the land allocation problem. 
however they are also of the Kathmandu Valley. Such images are commonly 
produced with Geographic Information Systems and they are included in this study 
to determine how, or if. map readets can understand the concepts they display. 

IMAGE 20: ASPECT MAP 

QUESTION 26: 
What does this image show? Select as many as you think apply to this image. 

. the elevation of a parce1 of land. height above sea level 

. the direction in which the slope of the parcel of land faces 
-- the roughness of the terrain 

the land cover in the region 
- the slope (steepness) of a parce1 of land 
, dont know 

O ther: 

QUESTION 27a: 
What do the legend categories signify? 

QUESTION 27 b: 
There is a legend category, with values of 136-180, which covers much of the 
image. What does it specifically represent? 



IMAGE 21: SLOPE MAP 

QUESTION 28: 
What does this image show? Select as many as you think apply to this image. 

. the elevation of a parcel of land - height above sea level 

. the direction in which the slope of the parcel of land faces 

. the roughness of the terrain 
- the land cover in the region 
. the dope (steepness) of a parcel of land 
. dont  know 

O ther: 

QUESTION 29: 
Using the information in this Slope Map, describe the topography (physical 
shape) of the region in this image. 

Geographic Information Systems can, by manipulating the data mathematically, 
find or isolate ieatures of the environment which may not be apparent in the 
original data of the area (in this case, the digital eievation; landuse, soils, rivers, and 
road rnaps). 

QUESTION 30  
A man-made feature is evident on this map (indicated by the herringbone-like 
pattern) which was not seen in the other images. What do you think the 
pattern represents? 



ADDITIONAL COMMENTS 
Please feel free to make any additional comments as you wish. This may be on 

the basic environmental question and/or the solution, the appearance of the images, 
the types of questions which were asked. or any other topic. 
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ABSTRACTION LEVEL 

Abstract can be defuied as 'not representing any actual object or concrete 
thing; having lictie resemblance to real or material things." Using this definition 
for abstract. please rate the images as to the degree of abstraction each one shows. 
Use a 5 point s a l e  where: 

1 - no abstraction 
2 - somewhat abstsact 
3 - moderately absuact 
4 - mostly abstract 
5 - very, or totaüy, abstract 

IMAGE 

1. Kathmandu Valley Elevation Mode1 
2. Kathmandu Valley Location Map 
3. Kathmandu Valley: LanduseILandcover 
4. Kathmiindu Valley: Soil Types 
5. Slope Constraint Map 
6. Ring Road Land Constraint Map 
7. Landuse Constraint Map 
8. Proximity to Rivers Factor Map 
9. Proximity to Roads Factor Map 
10. Proximity to Power Factor Map 
11. Proximity to Market Site Factor Map 
12. Slope Factor Map 
13. Soil Capability Factor Map 
14. Carpet lndusuy Suitability Map 
15. Future Carpet Industry Sites 
16. Agriculture Industry Suitability Map 
17. Future Agricultural Sites 
18. Allocation of Land to Industries 
19. Final Allocation to Best Use Industries 
20. Aspect Map 
2 1. Slope Map  
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IMAGE DlFFlCULTY 

Please rate your ease of understanding of the foiiowing types of images, using a 
five point scale where 1 denotes 'very easy', and 5 denotes 'very diffidt'. 

1. Kathmandu Valley Eievation Mode1 
2. Kathmandu Valley Location Map 
3. Kathmandu Valley: LanduseAandcover 
4. Kathmandu Valley: Soil Types 
5. Slope Consuaint Map 
6. Ring Road Land Consuaint Map 
7. Landuse Consuaint Map 
8. Proximity to Rivers Factor Map 
9. Proximity to Roads Factor Map 
10. Proximity to Power Factor Map 
11. Proximity to Market Site Factor Map 
12. Slope Factor Map 
13. Soil Capability Factor Map 
14. Carpet Indusîry Suitability Map 
15. Future Carpet tndusvy Sites 
16. Agriculture Industry Suitability Map 
17. Future Agricultural Sites 
18. Ailocation of Land to Industries 
19. Final Allocation to Best Use Industries 
20. Aspect Map 
2 1. Slope Map 



PERSONAL INFORMATION 
Some studies dealing with the cognitive understanding of maps have found 

differences in the subjects' answers which seem to be related to the subject's 
experience level and gender. On the 0th- hand. some studies have not found these 
differences. For the purposes of this study, please estimate your level of experience 
with Geographic Information Systems (GIS), Also. please indicate your gender and 
age group. No record will be kept which might identify you. 

Experience Level: 

(indicate courses taken and/or work experience) 

- no GIS courses - no work experience with GIS system(s) 
- one GIS course . less than one year's experience 
- two GIS courses - 1 - 3 years experience 
. more than two courses . more than 3 years experience 

Gender: 
Male: 
Female: 

Age Category: 

- 18 - 22 years 
. 28 - 32 years 
. 38 - 42 years 
. 48 years and over 

. 23 - 27 years 

. 33 - 3 7 years 
43 - 47 years 

Vision Characteristics: 

To the best of your knowledge, which category best describes your colour 
vision: 

.- normal colour vision 
- blue/yellow colour blindness 
- red/green colour blindness 

THANK YOU FOR YOUR PARTICIPATION IN THIS STUDY 
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APPENDIX E: THE TEST MAPS-PRINTER IMAGES 



A COGNITIVE ANALYSE OF MAP USERS' 
UNDERSTANDINGS OF GEOGRAPHIC 

INFORMATION SYSTEMS' OUTPUT 

Principal Researcher: Monika Katerine Rieger, M.Sc. 
Department of Geograph y 
The University of Calgary 

Office: 220-5597 Fax: 282-G5G 1 
Home: 278-5069 

TESTING INSTRUCTIONS: 

1) PLEASE DO NOT MITE ON THE MAPS. The image sets are expensive and difficutt to replace. If you wish to 
make comments, there I s  adequate space in the questionnaire to write these. 

2) When you have finished the questionnaire, put it, the maps, and any other papers inside the envelope. 

3) Return the envelope to me, either in person or at a prearranged location and time. Please cal1 me at the 
numbers given above to arrange for the envelope(s) to be picked up. 





KATHMANDU VALLEY LOCATION MAP 

Elevation in meters 

1980 - 2079 

1880 - 1979 

0 1780 - 1879 

0 1680- 1779 

1580 - 1679 

1480- 1579 

e 1380- 1479 

1280 - 1379 

Urban Areas 

- Rivers 

- Roads 





KATHMANDU VALLEY: SOIL TYPES 

Soil Types 

lBhl 

IBhlR 

IIBh2st 

D lllBh 

lllCp 

lVBh 

- Rivers 















PROXIMITY TO MARKET SITE FACTOR MAP 

Factor Units 

0 0 - 3 1  

0 32 - 63 
0 64-95  

96 -  127 

1 128- 159 

160- 191 

192 -223  

224 - 255 
- Roads 











AGRICULTURE INDUSTRY SUITABILITY MAP 

Factor Units 

[7 0 - 3 1  

0 32 - 63 

a 64 - 95 

96-  127 

m 128- 159 

160- 191 

192-223 

224 - 255 

- Rivers 

- Roads 
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APPENDIX F: THE TEST MAPS-SCREEN PHOTOGRAPHS 



A COGNITIVE ANALYSE OF MAP USERS' 
UNDERSTANDINGS OF CEOGRAPHIC 

INFORMATION SYSTEMS' OlJTPlJT 

Principal Researcher: Monika Katerine Rieger, M.Sc. 
Departmen t of Geography 
The University of Calgary 

Office: 220-5597 Fax: 282-6561 
Home: 278-5069 

TESTING INSTRUCTIONS: 

1) PLEASE DO NOT WRlTE ON THE MAPS. The image sets are expensive and difficult to replace. If you wish to 
make comments, there is adequate space in the questionnaire to write these. 

2) These images were taken from a computer monitor. 

3)  When you have finished the questionnaire, put it, the maps, and any other papers inside the envelope. 

4) Return the envelope to me, either in person or at a prearranged location and time. Please cal1 me at the 
numbers given above to arrange for the envelope(s) to be picked up. 
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APPENDIX G: ABSTRACTION AND DIFFICULTY RATINGS 

Another research area of intecest is the possible connection between the level of 
abstraction and the level of ditficulty of an image as professed by a map reader and the 
possible connection between the subject's abstraction rating and an objective rating of 
abstraction. It is expected that a map reader would find that, as images increase in their 
abstraction level. the su bjec t ' s ciifficul ty in understanding the image wouId increase as 
well. It is of interest to see if the subjects' abstraction raiings match the images' ratings on 
an objective scale of absmc tion. 

This research study provided on opportunity to obtain preliminary data on this 
research topic by asking each subject to rate each of the 2 1 images on its abstraction level 
and the degrez of difficulty the subjea had with each image. A full analysis of these data is 
outside the scope of the present research. However, the subject groups' means are 
reported (in the following four tables: AG. 1 , AG.2, AG.3, and AG.4). a preliminary 
version of an objective abstraction scale is presented and correlations between the subjects' 
Abstraction Index (AI) ratings, Difficulty index (DI) ratings and the Abstraction Scale (AS) 
are given. 

For the purposes of the ratings, "abs~raction" was defined in the questionnaire as 
"not representing any actual object or concrete thing; having little resemblance to real or 
material things." The subjects were asked to rate each image on a five point scale: 1 = no 

abstraction, 2 = somewhat abstract, 3 1 moderately abstract, 4 - rnostly abstract, and 5 - 
very, or totally, abstract. The subjects' scores were averaged to produce the subject group 
means as shown in the following tables. 

After the subjects completed the abstraction ratings, they were asked to rate the 
degree of dificulty they had with each image on a scale of 1 to 5 where ' 1 ' denoted 'very 
easy' and '5' denoted 'very difficulty.' As with the abstraction ratings, the difticulty 
ratings were averaged to produce the subject group means. 

A scale of abstraction was developed based on the type and amount of information 
depicted in the map image. This repnsents the first attempt at such a sale and, as such, is 
presented here for critique, discussion and revision by other researchers. Three main 
classes of information were included in the scale: what is depicted, symbolization and 
locator features. The three classes were subdivided further as shown in Table A G 5  It is 
expected that the classes of information used would be different for other sets of images. 

The theme of the map, or 'what is depicted' includes real objects (both visible and 
not visible objects) and abstract concepts (dso referring to visible and not visible features). 
For exarnple, a 'visible' concept theme is the depiction of a distance measure, The distance 
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Table AG. 1 Level One Non-Experienced Males Subject Groups ' (Prînter and Screen 
Photograph Output Types) Mean Abstraction (AI) and Dificulty (DI) Ratings for Each 
Image 

MNP 
Image AI  DI 

MNS 
AI DI 

value is not visible on the landscape, but the notion of distance is visible. In contrast, 
suitability factor value depicts a concept called land suitability which is not visible on the 
landscape, but is only present as an abstract concept in the map maker's mind. 

Symbolization was divided into t h e  categories: direct coding, (eg. the application of 
different hues to soi1 types): the measurernent of an object or concept (eg. values of a hue 



Table AG2 Level One Non-Experienccd Fernales Subject Groups' (Printer and Screen 
Photograph Output Types) Mean Abstraction (AI) and Diffculty (DI) Ratings for Each 
Image 

FNP 
Unape AI DI 

FNS 
AI DI 

applied to classes of distance values); and the symbolization of an arbitrary concept such as 
suitability leveis. 

The presence or absence of lonitor features was the 1 s t  map characteristic included 
in this scale of abstraction in the belief that the absence of locator features separates the 
map image fiom its referent, the actual landscape. 
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Table AG.3 Level One Experienced Males Subject Groups' (Printer and Screen 
Photograph Output Types) Mean Abstraction (AI) and Dificulty (DI) Ratings for k h  
Unape 

MES 
AI DI 

Values were assigned to each of the map characteristics; the lower values for 
characteristics of low abstraction level and the higher values for characteristics which 
would contribute to higher levels of abstraction. The values for each characteristic were 
then surnmed and divided by two to bnng the scale inio the range of 1-5. Table A G 6  
shows the resultant Abstraction Scale (AS) ratings for each image. These values were then 
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Table AG.4 Level One Experienced Femaies Subject Groups' (Printer and Screen 
Photograph Output Types) Mean Abstraction (AI) and Difficulty (DI) Ratings for Each 

h%e 

FEP 
me A I  DI 

FES 
AI  DI 

compared to the subjects' Abstraction Index ratings (AI) and Difficulty Index ratings (DI). 
Each subjects groups' AI, and DI means were compared to the AS values by 

performing tests of correlation (Pearson's or Spearman's depending on the normality of 
the distributions) in the following pairings: Ai vs DI (the subjects' abstraction ratings 
compared to the subjects' difficulty ratings), AI vs AS (the subjects' abstraction ratings 
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Table AG5 Abstraction Level Scale Derivations 

Map Characteristic Type of Characteristic Vatue 

What is depicted Real object 
Visible (eg. trees. Overs) 1 
Not visible (eg. soi1 types) 2 

Abstract concept 
Visible (distance, elevation) 3 
Not visible (constraint, suitability) 4 

Direct coding of categories 
(eg. laaduse types) 1 

Measurement of object or concept 
(eg. distance measurement) 2 

Arbitrary sale 
(eg. suitability or factor units) 3 

Presence of at least 1 
(eg. rivers or roads) 1 

Resence of none 2 

compared to the obPctive abstraction scale). and AS vs DI (the objective abstraction scale 
compared to the subjects' dificulty ratings). The correlation values (Pearson's r and 
Spearman's rho) are given in Table AG.7 with the indication of the significance of the 
correlation coefficients at alpha levels of 0.05 and 0.01. 

The subjects generally showed high levels of correlation between their abstraction 
ratings and their subsequent difficulty ratings. The two experienced femaie groups' (FEP 
and FES) ratings did not show signifcant levels of co~elations. This may be due in part 
to the low sample sizes of these groups. The experienced groups' ratings did not correlate 
as highly with their difficulty ratings as was seen in the non-experienced groups. This 
likely can be attributed to their experience with sirnilar GIS images. 

The subjects ' abstraction ratings were then correlated with the objective abstraction 
scale. Here, the expenenced subjects showed higher correlations than did the non- 
experienced subjects. Also, they showed higher correlations between their AI scores and 
the AS scores than between their AI scores and their DI scores. This is the converse of 
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Table AG6 Abstraction Level Scale for Each Image 

Image Numkr and Nam Map Characteristic: 1 2 3 Total2 

Elevation Mode1 
Location Map 
Landuse/landcover Map 
soi1 Type Map 
Slope Constraint Map 
Ring Road Land Constrauit Map 
Landuse Constraint Map 
hximity to Rivers Factor Map 
hximity to Roads Factor Map 
hximity to Power Factor Map 
Roximity to Market Site F.M. 
Slope Factor Map 
Soi1 Capability Factor Map 
Carpet Mustry Suitability Map 
Future Carpet Industry Sites 
Agriculture industry Suitability Map 
Future Agriculnval Sites 
Allocation of Land to Industries 
Fiai Allocation to Best Use Industries 
Aspea Map 
Slope Map 

what was seen with the non-experienced subjects. They generally showed lower 
comlations between their AI scores and the AS scores than between their AI and DI 
scores. The experïenced subjects agmd more with the objective scale of abstraction than 
did the non-expenenced su bjects. 

The objective abstraction sale (AS) was then correlated with the subjects' DI ratings 
to see if the correlations compared to those seen between their AI and DI values. That is, 
do the subjects ratings of difficulty correlate with the 'real' abstraction level of the images? 
The correlations show similar patterns in the non-expenenced groups as was seen in the AI 
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Table AG.7 Correlations between AI-DI, AI-AS and AS-DI for Each Subject Group 
(P-Pearson's and S-Spearman's Correlation Coefficients) 

Subject Group n M I  AGAS A S D I  

MNP 
MNS 
FNP 
FNS 
MEP 
MES 
FEP 
FES 

0.56 (S)** 
0.60 (S)** 
0.84 (S)** 
0.80 (P)** 
0.52 (S)* 
0.63 (S)** 
0.37 (S) 
0.21 (P) 

* denotes siecance at as.05 

** denotes significance at a=.0 1 

0.54 (S)* 
0.56 (S)** 
0.65 (S)** 
0.42 (P) 
0.62 (S)** 
0.34 (S) 
0.44 (S)* 
0.27 (P) 

vs DI cornparison. The results of the experienced subjects' ratings cornparisons are less 
clear. The experienced subjects' difficulty ratings did not correlate as highly with the 
abstraction scde; a similar relationship was seen when their (perceived) abstraction ratings 
were comparai to their dificulty ratings. 

Further nsearch is planned on the relationship among an image's level of 
abstraction, the rnap reader's professed difficulty with that image. the estimated level of 
abstraction and the map reader's actual level of difficulty with that image. 




