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ABSTRACT 

Forty-seven sites along the Colorado River in the Grand 

Canyon National Park were presented to observers at the 

University of Arizona in one of four different presentation 

methodologies. The representational validity of the 

presentation methods for quantification of scenic beauty of 

locations was assessed by means of comparison among the 

presentation conditions. Results indicate that in 

heterogeneous landscapes, such as the Grand Canyon, 

independent ratings of individual photographs from a common 

location can not simply be averaged to find the overall 

rating of the location as a whole. In addition, when 

assessing the scenic beauty of locations that are 

constrained by a linear feature (Colorado River), the order 

of presentation is an important variable to consider in 

conjunction with the mode of presentation. 
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INTRODUCTION 

Landscape quality assessment is an important component 

of environmental planning and management, as well as an 

active field of study within environmental perception 

research. There are a number of different approaches to 

landscape assessment (Daniel & Vining, 1983; Zube et al, 

1982)/ but the human perception-based approach has been 

important in environmental planning applications, and is the 

dominant approach in research. In both practice and 

research, landscape quality is indicated by human observers' 

expressions of preference (choice, like-dislike) or ratings 

of visual aesthetic quality (including scenic quality, 

visual quality, and scenic beauty). This approach is 

derived from the psychophysical tradition in psychology 

(Daniel, 1990) , in which hioman perceptual responses are used 

to gauge properties of objects. The resulting indices refer 

to the objects. This approach may be contrasted with other, 

psychometric methods in which responses to objects (often 

verbally presented questions or statements) are used to 

measure properties of the human respondent. The resulting 

indices refer to the respondent him/herself. For a more in-

depth treatment of theoretical approaches to the concept of 

environmental aesthetics see Appendix A. 



11 

The concept of scenic beauty has long been recognized 

as an important resource in our country, and its protection 

has been specifically mandated in the key legislative acts 

that define the goals and procedures for environmental 

management (e.g., MSA, 1960; NEPA, 1969; RPA, 1974; NFMA, 

197 6). Moreover, any broad survey of the American public 

will invariably identify scenic beauty (or some related 

construct) as among the most important public goals 

regarding environmental management. Thus, a system for 

managing the environment must necessarily include scenic 

beauty as a key component. 

Executive Order 12291 (1981) requires regulatory 

agencies to prepare impact analyses for any regulations that 

are likely to result in annual effects on the economy of 

$100 million or more. These analyses must identify social 

costs and benefits and attempt to determine if the proposed 

regulation maximizes net benefits to society. This process 

of cost-benefit analysis requires the comparison of 

dissimilar concepts (e.g. scenic beauty versus potential 

monetary gains of various logging practices) and as a result 

stipulates that these concepts be placed on a common metric 

(usually dollars) so that comparisons can be made (For a 

more in depth treatment of this topic see Appendix B). 
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This raises an interesting problem regarding the 

inclusion of scenic beauty into the process of cost-benefit 

analysis, namely how does one go about quantifying scenic 

beauty. In other words, identifying, assessing, 

manipulating, monitoring, and projecting the non-commodity 

resource of scenic beauty must be specified in quantitative 

terms in order for this concept to be properly represented 

in environmental management plans. The quantification of 

scenic beauty has been studied by a number of scientific 

domains, including environmental psychology, landscape 

architecture, geography, and resource economics. Numerous 

methods have been used to address this dilemma. 

In order for landscape planning and research to perform 

effectively, accurate human assessments of "real" 

environments must be secured. Certainly the most direct way 

to address this problem would be for a researcher to take a 

busload of observers to various locations and have them rate 

an environmental variable such as scenic beauty. The 

isolated nature of many study sites of interest, as well as 

the intensive effort involved to recruit, move, and assess 

these subjects makes this method both time-consiaming and 

expensive. More over, many of the 

environments/environmental conditions of interest to 

planning and research do not yet exist. They are only 
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projections of what various policies today might produce in 

the future. Consequently, the use of surrogate stimuli has 

come about as a preferred and cost-effective method to 

assess human perceptions of natural environments. These 

surrogates typically include the use of color photographs or 

slides to represent a natural environment (e.g., Brown & 

Daniel, 1986; Buhyoff & Leuschner, 1978; Daniel et al, 1972; 

Kaplan et al, 1973; Latimer et al, 1981; and Ziobe et al, 

1975). 

Photographs as surrogates for the environment 

The extent to which landscape perceptions, preferences 

and/or judgments based on photographs correspond to 

responses elicited by direct experience with the landscapes 

nominally represented is a concern of representational 

validity. Various independent studies have reported high 

levels of consistency (high positive correlations) between 

perceptual judgments and/or expressed preferences based on 

photographs and parallel responses based on direct 

experience of the represented landscapes (e.g., Daniel & 

Boster, 1976; Kellomaki & Savolainen, 1984; Shafer & 

Richards, 1974; Shuttleworth, 1980; Stamps, 1990; Zube, 

1974). Given this consistent finding it seems reasonable to 

attribute substantial representational validity to 
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photographs for the purpose of gathering perceptual 

judgements about landscapes. 

However, even with the aforementioned studies 

supporting the notion that photographs and slides are 

suitable surrogates for onsite experience, some studies find 

examples where the surrogate can fail. Hetherington et al. 

(1994) found that for the evaluation of a scenic river 

landscape, the addition of motion (via full-motion video of 

the flowing river) and moreover the addition of the sound of 

the water, provided ratings that were much more sensitive to 

flow levels. Hull and Stewart (1992) found that scenic 

beauty ratings by hikers for trailside views differed 

between hikers going up-hill and those encountering the same 

scenes going down hill. Furthermore, Scott and Canter 

(1997) found that photographs might not be sufficient for 

the evaluation of potentially important actions, thoughts, 

and feelings that people experience within a particular 

environment. 

Thus, it appears that slides and photographs can be 

useful and inexpensive analogs to onsite evaluation, but 

only in certain conditions. When the task at hand is simply 

to rate visual characteristics (i.e. scenic beauty) of a 

fairly typical natural environment, photographs and slides 

serve the objective well. However, if the question asked of 
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the observers is more complex, such as the degree of 

serenity experienced at a location or what kinds of 

activities would be supported, the use of slides and 

photographs may fail to fully capture the "essence" (thus 

validity) of the site in question. Likewise, if the 

intention is to evaluate the subject's activities much 

beyond passive spectating, validity may be questionable. 

Where is ^^Scenic Beauty"? 

This study seeks to investigate human perception of 

scenic beauty for scenes in the Grand Canyon. As has been 

demonstrated above, the representational validity of 

photographs for many environmental experiences has been 

reasonably well established by previous investigators. 

However, when using photographs as perceptual stimuli, one 

must find a way to relate the perceptual judgements of those 

photographs back to the place in the real world that they 

nominally represent. In order to accomplish this task we 

must take a closer look at the stimulus. A photograph can 

be defined by three things: 1) the point from which it was 

taken, 2) the visual angle s\ibtended by the lens in use, and 

3) the light reflected by the sxibject matter that was 

photographed. The question then becomes: *To what in the 
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real world do we ascribe the rating assigned to the 

photograph"? One option is the point from which the 

photograph was taken. Alternatively, the scenic beauty 

could be taken to reside in the landscape (the viewshed) 

that was captured by the photograph. 

Intuitively, it seems that the viewshed is the most 

likely candidate. Consider a picture of a beautiful 

mountain with a placid lake at its base. People would 

generally rate such a picture as having a great deal of 

scenic beauty and if you were to ask them why, they would 

likely tell you that it was because of the mountain and the 

lake, i.e., because of the content of the picture/landscape. 

In other words, the mountain and the lake in the photograph 

caused the person to experience scenic beauty and to report 

a high scenic beauty rating. This line of thinking is 

embodied in the research tradition of 'picture plane" 

analysis (e.g. Shafer & Brush, 1977). In this framework the 

picture would be broken down into its constituent parts and 

the degree to which each part contributed to the overall 

rating would be determined. This might tempt some 

researchers to attribute a certain degree of scenic beauty 

to the mountain, but that same majestic mountain in our 

picture might very well look like a big pile of rubble from 

a different vantage point and could easily be a detractor to 
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scenic beauty in a different scene/photograph. Therefore, 

the scenic beauty rating of our view/photograph is 

inexorably tied to the point from which it was 

seen/photographed. Scenic beauty is determined jointly by 

the location of the viewpoint (observer) and the features of 

the viewshed that is represented (experienced). 

This supposition however, brings up another problem for 

relating scenic beauty judgements of photographs to the 

scenic beauty experienced in the real world. If the 

experience of a natural landscape is dependent upon the 

location of the viewer in that landscape and the goal is to 

quantify scenic beauty of a natural landscape, then it is 

necessary to tie the rating to the location. However, a 

single photograph is only a portion of the total view 

available from any given point and therefore is only an 

incomplete representation of the global or overall scenic 

beauty afforded by that location. One solution to this 

problem is to find a way to aggregate all of the possible 

photographs (views) from the target location. 

Slide Method 

Schaefer and Richards (1974) found that slides and 

photographs corresponded to actual scenes as long as the 

slides captured the actual variation in the environment 

represented. One technique that has been developed to 
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address this issue is to use 360-degree panoramic views from 

each location of interest. Using this method, individual 

pictures that are a subset of the 3 60-degree view are 

individually rated on a given dimension. The aggregate 

evaluation for this dimension (say scenic beauty) is then 

calculated, usually as a mean rating for each location. In 

a relatively homogeneous pine forest landscape. Brown & 

Daniel (1984, 1986) and Schroeder & Daniel (1981) found that 

individual, independently judged scenes from a point may be 

averaged to obtain a scenic beauty value (mean) that closely 

fits the global (multiple scenes from a point presented 

together and judged as a whole) scenic beauty value. 

However, the ability of this type of rating to accurately 

represent a heterogeneous location has been called into 

question. 

Meitner and Daniel (1997) found that onsite scenic 

beauty judgments of locations in high-elevation spruce 

forests on the Dixie National Forest in southern Utah 

correlated only moderately (.689) with mean ratings of eight 

slides (covering 360 degrees) taken from the same location 

and rated independently. A much higher correlation (.914), 

however, was found between onsite ratings and * global" 

ratings, when all eight slides were presented to subjects 

who then provided one overall rating for each location. 
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This suggests that individual (independent) ratings of 

slides from a point in a heterogeneous landscape may not be 

related to the overall evaluation of the point in a simple 

additive fashion. 

Taken together, these hypotheses suggest that, short of 

taking busloads of subjects to the forest, another method of 

assessment must be found. Furthermore, it is absolutely 

necessary that this method represent the full variation in 

scenic properties of a given point in a given place. 

Panoramic Method 

In order to deal with the methodological limitations 

described above this paper proposes an alternative approach 

to the quantification of location based, perceptual ratings 

through the use of new technologies recently developed for 

use on the World Wide Web. Shuttleworth (1980) noted that 

actual on-site landscape experience involves movement 

through a three-dimensional environment. However, as we 

have seen, most scenic beauty perception research has used 

still slides or photographs with a restricted range of view, 

as a surrogate to elicit participant's scenic preferences 

(Shafer et al., 1969; Shafer and Brush, 1977; Buhyoff et al, 

1978, and Sheppard, 1989). Bishop (1992) stressed that the 

estimates of the visual impact of landscape change should be 

based on its effect on locations, and not just on specific 
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circumscribed views. Therefore, the visual environment at 

any point should be considered as the entire 3 60-degree 

surroundings of the observer, rather than any specific 

restricted view. While 360-degree video panoramas have been 

used as perceptual stimuli in Bishop (1996), this method is 

somewhat limited by the fact that video taped presentations 

are neither interactive nor flexible in the amount of time a 

subject can view them. 

It is now possible to present subjects with a 360-

degree panoramic image on a computer screen. This panoramic 

image can be presented in a variety of ways, including both 

interactively and non-interactively. When presented non-

interactively, the rotational speed of the presentation can 

be systematically controlled and in contrast to video 

panoramas, can be shown for unlimited durations. These 

images can also be presented interactively, where the 

observer can explore the panorama in much the same way a 

person would explore the multitude of possible views from a 

given location in the real world. This allows for an 

observer to view any portion of the panorama for as long as 

desired and ultimately leads to a more realistic 

presentation of a location. 

While this represents a step in the right direction, it 

is still short of a fully realistic representation of the 
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environment, as one would experience it in the real world. 

For example, people experiencing landscapes in the real 

world move from point to point in a viewer-selected order. 

Consequently, this experiment also attempts to explore 

methods for presenting these point-based panoramas in ways 

that more accurately represent a person's experience as they 

travel along a constrained path, such as a trail, road, or 

in this study, a river. Four methods of presentation will 

be investigated, including; individual slide ratings 

averaged together, orthogonal views rated as a location, 

panoramic views rated as a location, and interactive 

panoramic views rated as a location. In addition, the order 

of presentation will be investigated, contrasting random 

presentation with sequential presentation. 



22 

GOALS AND OBJECTIVES OF THE RESEARCH 

The purpose of the proposed study is to evaluate 

various presentation methodologies for use in the 

quantification of recreator's quality of experience while 

traveling along linear features such as roads, trails, or, 

as in this study, rivers. This study includes an evaluation 

of the methods used to present subjects with representations 

of places and attempts to bridge the gap between existing 

empirical evidence which uses slides as presentation stimuli 

to the proposed method of presenting 360 degree panoramas. 

The validity of random versus sequential presentations of 

experimental stimuli is also addressed. The World Wide Web 

has been used to administer this survey, and issues 

concerning this technology are explored. 
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RESEARCH METHODS 

Two studies were undertaken to investigate methods for 

the quantification of scenic beauty for locations along the 

Colorado River corridor in Grand Canyon National Park. The 

first of the two studies compares four distinct 

representation/presentation methods for views at a place 

varying from the rating of independently presented 

individual slides to the rating of interactive 360 degree 

panoramas. The second study is designed to elucidate the 

effects of presentation order of places when representing 

linear environments such as the Colorado River. In both 

studies the target measure is the perceived scenic beauty of 

each represented place. 

Forty-seven 360-degree landscape photographs were 

collected at sampled places along the Colorado River in the 

Grand Canyon. The 360-degree landscape photographs were 

presented by different methods to distinct groups of 

observers who rated the relative scenic beauty of the 

landscapes represented. The conjoint validity (e.g., 

Campbell & Fiske, 1959: Cronbach & Meehl, 1955) of the 

scenic beauty ratings of each presentation mode was 

assessed, with an emphasis on intercorrelations among 

representation/presentation methods. 
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Materials and Apparatus 

Experimental stimuli consisted of forty-seven 360-

degree landscape photographs taken at river level in Grand 

Canyon National Park. The locations of these photo points 

were chosen in a semi-random fashion constrained by the 

frequency with which the river trip was able to stop as well 

as the need for a somewhat stable area to set up the 

photographic equipment. The average distance between the 

photo points is 4.19 miles, but actual distances between any 

given points ranged from between .3 miles and 11.1 miles 

(Appendix C). Only natural landscape features were 

represented in these 3 60-degree landscape photographs and 

any evidence of human involvement (people, boats, etc.) was 

eliminated through digital image processing/editing. 

In order to create these 360-degree landscape 

photographs, six photographs were taken at each location 

using a Minolta single-reflex lens camera mounted on a 

tripod, which was balanced using a bubble level. A Siemans 

17-mm rectilinear lens was used yielding photographs that 

cover 93.27 degrees of horizontal visual angle and 70.43 

degrees of vertical visual angle. The camera was rotated 

clockwise 60 degrees for each photograph, yielding a total 

of six photographs that cover the full 360 degrees with 

approximately 32 percent overlap between photos. After the 
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film was developed it was scanned using a standard flatbed 

scanner at 72 dpi resulting in digital images 1480 by 1034 

that were saved as 24 bit compressed JPEG's. The resulting 

images were then "stitched" together into panoramic images 

using PhotoVista version 1.3. PhotoVista imports the six 

images, applies a lens distortion correction algorithm to 

the images, automatically aligns them, and blends the images 

together into a single panoramic image (Figure 1). 

FIGURE 1: STITCHING EXAMPLE 

Once this process was complete, the raw panoramic images 

were imported into Adobe Photoshop 4.0 and the final image 

processing was completed. Corrections made to the panoramas 

at this time were, the removal of any evidence of h\amans as 

well as the smoothing of any exposure, color balance, or 

contrast/brightness problems that existed in the panorama 

Result 



due to exposure, color balance, or contrast/brightness 

differences between the base images. The panoramic image 

that results is 6544 by 1120 and was re-saved as a 24 bit 

compressed JPEG. 
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The panoramic images were then split into four 

separate images (analogous to the four cardinal directions) 

measuring 1636 by 1120 pixels to be used in the first two 

experimental conditions of Study 1 as seen in Figure 2. 

NW Original Panorama NW 

N E Resulting Images s w 

FIGURE 2 : CREATION OF FOUR IMAGES FROM A PANORAMA 

All images were displayed on identical IBM compatible 

computers in the Department of Psychology's Instructional 

Computer Laboratory utilizing Internet Explorer 4.0 as the 

user interface. The display parameters of each laboratory 

computer were normalized to a screen resolution of 800 by 

600 pixels and a color depth of 16 bits per pixel (65,536 

colors). Custom software was written, utilizing Microsoft's 



27 

Active Server Pages, which controlled the presentation of 

stimuli and the collection of data through a standard web 

browser interface. 

Rating Scale 

Participants were told that their task was to rate a 

series of places represented by images presented on a 

computer screen on a 10-point scale of scenic beauty, where 

10 corresponds to very high scenic beauty and 1 corresponds 

to very low scenic beauty. In this procedure, individuals 

are presented with a visual representation of a place 

(single or multiple images) and must give an overt 

indication (a scalar rating) of the relative position of the 

place represented along the scenic beauty dimension. It is 

important to note that observers are told not rate the 

* image", but to rate the *place" represented by that 

• image". 

One potential problem with a rating scale such as this 

is the "end-point" problem (Brown & Daniel, 1990). For 

example, if the observer is using a 10 point scale to rate 

images on the landerlying psychological dimension of scenic 

beauty and has already used the highest value (10) in 

association with an image previously shown and is 

subsequently shown an image that they judged to be more 
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beautiful, their only recourse is to assign the more 

beautiful image a rating of 10 as well. This problem may be 

overcome in part by first presenting the subjects with a set 

of preview images that represent the full range of the 

underlying dimension of stimuli to be presented in the 

experiment. In this experiment, all subjects were asked to 

preview six images, representing a variety of landscape 

configurations that were seen in the study. This allows 

them to get an idea of what the places are like and how they 

might want to rate them on the ten-point rating scale, in 

order to mitigate the "end-point" problem. That is, the 

preview causes the observer to appropriately anchor the ten-

point scenic beauty rating scale. 
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STUDY 1 

Participants 

The participants were one hundred and eighteen 

undergraduates from the University of Arizona who received 

class credit toward a research participation requirement. 

Procedure 

The experiment was conducted using groups of 8 to 20 

participants per session and each group of participants in a 

given session was randomly assigned to an experimental 

condition. Four between-subject conditions were 

investigated arranged in a 1 x 4 design, representing four 

levels of presentation method. These methods are: 1) 

individual slides rated independently, 2) multiple 

orthogonal views rated globally, 3) panoramic views rated 

globally, and 4) interactive panoramic views rated globally. 

Participants in condition 1 (individual slides) 

independently rated the 188 individual images (derived from 

the panoramas). Images were presented in a completely 

random order, so that the four views from any place were 

separated and might appear anywhere in the 188-image 

presentation. Each participant in condition 1 was presented 

with a different random order of the images. Ratings were 

then averaged over the four scenes for each place, in order 
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to derive an average scenic beauty rating for each of the 47 

places. 

Participants in condition 2 (orthogonal views) saw four 

separate images (derived from the panoramas) in a sequential 

fashion controlled by the participant. This is accomplished 

through the use of a custom interface as seen in Figure 3, 

where the user can click on the arrow buttons to control 

which image is displayed. 

FIGURE 3: ORTHOGONAL VIEWS INTERFACE 
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Participants in this condition were able to view the images 

repeatedly, but were asked to view all four images at least 

once before making a rating. Only one overall rating was 
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recorded for each four-image set constituting the global 

rating for the place represented. The sets of images 

(places) were presented in a different random order for each 

participant. 

In condition 3 (non-interactive panoramic view) 

participants rated 47 panoramas presented in a unique random 

order for each participant. These panoramas were viewed 

using the Live Picture Viewer (3.2 plug-in), which projects 

the panoramic image on to the inside of a three dimensional 

cylinder and allows the subject to view the entire image as 

the cylinder is rotated past a fixed viewing window as seen 

in Figure 4. 

FIGURE 4: PANORAMIC VIEWING 

In condition 3 the cylinder was programmed to rotate at a 

fixed rate for all subjects. Each subject was allowed to 

view each panorama as long as he/she wished, but they were 



asked to ensure that they had seen the entire place before 

recording their global rating. 

Participants in condition 4 (interactive panoramic 

view) also viewed panoramas in a random order for each 

subject using the Live Picture Viewer. In this condition, 

however, they were allowed to manually rotate the image by 

clicking on the image and dragging the mouse in the 

direction that they wanted to view as seen in Figure 5. 

FIGURE 5: PANORAMIC INTERFACE 

1:Ht;~h : Sc:t;nic • • 
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Subjects were allowed to view the panorama as long as they 

wished but were asked to ensure that they had seen the 

entire place before recording their rating. 
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RESULTS AND DISCUSSION 

The group internal reliability coefficients were quite 

high within all four, presentation conditions (Table 1). 

Condition N Group Internal 
Observers Reliabilities 

individual slides 31 0.94 
orthogonal views 29 0.87 
non-interactive 28 0.87 
panoramic 
interactive 30 0.88 
panoramic 

TABLE 1: INTERNAL RELIABILITIES - STUDY 1 

This is an indication of the expected correlations between 

the ratings of the respective groups in this experiment and 

ratings by equivalent sized groups sampled from the same 

population of observers viewing the same representations. 

Inter-correlations between different presentation 

conditions were generally quite high. All of the 

coefficients were positive and all surpassed the minimal 

standards for statistical significance (p < .05) as shown in 

Table 2. 
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Individ orthogon non- interact 
ual al views interactiv ive 

slides e panorami 
panorami c c 

individual slides 1.000 
orthogonal views 0.591 1.000 
non-interactive 0.607 0.799 1.000 
panoramic 
interactive 0.528 0.785 0.809 1.000 
panoramic 

TABLE 2: INTER-CORRELATION COEFFICIENTS 

Of particular interest is the fact that the 'individual 

slides" condition produced the lowest R's with all of the 

other conditions, while the correlations among the other 

conditions were significantly higher. Conjoint validity 

criteria would indicate that this lack of correlation is 

indicative of lower representational validity of the 

'individual slides" method for the evaluation of scenic 

beauty values of places. A repeated measures ANOVA was 

performed to evaluate the effects of the between subjects 

variable (presentation condition) when crossed with the 

within subjects variable of place (47 levels). The results 

revealed a significant interaction between Place by 

Presentation, F(138,5198) = 2.365, p < .000 as well as a 

main effect of Presentation F(3,113) = 4.787, p < .004 and 

Place F(46,5198) = 22.724, p < .000, as seen in Figure 6. 

See Appendix E for more detail. 



C) 10 
s:: 9 ; 
ns 8 a= 
~ 7 .... 
::::s 6 ns 
Cl) 

m 5 
.~ 4 s:: 
Cl) 3 (.) 
fn 2 s:: 
ns 1 Cl) 

::!: 0 
~ 

Place by Condition Interaction 

~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ N N M M "''it "''it 

Place (in order of mean scenic 
beauty overall) 

---+--individual slides 

--11-- orthogonal views 

--tr- non-interactive 
panoramic 

--M- interactive 
panoramic 

FIGURE 6: PLACE BY PRESENTATION CONDITION INTERACTION 
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Given that the place by presentation interaction was 

significant and no significant differences in correlations 

were observed for any of the conditions other than the 

~individual slides" it was decided to perform another ANOVA 

that contrasted the ~individual slides" condition with all 

other conditions. This interaction of Place by Contrast was 

significant, F(46,5290) = 3.670, p < .000 as well as a main 

effect of Contrast F(1,115) = 14.282, p < .000 and Place 

F(46, 5290) = 14.852, p < .000, as seen in Figure 7. See 

Appendix F for more detail. 
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-+-individual slides 
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This result suggests that the method used by observers to 

aggregate their evaluations of multiple photographs from a 

single location is not the same as simply averaging the 

ratings of the photographs when rated individually. Also, 

because there were no significant differences between the 

~orthogonal views" presentation, the ~non-interactive 

panoramic views" condition, and the ~interactive panoramic 

views" condition, it seems reasonable to conclude that all 

of the aforementioned presentation methods are similar in 
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their representational validity for scenic beauty ratings of 

locations in the real world. 

Brown and Daniel (1987) found that presenting a string 

of low scenic beauty slides leads the observer to set a low 

criterion for ratings, so that a subsequent string of medium 

scenic beauty slides gets higher ratings than in a purely 

random presentation. The same effect occurs for high scenic 

beauty slides followed by medium scenic beauty slides; 

medium scenic beauty slides get lower ratings than in the 

random presentation. This finding suggests one possible 

mechanism preventing simple averages of slide ratings from 

being linearly related to the overall scenic beauty value of 

the location in question. It may be that there are complex 

interactions affecting the perception of individual scenes 

from a given point (e.g. a ^contrast" effect). For example, 

a moderately unattractive view, when seen together with 

other, much more attractive views from the same site, may be 

perceived as even less attractive (contrast) or more 

attractive (generalization) then when viewed as an 

independent scene. 

It is also possible that this effect could be thought 

of as a 'weighting" effect, where particularly high or low 

scenes may be weighted more in determining the global rating 

than scenes that tend toward the mean. One view (or even 
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several) from a location may be particularly breathtaking or 

salient along a given dimension. This could cause the 

global rating to be raised if the higher scenic beauty value 

were weighted more heavily. Conversely, a particularly poor 

singular view may "drag down" the overall mean rating. 

A third possible explanation for this inequality 

between locations rated as a whole, versus by the average 

rating of multiple independent scenes, might be a 

combination of both the "contrast" and *weighting" effects 

hypothesized above. It may be that an observer's perception 

of a photograph is altered by perceptions of neighboring 

photographs as well as certain photographs being weighted 

more heavily than others. While this study did not directly 

address these questions, it is clear that further research 

is needed to elucidate these hypotheses. 
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STUDY 2 

This study was directed toward the investigation of 

place to place order effects. In the context of traveling 

along linear features such as roads, trails, or rivers, it 

is unlikely that people would ever encounter places along 

that feature in any order other that one dictated by the 

sequential nature of that feature. This is especially true 

of river trips, including those on the Colorado River in the 

Grand Canyon where gravity strongly discourages, and the 

National Park Service strictly forbids any upriver travel, 

while in the case of roads or trails two-way travel is 

possible. This study directly addresses whether ratings 

gathered from individuals in an experimental setting are 

differentially affected by the order in which the stimuli 

are presented. 

Participants 

The participants were one hundred and nineteen 

undergraduates from the University of Arizona who received 

class credit toward a research participation requirement. 

Procedure 

Four between-subject conditions were investigated, 

arranged in a 2 x 2 factorial design, representing two 
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levels of presentation (orthogonal views versus panoramas as 

previously described in Study 1) crossed with two levels of 

place-order (random versus sequential). Places in the 

sequential conditions were sequentially ordered to match the 

order that one would encounter while rafting down the 

Colorado River, while the order of places in the random 

conditions were randomized for each subject in those 

conditions. Each observer rated 47 places. The ratings 

were collected via the Internet and were added to an Access 

database. 

As in Study 1, participants were told that their task 

was to rate a series of places presented on a computer 

screen on a 10-point scale of scenic beauty, where 10 

corresponds to very high scenic beauty and 1 corresponds to 

very low scenic beauty. The experiment was conducted using 

groups of 8 to 20 participants per session and each group of 

participants in a given session was randomly assigned to an 

experimental condition. 
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RESULTS AND DISCUSSION 

The group internal reliability coefficients were quite 

high within all four, presentation conditions (Table 3). 

Condition N Group Internal 
Observers Relicdoilities 

orthogonal views 28 0.87 
random 
orthogonal views 32 0.83 
sequential 
panoramic random 28 0.87 
panoramic 31 0.85 
sequential 

TABLE 3: INTERNAL RELIABILITIES - STUDY 2 

An ANOVA was performed on the resulting data to 

elucidate the effects of the between subjects variables 

(presentation and order) when crossed with the within 

subjects variable of place (47 levels). The results 

revealed a significant three-way interaction between Place 

by Order by Presentation, F(46,5290) = 1.486, p < .018 as 

well as significant two-way interactions for both Place by 

Order F(46,5290) = 3.497, p < .000 and Place by Presentation 

F(46,5290) = 2.033, p < .000 and a significant main effect 

of Place F(46,5290) = 18.277, p < .000, as seen in Figure 8. 

See Appendix G for more detail. 
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Simply stated, this result indicates that the variation 

in mean scenic beauty ratings for sites was contingent upon 

the experimental condition from which those ratings were 

gathered. This means that not all presentation methods 

yield the same relative ratings for the 47 places, even 

though the available photographic information remained 

constant. 
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FIGURE 9: PLACE BY ORDER BY PRESENTATION INTERACTION (SEQUENTIALLY) 

Upon closer inspection of Figure 9, it was noted that 

the first two mean ratings of place differed substantially 

when grouped by order (random versus sequential). This 

could be interpreted as a failure of the preview images to 

adequately represent the range of landscapes and/or 

establish the rating scale criteria. This may have caused 

the subjects in the sequential conditions to deflate their 

ratings of the initial places more towards the mean of the 

rating scale, given that they may not have been exposed to 

43 

enough places prior to being asked to rate the places to be 

sure where along the scale those initial places may have 

fallen. It was decided to reanalyze the data excluding 

these two places to determine if the three-way interaction 
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of Place by Order by Presentation would still hold. The 

results of the second ANOVA revealed a persistence of the 

significant three-way interaction between Place by Order by 

Presentation, F(44,5060) = 1.528, p < .014. See Appendix H 

for more detail. This result may not fully alleviate the 

concern about the insufficient preview, but given that when 

the most problematic data points were removed, the 

interaction persisted, it is reasonably clear that this 

methodological concern was not the sole cause of the three-

way interaction. 
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CONCLUSIONS 

Of the four presentation methods investigated in this 

paper, it is clear that the "individual slides" method is 

significantly less valid for the assessment of scenic beauty 

values of locations than any of the other methods 

investigated. The other three presentation methods, 

orthogonal views and panoramic presentations, seem to all be 

equally well-suited for the quantification of scenic beauty 

values of locations along the Colorado River through the 

Grand Canyon. These results indicate a fundamental 

difference between "global" ratings for locations as opposed 

to the aggregation of independent ratings of photographs 

taken from the same location. Further research is needed to 

explore the possible causes of this difference and to 

investigate whether perceptual phenomena (e.g., a "contrast" 

effect) and/or aggregation phenomena (e.g., a "weighting" 

effect) are likely to be the reasons for this difference. 

Given that neither of the panoramic presentations 

significantly differed from the "orthogonal views" condition 

and the fact that the "orthogonal views" condition is a far 

simpler method to employ, this method would seem to be the 

desired presentation condition for future research that 
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attempts to quantify scenic beauty values for locations 

similar to the Grand Canyon landscapes studied. 

In addition, when assessing the scenic beauty of 

locations, that are constrained to be experienced in a 

linear order, the order of presentation is an important 

variable to consider in conjunction with the mode of 

presentation. Since observers in the sequentially ordered 

conditions were not aware that the points were presented 

with reference to the order in which they would experience 

them in the real world, this order effect must be due to a 

perceptual difference rather than any task-demand effect. 

While sequential order more closely approximates the 

conditions in the real world, further research is needed in 

order to determine whether this method would increase the 

ability to predict observer's onsite judgements as opposed 

to the random presentation method. 

In conclusion, the research presented suggests that 

both presentation methods and the order of presentation are 

important variables to consider when attempting to quantify 

scenic beauty values for locations in heterogeneous 

landscapes that are constrained by a linear feature. In the 

future, more studies are necessary that investigate the 

representational validity of various presentation 
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methodologies for the use in quantifying perceptual 

characteristics of natural landscapes. 
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APPENDIX A: FOUR APPROACHES TO ENVIRONMENTAL AESTHETICS 

From a theoretical perspective there are four main 

approaches to the concept of natural scenic 

beauty/environmental aesthetics. According to Taylor et al. 

(1987) these four approaches have been labeled: expert, 

psychophysical, cognitive, and experiential. The expert 

approach is exactly what it seems to be. An "expert" goes 

out into a landscape to assess it in terms of its aesthetic 

value. These experts, through their years of professional 

training, are purported to have developed an increased 

sensitivity to the landscape qualities that comprise 

environmental aesthetics and are therefore deemed better 

judges of the landscape than the general public (Laurie, 

1975). The psychophysical approach relies on public 

perception of landscapes to determine natural scenic 

beauty/environmental aesthetics. This approach assumes that 

environmental aesthetics is based only in part on stimulus 

properties that are outside of the observer and are 

therefore invariant. In addition, the perceptual/judgmental 

processes of the observer are also essential. This 

represents a major shift from the expert approach because 

the human observer (general public) is the source of 

environmental aesthetics. The roots of this approach come 



49 

from the tradition of experimental psychology with its focus 

on the relationship between stimulus and response. The 

cognitive approach differs from the psychophysical approach 

in that the public, who determine environmental aesthetics, 

do not passively respond to environmental stimuli but 

construct aesthetics in their mind. The constructivist 

movement in philosophy is the basis for this approach, 

whereas the psychophysical approach can be viewed as being 

developed more from the tradition of naive realism. The 

experiential approach goes one step further and purports 

environmental aesthetics to be the product of the 

interaction of people with the landscape. The active nature 

of this interaction becomes the focus of this approach and 

the way in which people choose to interact with the 

landscape is viewed to have a large impact on the assessment 

of natural scenic beauty/environmental aesthetics. 

Scenic beauty has long been recognized as an important 

resource in the United States, and its protection has been 

specifically mandated in the key legislative acts that 

define the goals and procedures for environmental management 

(e.g., MSA, 1960; NEPA, 1969; RPA, 1974; NFMA, 1976). 

Moreover, any broad survey of the American piiblic will 

invariably identify scenic beauty or some related construct 

as among the most important desires and concerns regarding 
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environmental management. Thus, a system for managing the 

environment must include scenic beauty as a key component. 

Executive Order 12291 (1981) requires regulatory agencies to 

prepare impact analyses for any regulations that are likely 

to result in annual effects on the economy of $100 million 

or more. These analyses must identify social costs and 

benefits and attempt to determine if the proposed regulation 

maximizes net benefits to society. Methodologically 

identifying, assessing, manipulating, monitoring, and 

projecting the non-commodity resource of scenic beauty must 

be specified in quantitative terms in order for this concept 

to be properly represented in environmental management 

plans. 

Of the four approaches, the expert approach has been 

the most utilized in the integration of aesthetic concerns 

into the broader context of environmental management. Zube 

et al. (1982) found that 40 percent of the landscape 

perception articles reviewed came from this approach. This 

makes sense given the ease of which this approach can be 

applied to the quantification of environmental aesthetics. 

These experts typically draw from concepts of art and 

design, (balance, contrast, or form) as well as principles 

of resource management and ecology (diversity or 

speciation), in order to evaluate the aesthetic value of a 
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landscape. While this approach may be cost-effective and 

quick to yield results, it does have its problems. Because 

this approach typically relies on the opinion of only one 

person (the expert), it is rather susceptible to individual 

biases. The psychophysical approach was in part, a reaction 

to this problem and through the use of statistical sampling 

methods has been fairly successful in achieving unbiased 

estimates of environmental aesthetics. Thirty-five percent 

of landscape perception articles use this approach (Zube et 

al., 1982), making it the second most utilized approach. In 

the context of public environmental management, the 

psychophysical approach also has the benefit of deriving its 

estimates directly from the population of concern, the 

general public. Because this approach holds environmental 

aesthetics to depend upon properties of the landscape, 

rather than resting solely in the mind of the observer, it 

has been more successful than any other approach in its 

ability to directly tie together biophysical data with 

perceived landscape quality. This ability to utilize data 

about a landscape that is already available in a predictive 

sense, is responsible for this approach's dominance in the 

integration of aesthetic concerns into the broader context 

of environmental management. The cognitive and experiential 

approaches have been far less successful in their 
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integration into the field of environmental management. 

Neither of these approaches have been specifically oriented 

toward the development of methodologies for the 

investigation of perceived landscape quality, as were the 

last two approaches. Rather they have focused on the more 

subjective concepts of meaning and experience. The 

cognitive approach has been especially concerned with the 

individual's verbal evaluation of landscapes. While 

attempts have been made to standardize subject responses, 

such as adjective checklists (Craik & Zube, 1975) and 

semantic scales (Zube et al., 1974), overall these 

approaches fall prey to subject's individual semantic 

appraisals. The experiential approach is far less 

structured than any of the other approaches and as a result 

is not easily applied to the task of environmental 

management. This is because the experiential approach 

emphasizes individual differences rather than similarities. 

It would not be surprising for this approach to quantify 

each individual's experience in exactly the same landscape 

as entirely disparate, and because of this high degree of 

variability, is generally not suited for the creation of 

public policy. 



53 

APPENDIX B: COST BENEFIT ANALYSIS 

Cost-benefit analysis (CBA) is, in recent years, the 

most widely used quantitative approach to public decision 

making. The use of this technique has increased enormously 

in terms of both the number and variety of problems to which 

it is applied. This increase is nowhere more evident than 

in the US Federal Government, where nearly every decision is 

subjected to this type of analysis. Executive Order 12291 

(1981) required regulatory agencies to prepare impact 

analyses for any regulations that are likely to result in 

annual effects on the economy of $100 million or more. The 

analyses must identify social costs and benefits and attempt 

to determine if the proposed regulation maximizes net 

benefits to society. 

After policymakers have considered a particular problem 

and determined some of the options available to deal with 

it, they are able to begin the CBA process. In most cases, 

the decision is not merely between action and inaction, 

since several alternatives are potentially available for 

implementation. Decision makers must identify the costs and 

benefits of each, which requires the specification of the 

objectives, (i.e. what is to be accomplished), the 

constraints (including financial, legal, among others) 
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imposed on the decision makers, and the feasible alternative 

choices of programs that might be selected to satisfy the 

stated objectives. CBA is a tool that can help to narrow 

the range of choice by developing useful information about 

the desirable and undesirable effects of public sector 

programs or projects. 

Simply stated, CBA is one of several techniques that 

seek to evaluate the total costs and consequences of an 

alternative in a systematic manner. These values are 

quantified in comparable units and translated into a common 

measure, usually a monetary unit. In this way, CBA attempts 

to compare apples and oranges by giving each a price in 

dollars. The costs and benefits are then compared by 

computing a benefit-to-cost ratio. Thus, CBA provides a 

framework for assessing which alternative should be 

preferred. With the more widespread use of CBA, the claim 

that a particular governmental activity is actually of some 

value can be examined in what appears to be an objective 

manner. The general thrust of this technique is that 

government resource allocation decisions should meet tests 

similar to those employed in the business sector. 

Yet, as an aid to pioblic decision-makers, this approach 

has an extraordinary deficiency. CBA relies on people to 

assign *values" (typically as multiplicative coefficients) 
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to each aspect of a given alternative so that an algebraic 

product (benefit to cost ratio) can be calculated for each 

alternative. This facilitates the comparison of 

alternatives along a common metric and allows for decisions 

to be made that maximize net benefits. While this 

methodology appears to have a certain degree of *face 

validity" on further analysis it becomes obvious that this 

technique is only as good as the valuations that were 

assigned to various dimensions of proposed alternatives. 

When analyzing the CBA process the first question that one 

must ask is who assigned these values and why. Numerous 

studies have shown that valuations given by large groups of 

individuals exhibit a large variance and this finding is 

exacerbated by both context and content of the valuations 

(Payne et. al., 1992). Also, if multiple interests are 

involved (which they almost certainly are), it should be 

determined whether all of the public interests involved are 

represented equitably. To be useful to the decision-making 

process, CBA should be able to sum up the expected effects 

of a proposed alternative on relevant groups and their 

attitudes towards it. 

CBA usually emphasizes economic efficiency (decisions 

which come from adding up costs and benefits across 

individuals (or groups) in an arithmetic fashion) as the 
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basis for resource allocation. However, this ignores the 

fact that other values often do not fit into this framework 

well. When management plans have goals that go beyond 

simply maximizing the return on public investment, a simple 

cost-benefit ratio is not an adequate criterion for choice. 

For many intangible, non-monetary social values, (fairness, 

beauty, etc.) economic efficiency may not be the central 

concern. Certainly most individuals would have trouble when 

asked to assign a monetary value to their sense of serenity 

when visiting a forested area, for example. Emotions are 

not easily codified into monetary units nor are they even 

easily verbally described. Often people have preferences 

for one thing versus another but when asked to explain their 

reasoning they falter. This overall lack of ability on the 

part of respondents to quantify intangible, non-monetary 

social values is an issue that must be addressed within the 

framework of CBA for this approach to decision making to 

become more accurate and useful. 

While people may not be able to verbalize or reduce to 

monetary units their emotional preferences/values they 

certainly have them. Moreover, these preferences/values are 

extremely reliable. As a cost-benefit analyst it would 

behoove me to capture these intangible, non-monetary social 

values in such a way as to preserve them in their natural 
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state. Rather than give the affected parties the task of 

fitting their preferences/values into my framework (CBA) the 

framework should adapt to fit the dimension being measured. 

This may be accomplished by presenting multi-dimensional 

arrays of alternatives to affected groups in such a manner 

that they resemble the *real world" end state that they 

project. In order to do this we need a new tool, 

'scientific visualization". This technology, which is 

rapidly evolving and is being found on everyday desktop 

computers, can be adapted to create visually realistic 

scenes that depict proposed future management alternatives. 

For instance, the United States Forest Service, while 

predominately in the business of cutting trees, must also 

manage the national forest in terms of their scenic quality. 

This is not easily accomplished within the traditional CBA 

framework. The physical parameters of cutting trees along 

with their accompanying monetary implications is well know, 

but the impact on the scenic beauty of the forest for 

various methods of harvesting is less clear. Scientific 

visualization offers a way to present harvesting 

alternatives (random polygonal cutting, rectilinear clear 

cutting, strip cutting, etc.) in concert with the monetary 

ramifications for each practice. These visualizations can 

then be presented to impacted groups for appraisal where the 
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respondents can simply state which alternative is preferred. 

This allows the analyst to more accurately predict the 

reactions of different groups when a management scenario is 

executed. 

When multiple interest groups are involved in 

management decisions it becomes important to the analyst how 

various alternatives may differentially impinge upon those 

groups. CBA exhibits a blindness to the identity of the 

gainers and losers and to the distribution of costs and 

benefits among individuals, thus a dollar's worth of 

additional benefit or cost is given equal weight, regardless 

of the persons, groups, or regions of the country that 

receive the benefit or bear the cost. An effort should be 

made to devise a method for determining the impacts of a 

proposed alternative on affected groups and the intensity of 

their support or opposition. Groups that have a vested 

interest in the proposed management decision should be 

identified and an effort to determine the intensity of that 

group's involvement with the issue should be made. 

Commiinity surveys can be used to gather information 

from the community at large and enable evaluators to obtain 

the responses of a representative sample of potentially 

impacted groups prior to making judgements about the design 

or scope of a program. These survey responses would enable 
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analysts to discover what various groups think about 

particular issues and could alert them to pockets of 

opposition that need to be dealt with. Surveys could also 

be combined with interviews of local individuals from 

representative groups to further elucidate the issues at 

hand. This information would enable the analyst to exclude 

alternatives that would be politically unacceptable and 

develop addition alternatives that may better satisfy 

community ethos. In this way, political feasibility would 

both limit and possibly broaden the range of considered 

alternatives. 

Political decision makers are typically most concerned 

with the avoidance of supporting unpopular positions on 

important issues, but they are also responsible for guarding 

the welfare of the nation, region, state, county or city. 

The latter is a harrowing task that must be supported by 

scientific analysis appropriate to the task. While 

traditional CBA has been useful in this respect it now seems 

clear that this methodology can be improved upon. This is 

accomplished by the addition of alternative methods for 

human value assessment that are more applicable to 

emotionally laden values and by the inclusion of a multiple 

interest group, equitability component. Policymakers must 

shift the focus of the management of our nation away from 
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purely technical or economic questions towards larger issues 

based on more accurate perceptions of the *real world" that 

they are trying to influence. Politically weaker groups 

must be safeguarded from the effects of policies, which may 

be solely beneficial to some other, more powerful social 

group. In the next generation of decision support systems 

to be used for the analysis of public expenditure programs 

economic efficiency, non-monetary values, and the equity of 

multiple interest groups must be balanced. The 

accomplishment of these goals would constitute a major step 

forward in the methodology of decision making. 



APPENDIX C: DESCRIPTIVE STATISTICS FOR THE 47 LOCATIONS 

Descriptive Statistics for 
the distances between photo 

points 

Mean 
Standard Error 
Median 
Mode 
Standard 
Deviation 
Sample Variance 
Kurtosis 
Skewness 
Range 
Minimum 
Maximum 
Sum 

4 

en -C: 2 ·o 
a. 
~ 

0 
=It 0 

4.18913 
0.366116 

4.05 
4 

2.483119 

6.165879 
0.102914 
0.704236 

10.8 
0.3 

11.1 
192.7 

Distance between Photo Points in Miles 

Std. Dev= 2.48 

Mean= 4.2 

N = 46.00 

61 



62 

APPENDIX D: CORRELATIONS 

Correlations - Study 1 

individual orthogonal non-interactive interactive 
slides views panoramic panoramic 

Pearson 
Correlation 

individual 
slides 1.000 .591- .607- .528*' 

orthogonal 
views .591- 1.000 .799- .785" 

non-interactive 
panoramic .607- .799- 1.000 .809" 

interactive 
panoramic .528- .785- .809- 1.000 

Sig. 
(2-tailed) 

individual 
slides .000 .000 .000 

orthogonal 
views .000 .000 .000 

non-interactive 
panoramic .000 .000 .000 

interactive 
panoramic .000 .000 .000 

N individual 
slides 47 47 47 47 

orthogonal 
views 47 47 47 47 

non-interactive 
panoramic 47 47 47 47 

interactive 
panoramic 47 47 47 47 

**• Correlation is significant at the 0.01 level (2-talled). 



Correlations - Study 2 

orthogonal 
views 

random 

orthogonal 
views 

sequential 
panoramic 

random 
panoramic 
sequential 

Pearson 
Correlation 

orthogonal 
views 
random 

1.000 .671** .799** .568*^ 

orthogonal 
views 
sequential 

.671** 1.000 .557** .647*' 

panoramic 
random .799** .557** 1.000 .545" 

panoramic 
sequential .568** .647** .545** 1.000 

Sig. 
(2-tailed) 

orthogonal 
views 
random 

.000 .000 .000 

orthogonal 
views 
sequential 

.000 .000 .000 

panoramic 
random .000 .000 .000 

panoramic 
sequential .000 .000 .000 

N orthogonal 
views 
random 

47 47 47 47 

orthogonal 
views 
sequential 

47 47 47 47 

panoramic 
random 47 47 47 47 

panoramic 
sequential 47 47 47 47 

**• Correlation is significant at the 0.01 level (2-tailed). 
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APPENDIX E: FIRST ANOVA RESULTS FOR STUDY 1 

General Linear Model 

Between-Subjects Factors 

Value Label N 
Condition 1.00 Individual Slides 31 

2.00 Orthogonal Views 28 
3.00 Non-interactive Oft 

Panoramic Views 
4.00 Interactive 

Panoramic Views 
wU 

Tests of WIthin-SubJects Effects 

Measure: MEASURE_1 
Sphericity Assumed 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Noncent. 
Parameter 

Observed 
Powei* 

PLACE 
PLACE* 
CONDITIO 
Error{PLACE) 

2277.010 

711.024 

1322.950 

46 

138 

5198 

49.500 

5.152 

2.178 

22.724 

2.365 

.000 

.000 

1045.302 

326.408 

1.000 

1.000 

Computed using alpha = .05 

Tests of Between-Subjects Effects 

Measure; MEASURE_1 
Transformed Variable: Average 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Siq. 

Noncent 
Parameter 

Ot>served 
Powei* 

Intercept 217802.4 1 217802.4 4374.766 .000 4374.766 1.000 
CONDITIO 715.001 3 238.334 4.787 .004 14.361 .893 
En-or 5625.827 113 49.786 

a- Computed using alpha = .05 
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Estimated Marginal Means 
Condition 

Estimates 

Measure; MEASURE 1 

Condition Mean Std. Error 
Individual 
Slides 5.6937 .185 

Orthogonal 
Views 6.4164 .195 

Non-interactive 
Panoramic 
Views 

6.5486 .195 

Interactive 
Panoramic 
Views 

6.5397 .188 

Palrwisa Comparisons 

Maasura: MEASURE_1 

Maan 
95% Confidenca 

kiterval 

(D Condition M Condition 
Oiflaranca 

(W) Std. Error Sig. 
LovMr 
Bound 

Upper 
Bound 

Individual 
Slidas 

Ortliogonal 
Vfavw -.7227* .268 .008 -1.254 -.191 

Non-intaractiva 
Panoramic 
Vlavna 

-.8S49* J268 .002 -1.387 -.323 

kitaractiva 
Pinonmic 
Vtawa 

-.8460* .264 .002 -1.368 -.324 

Orthogonal 
Vtaww 

Non-intaractiva 
Panoramic 
Vlavw 

-.1322 275 .632 -.677 .413 

kitaractiva 
Panoramic 
Vlawa 

-.1233 270 .649 -.659 .412 

Individual 
Slidas .7227* .268 .008 .191 1.2S4 

Non-iniaractiva 
Panorainic 

Orthoganai 
Vtawa .1322 .275 .632 -.413 .677 

\̂ awB kitaractiva 
Panoramic 
Vtawa 

8.916E-03 i70 .974 -.527 .545 

kidividual 
Slldaa .8548* .268 .002 .323 1.387 

Mmctiva 
Panomric 

Orthogonal 
âma .1233 .270 .648 -.412 .659 

VISM Non-intaractiva 
Panoratnic 
Vtawa 

-8.92E-03 .270 S7A -.545 527 

kidividual 
Slldaa .8460* .264 .002 .324 1.368 

Basad on asMmatsd marginal tnaans 
*• Tha mMii diffmnca It iignfficantattha .05 (aval. 
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Univariate Tests 

Measure; MEASURE 1 

Sum of Mean Noncent Observed 
Source Squares df Square F Sig. Parameter Rowel" 
Contrast 15.213 3 5.071 4.787 .004 14.361 .893 
Error 119.698 113 1.059 

Each F tests the simple effects of Condition within each level combination of the other effects sho 
These tests are based on the linearly independent pairwise comparisons among the estimated 
marginal means. 

a- Computed using alpha = .05 
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APPENDIX F: SECOND ANOVA RESULTS FOR STUDY 1 

General Linear Model 

Between-Subjects Factors 

Value Label N 
Individual Slides 1.00 
versus ail other 
Conditions 2.OO 

Individual 
Slides 
All Other 
Conditions 

31 

86 

Tests of Wfthin-Subjects Effects 

Measure: MEASURE_1 
Sphericity Assumed 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Noncent. 
Parameter 

Observed 
Powei* 

PLACE 
PLACE' 
INDVSALL 
Error(PU\CE) 

1506.143 

372.194 

1661.780 

46 

46 

5290 

32.742 

8.091 

2.204 

14.852 

3.670 

.000 

.000 

683.214 

168.834 

1.000 

1.000 

3- Computed using alpha = .05 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transformed Variable: Average 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Siq. 

Noncent 
Parameter 

Observed 
Powei* 

Intercept 159301.8 1 159301.8 3247.984 .000 3247.984 1.000 
INDVSALL 700.495 1 700.495 14.282 .000 14.282 .963 
Error 5640.334 115 49.046 

3- Computed using alpha = .05 
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APPENDIX G: FIRST ANOVA RESULTS FOR STUDY 2 

General Linear Model 

Between-Subjects Factors 

Value 
Label N 

ORDER 1.00 56 
2.00 63 

PRESENT 1.00 60 
2.00 59 

Tests of Within-SubJects Effects 

Measure; MEASURE_1 
Sphericity Assumed 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Siq. 

Noncent. 
Parameter 

Ot)served 
Powet* 

PLACE 2225.598 46 48.383 18.277 .000 840.731 1.000 
PLACE* 
ORDER 425.863 46 9.258 3.497 .000 160.872 1.000 

PLACE* 
PRESENT 247.591 46 5.382 2.033 .000 93.529 1.000 

PLACE* 
ORDER * 
PRESENT 

180.977 46 3.934 1.486 .018 68.365 .999 

Error(PLACE) 4003.779 5290 2.647 

3- Computed using alpha = .05 
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Tests of Between-Subjects Effects 

Measure; MEASURE 1 
Transformed Variable: Average 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Noncent 
Parameter 

Observed 
Powei* 

Intercept 225896.2 1 225896.2 4101.637 .000 4101.637 1.000 
ORDER 74.836 1 74.836 1.359 .246 1.359 .212 
PRESENT 195.629 1 195.629 3.552 .062 3.552 .464 
ORDER • 
PRESENT 81.930 1 81.930 1.488 .225 1.488 .227 

Error 6333.584 115 55.075 

a- Computed using alpha = .05 
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APPENDIX H: SECOND ANOVA RESULTS FOR STUDY 2 

General Linear Model 

Between-Subjects Factors 

Value 
Label N 

ORDER 1.00 56 
2.00 63 

PRESENT 1.00 60 
2.00 59 

Tests of Within-Subjects Effects 

Measure; MEASURE_1 
Sphericity Assumed 

Source 

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 
Noncent. 

Parameter 
Observed 

Powei* 
PLACE 
PLACE* 
ORDER 

2059.825 

256.674 

44 

44 

46.814 

5.834 

17.985 

2.241 

.000 

.000 

791.320 

98.606 

1.000 

1.000 

PLACE* 
PRESENT 245.073 44 5.570 2.140 .000 94.149 1.000 

PLACE* 
ORDER * 
PRESENT 
Error(PLACE) 

174.992 

3171.296 

44 

5060 

3.977 

2.603 

1.528 .014 67.226 .999 

Computed using alpha = .05 
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Tests of Between-Subjects Effects 

Measure: MEASURE 1 
Transformed Variable: Average 

Type 111 
Sum of Mean Noncent. Observed 

Source Squares df Square F Sig. Parameter Powei" 
Intercept 213841.8 1 213841.8 3871.188 .000 3871.188 1.000 
ORDER 33.908 1 33.908 .614 .435 .614 .122 
PRESENT 192.978 1 192.978 3.493 .064 3.493 .458 
ORDER * 
PRESENT 85.632 1 85.632 1.550 .216 1.550 .235 

Error 6352.521 115 55.239 

a- Computed using alpha = .05 
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