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ABSTRACT 

The language of regulations implementing the 1977 Clean Air Act 

Ammendments distinguishes between humanly detectable visibility 

impairment in Class I Parks and Wilderness areas and the extent to which 

such impairment adversely affects a park visitor's visual experience. 

Two lines of environmental perception research have arisen from this 

distinction, one emphasizing the detectability of visibility impairment, 

and the other emphasizing a park visitor's experience. This study 

attempts to deal with issues relevant to both lines of research. 

Subjects were shown color slides depicting varying levels of visibility 

in Cleiss I Parks and Wilderness areas under four treatment conditions. A 

sensitivity gradient emerged from these conditons: Subjects who rated 

repeated versions of selected vistas for visual air quality were most 

sensitive to changes in visibility, while subjects who rated a random 

series of scenes for scenic beauty were least sensitive. Other variables 

(i.e., scattering angle, and the paricular vista being viewed) also 

proved to have substantial influence on perceptual ratings. 

vii 



INTRDDUCTION 

The clean Air Act Ammendments (CAAA) of 1977 have prompted a 

number of researchers to investigate the relationship between the 

physical parameters of atmosphere and the perceptual judgments of visual 

air quality. The focus of these investigations stems directly from the 

CAAA's explicit provision for the protection of visibility in Class I 

Parks and Wilderness areas. The language of the regulations distiguishes 

between human detectability of degradation in visibility, and the extent 

to which such degradation interferes with visitors' visual experience. 

The two major lines of research in this area can be distinguished by, 

among other things, whether they have emphasized detection of air 

pollution (the "detection" criterion), or significant degradation of the 

visual experience (the "adversity" criterion). 

A series of studies carried out fcy the National Park Service 

(NPS) and the Environmental Protection Agency (EPA) (Malm, et al., 1980, 

1981, 1983) has focused primarily on the detection issue. In these 

studies, subjects are typically asked to make repeated observations of a 

small number of Park vistas represented by color slides. Each vista is 

represented by 5 to 10 (or more) slides that are identical in terms of 

orientation and framing. Obstruction in visibility varies across 

repetitions of a single vista, and other pertinent variables, such as 

sun angle, cloud cover or weather conditions are either held at a 

constant level, or allowed to vary factorially with visibility levels. 

1 
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Subjects rate the scenes (usually on a 1 to 10 rating scale) for visual 

air quality, and are explicitly instructed to look for changes in sky-

land contrast, discoloration or texture. Such a procedure approximates 

conditions under which human beings ought to be most sensitive to 

changes in atmospheric visibility parameters, and is referred to in the 

literature as a "blocked" procedure. 

In contrast, Latimer et al. (1980, 1981, 1983) have focused on 

what has been termed the adversity issue, i.e., to what extent does 

visibly detectable air pollution adversely affect one's experience of a 

scenic vista. The typical procedure followed in this line of research 

is to show subjects a wide array of landscape types - canyon lands, 

mountain forests, deserts - each represented by a fairly large number of 

different scenes shown in a random order. Visibility, lighting and cloud 

cover vary randomly, and individual scenes with differing levels of 

these physical variables are repeated no more than two or three times 

within this randcan presentation. Subjects are told to rate slides for 

scenic beauty, with no mention of air pollution being made. Values for 

the measured physical variables are then regressed onto the perceptual 

ratings yielding an indication of the relative contribution of each 

variable to scenic beauty ratings. 

Using this "mixed" procedure, measurements of subjects' 

sensitivity to changes in visual air quality can also be made, and it 

has been argued (Daniel et al., 1983? Latimer et al., 1981) that this 

procedure more closely approximates visual experience a visitor might 

have in a Class I Wilderness area. It is not, of course, an actual 

wilderness experience, but it is not so far removed frcm pulling up to 



the rim of the Grand Canyon, snapping a few photos, and then heading on 

to the next stop an one's vacation route. Moreover, correlations of 

visitors' ratings of the actual scene with laboratory subjects' ratings 

of color slide representations have generally been very good, both for 

visibility judgments (Malm et al., 1981; Latimer et al., 1981), as well 

as for other types of environmental judgments (Brush, 1979; Daniel & 

Boster, 1976; Shuttleworth, 1980; Zube, 1974). 

Though there is a great deal of procedural overlap between these 

two lines of research, two important differences should be emphasized. 

First, the NPS-EPA studies have relied on the blocked presentation of 

color slides, while the API studies have principally used a mixed 

presentation procedure. As noted above, it is reasonable to expect 

subjects to be more sensitive to changes in visibility with the blocked 

procedure, because very little other than visibility changes from scene 

to scene. Other physical variables are allowed to change (e.g., 

lighting, weather conditions), but they are varied independently so that 

the effects of changes in visibility can be isolated. The few studies 

that have compared blocked and mixed presentation procedures for visual 

air quality judgments tend to confirm the expectation of greater 

sensitivity for the blocked procedure. Daniel et al. (1983) report a 

study in which NPS-EPA vistas were presented to University of Arizona 

students using blocked and mixed procedures. For most of the vistas 

represented, subjects' VAQ judgments were more sensitive to changes in 

visibility with the blocked procedure. For a few vistas there was no 

difference in sensitivity between the two procedures, and in no instance 

did the mixed procedure elicit greater sensitivity than the blocked 
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procedure. 

Selecting from among several NPS-EPA data sets, Daniel (1983) 

conducted a similar study. All of the chosen vistas had previously been 

rated by park visitors vising a blocked procedure (Malm et al, 1981). 

Daniel compared assessments using college students vs. park visitors, a 

mixed instead of a blocked procedure, and scenic beauty ratings vs. VAQ 

ratings. Again, judgments of VAQ using a blocked procedure were found to 

be more sensitive to changes in visibility than judgments of VAQ using a 

mixed procedure. 

Latimer et al. (1980) compared mixed and blocked presentation 

procedures for 97 eastern United States vistas. A high correlation 

(r=.85) between VAQ ratings obtained with the two procedures suggested 

that presentation mode had little effect on behavior, but, as Daniel et 

al. (1983) have pointed out, the comparison between mixed and blocked 

presentations was not a strong one. The mixed procedure Latimer et al. 

used involved only six vistas, with ten repetitions of each vista, and 

thus was not clearly distinguished from a blocked procedure. Taken 

together, the studies that have compared mixed and blocked presentation 

procedures indicate that the blocked procedure elicits VAQ judgments 

that are more sensitive to changes in visibility than the mixed 

procedure, but just how much more sensitive is not clear. 

The second important difference between the NPS-EPA and API 

research approaches concerns judgment dimension. Daniel et al. (1983) 

and Latimer et al. (1981) have argued that a judgment of scenic beauty 

better represents the visual experience of visitors to Class I 

Wilderness areas, and is therefore a more appropriate metric for the 



adversity criterion promulgated by the 1977 CAAA. That is, the extent to 

which visibly delectable air pollution adversely affects one's visual 

experience of a wilderness area is better measured with a judgment of 

scenic beauty than with a judgment of VAQ, since an actual visitor is 

unlikely to be specifically attending to VAQ during his/her visit. 

Much of the literature previously adduced is relevant to the 

question of judgment dimension. These studies generally have found that 

subjects are more sensitive to changes in visibility when making 

judments of VAQ than when making judgments of scenic beauty (SB). 

Latimer et al„ (1980,1981) compared these two judgment dimensions using 

API data sets (southwestern and eastern U.S. park vistas) in a mixed 

presentation procedure, and found that VAQ judgments were more sensitive 

to changes in visibility as measured by visual range. Daniel et al. 

(1983) made a similar comparison using NPS-EPA data sets, a mixed 

presentation procedure and a measurement of visibility in terms of color 

contrast, and obtained similar results - VAQ judgments were more 

sensitive than SB judgments. The fact that VAQ judgments were more 

sensitive than SB judgments in two studies that vised different measures 

of visibility (visual range and color contrast) suggests that this 

finding is generalizable across visibility metrics. There is evidence, 

however, that this finding is not generalizable across presentation 

procedures. Daniel (1983) has repeated this comparison using both 

blocked and mixed presentation procedures, and found that the effect of 

"blocking" the slide sets was to wash out any appreciable differences in 

sensitivity between VAQ and SB judgments. That is, in a blocked 

presentation procedure, VAQ judgments were no more sensitive than SB 



judments to changes in visibility. This is not surprising, because, in a 

blocked procedure, very little other than visibility changes between the 

individual scenes that represent a vista. 

More recently, the idea of a trained or repeat observer has 

gained currency in the literature. Though concrete definitions are hard 

to came by, such an observer can be described as one who has daily 

experience with a particular vista or set of vistas, and who is trained 

to follow a prescribed set of procedures for recording judgments of VAQ, 

checking errors and taking photographs (Middleton, 1985). For example, 

Hill and Daniel (1986) have compared perceptual judgments of repeat 

observers, one time visitors and panels of color slide observers in a 

controlled setting.1 Judgments of SB and SB of the canvon walls (two 

Grand Canyon vistas were used) correlated positively and strongly with 

ratings of color and clarity for the vistas, and all of these judgments 

correlated negatively with judgments of haze. More iirportantly, these 

findings were consistent across observer categories. This suggests that 

repeat observers are no better (are no more sensitive) at judging VAQ 

than novice observers, but because the number of repeat observers used 

was small (no more than five in any one phase of the study), it is hard 

to judge whether or not repeat observers comprise a special population. 

Summarizing, it is clear that if one wishes to focus on the 

visual detectability of air pollution, a blocked presentation procedure 

is indicated. Within a blocked presentation procedure, however, the 

1 Hill and Daniel prefer the term "repeat" observer 
to "trained" observer, because the emphasis is on the 
quotidian experience with the vistas in question, but their 
description of a repeat observer closely corresponds to the 
description of a trained observer given above. 



Daniel (1983) study suggests that VAQ and SB judgments elicit similar 

responses to air pollution. If, on the other hand, one is interested in 

the adversity issue, the mixed presentation procedure is favored because 

it more closely approximates a park visitor's experience. Within this 

procedure, it is important to distinguish between VAQ and SB judgments, 

the former being more sensitive to changes in visibility, while the 

latter, again, more closely approximates a park visitor's experience. 

Finally, the question of whether or not it is worthwhile to assess 

repeat observers' judgments separately from novice observers' judgments 

is still open to debate. 

The present study addresses a number of issues relevant to the 

detection and adversity criteria of the CAAA. Physical data (color 

slides and the concomitant visibility measurements) were drawn from NPS-

EPA and API data sets, as well as from data recently collected by Hill 

and Daniel (in press) for the Electric Fewer Research Institute (EPRI). 

Using these data sets, a diversity of landscape types, lighting 

conditions and ear quality conditions was assessed. The broad range of 

physical conditions used increases the likelihood of finding any 

perceptual effects associated with these variables, as well as allowing 

for greater generalizability of results. In addition, using data from 

these three different projects also allows a comparison of the three 

methods that were vised to physically measure VAQ. Though translation of 

visibility values measured by any one of the methods into values 

directly comparable to those produced by either of the other methods is 

problematic, these three means of measuring visibility are generally 

considered equivalent. If this is so, any existing relationship between 



perceptual ratings and measured visibility ought to emerge in each of 

the three data sets. 

A similarly broad range of perceptual conditions was assessed by 

vising both blocked and mixed presentation procedures, VAQ and SB 

judgments, and by employing one-time and repeat observers. Ihese various 

perceptual conditions were used to provide a sharp distinction between 

an extreme "detectability" condition (a repeat observer making VAQ 

judgments in a blocked presentation), and a more externally valid 

"adversity" condition (a one-time observer making SB judgments in a 

mixed presentation). 



METHOD 

Design. This study was conducted in two parts. First, a 2x2 

between subjects design crossed two judgment dimensions (YAQ and SB) 

with two presentation modes (blocked and mixed) to produce four 

treatment conditions. In addition, two variables, visibility (3 levels) 

and vista (18 levels), were manipulated within subjects. In the second 

part, two new groups of subjects were recruited to repeat two of the 

conditions (VAQ/blocked & SB/mixed) six times to assess the effect of 

repeated viewing on VAQ and SB judgments. 

Subjects. One hundred and thirty-one undergraduates enrolled in 

introductory psychology classes at the University of Arizona were used 

to fill the four cells of the presentation and judgment manipulations 

for part one of this study. The number of subjects in the four 

conditions ranged from 27 to 36. An additional 35 students were vised for 

the second part of this study. Participation in research was a 

requirement for these psychology students, and each received the maximum 

credit allowable under this arrangement for their participation. 

Procedure. In the first part of this study, subjects in each of 

the four conditions viewed and rated slides of southwestern U.S. vistas 

on a ten point scale. All the slides used study depicted highly 

attractive canyonlands areas, including scenes from the Grand Canyon, 

9 
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Mesa Verde, Canyon lands and Bryoe Canyon, and thus were representative 

of views in Class I Parks and Wilderness Areas. 

In the VAO/Blocked condition, subjects rated slides for VAQ. 

They were apprised of the importance of gauging VAQ in Class I Parks 

and Wilderness areas, and were instructed hew to use certain perceptual 

cues (e.g., sky-land contrast, discoloration) to judge VAQ. The slides 

representing each vista were presented in a blocked fashion; all the 

slides for one vista were judged before the slides for the next vista 

were presented. Each vista was represented by from five to nine slides, 

each depicting different visibility conditions. Framing and orientation 

of the slides were identical within each vista set. Cloud conditions 

were held relatively constant (no more than 10% cloud cover in any 

view), and scattering angle was restricted in range both within and 

across vistas*2 Slides shewing different levels of visibility reduction 

were randomly ordered within each vista set. All of the slides for a 

vista were previewed by the subjects, after which individual slides were 

rated on a one to ten rating scale. Subjects were instructed to rate 

each vista slideset independently of the others; that is, to rate the 

relative VAQ of the slides in each vista without reference to the other 

vistas. This was done so that each vista would occasion a new 

'psychological1 ten-point scale, calibrated by the preview, and applied 

independently of the scales used for the other vistas. (See Appendix I 

2 Scattering angle refers to the angle of the sun 
relative to the viewer's line of sight; 0° means the sun 
shines directly in the viewer's eyes, 180° means the sun is 
directly behind the viewer. Across vistas, scattering angle 
was held within +/-35° of the sun directly overhead. Within 
a given vista, the difference in scattering angle between 
scenes ranged frcm 13° to 48°. 
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for the complete text of instructions used in all conditions) 

In the SB/Blocked condition the same vistas were shewn in the 

same manner as above, with the exception that the subjects were not 

given any information or instructions regarding air pollution or VAQ. 

They were asked to make judgments of scenic beauty instead. 

In the VAO/Mixed condition vistas were not represented by 

slidesets per se, but by three slides each, drawn from the slidesets 

used in the blocked conditions. The three slides chosen for a vista were 

selected to represent the range of visibility (high, medium or low) 

available for that vista. These vista slides were randomly mixed with a 

group of non-study slides ("fillers", representing similiar types of 

vistas) to produce a mixed presentation context. As with the VAQ/Blocked 

condition, subjects were given information about the perception of air 

pollution, and were instructed hew to judge VAQ. 

The final treatment condition was the SB/Mixed condition. Slides 

were presented as in the above VAQ/Mixed condition, but subjects were 

asked to make SB ratings, and received no information concerning air-

pollution or VAQ. 

In addition, subjects in each of the four conditions were divided 

into two groups, the first seeing the slides in one random order, and 

the second seeing them in a different random order. This means that, for 

the blocked conditions, slides were re-randcanized both within and across 

vista slidesets, and for the mixed conditions, slides were simply shown 

in a new random order. Re-randcanization within conditions was done to 

check for the effect that slide order mi^it have on perceptual ratings. 



RESULTS AND DISCUSSION 

Correlations of ratings for the two different random slide 

orders within conditions were r^.71 for the VAQ/Blocked condition, r^.88 

for the VAQ/Mixed condition, r=.63 for the SB/Blocked condition, and 

r=.85 for the SB/Mixed condition. Agreement between subjects who saw 

slides in the different orders was good for both of the mixed 

conditions. The correlations for the blocked conditions, hc*/ever, show a 

slightly lcwer agreement between subjects.3 

This could be due to small group sizes in the blocked conditions 

(18, 18, 20, 15), though this seems unlikely, because the group sizes in 

the mixed conditions were as small or smaller (17, 16, 14, 13). This 

difference in agreement could also be due to a restricted range of 

ratings in the blocked conditions, which would limit the size of the 

correlations (Carroll, 1961). The mean range of ratings across subjects 

in each of the treatment conditions was: VAQ/Blocked, 8.0; SB/Blocked, 

6.9; VAQ/Mixed, 7.3; and SB/Mixed, 6.1. Thus, a truncated perceptual 

scale in the blocked conditions cannot account for the difference in 

random-order correlations between the blocked and mixed conditions. A 

3 Tests for differences between the correlation 
coefficients in each of the blocked conditions and the 
VAQ/Mixed condition correlation proved significant. The 
Fisher r to Z transformation was used to generate the two 
test statistics (i.e., the difference between Z-scores 
divided by the standard error of the difference between Z-
scores), which were checked against a normal distribution 
(Hays, 1981). 

12 
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more likely explanation is that there was a context effect; that is, the 

order in which a vista occurred in the sequence of vistas affected the 

ratings for each of the slides in that vista. 

Brown & Daniel (in press) have found that ratings of scenic 

beauty for near-view forest scenes were affected by the context in which 

they were viewed. They created "quality mindsets" in their observers by 

previewing the slides that were to be rated with (80) very high- or (80) 

very low-quality scenes. Subjects in both groups then rated a common set 

of (50) forest scenes. The high-quality preview deflated ratings for the 

common scenes, while the low-quality preview inflated ratings, though 

the effect of both previews deteriorated over the course of the common 

scenes. In the blocked conditions of the present study, it is likely 

that the 5-9 slides per vista were enough to create quality mindsets for 

the subjects. Thus, ratings for the slides in each vista were influenced 

by the slides in the preceding vista, as well as setting a quality 

mindset for the slides in the subsequent vista. 

For the following analyses, subjects who saw slides in different 

random orders within each condition were combined to form one group of 

subjects in each condition. This was deemed appropriate for two reasons. 

First, even though the correlations between random-order groups are 

slightly lower in the blocked conditions, there is still substantial 

agreement; that is, the subjects in the two groups are more alike than 

not. Second, differences between individuals within conditions 

contribute to error variance in the ANOVA and regression analyses. Thus, 

combining individuals within conditions is a conservative approach, 

favoring the null hypothesis of no difference between conditions. 
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For the following analyses, only the slides common to all 

conditions were used to assess differences between conditions. This 

subset of common slides comprised 18 vistas, each represented by 3 

slides. Also, since equal cell size facilitated some of the subsequent 

analyses, all observer groups were randomly reduced to the smallest 

group size of 27 observers. 

The reliability of the ratings given by observers in each of the 

four conditions was assessed with the intraclass correlation coefficient 

(Ebel, 1951). This is a group-to-group reliability measure, indicating 

the expected mean correlation between the observer group in question and 

other observer groups of the same size drawn at random from the same 

population. The reliability coefficients were 0.93 for the VAQ/Blocked 

condition, 0.96 for the VAQ/Mixed condition, 0.91 for the SB/Blocked 

condition, and 0.91 for the SB/Mixed condition. These figures confirm 

that the average ratings assigned by the observer groups in this study 

are highly reliable. 

The primary focus of this study was the extent to which the 

presentation mode and instruction set manipulations affected subjects' 

sensitivity to changes in visibility. In each of the four conditions, 

the subjects saw three levels of visibility (high, medium and low) for 

18 vistas. These labels do not necessarily represent the same level of 

visibility across vistas, though the three slides within each vista span 

the range of visibility available for that vista. Figure 1 shews mean 

ratings in each of the four conditions for high, medium and low 

visibility levels across 18 vistas. As Figure 1A shows, in the blocked 

presentation mode, VAQ instructions elicited more sensitive perceptual 
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ratings than SB instructions (that is, the ratings have a steeper 

downward slcpe as visibility decreases). This finding was repeated in 

the mixed presentation mode (Figure IB), though the slopes were not as 

steep. Comparison of Figures 1A & IB also revealed that ratings in the 

blocked conditions were more sensitive than ratings in the mixed 

conditions. 

A mixed ANOVA provided statistical confirmation of the effects 

indicated in Figure 1. Presentation mode (blocked vs. mixed) and 

instruction set (VAQ vs. SB) were treated as between subjects variables, 

and visibility and vista were treated as within subjects variables. The 

ANOVA revealed a four-way interaction between these variables, F(42, 

4368)= 1.76, p=.004, confirming that ratings depend on the manner in 

which slides are presented, the instruction set and the level of 

visibility reduction. In addition, the fourth variable in the 

interaction, vista, indicates that treatment effects on sensitivity 

differed depending upon the particular vista being judged. 

Vista Campari sons. Used as an aid to interpret this four-way 

interaction, Figure 1 suggests that the VAQ/Blocked condition elicits 

the most sensitive j\adgments, and the SB/Mixed condition the least 

sensitive judgments. Ultimately, hcwever, Figure 1 is an inadequate 

interpretive heuristic because it ocambines ratings across vistas. As the 

ANOVA shows, vista is a variable that must be included in any 

interpretation. For this reason, separate graphs were drawn for each of 

the 18 vistas in this study. These vistas represent physical data from 

three previous studies that each measured visibility in a slic£itly 

different manner, so the perceptual data are considered in three 
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separate groups belcw (see Table 1 for a breakdown of vistas by data 

set, and the range of visibility for the three slides in each vista). 

Figures 2 & 3 show graphs of ratings by visibility reduction in 

the four conditions for the two EERI vistas, where visibility was 

measured by bscat (an indication of the amount of light scattered by 

particles in the air, so that, the higher the bscat value, the dirtier 

the air). The graphs for both of the EFKE vistas are very similar to 

those in Figure 1, and thus lend support to the interpretation proposed 

above. In fact, the EERI vistas more clearly delineate that the 

VAQ/blocked ratings are most sensitive, while the SB/mixed ratings are 

the least sensitive. In addition, the relatively steep lines for all the 

VAQ conditions suggests that the instruction set manipulation was more 

powerful than the presentation mode manipulation for these vistas. This 

finding is inconsistent with those reported by Daniel (1983), who found 

that the effect of blocking the presentation of vistas was to eliminate 

differences between VAQ and SB judgments, indicating that presentation 

mode is the more powerful variable. 

There were five vistas drawn from the NPS-EPA data set, in which 

visibility was measured in terms of a color contrast ratio. Essentially, 

this measure invloves comparing the brightness of the landscape at the 

horizon with the brightness of the sky at 550nm for a given vista. If 

there is a distinct difference between the two, the ratio will be 

relatively high, indicating that the air is clean. If the distinction 

between land and sky at the horizon is blurred, the ratio will be low, 

indicating dirty air. Figures 4 & 5 show the relationship between 

perceptual ratings and visibility for two vistas that typify the 



Vist 
EPRI 
1 

2 

NPS-
1 

2 

3 

4 

5 

API 
3 

4 

5 

11 

12 

13 

15 

43 

72 

76 

77 

TABLE l - Range of Visibility by Vista 

Visibility Range 
Description Bseat Contrast Ratio 

Cape Royal-80 .033-.215 
(fran Hopi Pt., G.C.) 

Havasupai-101 .050-.205 
(from Hopi Pt., G.C.) 

Mt. Truabull .260-.100 
(fran G.C.) 

Desert View .570-.430 
(fran G.C.) 

Hogback .240-.000 
(from Mesa Verde) 

lukachuki .260-.000 
(from Mesa Verde) 

Shiprock .250-.040 
(fran Mesa Verde) 

Lipan Pt., G.C. 
(looking west) 

Lipan Pt., G.C. 
(looking north) 

Lipan Pt., G.C. 
(looking south) 

Windy Pt., Mt. Tpimrm 
(looking east) 

Windy Pt., Mt. Lamm 
(looking south) 

Windy Pt., Mt. Lenmon 
(looking wast) 

San Pedro Vista, Mt. Lsnmon 
(looking northeast) 

Rainbow Pt., Bryce Canyon 
(looking north) 

Big Marvin* Puk, Flat Taps 
(looking sauth-scutheast) 

Big Mazvlne Peak, Flat Tops 
(looking rarttnmat) 

Big Marvine Peak, Flat Taps 
(looking north-northeast) 
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findings in the NPS-EPA data set. 

These graphs generally conform to the sensitivity relationships 

found in the EHRI data and the overall graphs of the mean ratings across 

vistas (Figure 1). The steepest slopes, indicating the greatest 

sensitivity to changes in visibility, are for the VAQ/Blocked condition, 

while the flatter slopes are in the SB/Mixed condition. The ratings for 

these vistas, however, do differ from those for the EPRI data in that 

there is not as big a difference in sensitivity between the VAQ arid SB 

conditions as there is between the blocked and mixed conditions. In 

particular, the differences between the VAQ and SB ratings in the 

blocked condition are fairly small, a finding that was true for all of 

the NPS-EPA vistas. This suggests that presentation mode is a more 

powerful variable for the NPS-EPA data set, and, consistent with Daniel 

(1983), implies that the effect of a blocked presentation is to 

eliminate differences between judgment dimensions. 

In the last group of data, the 11 API vistas, visibility was 

measured as telephotcmeter visual range, which is generally defined as 

the distance (in km) at which a black object is just visible against the 

horizon sky. The greater the visual range, the cleaner the air. Again, 

the findings here were similar to those for the EPRI and NPS-EPA data 

sets, though there were a number of anomalies. Figures 6 & 7 show graphs 

for two API vistas that hew to the pattern of the VAQ/blocked condition 

yielding the most sensitive ratings and the SB/Mixed condition the least 

sensitive ratings. Five of the eleven API vistas follow this pattern, 

while the others exibit deviations that indicate the influence of a 

variable not considered in the analyses thus far, scattering angle. 
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Analysis of Scattering Angle. Figures 8 & 9 shew the graphs for 

two API vistas where ratings appear to be affected by scattering angle. 

The scattering angle for the three slides in each of the figures is 

listed under the visual range data. As these figures shew, scattering 

angle does seem to influence perceptual ratings, though the relationship 

is not a simple one. Figure 8, for instance, suggests that ratings rise 

and fall as a function of scattering angle. But, in figure 9, a sharp 

rise in scattering angle is aoccarpanied by a drop in perceptual ratings 

for three of the four conditions. And as Figure 10 shews, an abrupt rise 

in scattering angle leads only to a slight rise in perceptual ratings, 

while a slight rise in scattering angle corresponds to a precipitous 

drop in ratings. These figures suggest that there is an interaction 

between scattering angle and vista, such that the effect of scattering 

angle differs according to the individual vista being viewed. This 

supposition is supported by examining the ratings for four additional 

EERI vistas, which were shewn with the original 18 vista sets, but were 

not included in the above analyses because of their substantially 

different scattering angles. 

The two EERI vistas included in the above analyses had 

approximately overhead scattering angles (78° to 101°). The four 

additional EERI vistas consisted of high scattering angle (sun behind 

the observer, 135° to 146°) and lew scattering angle (sun in front of 

the observer, 29° to 45°) versions of these same vistas. A comparison of 

the mean ratings in each of the experimental conditions across these six 

versions (two vistas, each with a lew, overhead and high scattering 

angle version, each version represented by three slides) revealed a 
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vista effect. The 5-way ANOVA, with presentation mode and instruction 

set as between subjects variables, and vista, scattering angle and 

visibility as within subjects variables, yielded two fcur-way 

interactions: presentation mode, vista, scattering angle and visibility, 

F(4, 208)= 2.95, p=.02; and instruction set, vista, scattering angle and 

visibility, F(4, 208) =7.28, pc.OOOl. This clearly indicates that, even 

when only two vistas are considered, the effect of scattering angle 

depends to some degree on the particular vista being viewed. 

Returning to the examination of vista graphs, of the six API 

vistas that do not adhere to the basic pattern of findings thus far, 

four seem to follow the pattern, except for an anomalous slide within 

each vista set where the scattering angle changes substantially. For 

these vistas, a sharp rise in scattering angle is associated with a rise 

in perceptual ratings, even though visibility has worsened. It is not 

entirely clear why these particular vistas show the effect of changes in 

scattering angle, since same of the other API vistas that clearly do 

follow the basic pattern of findings also have substantial changes in 

scattering angle from one slide to the next. 

One possible explanation might be that the range of visibility 

for these vistas is restricted, making it harder for the viewer to make 

distinctions between the slides based on visibility, and, thus, the 

influence of scattering angle is more apparent. This does not seem to be 

the case, hcwever, since the range of visibility for those vistas that 

do follow the basic pattern of findings is similar to the range of 

visibility for those that do not. 

Another possible explanation for why the ratings for some of the 
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API vistas are more strongly influenced by scattering angle might be 

that those vistas with extremely clean or extremely dirty air make it 

hard to distinguish between slides based on visibility, and other 

factors, such as scattering angle, become more important. Again, this 

explanation will not do here, because among those API vistas that do not 

follcw the basic pattern, there are same that represent a mid range of 

visibility, having neither extremely dirty, nor extremely clean air. 

It is also possible that there are other variables, variables 

not measured in this study, that interact with scattering angle to 

influence perceptual sensitivity. For example, Hill and Daniel (in 

press) examined the relationship between scattering angle and the color 

purity (measured with a multiwavelength telephotameter) of the Coconino 

sandstone formations on Havasupai point at the Grand Canyon. They found 

that as scattering angle decreased from 160° to 100°, the color purity 

of the sandstone also decreased. At 100°, the sandstone was thrown into 

shadow and changed in color from red to bluish-purple. As scattering 

angle decreased from 100° to 65°, the color purity of the bluish-purple 

shaded sandstone increased, but decreases in scattering angle below 65° 

were, again, associated with decreases in color purity. 

Though this research indicates that there are other relevant 

variables to be measured, it is likely that there are marry such 

interactions between scattering angle and the particular elements in a 

landscape (length and shape of shadows, for instance), making it 

virtually impossible to completely characterize the effect that 

scattering angle has on perceptual sensitivity. 

Up to this point, then, the examination of graphs of air quality 
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by perceptual ratings for the 18 individual vistas reveals that ratings 

for the EPRI, NPS-EPA, and five of the 11 API vistas can be described by 

what has been referred to above as a "basic pattern" of sensitivity: 

Vistas presented in a blocked format with instructions to judge air 

quality elicit ratings that are the most sensitive to changes in 

visibility, while vistas presented in a mixed fashion with instructions 

to judge scenic beauty elicit ratings that are the least sensitive to 

changes in visibility; in fact, the relatively flat slopes for the 

SB/Mixed condition in many of the graphs suggests that ratings in that 

condition may not be at all sensitive to the range of changes in 

visibility used in this study. It is clear that the remaining 

conditions, VAQ/Mixed and SB/Blocked, fall in between the other two 

conditions on this sensitivity gradient, and the following regression 

analyses indicate which of the two is more sensitive. 

Regression Anaiyggg. a set of regression analyses was run 

within each condition, with vista, visibility and the implied 

interaction variables as predictors, and perceptual ratings as the 

dependent variable. These analyses were performed to focus on the 

relative importance of air quality as a predictor of perceptual ratings 

in each of the four conditions. In addition, regression analysis takes 

advantage of the interval level of the visibility data, which were 

treated as categorical data in the preceding ANOVAs. 

Because visibility was measured in a different manner in the 

NPS-EPA, EERI and API data sets, a standardized metric was used for the 

regression analyses. This was arrived at for each slide by using its 

visibility value as a percentage of the range of visibility values 
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available for its respective (NPS-EPA, EERI, or API) data set. Though 

this arrangement takes advantage of the interval level visibility data 

within data sets, it does not provide for measurement across data sets. 

According to the basic pattern of sensitivity to changes in 

visibility outlined in the findings above, it was expected that the 

visibility variable would be an important predictor in the VAQ/Blccked 

condition, entering first or second in the regression equation, and 

accounting for a substantial amount of the variance in ratings. 

Visibility was expected to be of lesser importance in the VAQ/Mixed and 
'f 

SB/Blocked conditions, and of little or no importance in the SB/Mixed 

condition. 

Table 2 shews some selected results from the stepwise 

regressions within conditons. In the VAQ/Blocked condition, visibility 

enters the equation first, accounting for 16 percent of the variance in 

air quality ratings. It should also be noted that a number of 

visibility/vista interaction variables enter the equation early and 

account for a large portion of the variance. For the VAQ/Mixed 

condition, Table 2 shews visibility entering the equation second, 

accounting for 12 percent of the variance, while a visibility/vista 

interaction variable entered first, accounting for 20 percent of the 

variance. 

In the SB/Blocked condition, visibility is the 13th variable to 

enter the equation, accounting for only 2 percent of the variance in 

scenic beauty ratings, though there are a number of visibility/vista 

interaction variables that enter earlier and account for a much larger 

proportion of the variance. And finally, Table 2 shows that in the 
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TABLE 2 

The inpartzmoe of visibility in predicting percptual ratings 

This table lists selected results frcn four stepwise regressions run within 
conditions. Shown for the visibility variable are: the step it entered in the 
equation, beta weight, standaxd error and variance aooounted for. Also listed 
are the total variance aooounted for by the visibility/vista interaction 
variables, total variance accounted far by the vista variables, and the total 
varianoe aooounted for by each equation. 

Condition Visibility 
Step/b/Std. e/R^ 

Visibilitv/Vlsta R? Vista r£- Multiple 

VAQ/Blocked 1/.158/.499/.16 

VAQ/Mixed 2/.153/.500/.12 

SB/Blocked 13/.652/.322/.02 

SB/Mixed * 

.42 

.35 

.03 

.36 

.42 

.94 

.46 

.38 .89 

.86 

.97 

.95 

* Visibility did not enter the equation in the SB/MixBd condition 
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SB/Mixed condition, visibility, either alone or in interaction with the 

various vistas, is not an important predictor of scenic beauty ratings. 

In fact, visibility does not enter the equation at all, and the 

visibility/vista interaction variables combined account for only 3 

percent of the variance. 

The pattern of findings of these four regression analyses is 

important for two reasons. First, it lends support to the basic pattern 

of sensitivity revealed in the ANOVAs, where ratings elicited in the 

VAQ/Blocked condition are the most sensitive to changes in visibility, 

and ratings elicited in the SB/Mixed condition are the least sensitive. 

Indeed, the final regression analysis suggests that ratings in the 

SB/Mixed condition are not at all sensitive to the range of changes in 

visibility found in these data. Second, the pattern of findings in these 

regression analyses gives scone indication as to where to fit the 

VAQ/Mixed and SB/Blocked conditions on the sensitivity gradient. Ihis is 

important, because the preceding examination of vista graphs yielded 

conflicting evidence on this point. 

The graphs for the EFRI vistas (figures 2 & 3) showed that 

ratings in both the VAQ conditions were more sensitive to changes in 

visibility than were ratings in the scenic beauty conditions, regardless 

of presentation mode. The graphs for the NPS-EPA vistas (figures 4 & 5), 

however, indicated that blocking the slides eliminated any differences 

between the sensitivity of ratings in the VAQ and SB conditions. The 

pattern of findings in the regression analyses supports the preeminence 

of the instruction set manipulation over the presentation mode 

manipulation, since in both of the VAQ conditions visibility is an 
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important predictor variable, while in the SB conditions it is a weak or 

insignificant predictor. 

Though this sensitivity gradient is repeated throughout the 

anlyses, a number of qualifications are relevant. First, there were 

individual vistas where ratings in the SB/Mixed condition were as 

sensitive to changes in visibility as ratings in the VAQ conditions. 

Second, examination of the vista graphs suggests that SB/Mixed ratings 

are particularly sensitive to changes in scattering angle, such that, 

even relatively small changes in scattering angle appeared to have 

masked sensitivity to changes in visibility. Finally, there are 

individual vistas where VACyBlocked ratings are relatively insensitive 

to changes in visibility, again, apparently attributable to changes in 

scattering angle. Thus, over all the vistas, VAQ/Blocked ratings are the 

most sensitive, and SB/Mixed ratings are the least sensitive; but there 

are enough interacting variables to render any absolute statements about 

the relationship between presentation mode, judgment dimension and 

visibility imprudent. 

Repeat subjects data. The findings reported above indicate that 

repeated viewings of a vista within a blocked presentation (5-9 

repetitions) do not influence perceptual ratings as strongly as judgment 

dimension does. It is possible, hcwever, that a larger number of 

repeated viewings over a longer period of time may have a greater 

influence on perception. For this reason, data were collected from 

subjects who repeatedly rated a subset of the 18 vistas examined above 

during 6 experimental sessions over the course of a week. 

The reliability of the ratings given by observers in each of the 



37 

treatment conditions (VAQ/Blocked, 15ss, 6 repetitions; and SB/Mixed, 

15ss, 6 repetitions) was assessed with the intraclass correlation 

coefficient (Ebel, 1951). The reliability coefficients ranged from 0.82-

0.92 for the VAQ/Blocked conditions, and 0.92-0.93 for the SB/Mixed 

conditions, indicating that the average ratings assigned by subjects in 

this part of the study are highly reliable. 

As Figure 11 shows, repeated viewing of vistas appears to have had 

no effect perceptual, ratings. Evidence for greater sensitivity to 

changes in visibility due to experience would be indicated by one (or 

more) of the six lines in each of the graphs (Figures 11-A & 11-B) being 

significantly flatter or steeper than the others. A mixed ANOVA was used 

to assess the effect of repeated viewing on perceptual ratings, with 

treatment (VA(y Blocked vs. SB/Mixed) as a between subjects variable, and 

repetition (6 levels), vista (16 levels) and visibility (3 levels) as 

within subjects variables. The four-way interaction was not significant, 

and the only three-way interaction to reach significance was the 

treatment by vista by visibility interaction, F(30,780)=6.57, pc.0001. 

Though there were a number of two-way interactions, only one 

involved the repetition variable, the repetition by vista interaction, 

F(75, 1950) =1.89, p<.0001. This indicates that, for seme of the vistas, 

perceptual ratings depend upon the subjects1 experience with the vistas. 

It does not suggest, hewever, that experience with a vista increases 

subjects' sensitivity to changes in visibility, because the repetition 

by visibility interactions were all non-significant. 

The effect of repeated viewing on perceptual ratings was also 

assessed within treatment conditions. For the VAQ/Blocked condition, the 
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three-way interaction was nan-sigificant, as were the two-way 

interactions involving the repetition variable, and the main effect of 

repetition. Thus, experience with the vistas did not influence ratings 

in the VAQ/Blocked condition. For the SB/Mixed condition, though the 

three-way interaction was not significant, the two-way interaction 

between repetition and vista was: F(75, 975)=2.06, p<.0001, indicating 

that, for some vistas, ratings were influenced by experience. Again, as 

with the abovementioned overall ANOVA, this does not suggest that 

experience with the vistas increased sensitivity to changes in 

visibility, because there was no visibility by repetition interaction. 

Taken together, the findings for the repeat subjects' data indicate 

that experience with a vista does not affect one's sensitivity to 

changes in visibility. Though this conclusion is consistent with the 

work by Daniel and Hill (1986), it must also be recognized that six 

repetitions in the laboratory may not necessarily generalize to the 

experience of a seasoned professional who spends most of his or her time 

in the field. It may be the case that a Forest Ranger or Park Service 

employee is more sensitive to changes in visibility than a repeat 

observer in a laboratory. On the other hand, because of the incremental 

nature of air pollution, it is possible that one's perceptual 

sensitivity becomes jaded with longterm experience, Evans et al. (1982), 

for instance, found that people who had adapted to chronic exposure to 

poor visibility in the Los Angeles basin area were less inclined to see 

smog in a photograph than were those who had recently moved to L.A. from 

a relatively clean environment. 



CONCLUSION 

The distinction between the perceptual detectability of air 

pollution and the experiential adversity of air pollution outlined in 

the CAAA is clearly validated by the findings reported here. Within the 

treatment conditions employed, people are most sensitive to changes in 

visibility when they are explicitly instructed to judge air quality and 

when vistas are presented in a blocked fashion. They are least sensitive 

to changes in visibility when they are instructed to judge scenic beauty 

and when vistas are presented in a mixed fashion. 

Strictly speaking/ this conclusion should be limited to the 

levels of visibility and landscape types used in this study. 

Nevertheless, because the visibility data were drawn from three studies 

spanning 8 years (1978-1985), it is reasonable to assume that the vistas 

used constitute a representative range of visibility conditions for 

these areas. 

The basic relationship found here first appears in the graph of 

mean perceptual ratings and levels of visibility, and is echoed in each 

of the three data sets from which vistas were drawn. The fact that this 

relationship is repeated across data sets where visibility data were 

collected in different ways adds a measure of convergent validity to 

these findings. Moreover, the series of regression analyses within 

conditions lends further support to the proposed interpretation, with 

the VAQ/Blocked regression showing visibility to be an important 
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predictor of ratings and the SB/Mixed regression failing to find' 

visibility as a significant predictor. 

The results reported here also attest to the significant 

influence of scattering angle and vista on perceptual sensitivity. The 

ANOVAs indicate that both of these variables interact with the treatment 

conditions to affect sensitivity. It is not clear just how these 

interactions operate, though it does not seem to be a simple, monotonic 

function for either of them. Scattering angle inte-^acts with vista as 

well, such that, in some instances, relatively dirty air is not 

perceived as such; while in other instances, relatively clean air is 

considered dirty. 

Though these findings reinforce the validity of the distinction 

between detectability and adversity, they provide no evidence for 

choosing between the two criteria for policy-making purposes. If 

policies for the protection of Class I Parks and Wilderness Areas are to 

be based on the detectability criterion of the CAAA, then a procedure 

fashioned after the VAQ/Blocked condition is appropriate for judging the 

perception of visibility. The consequent visibility regulations would, 

per force, be rather stringent. If, on the other hand, policies are to 

be based on the adversity criterion, then a procedure like the SB/Mixed 

condition is appropriate, and the resulting visibility regulations would 

be less stringent. 



APPENDIX I 

TEXT OF DESTRUCTIONS FOR SUBJECTS 

VAO/Blocked: Everyone is aware of the need for careful management of our 

natural resources. Though it is clear that various resources must be 

used to maintain cur way of life, it has also been recognized that the 

environmental quality of natural areas needs to be protected. 

Specifically, Congress has passed laws to protect the scenic beauty and 

natural qualities of national parks and wilderness eireas. Mbre recently, 

laws were passed to protect visual air quality in designated parks and 

wilderness areas. The intent of these laws is to prevent visibility 

impairment from human-made air pollution, and to preserve natural 

visibility in these areas. 

In this research, we are trying to determine the effect of 

visibility impairment on park visitors' perception of visual air quality 

in natural areas. 

I am going to show you several sets of color slides taken in parks 

and wilderness areas in the Southwest. Each set of slides depicts a 

different landscape. Within each set you will see several different 

versions or examples of the same landscape, with subtle differences 

between each version in terms of visibility, lighting and weather 

conditions. In this study, we are particularly interested in a park 

visitor's ability to detect changes in visibility. One obvious 

indication of good visibility is the clarity of the scene. Other 
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indications include texture - whether or not the varicus elements in the 

landscape are sharply defined; color - are the colors vibrant or dull; 

and contrast - is there a clear difference between the colors of the 

different elements in the landscape, and is there a clear difference 

between the color of the sky and the general color of the landscape. 

In a minute I'm going to ask you to rate the visual air quality of a 

number of different landscape scenes. I would like you to keep these 

indicators of good visibility in mind - clarity, texture, color and 

contrast - when rating the visual air quality of each landscape. I will 

preview each landscape by shewing you all the examples of that landscape 

very quickly. Using the rating response scale at the top of your scoring 

sheet, try to imagine how you would rate each version of the landscape. 

As you can see, the scale ranges from one, indicating very low visual 

air quality, to ten, indicating very high visual air quality. You should 

try to use the full range of the scale for each set of exairples you see 

for a landscape. Remember, we are not interested in the differences 
* 

between landscape sets, but only in the differences between the versions 

within a landscape set. 

SB/Blocked: Everyone is aware of the need for careful management of our 

natural resources. Though it is clear that various resources must be 

used to maintain our way of life, it has also been recognized that the 

environmental quality of natural areas needs to be protected. 

Specifically, Congress has passed laws to protect the scsenic beauty and 

natural qualities of national parks and wilderness areas. 

In this research, we are interested in park visitors' perceptions of 



scenic beauty on natural areas. 

I am going to shew you several sets of color slides taken in parks 

and wilderness areas in the Southwest. Each set of slides depicts a 

different landscape. Within each set you will see several different 

versions or examples of the same landscape, with subtle differences 

between each version in terms of visibility, lighting and weather 

conditions. In this study, we are interested in how these factors affect 

perception of scenic beauty. 

In a minute I'm going to ask you to rate the scenic beauty of a 

number of differnet landscape scenes. I will preview each landscape by 

showing you all the examples of that landscape very quickly. Using the 

rating response scale at the top of your scoring sheet, try to imagine 

how you would rate each version of the landscape. As you can see, the 

scale ranges from one, indicating very lew scenic beauty, to ten, 

indicating very high scenic beauty. You should try to use the full range 

of the scale for each set of examples you see for a landscape. Remember, 

we are not interested in the differences between landscape sets, but 

only in the differences between the versions within a landscape set. 

VAO/Mixed: Everyone is aware of the need for careful management of our 

natural resources. Though it is clear that various resources must be 

used to maintain our way of life, it has ail so been recognized that the 

environmental quality of natural areas needs to be protected. 

Specifically, Congress has passed laws to protect the scenic beauty and 

natural qualities of national parks and wilderness areas. More recently, 

laws were passed to protect visual air quality in designated parks and 
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wilderness areas. The intent of these laws is to prevent visibility 

iirpairment from human-made air pollution, and to preserve natural 

visibility in these areas. 

In this research, we are trying to determine the effect of 

visibility iirpairment on park visitors' perception of visual air quality 

in natural areas. 

I'm going to show you same color slides taken in parks and 

wilderness areas in the Southwest. A number of different landscapes is 

represented, and there are several examples of each landscape. Views of 

the same landscape differ in terms of lighting, visibility and weather 

conditions. You should view each example separately, and try to judge 

the visual air quality of the represented landscape. One obvious 

indication of good air quality is the clarity of the scene. Other 

indications include texture - whether or not the various elements in the 

landscape are sharply defined; color - are the colors vibrant or dull; 

and contrast - is there a clear difference between the colors of the 

different elements in the landscape, and is, there a clear difference 

between the color of the sky and the general color of the landscape. 

The scenes will be shown one at a time. Use the rating scale at the 

top of your response sheet to indicate your judgment for each scene, 

keeping the indicators of good air quality in mind - clarity, texture 

color and contrast. As you can see, the scale ranges from one, 

indicating very lew air quality, to ten, indicating very high air 

quality. 

Before you actually rate the landscapes, I'm going to show you some 

preview scenes very quickly, to give you an idea of the kinds of areas 
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you will be rating. As these preview scenes are sewn, try to imagine how 

you would rate them on the rating scale, but don't write anything down 

for them yet. 

SB/Mixed: Everyone is aware of the need for careful management of our 

natural resources. Though it is clear that various resources must be 

used to maintain our way of life, it has also been recognized that the 

environmental quality of natural areas needs to be protected. 

Specifically, Congress has passed laws to protect the scenic beauty and 

natural qualities of national parks and wilderness areas. 

In this research, we are trying to determine park visitors' 

perceptions of scenic beauty in natural areas. 

I'm going to show you some color slides taken in parks and 

wilderness areas in the Southwest. A number of different landscapes is 

represented, and there are several examples of each landscape. Views of 

the same landscape differ in terms of lighting, visibility and weather 

conditions. You should view each example separately, and try to judge 

the scenic beauty of the represented landscape. 

The scenes will be shown one at a time. Use the rating scale at the 

top of your response sheet to indicate ysur judgment for each scene. As 

you can see, the scale ranges from one, indicating very lew scenic 

beauty, to ten, indicating very high scenic beauty. 

Before you actually rate the landscapes, I'm going to shew you some 

preview scenes very quickly, to give you an idea of the kinds of areas 

you will be rating. As these preview scenes are shown, try to imagine 

how you would rate them on the rating scale, but don't write anything 



down for them yet. 
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