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Abstr8ct 
The use of photographs as surrogates for field observations is common in studies of 
perception and judgment of the visual environment despite theoretically important 
differences betwan photographs and three-dimensional scenes. The few available 
empirical studies of the validity of photographs as reprexntations of the visual 
environment have methodological weaknesses. We describe a method for 
investigating the representativeness of photographs that differs from previous 
approaches in three important mpocts. First, individual subJocts rather than group 
averages are analyzed. Second, multiple judgments are obtained so that the relations 
among judgments of photographs can be compared with the environment. Third, 
a 'lens model equation' analysis is used to examine relations among systematic 
components of variation in judgments. An illustrative study of visual air quality 
judgments is prcsented. It was found that, in the case of judgments of visual air 
quality, photographs provide a good representation of the visual environment. 

Introduction 

Judgments of photographs are commonly used as surrogates for field observations 
in studies of perception and judgment of the visual environment. Experiments using 
photographs can include more subjects, each of whom can judge more scenes, under 
more controlled viewing conditions than are possible with expensive field observations. 
Photographic representations of views have been used, for example, in studies of 
natural landscape preferences (e.g. Propst and Buhyoff, 1980; Balling and Falk, 1982; 
Buhyoff er al., 1983), urban landscape preferences (e.g. Peterson and Neumann, 
1969; Peterson, 1967), inferences based on urban scenes (Craik and Appleyard, 1980) 
and visual air quality (Latimer er al., 1981, 1983; Malm er ol., 1981, 1983; Loomis 
and Gretne, 1983; MacFarland er al., 1983). Although the validity and general- 
izability of these studies depends upon the ability of photographs to represent the 
environmental properties of interest (Daniel, 1976, p. 39). there have been few studies 
of the consequences of using photographs to study perception and judgment of the 
visual environment. 

This paper illustrates a method for investigating the validity of photographic 
representations of the visual environment in studies of perception and judgment. The 
method, which was applied to a study of visual air quality judgments in an urban 
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area, differs in th ru  important ways from methods used in most previous mearch 
in environmental peraption. First, the judgments of each observer were analyzed 
separately, rather than as a group. This analysis exposts individual differences among 
observers that can be hidden in group averages. Second, a multivariate approach 
was used, i.e. observers were asked to judge several related aspects of views. The 
multivariate approach permits examination of the relations among visual elements 
of scenes, as well as comparison of the relations exhibited in photographs with those 
exhibited in the field. Third, the ‘lens model equation’ was used to analyze relations 
between judgments. This analysis is based on a partitioning of judgmental variation 
into a component that is linearly related to a set of cues and a residual component. 
Under certain conditions, this method ‘corrects’ correlations for unreliability in 
judgments and provides estimates of correlations between systematic components 
of judgment. 

Pbotographs as Surrogates for Field Obsenatio-l’kory, Reseucb and Metbods 

The experience of viewing a s a n e  clearly differs from the experience of viewing a 
photograph of that Scene (Daniel, 1976; Shuttleworth, 1980; Nassauer, 1983). and 
perceptual theory generally suggests that the differences between viewing Scenes and 
viewing photographs of scenes are not trivial (Hochberg, 1966; Ittelson, 1973; Gibson, 
1979). The empirical support for the usc ofphotographs as surrogates for field observa- 
tions in the study of environmental perception and judgment is weak. Shuttleworth 
(1980) reviewed eight landscape studies which compared judgments of photographs 
with field judgments. Although the studies found good correspondence between judg- 
ments of photographs and field judgments, Shuttleworth found each study deficient 
in at least one respect. His primary concern was that, with one exception, the studies 
did not compare judgments of photographs and field judgments made by the same 
sample of observers. Shuttleworth reports his own study which does compare judg- 
ments made by the same observers and confirms the results of previous studies. He 
concludes, cautiously, that wide-angle color photographs can be used as surrogates 
in landscape studies. 

Shuttleworth’s study and the eight studies he reviewed compared group means 
of field and photographic judgments. Related studies by Jackson e f  uf. (1978) and 
Nassauer (1983) used a similar approach. This ‘nomothetic’ approach to mearch, 
which has been typical of much of the research on environmental perception, masks 
potentially important individual differences. It is possible to find a strong positive 
correlation between group mean field and photographic judgments even though the 
cornlation is weak, or even negative, for every member of the group (see Freedman 
el 01.. 1978, pp. 141-2). Middleton er al. (1983) contrast the nomothetic approach 
with the ‘idiographic’ approach which analyses each individual separately and focuses 
on individual differences. Since the two approaches applied to the same problem 
are Likely to yield different results (Hammond el al., 1980; Fine and Kobrick, 1983), 
the choice of approach is a critical issue in research design. 

A critical theoretical issue that has not been adequately addressed in the re- 
search to date is the extent to which a sampling of photographs can be 
representative of the visual environment of interest. If photographs arc representative. 
then the relations among the elements of a sample of photographs will re- 
produce the relations among the corresponding elements of the environment. These 



relations among elements of the environment have been called the ‘causal 
texture’ of the environment by Tolman and Brunswik (1935). Formally, the causal 
texture is defined as ‘the pattern of regular dependence of events in the environ- 
ment upon one another’ (Anderson er d., 1981, p. 36). The validity of photographs 
as surrogates for field observations depends upon the degree to which relevant aspects 
of the causal texture of the environment are represented in the photographs. 

Empirical studies of the relation between photographic and field judgments have 
not systematically investigated causal texture. They generally focus on a comparison 
of field and photographic judgments on only one or two dimensions. Shafer and 
Richards (1974) and Nassauer (1983) are exceptions. Each study used a number of 
semantic differential scales, however, neither study examined relations among the 
scales. Comparison on a single dimension is superficial because (a) the causal 
texture involves many dimensions and (b) judgments cannot be properly under- 
stood without an  understanding of the causal texture of the environment (see 
Hammond el at., 1975). In order to establish the validity of photographic 
representations of the visual environment, a multivariate approach, which allows the 
comparison of relations among important variables in the environment and in photo- 
graphs, is essential. 

- 

Judgmenk of V h d  Air Quality 

This paper describes a study of the relation between field and photographic 
judgments of visual air quality (VAQ) in Denver, Colorado, U.S.A. Visual air quality 
is a complex judgment based on several perceptual elements of the atmosphere which 
may interact among themselves and with other elements of the landscape. A measure 
of VAQ should be based on the observations of people directly viewing a scene. 
We have developed a measurement procedure based on field observations and have 
established the reliability and validity of the resulting measure (Stewart er ol., 1983), 
and have examined its relation to physical and chemical properties of the atmosphere 
(Middleton er at., 1984). 

Several VAQ studies have used human observers who make judgments of visual 
air quality either from photographs (e.g., Latimer el al., 1981, 1983; Malm et at., 
1983) or in the field (Malm et at., 1981). In the only published study that compares 
judgments of photographs with field judgments of VAQ, Malm er uI. (1981) used 
a nomothetic (group average) approach. The correlation between the averaged 
judgments of photographs and the averaged field judgments was 0.94. This high 
level of agreement in group averages, however, does not rule out the possibility 
that for some, or most, of the observers there were substantial difierences between 
field judgments and judgments of photographs. 

Study Metbods 
The procedures used to obtain judgments of VAQ have been described by 
Stewart el al. ( I  983). They will be summarized only briefly here. 

Field study 
Five paid observers visited each of five sites in the Denver metropolitan area and 
judged designated Scenes at each site. A sixth paid observer made all of his obscrva- 
tions from a centrally located site called the ‘primary site’. A field manager super- 
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vised the six paid observers and also made observations himself, making a total of 
seven observers. For each Scene the judgments included visual air quality, clarity with 
which each of the two to four specified target objects (buildings or mountains) could 
be seen, the sharpness of a border between clear and discolored air, the color of the 
air, the source of any degradation in visual air quality (natural or human), and the 
degree of cloud cover. All ratings were made on scales of 1-7 with the exception 
of color and cloud cover. Color was based on a comparison of the air color with 
a selected set of standard Munsell color chips. Cloud cover was rated on a 4 point 
scale: 1, clear; 2, scattered clouds (more sky than clouds); 3, broken clouds (more 
clouds than sky); 4, overcast. 

After making judgments, observers photographed each of the specified views using 
Kodachrome 25 film in a 35 mm single lens reflex camera with a 50 mm lens. Each of 
the seven observers made approximately 100 site visits at various times of day during 
the 21 day period of the study in January of 1982. Two additional observers par- 
ticipated in a pilot study consisting of about 35 observations made during one week 
in December I98 I .  

Because judgments of clarity of different targets in the same view were found to 
be highly correlated, the clarity ratings of targets in each view were combined into 
a single clarity variable by computing the mean target clarity rating for the targets 
in a particular scene. In addition, an air color scale was derived from the Munsell 
chips selected by the observers to match observed air color by assigning to each 
chip the mean VAQ judgment over all observers and all scenes for which that chip 
was chosen. The color scale was checked against scales derived by other methods 
and was found to be free of method, data, or individual bias. The color scale has 
a possible range from 1 to 7 and has been scaled so that higher values indicate worse 
air quality. 

- 

Photographic studies 
Observers judged three sets of photographs (transparencies). For each set a standard 
Carousel projector was used to project the transparencies on a white screen. Color 
chips wen  illuminated by a small incandescent light. 

Each set of photographs was used to address a different issue with regard to the 
representativeness of photographs to study VAQ. Set 1 was selected from photographs 
made during a previous study so that the observers could judge them once before 
they had any training or experience and then again after the field experience. The 
effect of field experience on judgments of photographs could then be examined. Set 
2 was selected from the photographs made during the study and was judged on two 
occasions by observers. Judgments of this set of photographs were used to assess 
reliability, individual differences and the relations between photographic judgments 
and field judgments averaged over observers. Set 3 consisted of photographs that 
matched each observer’s field judgments and was used to examine the relation between 
photographic judgments and the observers’ own field judgments. Each set of photo- 
graphs is described in more detail below. The study design is summarized in Figure 1. 

Set 1 was selected from photographs taken during a study conducted in Denver 
in the winter of 198 I .  This sample of photographs was stratified on VAQ, i.e. photo- 
graphs were selected so that.the distribution of the field judgments of VAQ made 
when the photographs were taken approximated the overall distribution of field judg- 
ments of VAQ made during the study. Set I was first judged by eight observers 



Perception a d  Jodgment in tbe V i  hvir0-t 287 

!Session U, Session IX, 
8 observers 9 observers 

* T,Q9@F 8 judged, observers Set I I I week) (3weeks) tudped, 9 observers Set 2 7 judged, observers Sct 3 

I I I I 
December I Jonuory 1 Februory I Morch Apr i l  

I981 1982 
FIGURE I .  Study design. 

at the beginning of the training session. At that time they were naive about the study 
procedures. Set 1 was later judged again by the same eight observers after their field 
experience. Six of the eight had participated in the pilot study and the 21 day field 
study. Two had participated only in the pilot study. m e  field manager did not judge 
Set 1 because he had participated in a previous field study and therefore was not 
a naive observer at the beginning of the training.) Since the rating scales for color 
and target clarity used in the winter 1982 study require special instructions, the simpler 
rating forms used in earlier studies (Mumpower er al., 1981) were used with the Set 1 
photographs in order to preserve the observer's naivete. The rating scales used will 
be described when the results are discussed. 

Set 2 consisted of 50 photographs selected from all those taken during the winter 
1982 study and stratified on VAQ. A11 nine observers rated these photographs 
approximately two months after the end of the field study and then rated them again 
approximately one month later. The forms used in the winter 1982 study were used 
without alteration for rating the photographs. 

The third set of photographs rated by each observer consisted of a sample of 50 
of his or her own photographs (or, in some cases, photographs taken by another 
observer at the same time and location of the first observer's field observation). These 
photographs were also stratified on VAQ, and the winter 1982 forms were used. 
The seven observers who participated in the field study judged this set approximately 
three months after the completion of the field study. 

As shown in Figure 1, the sample size for each set of photographic judgments 
varies from seven to nine, depending on whether the field manager and the two 
observers who were not hired for the field study are included. The sample size was 
constrained by a limited research budget and the need for a large number ofjudgments 
from each observer in order to make intra-individual comparisons. Although previous 
work has shown a strong relation between judgments of our observers and judgments 
of passers-by interviewed at the site (Stewart er at., 1983). the small sample size may 
still restrict the generality of our results. 

Comparison 01 Photographic and Field Judgments 

The ability of photographs to serve as surrogates for field measures was examined 
by comparing photographic and field judgments with respect to (a) the relations 
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between the means of the field and photographic judgments, (b) correlations between 
photographic judgments and the observers’ own field judgments, (c) correlations 
between photographic judgments and the average of several observers’ field judg- 
ments, and (d) the pattern of correlations among photographic judgments and among 
field judgments. 

- 
Comparison of means 
The seven observers judged their own photographs (Set 3) and the means of those 
judgments across observers were compared with the corresponding means of judg- 
ments made in the field. For all but two observers, the mean visual air quality judged 
from photographs (PVAQ) was significantly (P < 0.01) lower than the mean visual 
air quality judged in the field (FVAQ), indicating a tendency for VAQ to look worse 
in photographs than in the field. For one observer, PVAQ was significantly higher 
than FVAQ and for the remaining observer the difference was not significant. 

The means for clarity exhibit a similar pattern for six observers-target objects 
can be seen significantly less clearly in the photographs than in the field. For the 
remaining observer (the same one for whom PVAQ was greater than FVAQ) the 
reverse is true. The decrease in clarity of objects in photographs is not surprising 
in view of the generally small size of the target images on the film (most targets 
were buildings located 04-32.5 km from the observer) and the limited resolution 
of 35 mm film and lenses. The one observer whose photographic judgments exhibited 
better VAQ and greater clarity than his field judgments happened to be the observer 
who was stationed at the primary site. Since he was only a single observer, however, 
it is not known whether this result was associated with his making all observations 
from a single location. 

Judgments of border, color, source, and cloud cover do  not exhibit a systematic 
pattern of differences between mean field and photographic judgments over observers. 
A higher rating on border means that the border between clear air and discolored 
air was more distinct. A higher rating on source means that the degradation in VAQ 
was attributed more lo human causes than to natural causes. In each case differences 
are not significant for at least four of seven observers. When the difference is sig- 
nificant, the direction of difference varies from observer to observer. 

Previous studies of urban VAQ have established a strong relation between field 
judgments of VAQ and judgments of clarity, border, and color. Since mean field 
and photographic judgments of color and border are similar, the difference between 
mean FVAQ and PVAQ is probably related to the difference in the clarity with which 
objects can be seen in photographs and in the field. 

Correlations between photographic judgments and observers’ own jield judgments 
The correlations between each observer’s judgments of Set 3 photographs and his 
or  her own field judgments corresponding to the photographs are given in Table 1. 
Strong correlations were generally obtained for judgments of VAQ. clarity, border and 
cloud cover, but somewhat weaker correlations were obtained for color and source. 
Thus, the relation between field and photographic judgments depends on what is 
being judged. The high correlations between FVAQ and PVAQ provide encouraging 
evidence for the validity of photographic representations. 

A threat to the generality of this result is introduced by the repeated measures 
design which was necessary in order to carry out intra-individual comparisons of slide 
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TABLE 1 
Correlotionsbetweeniudgments ofphotogrophs in Set 3ondobservers'ownfieldjudgrnents( N = 50) 

Judgment 
Visual air Cloud - Observer quality Clarity Border Color Source cover 

A 0.68 0.76 0.62 0.33 0.46 0.7 I 
B 0.76 0.8 1 0.8 1 0.61 0.74 0.72 
C 0.85 0.82 0.76 0.5 1 0.7 1 0.94 
D 0.78 0.89 0.73 0.79 0.57 0.76 
E 0.73 0.83 0.68 0.42 0.34 0.8 1 
F 0.69 0.86 0.64 0.49 0.46 0.8 1 
G 0.85 0.9 1 0.80 0.63 0.65 0.89 

Median 0.76 0.83 0.73 0.5 I 0.57 0.8 1 

TABLE 2 
Correlations between field judgments, averoged over observers, and judgments of 

photographs in Set 2. Session 111 (N = 50) 

Judgment 
Visual air Cloud 

Observer quality Clarity Border Color Source cover 
A 0.69 0.9 1 0.76 0.25 0.55 0.85 
B 0.8 1 0.92 0.63 0.64 0.77 0.74 
C 0.8 1 0.9 1 0.69 0.59 0.67 0.9 1 
D 0.76 0.92 0.73 0.55 0.66 0.72 
E 0.74 0.85 0.5 1 0.45 0.65 0.84 
F 0.76 0.87 0.78 0.36 0.72 0.90 
G 0.85 0.9 1 0.78 0.69 0.72 0.84 
H 0.74 0.87 0.64 0.50 0.48 0.78 
I 0.67 0.87 0.76 0.55 0.53 0.85 

Median 0.76 0.9 1 0.73 0.55 0.66 0.84 

and field judgments. Since Scenes cannot be photographed before they occur, an order 
effect was introduced-field judgments were made before judgments of the photo- 
graphs. Thus, viewing the photograph could have elicited memories of the 
previous field experience. 

Our research design offers some defense against this threat. Only one of the three 
sets of photographs consisted entirely of photographs corresponding to the observer's 
own field judgments. Nearly three months, and three photographic sessions, inter- 
vened betwten the end of the field study and the judgments of those photographs. 
Since the observers repeatedly visited the five sitesduring the field study, is unlikely that 
they remembered which visit produced a particular photograph. Of course, they might 
have remembered extremely unusual atmospheric conditions but the procedure for 
sampling photographs made inclusion of rare events unlikely. 

Correlations bet ween photographic judgments andfieldjudgments averagedover observers 
The correlations reported in Table 1 indicate substantial correspondence between 
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field and photographic judgments of VAQ and clarity when the two sets of judgments 
are made by the same observer. Table 2 presents correlations between an observer’s 
judgments of photographs in St t  2 and the mean of the field judgments of the 
observers who judged that particular view at the time the photograph was taken. 
(Only four of the 50 scenes represented in the Set 2 photographs were judged by 
a single observer in the field. Eight were judged by two observers, 24 by three observers, 
10 by four observers and four were judged by five observers.) To save space, only 
correlations based on the fkst set of ratings of Set 2 photographs (Session 111) are 
reported. Correlations based on the second set of ratings (Session IV) are similar. 

Table 2 includes results from all nine observers: six who participated in the field 
study (A-F), the field manager, who participated in the field stlldy (G), and two 
who participated in the pilot study but not the field study (H and I). 

Even though the correlations in Table 2 describe relations between each observer’s 
photographic judgment and the mean field judgments of other observers, they are 
very similar to the correlations in Table 1. This result provides further evidence that 
the strong relation between field and photographic judgments is not induced by the 
use of a repeated measures design. The differences in mean field and photo- 
graphic judgments were also similar to the results obtained when each observer’s 
photographic judgments were compared with his or her own field judgments. 

Causal texture-correlarions among dfferent judgmenrs 
The relations among different dimensions of an environment, i.e. the ecological rela- 
tions among elements of the environment, are an important aspect of causal texture 
(Hammond ez al., 1975). In this study, the dimensions of the visual environment 
are measured by judgments of VAQ, clarity, color, border, source, and cloud cover. 
Table 3 presents the correlations among these six judgments for both field and photo- 
graphic judgments. The intercorrelations among field judgments -describe the 
observed relations in the natural environment, that is, the observed ecological 
relations. The pattern of correlations among photographic judgments closely 
approximates those ecological relations. The pattern exhibited for group averages 
in Table 3 is typical of each of the observers. Therefore, in this case, the photographs 
provide good representations of the ecological relations that were observed in the 
field. 

The high correlations among VAQ, clarity, color, border and source indicate sub- 
stantial redundancy among these judgments. (The negative correlations can be made 
positive simply by reversing the arbitrary direction of scaling for color, border and 
source.) Since these variables were not judged independently, the correlations may 
be due, in part, to  a ‘halo effect’. However, similar patterns ofcorrelations are obtained 
when the independent judgments of observers and passersby are correlakd or when 
the independent judgments of different observers arc correlated. We believe 
that the redundancy among the variables is a property of the causal texture of the 
urban environment, not just an artifact of the experimental procedure. 

This redundancy among variables is critical to understanding judgments of urban 
VAQ. Redundancy means that all ‘cues’ (clarity, color, border, source) generally point 
in the same direction-toward either good or bad VAQ. Furthermore, if information 
about one or more variables is unavailable, information about the other variables 
can substitute for it. As a result, the observer i s  rarely confronted with conflicting 
or insufficient information and judging VAQ is a relatively easy task. One would 
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TABLE 3 
Correlations among field judgments and photographic judgmenrs for phorographs in Set 2 (N = 50) Ei Correlations among field judgments Correlations among photographic judgments c 

(averaged over observers) (averaged over observers) g 

1 

s 

Visual air Clarity Color Border Source Cloud Visual air Clarity Color Border Soum Cloud 
(quality) (cover) (quality) (cover) 

c 
0 

a Visual air quality I .o I .o 0.88 -0.82 -0.77 -0.70 0.10 
Clarity 0.93 I .o 0.87 1.0 -065 -0.67 -0.57 -0.13 
Color -0.72 -0.61 1.0 -0.83 -0.66 1.0 0.85 0.80 0.04 
Border -0.73 -0.67 0.76 1.0 -0.75 -0.66 0.76 1.0 0.91 -0.25 
SOUrCe -0.71 -0.60 0.82 0.84 1.0 -0.80 -0.71 0.80 0.93 1.0 -0.33 
Cloud cover 0.00 -0.05 -0.02 -0.26 -0.17 1.0 -0.17 -0.17 0.13 -0.23 -0.18 1.0 

8 
r, 

'Session 111 below diagonal. Session IV above diagonal 
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expect, therefore, judgments of VAQ to be highly reliable, as was shown by Stewart 
er al. (1 983). Redundancy also contributes to the lack of individual differences in 
judging VAQ found by Stewart er al. (1983) because different observers will tend 
to agree even if they weigh the cues differently. 

- Summary 
Photographic judgments of VAQ, clarity, and cloud cover correlated well with field 
judgments, whether the field judgments were those made by the same observer who 
made the photographic judgments or were means of several observers' field judg- 
ments. Correlations were lowest for judgments of color and source. In addition, the 
ecological relations observed in the field were closely approximated by the photo- 
graphic judgments. 

Reliability and Individual Differences in Photographic Judgments 

Judgments of Set 2 photographs provided data for assessing reliability and individual 
differences in observers' judgments. Reliability was assessed by correlating judgments 
made by the same observers on different occasions. Individual differences were 
assessed by correlating judgments made by different observers judging the same set 
of photographs. 

Reliability 
Table 4 presents correlations between judgments of the Set 2 photographsmade during 
two different sessions (Sessions I11 and IV in Figure 1). These correlations provide 
reliability estimates for each observer that are analogous to test-retest reliabilities. 
The reliabilities for judgments of clarity and cloud cover are quite high. The lowest 
reliability for clarity is 0.87 and for cloud cover 0.78. The high reliability of clarity 
judgments may be due, in part, to the fact that they are means of three or four 
judgments of specific targets. With two exceptions (A and I), the reliabilities for VAQ 

TABLE 4 
Reliabilities-correlations between Judgments of set 2 photographs made in sessions IJJ and 

W (N = 50) 

Judgment 

Observer 
Visual air Cloud 

quality Clarity Border Color Source cover 
A 
B 
C 
D 
E 
F 
G 
H 
I 

0.72 
0.88 
0.86 
0.83 
0.80 
0.86 
0.95 
0.86 
0.67 

0.92 067 0.58 
0.94 0.76 0.62 
0.95 0.79 0.78 
0.96 0.80 0.66 
0.92 0.63 064 
0.87 0.83 0.77 
0-96 0.83 0-89 
0.88 0.79 0.75 
0-89 0.73 0.48 

0.67 
0.86 
0.67 
0.73 
0.56 
0.73 
0.83 
0.55 
0.50 

0.9 1 
0.78 
0.89 
0.95 
0.92 
0.89 
0.9 1 
0.90 
0.90 

Median 0.86 0.92 0.79 0.66 0.67 0.90 
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arc also high. The reliabilities arc lower for border and substantially lower for 
color and source. 

The rank order of median reliabilities for the six judgments at the bottom of Table 4 
is identical to the rank order of photographic-field correlations in Tables 1 and 2. 
The relation exhibited in the medians also holds for most of the individual 
observers. Rank order correlations over the six judgments for each observer were 
computed between (a) the field-photograph correlations (Table 2). and (b) the 
reliabilities (Table 4). The correlations for the nine observers ranged from 0.75 to 
0.99 with a median of 0.83. The correlations were significant beyond the 
0.05 level for seven of the nine observers. This suggests that much of the difference 
in photographic-field correlations across different judgments may be due to the differ- 
ing reliabilities of the photographic judgments. 

Of course, the differences in field-photographic correlations across judgments may 
also be partly due to differences in the reliability of field judgments. There are no 
direct estimates of the reliabilities of the field judgments, but indirect estimates may 
be obtained (see Stewart et al., 1983). One such indirect estimate is based on the 
correlations between any pair of observers. Since the expected value of the correlation 
of a variable with another independently measured variable cannot exceed the square 
root of its reliability (see, for example, Guilford, 1954, p. 4001, correlations between 
observers’ judgments provide estimates of the lower bound of the reliability of their 
judgments. 

The highest correlations between field judgments for a pair of observers for the 
field study (there were seven observers, making 21 possible pairs) were, in descend- 
ing order, as follows: clarity, 0.93; cloud cover, 0-92; VAQ, 0.87; border, 0.82; 
source, 0.75; color, 0.64. The medians were: clarity, 0.84; cloud cover, 0.82; 
VAQ, 0.82; border, 0.72; source, 0.67; color, 0.52. With the exception of the tied 
medians for cloud cover and VAQ, the order reproduces the order ofmedian reliabilities 
of photographic judgments in Table 4. This finding strongly suggests that (a) the 
rank order of field judgment reliabilities approximates the rank order of photographic 
judgment reliabilities and (b) therefore, a major share of the differences in 
photographic-field correlations across judgments (Tables 1 and 2) can be attributed 
to the differing reliabilities of both the field and the photographic judgments. 

This correspondence between reliabilities of field and photographic judgments 
suggests that the properties of the environment that affect reliability of field judgments 
are present in photographs. One of these properties is the ecological relations among 
variables which were discussed above. 

- 

Individual dfferences 
For both Sessions 111 and IV, the 9 x 9 matrix of intercorrelations among observers 
over the 50 photographic judgments was computed for each of the six judgments. 
The maximum, median, and minimum correlations for each session are reported in 
Table 5 .  For both sessions, the rank order of the median observer intercorrelation 
is identical to the rank order of the median reliabilities in Table 4. Across the six 
judgments, the correlations among observers are strongly related to the reliability 
of the judgments. 

Summary 
The preceding sections have examined the relations between field and photographic 
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TABLE 5 
Correlations among observers' Ngments  of photographs in Ser 2 (N = SO photographs, 

nine observers') 
Judgment 

Session 111 
Maximum 
Median 
Minimum 

Session IV 
Maximum 
Median 
Minimum 

Visual air 
quality 

Cloud 
Clarity Border Color Source cover 

0.88 
0.73 
0.58 

0.88 
0.78 
0.56 

0.92 0.85 0.75 0.77 0.9 I 
0-86 0.68 0.49 0.52 0.82 
0.73 0.44 0.13 0.24 0.60 

0.95 0.8 1 0.7 1 0.75 0.9 1 
0.88 0.65 0.45 0.50 0.84 
0.79 0.43 0.16 0.17 0-67 

*Correlations were computed over the 50 slides for all possible pairs of obxrvers (36 pain). 

judgments, the reliability of photographic judgments and the intercorrelations among 
observers' judgments of photographs. A strong pattern emerged. The differing 
reliabilities of judgments can account for much of the variation over judgments in 
field-photographic correlations and also account for variation in intercorrelations 
among observers. In other words, the evidence suggests that when the correlation 
between a field judgment and a photographic judgment or between the judgments 
of one observer and another is low, it is due to the reliabilities of the judgments 
involved, not to systematic differences between the reliable components of those judg- 
ments. 

Lens Model Analysis-A More Detailed Examination of Reliibility, Individual 
Differences and Field-Photographic Comparisons 

In this section we examine in detail the hypothesis that the reliabilities of judgments 
are more important than systematic differences in explaining the correlations reported 
above between field and photographic judgments and between observers. The con- 
ceptual framework and method for the analysis is provided by Brunswik's lens 
model and by the lens model equation (Hammond el al., 1975). 

Figure 2 is an adaption of Brunswik's lens model to the present study. The 
variable at the right side of the figure (Y,) represents an observer's judgment of 
VAQ from photographs. The variable on the left ( Y2) may represent either field judg- 
ments of VAQ or the photographic judgment of another observer, depending on 
the context of the analysis. The variables in the middle of the lens are the 'cues' 
which are thought to mediate the relation between Y, and Y2. The relation between 
Y, and Y2 is measured by the correlation coefficient, r13. The lines in the figure 
represent the probabilistic relations which exist among the judgments and the cues. 
For a more detailed description of the lens model and its use in judgment research 
see Hammond PI 01. (1975). 

The lens model equation, developed by Hursch e1 01. (1964) and Tucker 
(1964), analyses the relation between two judgments in terms of their relation to 
a common set of cues. The equation is 
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in the feld 1 trom photographs I 

ewer 

F~GURE 2. The lens model. 

where r12 is the correlation between two judgments, Y, and Y,; G is the correlation 
between the components of the two judgments that are linearly related to the cues 
(these components are computed by multiple regression analysis with each judgment, 
in turn, as the dependent variable and the cues as independent variables), 
G is then the correlation between Y,’ and Y; where Y; is the vector of predicted 
scores based on the regression equation; R, and R, are the multiple correlation 
coefficients for Y, and Y2; and C is the correlation between the residuals from the 
regression analysis (i.e. the correlation between ( Y ;  - Y,) and (Y; - Y,)), C is the 
partial correlation between Y, and Y,, given the cues. 

If the set of cues is complete and the relations between the cues and the judgments 
are linear, so that the regression models for Y, and Y2 account for all of the systematic 
variation in the judgments, then C is a correlation between the random, or un- 
systematic, components of the two judgments and should differ from zero only by 
chance. In this case, R, and R2 are estimates of the square roots of the reliabilities 
of Y, and Y, and G is an estimate of the correlation between the systematic 
components of Y, and Y,. If C is near zero and R, and R,  are large, then the second 
term in Equation (1) becomes small and r12 can be approximated by the simpler 
form 

(2) r , ,  = G R, R,. 

This form expresses the correlations between two variables as a function of the 
correlation (G) between their systematic (reliable) components and square roots of 
the reliabilities (R, and R,) of the two judgments. The pattern of results reported 
so far in this paper suggests the hypothesis that G is generally high, whether the 
correlation is between field and photographic judgments or between judgments of 
two observers, and, therefore that r12 depends on the reliabilities of the judgments 
invol ved . 

In order to estimate Gs, it is necessary to first regress each of the judgments of 
interest on an appropriate set of cues. Previous studies have shown that VAQ is 
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strongly related to judgments of clarity, color and border (Mumpower et ol., 
1981; Stewart ef  al., 1983). Since these judgments, as well as judgments of source 
and cloud cover, were obtained in the present study, they can be used as cue variables. 
The following paragraphs summarize the results of the lens model equation analysis 
of field vs. photographc correlations and observer vs. observer correlations. 

Regression results 
The independent variables in all regressions were the mean judgments of clarity, color, 
border, source, and cloud cover for Set 2 photographs over all observers and both 
sessions. Means over observers and sessions were used in order to maximize the 
reliability of the cue variables. The dependent variables in the regressions were, for 
each observer, the mean of the photographic judgments of VAQ over Sessions 111 
and IV (Set 2). 

The multiple correlations for the best fitting linear model for each of the nine 
observers ranged from 0.80 to 0.93 with a median of 0.91. These uniformly high 
multiple correlations indicate both high reliability in the VAQ judgments and a strong 
relation between the VAQ judgments and the other five judgments which were used 
as independent variables. An examination of the regression weights of the nine 
observers revealed a pattern similar to that Seen in previous studies of field judgments 
of VAQ. Clarity is the dominant cue in judgments of VAQ. The judgment of 
clarity accounts for between 50 and 76% (median 70%) of the variance in judgments 
of VAQ. Color, border or source are less important, but generally significant, cues 
to VAQ. Since these three judgments are all intercorrelated greater than 04, 
estimates of their relative weights tend to be unstable and the weights vary from 
observer to observer. The judgment of cloud cover has little relation to VAQ. 

The field judgments of VAQ corresponding to the photographs in Set 2, averaged 
over observers, were also regressed on the mean photographic judgments of clarity, 
color, border, source and cloud cover. The multiple correlation was 0-90 and the 
pattern of regression weights was similar to that found in the regressions for the 
photographic judgments. Thus, comparison of the regression analysis for field and 
photographic judgments of VAQ confirms the similarity between these judgments 
described above. 
Lens model results--field vs. photographic judgments of VAQ. 
The regressions described above provided a basis for a lens-model-equation-decomposi- 
tion of the field-photographic correlations for VAQ reported in Table 2. The Gs 
computed based on the lens model quat ion ranged from 0.90 to 0.97, indicating a 
very high degree of similarity between systematic components of field and photo- 
graphic judgments of VAQ. The C coemcients ranged from 0.1 5 to 0.39. Only three 
of the nine Cs were significant beyond the 0.05 level. The low Cs indicate that the 
linear regressions captured nearly all of the shared systematic variation in field 
and photographic judgments. 
L.em model resulrs-infercorrelations among observers. 
The correlations among observers’ VAQ judgments (averaged over Sessions I11 and IV) 
range from 0.67 to 0.92 with a median of 0.83. The decomposition of correlations 
between observers yielded Gs ranging from 0.91 to 0.997 with a median of 0-95, 
indicating a very high correlation between systematic components of the photographic 
judgments of different observers. The C coemcients ranged from 0.08 to 0.61 with a 
median of 0.29. Of the 36 Cs computed (all possible pairs of nine observers) 16 were 
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significant beyond the001 level. This fact, combined with the lack ofnegative Cvalues, 
strongly suggests that the linear multiple regression models did not capture all of the 
reliable systematic variation that is common to observers. In other words, there appear 
to be components of variation in VAQ judgments of photographs that are (a) common 
to two or more observers and (b) not linearly related to judgments of clarity, color, 
border, source and cloud cover. 

One explanation for the significant C values is the small effect that the order of 
presentation of photographs may have on judgments. Another possible explanation 
is that judgments of VAQ arc related to the other judgments used as cues in some 
non-linear fashion. For example, the impact of a particular dimension on VAQ might 
change when the dimension takes on extreme values (Stewart, 1974). Yet another 
explanation is the possibility that there arc cues to  VAQ in the photographs that 
were not considered in the analysis. While it is possible to explore these and other 
explanations for the C values, this was not done in the present study. Since the Gs 
and the multiple correlations were high, and the Cs were generally low, the second 
term in Equation ( I ) ,  which represents the nonlinear component of the correlation 
between observers, is generally small. This term accounts for from 3 to 19% of the 
correlation between observers, with a median of 6.7%. As a result, Equation (2) 
holds approximately for nearly all pairs of observers, and understanding the reasons 
for statistically significant C values adds very little to the understanding of the cor- 
relations among observers. 

Summary 
With regard to both correlations between field and photographic judgments of VAQ 
and correlations among observers' photographic judgments of VAQ, the results of 
the lens model analysis support the hypothesis that the systematic components of 
judgments are highly correlated and that differences in correlations between judgments 
are due primarily to different reliabilities of the judgments. 

Comparison of Photographic Judgments Made Before d After Field Study 

All of the results described above are based on judgments of photographs made after 
the observers had gained extensive experience in field observation. The effect of field 
observation experience on judgments of photographs is examined in this section by 
comparing photographic judgments made before and after the field study. 

The rating forms used for Sessions I and I1 included scales for VAQ, border, source, 
and cloud cover which were identical to those described above. Color chips were 
not used, however, but a judgment of color was made on a 5 step scale: 1, colorless; 
2, light white or gray haze; 3, dense white or gray haze; 4, light colored haze (brown, 
yellow, etc.) and 5 ,  dense colored haze (brown, yellow, etc.). Rather than judging 
the clarity of specific targets, the observers were asked to make three judgments related 
to the clarity of objects. The following questions were asked. (a) How far can you 
see in the present direction ( I ,  very short distance, to 7, extremely far)? (b) How 
clearly can you sce objects in the distance (at or near the horizon) ( I ,  very poorly, 
to 7, very clearly)? (c) How clearly can you see objects in between you and the horizon 
(at an intermediate distance) ( I ,  very poorly, to 7, very clearly)? These last three 
judgments will be referred to as 'distance', 'distant clarity' and 'intermediate clarity', 
respectively. 



TABLE 6 
Correlations between judpnents of photographs in Set I made beforefield study (Session I )  and after field study (Session 11) 

Judgment 
Intermediate 

Observer Visual air quality Distance clarity Distant clarity Border Color Source Cloud cover 
A 
B 
C 
D 
E 
F 
G 
H 
I 

0.7 I 0.73 0.27 0.71 0.49 0.76 0.4 I 0.79 
0.55 0.30 055 0.57 0.64 0.50 0.50 0.72 
0.67 0.42 0.73 0.66 0.67 0.28 0.65 0.9 1 
0.8 I 0.53 0.7 I 0.83 0.80 0.78 0.77 0.68 
0.52 061 0.64 0.6 I 0.43 0.50 0.62 0.90 
0.57 0.57 042 0.65 0.57 0.36 0.73 0.95 

0.48 0.69 0.63 0.68 0.63 0.56 0.52 0.7 1 
0.67 0.57 0.50 0.60 0.6 I 0.6 1 0.63 0.84 

- - - - - - - - 

Median 0.62 0.57 0.59 0.66 0.62 0-53 0.62 0-82 

Correlations' 0.87 0-85 0.87 0.89 0.85 0.83 0.88 . 0.95 

*Correlations between g ~ o u p  mean photographic judgments from Sessions I and 11. 
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Table 6 presents the correlations between judgments of photographs made before 
the field study (Session I) and judgments of the same photographs made after the 
field study (Session 11). The correlations are lower than those exhibited above between 
repeated judgments of a set of slides when both sets of judgments were made after 
the field study (Table 4) and tend to be lower than those between field and photo- 
graphic judgments (Tables 1 and 2). These lower correlations may be due to systematic 
differences (other than mean and variance) between the judgments made in Sessions 
I and 11, lower reliability of judgments made in either session, or both sessions, or 
some combination of systematic differences and lower reliability. We investigated 
the cause of the lower correlations by computing (a) correlations between the means 
of the observer's judgments for the two sessions, (b) correlations among observers 
for the two sessions and (c) a lens model analysis of the correlations between sessions 
I and 11. 

The correlations between the means of the eight observers' judgments for the two 
sessions are given at  the bottom of Table 6. The lowest is 0.83, suggesting that when 
the observers are treated as a group, there is substantial similarity between judgments 
made before and after the field study. Thex resultssuggest that there was no systematic 
change in judgment common to all observers as a result of field experience. It does 
not rule out the possibility that single observer's judgments changed in different ways. 

Similarity between observers increased considerably from Session I to Session 11. 
For VAQ, intercorrelations among the 28 possible pairs of eight observers in Session 
I ranged from 0.24 to 0-67 with a median of 0.53. For Session 11, the correlations 
ranged from 0.55 to 0.80 and the median was 0.67. Similar increases were obtained 
for the other judgments. This pattern of increase in observer intercorrelations could 
be caused by an increase in observer reliability, but it also could be caused by changes 
in the systematic component of observers' judgments. 

The G and C parameters of the lens model equation were computed between the 
first and second session judgments for each observer's judgments of VAQ. The cue 
variables in the regression models for each session were the means over both sessions 
of all observers' judgments of distance, intermediate clarity, distant clarity, border, 
color, source and cloud cover. The multiple correlations ranged from 0.75 to 0.89 
with a median of 0.79 for Session 1. For Session I1 the multiple correlations ranged 
from 0.72 to 0.89 with median of 0.86. For both sessions, the pattern of regression 
weights was similar to that observed in the regression of photographic and field 
judgments described above. Multiple correlations increased from Session I to Session 
I1 for five observers, decreased for two and did not change for one. 

The G coefficients ranged from 0.79 to 0.99 with a median of 0.92, indicating that 
the component of VAQ judgments that is linearly related to the cue variables is highly 
consistent between the two sessions. The C coefficients range from -0.44 to 0.35 
with a median of 0.08. Only the two extreme Cs reach the 0.05 level of significance. 

Summary 
Although the inferences that can be drawn are limited by the problems inherent in 
'pre-post' designs (Campbell and Stanley, 1963), the comparison of photographic 
judgments made before and after the field study suggests that the field experience 
did not m u l t  in changes in the systematic component of judgments of photo- 
graphs. It also suggests that the observer's judgments of photographs were more 
reliable after the field study than before and that this increased reliability resulted 
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in higher correlations among observers. An implication of these results is that the 
order effect induced by the necessity of making field judgments before judging photo- 
graphs of the same scenes is not Systematic. 

Discltdoo 

The results of this study are encouraging for those who use photographs to 
investigate visual air quality. Not only is there a strong correlation between field 
and photographic judgments of VAQ, but the relations among VAQ and other relevant 
variables judged from photographs are very similar to the ecological relations in the 
field. Furthermore, the reliabilities of judgments of photographs by experienced 
observers correspond to the reliabilities of field judgments. When the systematic com- 
ponents of judgments are compared, the correlation between field and photographic 
judgments of VAQ is impressively high. 

As noted above, our sample of observers was necessarily small. An obvious next 
step in the research is to obtain judgments of photographs from a large, rcpresenta- 
tive sample and compare the results with our limited sample. The results would provide 
evidence bearing on both the extent of error introduced by the repeated measures 
design and the representativeness of our sample of observers. 

One major threat to external validity of studies comparing field and photographic 
judgments is the effect of field judgment experience on judgments of photographs 
(or the reverse). Evidence presented here suggests that extensive experience in 
making field observations increases the reliability of an observer's judgments of 
photographs, but does not change the systematic component of his or her 
judgments. The same systematic pattern was found in judgments made both before 
and after the field experiena. 

The results of this study suggest that, despite theoretical arguments to the con- 
trary, there are aspects of judgment and perception of the visual environment that 
can be studied using photographs. The validity of photographs as surrogates depends, 
however, upon the judgments that are being studied. The following characteristics 
of the judgments studied and of the field study procedures probably enhanced the 
validity of the photographic representations. 

(1) Vision is by far the dominant Sense used to gather relevant information. At 
the sites used in the study, the odor of the air does not vary significantly, and other 
senses were irrelevant to the judgments being studied. 

(2) The observers were stationary when the judgments were made. Although the 
observers may have travelled some distance to get to the observation site, they made 
the actual observation from a fixed position. 

(3) The relevant visual information is located far from the observer. In Denver, 
air quality does not affect perception of objects within about 1 km of the observer. 
Close-in features of the landscape are therefore not directly relevant to the judgments 
of VAQ, although they may provide baselines for comparison with more distant 
features. 

(4) Although the atmosphere surrounds the observer, VAQ was judged for a specific 
view. Therefore, visual information out of the observer's field of view should be 
irrelevant to the judgment. 

(5 )  Observers were trained to make photographs and field judgments in the same 



pre-specified direction. Therefore, the photographs were not distorted by observers' 
selective composition. 

(6) Because of the redundancy in ecological relations among variables, information 
in photographs that was distorted (e.g. color) could be replaced by other information 
of equivalent value. 
(7) As a result of points (2) and (6) above, the visual information sampled in the 

photographs, though possi bly distorted and incomplete, provided adequateinfomation 
for judgment. 

Further research will be required to  determine in what domains photographs can 
be used as surrogates. Investigation of the reprcsenativeness of photographs requires 
more than a correlation between group mean judgments made in the field and from 
photographs. It requires a detailed comparison of field and photographic judgments 
with regard to  causal texture, individual differences, and reliability. This study has 
illustrated how a multivariate approach, based on the analysis of individual observers, 
can be used to make such comparisons. 
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