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by

Richard G. Pigion

(ABSTRACT)

The primary purpose of this investigation was to

determine how magnification and perspective alter a person's

judgements of pleasantness for images recorded in

photographic prints. The magnification and perspective of

four scenes were varied by recording each scene with each of

six camera-lens focal lengths (28 mm, 35 mm, 50 mm, 70 mm,

85 mm, and 105 mm) from each of six distances. The

distances revolved around a reference distance depending on

scene content. The scenes were selected to be typical of

the types of one person or multi-person scenes recorded most

often by consumers of non—single—lens-reflex (non—SLR) 35 mm

camera systems. The psychophysical scaling technique of

magnitude estimation was used to assess each subjects'

degree of pleasantness for each print in a single stimulus

presentation format. The subjects were actual consumers of

non—SLR camera systems.

The results indicate that a wide variety of lens/distance

combinations was found to produce pleasing images for each

scene. Specifically, the combination of lens/distance which



was representative of currently available non-SLR camera

systems was almost always among the highest rated images for

each scene. This result indicates that these consumers are

quite pleased with the images they currently receive. These

results are most easily explained using the theory of a

compensation mechanism of picture perception. Suggestions

for future research include the study of range effects,

different methods of assessment, and attempts at

understanding the emotional impact of photographs and how it

relates to judgements of pleasantness.
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INTRODUCTION

A camera designer must consider many variables when

selecting which lens (or range of lenses) would be best for a

particular non·single-lens—ref1ex (non-SLR) 35 mm camera

system. These variables include (among others)

characteristics of the particular film which will be used,

the type of scenes which will most likely be recorded (e.g.,

proportion of indoor vs. outdoor scenes, range of lighting

levels), size and weight restrictions, and overall customer

expectations of the quality of the recorded image.

Currently, information exists in all of these areas to help

guide the designer in the selection of the most appropriate

lens. However, this information is far from complete. What

is lacking are data which indicate consumer preference for

images recorded with different combinations of camera lens

focal lengths used at various camera—to—subject distances.

Such information will provide an understanding of the

relationship between magnification and perspective in terms

of providing the most pleasing image. Filling this data and

information gap is the purpose of the current investigation.

Literature pertaining to the perception of magnified

objects and their relative image size relationships exists in

studies of the psychology of picture perception (Gibson,1971,

1979; Hagen, 1980a, 1980b, 1986; Kennedy, 1974; Pirenne,

1970). This literature has developed in an attempt to

1
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explain why pictures which exist in a two—dimensional format

can portray scenes with depth and other perceptual elements

of the real (three-dimensional) world. The primary goal of

such research is to explain not only the perception of

pictures, but also our visual perception of the world around

us (Gibson, 1979).

The present study is not an attempt to expand on the

explanation of theories of visual perception. However,

selected information from such literature is helpful in

explaining the proper control of variables involved in the

manipulation of magnification and perspective. This control

will ensure the validity of the experimental methods used and

aid in the interpretation of the results.

The remaining parts of the Introduction explain briefly

a general theory of picture perception based on Gibson's

(1979) ecological approach to visual perception. This theory

is the most plausible to date (Hagen, 1986) and provides

useful definitions and guidance. Based on this theory, the

effects of the magnification of images on the perception of

pictures will be discussed. Next, the literature concerning

the preference for various perspectives will be summarized.

Finally, the present study will be described in detail.
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Ecological Optics

Two words which best explain Gibson's (1979) theory of

ecological optics are "structure" and "information." To

understand what is meant by these two concepts, it is best to

quote Gibson on the framework of his theory:

A habitat consists of an arrangement of surfaces, that

is, a layout of planes at various angles to one

another. Call them faces or facets, depending on

whether they are large or small. If this layout is

illuminated, the reflecting planes will generate

...[a]... dense interlocking network of rays. At

every point in the illuminated medium there will be a

sheaf or "pencil" of rays converging from all

directions. This ray—sheaf is simply an abstract

mathematical statement of what is meant by ambient

light. The fact to be noted here is that there is no

limit to the number of possible convergence points in

the medium. Each of these can be called a station

point (p. 15).

These surfaces in the environment reflect light from radiant

sources. Gibson terms this light the ambient optic array.

Such an array is present at every point in space that could

be occupied by an eye. This array of light is structured
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by the reflectance properties of the surfaces off which it

bounces. Gibson believes that this optical structure of the

reflected light serves as information for these surfaces.

For example, surfaces of different colors and textures, as

well as surfaces of different slants relative to the light

source and observer, reflect light in different ways. This

light (as long as there is a radiant light source) is being

continually reflected and re-reflected from the objects

within the environment. Each of the differences in

reflection of the various surfaces determines

discontinuities or borders in the light to the eye. Each of

these borders in the light is specific to some change in

surface color, composition, slant, or relative orientation

(Hagen, 1986). Gibson considers these borders or structures

in the light as providing potential information to the

observer about the layout of the environment.

Understood in this context, the ambient optic array

can be thought of as an array of solid visual angles, each

visual angle being subtended by a surface in the

environment. According to Sedgwick's (1980) description:

"Because of the complexity and richness of the environment,

in which each object is made up of many surfaces that are

divisible into smaller surfaces or facets, the optic array

can be described as a nested set of solid visual angles
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corresponding to the hierarchically organized surfaces and

facets of the environment" (p. 37).

Gibson (1979) explains that these nested solid visual

angles correspond to certain distinct geometrical parts of

the terrestrial environment. There are mathematical

relations between the angles and the environmental parts.

For example, "there are gradients of size and density of the

angles ...with sizes vanishing and density becoming infinite

at the horizon" (p. 70). Gibson said that these

relationships define the natural perspective of the

environment.

It is obvious that as we move around in our environment,

the natural perspective which we perceive changes due to

variations in our viewpoint, or to use Gibson's term, station

point. The artist or photographer can "freeze" the

perspective to a given point through the use of the technique

of linear perspective or a camera. Linear perspective is a

procedure used to define the size, shape, and disposition of

the objects as drawn in a picture, with their associated

foreshortening and apparent overlapping of some near objects

upon far objects as they exist in the real scene. However,

it only defines these relationships for one eye in a given

position, the station point (Pirenne, 1970). Such is also

the function of a camera.
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Gibson (1971) uses his description of the information

contained in the nested visual angles to define what a

picture represents. "A picture is a surface so treated that

a delimited optic array to a point of observation is made

available that contains the same kind of information that is

found in the ambient optic arrays of an ordinary environment"

(p. 31). He stresses that the linear perspective in a

picture is not to be considered equivalent to the natural

perspective of the environment, but rather contains similar

information which allows the observer of the picture to

recognize the correspondence to the natural world.

Due to the restrictions imposed by the station point,

there are several restrictions on the conditions under which

the resulting picture or photograph can be viewed so that it

delivers the correct information concerning the natural

perspective from which it originated. For example, when a

photographer records an image on film from a certain station

point within his/her environment, the resulting print will

only be truly (geometrically) representative of the image the

photographer viewed when it is viewed as follows: (1) it

should be seen with one eye; (2) it should be upright and

perpendicular to the line of sight instead of slanted; and

(3) its distance from the viewer must be such that the visual

solid angle from the picture is the same size as was the

visual solid angle from the object(s) pictured (Gibson,
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1971). From any other viewing position, the information in

the optic array from the print will be distorted and not

truly representative of the real scene.

It is helpful to review the information described above

and put it in terms used in photography (Jacobson, 1983).

The natural perspective in the environment, when recorded by

a camera onto a film, is termed the true perspective of the

original scene. This true perspective, when transferred to a

photographic print and viewed, is called the apparent

perspective. Only when a photograph is viewed as described

above is the apparent perspective representative of (or

isomorphic to) the true perspective. Any other viewing

arrangement produces distortions of the true perspective.

The "correct" viewing distance of a print made from an

image recorded with the non—SLR cameras of interest is easily

determined. In these cameras, the lens axis is centered on,

and perpendicular to, the middle of the negative. The

correct viewing point for a photographic print lies on a line

perpendicular to the picture at a point corresponding to the

center of the negative (Farber and Rosinski, 1978). The

specific location on this line is given by the focal length

of the camera lens used to record the image, multiplied by

the degree of enlargement used to make the print [(viewing

distance) = (focal length of camera lens) x (magnification
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used to make the print)]. Any viewing distance closer or

farther from this point will change the information in the

print so that it no longer corresponds to the true

representation of the original scene. In addition, if the

line of sight to the print is not perpendicular to and

centered on the print, distortions will occur.

Gradients of the visual field. Just what information

contained in the optical array can be distorted? Gibson

(1979) goes into great detail about the visual information

available in the environment. For the purpose of the present

discussion, only information contained in various gradients

in the visual field will be considered. An understanding of

these gradients will be helpful when distortions due to

magnification are described.

A gradient is the rate at which some dimension of an

optical stimulus varies with respect to another dimension of

the stimulus (Gibson, 1979; Hagen 1986). A simple example is

how the visual angle of an object varies with respect to the

distance at which it is viewed. This relationship is shown

in Figure 1. The abscissa in this figure is labeled in terms

of multiples of object size, the ordinate in degrees of

subtended visual angle. For example, an object 4 ft high

when viewed from 8 ft (2 on the abscissa corresponding to 2

times the object size) subtends 28.07 degrees. It can be
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seen from this figure that the change in visual angle with

distance is not linear but exponential. Visual angle size

changes much more rapidly at near distances than far ones.

The primary monocular gradients in a picture are the

gradient of texture size, the gradient of texture density,

the gradient of texture compression, the gradient of texture

foreshortening, and the gradient of linear perspective

(Sedgewick, 1980). These gradients have been described by

Gibson (1950) and mathematically defined by Purdy (1958).

Gibson and Purdy explain that these gradients provide

sufficient information to specify relative distance, the

flatness or curvature of surfaces, the slant of surfaces

relative to the viewer, and object size. The strict,

mathematical definition of these gradients is not important

to the present discussion. However, how these gradients may

be distorted due to magnification is important. Some of

these are considered next.

Magnification of the Ambient Optic Array

Unfortunately, there are no studies to the author's

knowledge pertaining to variations in the preference for an

object (or more importantly an image) based on changes in

magnification. However, there is a literature representing

the changes in the optical array and their perceptual
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correlates (either from a photograph or the natural

environment) as magnification is varied (Lumsden, 1980;

Rosinski and Farber, 1978; Sedgewick, 1980). This literature

has been developed in an attempt to explain picture

perception. Applications of these concepts include

maximizing the accuracy with which people interpret

information from photographs. Such an understanding is

important when photography is used as a training device

(e.g., in vehicle simulators) or in photographic

reconnaissance. However, being able to predict performance

in these areas in no way helps to determine preference for

the magnification of personal photographs (e.g., people's

vacation pictures). The purpose of the present study is to

assess this preference.

A photographer can change the magnification of the optic

array being recorded by standing in one place (the station

point) and viewing through lenses which vary in focal

length. A 50 mm lens is considered to be the "normal“ lens

for a 35 mm camera (Kingslake, 1963) (i.e., is a focal length

which is approximately equal to the diagonal of a 35 mm

negative. For the purposes of the present study, the 50 mm

lens will be assumed to provide a 1.0x magnification).

Shorter focal length lenses provide less magnification and

longer focal length lenses produce greater magnification.

For example, a 25 mm lens is 0.50x (25 mm/50 mm) and a 100 mm
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lens is 2.00x (100 mm/50 mm). When the same scene is viewed

through lenses of different focal lengths, the optic array

reflected from that layout is changed by magnification by

uniformly enlarging or reducing all of the visual angles in

the projected array. Any enlargement corresponds directly to

the degree of magnification. In a similar manner,

minification uniformly decreases all of the visual angles in

the optic array. Lumsden (1980) has provided a very coherent

explanation of the effects of magnification and minification

based upon Purdy's (1958) work. His description will be

summarized in what follows. The specific distortions to be

discussed are changes in interobject distance, and

distortions of slant, shape, texture density, and

perspective.

Two phenomena of magnification are important to note

when discussing its effects. One is that magnification is a

multiplicative transform. This means that although the

visual angles from the optic array are made larger or

smaller, the relationship among all of these angles remains

unaltered. These relationships are determined by the real

distance from the point at which the ambient optic array is

sampled (the station point) to the objects viewed in the

environment. A photographer determines these relationships

by the selection of the camera·to-subject distance and

viewpoint.
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Second, the foreground normally serving to specify the

relative distance from the observer to the objects is not

retained in the magnified visual field. This result can be

explained by considering the example given above of the

photographer who views the scene through lenses of increasing

focal length. With each increase in focal length, more and

more of the foreground will be truncated. This truncation

makes it difficult for an observer of the print made from

such an image to make an accurate assessment of depth within

a scene.

Distortions of interobject distance. Distortions of the

distance between objects due to magnification can best be

explained by referring to the visual angle vs. viewing

distance curve in Figure 1. This curve is reproduced in

Figure 2 with the addition of an example illustrating the

effect of magnification (adapted from Lumsden, 1980).

Consider a situation in which an individual is viewing a

vertical object (say, a 2-ft high fence post) at a distance

of 45 ft (post A), and a second identical fence post at a

distance of 60 ft (post B). The individual's line of sight

is just slightly oblique to an imaginary line connecting the

two posts. Remember that the abcsissa is in distance units

which are multiples of object size. Post A is at 22.5 such

units (45 ft/2 ft) and Post B is at 30 distance units
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(60 ft/2 ft). This means that there is a distance of 7.5

units between the two objects.

Under unit magnification, Post A subtends a visual angle

of 2.55 degrees and Post B a visual angle of 1.91 degrees.

Viewing these objects through a 7-power lens system

transforms these visual angles to 7 x 2.55 = 17.85 degrees

(post A) and 7 x 1.91 = 13.37 degrees (post B). These visual

angles are shown in Figure 2 as A' and B'. Interpolating

from the graph, it can be seen that the visual distance

between the two posts now appears to be 1.07 distance units

or 2.14 ft. The 7-power magnification decreased the apparent

distance between the two objects from 15 ft to 2.14 ft.

Mathematically, this distance can be computed using the

following formula: Dm = Dr x 1/m, where Dm is the

magnitude of the depth interval specified by the geometry of

the optic array under magnification, Dr is the magnitude of

the interval in the real scene without magnification, and m

is the proportion of magnification (Bengston, stergias, Ward,

and Jester, 1980; Farber and Rosinski, 1978). In the example

used above, Dm = 15 ft x 1/7 = 2.14 ft.

Distortions of slant and shape. The optical slant of a

given location on a surface is defined as the angle at which

the line of sight from the station point intersects the
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surface at that location. This is illustrated in Figure 3.

Consider standing at position A with your eye at position E.

As you look down at your feet, the optical slant of your line

of sight is 90 degrees. As you shift your line of sight

farther away from you (points B, C, D) the optical slant

decreases with increasing distance so that ¢B > DC >

¢D•

To understand how the shape of objects changes with

decreasing slant, again refer to Figure 3. This time circles

of equal diameter are placed at the points A, B, C, and D.

As you view the circles at the different locations, they

gradually approach the shape of an ellipse with the long axis

along your line of sight.

Purdy (as reported by Lumsden, 1980) mathematically

defined the change in slant and shape due to magnification.

Qualitatively, under the multiplicative transformation of

magnification, the slant of surfaces within an optic array is

perceived as more frontal and the corresponding receding

surfaces of a form are foreshortened. In Figure 3, this

would mean that under a greater than unit magnification, the

slant of the surface would appear to be more perpendicular to

the line of sight and the form and texture of objects would

be less elongated (in other words they would be

foreshortened).
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Figure 3. From viewing position A, optical slant (¢B,
¢C, ¢D) is shown to decrease with increasing
distance.
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The degree of slant specified by a magnified projection

can be determined from 0m = arctan (m tan 0), where 0 is

the angle of slant in the real plane, m is the degree of

magnification, and 0m is the angle of perceived slant

(Lumsden, 1980 after Purdy, 1958). There are also formulae

which define the corresponding dimensions of objects under

magnification; however, for the present investigation it is

only important to note the visual appearance of

foreshortening under magnification. Figure 4 shows how slant

is modified as a function of focal length for commercially

available 35 mm camera lenses. Note that the magnified slant

is equal to the actual slant for the 50 mm lens.

Distortions of texture density and perspective. The

last two sources of information from the optic array to be

considered are texture density and perspective. Texture

density is defined in Figure 5 (after Gibson, 1950). The

parallel lines represent the density of equally—spaced

textural elements of a continuously receding surface. An

example of this is the view experienced by standing on a

pebbled beach and viewing down the beach through a 50 mm

lens. The textural elements of this scene are projected to

the eye with increasing density in a direction corresponding

to increased distance. When magnification is changed by

viewing through a 200 mm lens, all the visual angles

projected to the eye are enlarged by the 4.0x factor of
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Figure 5. The increase in density of the textural elements
of a continuously receding surface as a function
of increasing distance.
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magnification. Consider only the increase in the visual

angles corresponding to the distance between the textural

elements, the pebbles, or equivalently, the parallel lines in

the "distance" of Figure 5. Because dimensions of the

overall projection to the eye remain unchanged (the

viewfinder does not increase in height and width when lenses

are changed), the increased visual angles result in a

reduction of the density of the projection of the textural

elements by 1/m. The rate of change, or gradient of textural

density, is also reduced by 1/m (Purdy, 1958).

Such a gradient decrease with increasing magnification

can be shown for perspective as well. One way of defining

perspective is illustrated in Figure 6 (modified from

Lumsden, 1980). (It might be helpful to consider the object

to be a very long rectangular table.) In this figure, the

dashed rectangle defines the complete field of view through a

camera viewfinder. The two objects represent the views

created by two different lenses. (The two views have been

overlayed for comparison.) Perspective can be defined as

"the projection of the angle of the intersection of the

frontal horizontal edge [a], with the receding vertical edge

[b] (Lumsden, 1980, p. 104). This angle is represented by

¢p in Figure 6.
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This angle is dependent on the perceived length of a in

relation to the perceived length of c. The perceived length

of these edges (or their corresponding visual angles) are

dependent upon the distance from which they are viewed. The

percentage front-to—back convergence of the rectangular

object in Figure 6 can be considered to be the degree to

which Qp changes from 90 degrees, or by the amount of

change in perceived length from front to back (relative

length of a to c) when viewed from a particular location, or,

more appropriately, station point.

Selecting an arbitrary station point, the scene in

Figure 6 is first viewed through a 50 mm lens. In the

viewfinder, the scene is depicted by the small object in the

center surrounded by an empty field out to the edges of the

viewfinder (the dotted line). Keeping the same station point

and changing the lens to a 200 mm focal length produces the

view depicted by the larger object. Here the object fills

the viewfinder.

It is clear that the perspective (¢p, or the percent

front·to-back convergence) has not changed due to

magnification. This can be proven by comparing the ratio of

c/a to c'/a'. However, the perception of the convergence has

changed. The magnified image tends to be perceived as having

less convergence. This is due to the reduced slant of the
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object under magnification, and the " ...decrease...[in]

...the relative rate per unit area of the projection...with

which the two projected receding edges decrease the relative

distance between them" (Lumsden, 1980, p. 108). The

difference in the perception of front-to-back convergence

depicted in the two objects (due to this rate of change) is

an example of what is meant by natural perspective vs.

apparent perspective.

Summary of magnification. Magnification has been shown

to modify the optic array from the environment to a station

point in very defined ways. Interobject distance has been

shown to be compressed by a factor of 1/m. The slant of a

surface is also decreased by a factor of 1/m. Corresponding

to this decrease in slant is a more foreshortened appearance

of the shape of objects on the slanted surface. There is

also a reduction in the density of the projection of textural

elements by 1/m. Finally, although the natural perspective

of a projected optic array to a given station point is not

changed due to magnification, the resulting apparent

perspective is modified and results in the appearance of a

reduced front-to-back convergence.

Summary of minification. Distortions in the optic array

from viewing through lenses of less than unit magnification

are in the opposite direction of those described above. For
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example, viewing a scene through a 35 mm lens produces a

minified optic array with m = 35/50 = 0.70x. Interobject

distance is exaggerated, slant is less frontal, and shapes

are distorted in the direction of a more extensive receding

dimension. The rate of change of density per unit area of

the image in the viewfinder is increased, as is the slope of

the linear perspective per unit area. All of these effects

are exactly opposite to the effects of magnification.

Effect of Changing Angle of View

It was mentioned above that one of the effects of

magnification is to progressively reduce the amount of the

original scene which is displayed. This reduction first

occurs by just viewing a scene through an optical system.

For example, viewing a scene through a 50 mm lens reduces the

field of view from that of unaided viewing. Increasing

magnification produces a greater degree of truncation, and

although decreasing magnification (< 1.0x) produces less

truncation, it in no way allows for a full reproduction of

the original scene.

In photographie systems, the degree of truncation is

measured by the angle of view of the selected camera lens.

Figure 7 shows the relationship between focal length and

angle of view. Angle of view is seen to be a negatively

accelerated decreasing function of focal length.
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Truncation has been shown to affect the perception of

the information generated from the optic array (Hagen, Jones,

and Reed, 1978; Lumsden, 1980, 1983). Although it is

difficult to separate the effects of magnification and

truncation when viewing through an optical system such as a

camera, these effects have been separated when viewing a

natural scene under various degrees of truncation. Hagen,

Jones, and Reed (1978) had subjects judge the absolute depth

of objects in a simple real (i.e., not pictorial) scene.

Observation was either monocular with no motion, or either

through a 2 mm peephole or a 6.5 x 4.5 cm rectangular

opening. Both methods of truncation of the scene caused

distance perception to be compressed compared with the

monocular view. These authors noted that such distortion of

apparent distance has ordinarily been attributed to the use

of lenses larger than 50 mm (i.e., telephoto compression).

They interpreted their results as supporting the "argument

that all photographs and peepholes will produce a similar

distance distortion to the extent that the foreground from

scene to observer is truncated by image size, frame, or

viewing aperture" (p. 329).

Lumsden (1983) successfully separated the effects of

magnification from the concomitant truncation of the visual

field normally caused by optically produced magnification.

He determined that the increase in truncation provided by
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lenses of 50 mm to 200 mm produced no more increased

compression in the perception of interobject depth than did

the effects of magnification alone. Although truncation has

been shown to not distort interobject depth any further than

magnification, that does not mean that it will not affect

preference.

Magnification of the Photographic Optic Array

The above discussion has described the distortions

produced in an optic array when viewed through magnifying

optics. Examples were provided which illustrate the effects

when viewing through camera lenses of varying focal lengths.

However, what remains to be described are the effects of

magnification on the perception of the optic array reflected

from a photographic print made from the negative image

recorded by a camera.

Gibson's (1971, 1979) theory of picture perception

simplifies this discussion greatly. He stated that a picture

projects the same kind of information to an eye as does the

original scene. However, this correspondence between print

and real world only occurs when the print is viewed

perpendicular to the line of sight at its correct viewing

distance (focal length of taking lens multiplied by the

magnification used to make the print). Deviations in
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distance around this correct viewing point produce the same

distortions in the geometric optic array projected from the

print as were described for viewing the projected array of

the real scene through lenses of less than or greater than

unit magnification. Both optic arrays are affected equally

by the same degree of magnification. That is, the projected

visual angles in the optic array from the print and the real

scene are increased multiplicatively by the degree of

magnification. The difference in the two viewing conditions

is in the manner in which the magnification is produced.

When viewing through a camera lens, increasing

magnification is produced by increasing the focal length of

the camera lens beyond 50 mm; decreasing magnification is

produced by lenses of focal lengths less than 50 mm. When

viewing a photographic print, increases in magnification of

the projected optical array are produced by viewing distances

closer than the correct distance for the specific print, and

decreases in magnification are caused by viewing distances

greater than the print's correct viewing distance.

An example will best illustrate this relationship. The

multiplicative transformation of the optic array caused by

viewing a scene through a 150 mm lens (150 mm/50 mm = 3.0x

the magnification of a 50mm lens), is the same as that which

occurs when viewing a photograph made from a negative image
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which was taken from the same distance with a 50 mm lens, and

then viewing this photograph from a distance only one—third

of the appropriate viewing distance for that specific print.

The only difference is in terms of the degree of truncation

of each magnified image. The scene in the photograph at 3.0x

magnification will contain more of the original scene

(foreground, etc.) than would the view (or corresponding

photograph) produced by the 150 mm lens.

Just as the viewing distance of a print can be used to

increase and decrease magnification, it can also be used to

nullify it. For example, the distortions produced by viewing

a scene through a telephoto lens are cancelled when the

photographic print made from a negative image recorded with

the lens is viewed from its appropriate viewing distance. At

this distance, the print has 1.0x magnification and its

apparent perspective is equal to the true perspective

recorded on the negative. That is, it is truly

representative of the natural perspective of the original

scene viewed by the photographer with his/her unaided eye

from the camera station point.

This relationship is very important to the present

study. If the distortions produced in prints when viewed

from the incorrect distance are perceived negatively, then

prints made such that they are held at the correct



31

viewing distance should be preferred. The effective

magnification of a finished print is seen to be a function of

(1) the focal length of the camera lens used, (2) the

magnification used to produce the print, and (3) the distance

at which the print is viewed in relation to its correct

distance. If it can be assumed that people hold their prints

at a constant viewing distance regardless of print size or

image content, then the focal length of the camera lens and

the magnification used to make the print can be adjusted to

produce a unit magnification of a print when held at this

constant distance.

There are empirical data which indicate such an

assumption to be valid. Zwick (1984) examined the distance

at which people hold hand-held photographic prints in order

to determine how variations in print size and image size

altered this distance. He used a range of image sizes of

about 4x within each print size and a range of print sizes

from 6.3 x 8.9 cm to 12.7 x 17.8 cm (2.5 x 3.5 in to 5.0 x

7.0 in). His technique provided for the unobtrusive

measurement of the distance at which people held the prints

when evaluating them separately for sharpness and quality.

When evaluating the prints for sharpness, the mean viewing

distance was 330.0 mm (13 in.). When his subjects evaluated

the prints for quality, the mean viewing distance for all

prints was 350.0 mm (13.8 in), with a range of less than 10%.
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It is instructive to examine how the effective

magnification of commercially available print sizes changes

as a function of viewing distance and camera lens focal

length. This information will provide an understanding of

what combinations of camera lens focal length and printing

magnification would provide a 1.0x effective magnification at

the common viewing distance of 350 mm. Figures 8 and 9

depict the functional relationship between effective

magnification and viewing distance for several lenses of

common focal length across two print sizes. The print sizes

represent those commercially available from 35 mm film.

Figure 8 depicts the relationship for "3R" prints (3.5 x 5.0

in). The 35 mm negative is enlarged 3.89x for this print

size. Figure 9 shows this relationship for "4R" prints (4.0

x 6.0 in). The negative image to make this size print is

enlarged 4.47x.

Two things are important to note from each of these

figures. One is the effective magnification of prints made

from currently available non-SLR 35 mm cameras. Next is what

camera lens focal length would provide an effective

magnification of 1.0x for each of the two popular print sizes

at the common viewing distance of 350 mm.
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A lens frequently provided on a non—SLR 35 mm camera

ranges in focal length somewhere from 33 mm to 38 mm

(although there are non—SLR 35 mm cameras with zoom or dual

lenses). Referring to Figure 8, note the effective

magnification as a function of viewing distance for the 35 mm

lens (this is the curve second from the bottom). At a

viewing distance of 136 mm, the 3R print has an effective

magnification of 1.0x. This is an extremely close viewing

distance and it is likely that no one holds prints this close

during typical viewing. At the common viewing distance of

350 mm, the 3R print displays an effective magnification of

0.39x. This is equivalent to viewing the original scene from

which the image was derived through a 19.5 mm camera lens

(except for the degree of truncation). The head sizes in a

photograph would be the same as depicted in the scene viewed

through this lens.

At the viewing distance of 350 mm, this 3R print will

display the distortions of minification. Briefly, these are

exaggerated interobject depth, increased slant and more

elongated shape, as well as an increased gradient of texture

density and the perception of a greater degree of

front-to-back convergence per unit area.

Referring to Figure 9, again note the effective

magnification as a function of viewing distance for the 35 mm



36

lens. At a viewing distance of 156.5 mm, the 4R print has an

effective magnification of 1.0x. Although closer to the 350

mm viewing distance than the 3R print, this viewing distance

is still less than one-half of the distance at which prints

are commonly held. When the 4R print is held at 350 mm, it

displays an effective magnification of 0.45x. Again, except

for the amount of truncation involved, this magnification is

equivalent to having viewed the original scene through a 22.5

mm camera lens. This lens would provide the same head sizes

and other relationships which are depicted in the 4R print.

The image in the print would suffer the same kinds of

distortions (but to a somewhat lesser degree) as the 3R

print.

The question remains as to what camera lens focal length

provides an effective 1.0x magnification at the 350 mm

viewing distance for each of the two print sizes. Looking at

Figure 8, the effective magnification for a 3R print viewed

at 350 mm can be determined for each of the camera lens focal

lengths. The curve which comes closest to the 1.0x effective

magnification at a viewing distance of 350 mm is the curve

for the 85 mm lens. This lens would provide a 0.94x

effective magnification. The actual lens focal length which

produces 1.0x effective magnification can be computed using

the formula used to compute the correct viewing distance for

a print. This formula gives focal length = 350 mm/3.89x =
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89.97 or 90.0 mm. A non-SLR 35 mm camera with a 90 mm lens

would provide negative images which, when enlarged 3.89x to a

3R print and viewed at 350 mm, would reproduce the true

perspective of the original scene. One of the purposes of

this study is to determine if such prints are preferred over

those currently available.

This same analysis can be applied to Figure 9 for the 4R

size print. Here, there are two lenses which come close to

producing a 1.0x effective magnification, 75 and 85 mm.

These produce effective magnifications of 0.95x and 1.09x,

respectively. The actual lens required to reproduce 1.0x

magnification is focal length = 350 mm/4.47 = 78.3 mm.

Due to the increased magnification of the large size

print, less camera magnification is required. In order to

obtain the same negative image content as a non-SLR 35 mm

camera with a 90 mm lens, a non-SLR with a 78 mm lens would

have to be used from a closer camera-to-subject distance.

This change in distance means that the natural perspective to

each camera's station point would provide a different true

perspective of the scene. Another purpose of the present

study is to compare the preference for such different

perspectives when the principal subject image size remains

constant. The literature concerning such perspective changes

is discussed next.
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Preference fo; Degrees of Perspective

Unlike the lack of literature concerning magnification

and preference, there are investigations which have

systematically studied the preference for objects having

varying degrees of perspective (Hagen and Elliott, 1976;

Hagen, Elliott, and Jones, 1978; Hagen and Jones, 1978; Jones

and Hagen, 1978). Usually, perspective is defined as the

front—to—back convergence of objects. This convergence is

then manipulated to simulate the view obtained from

increasing distances away from the object. An example of how

front-to-back convergence changes due to increased distance

will be helpful to understanding the literature in this area.

Consider viewing a 1 ft square cube from a station point

such that the front face of the cube is perpendicular to the

line of sight and a back edge is visible. From a viewing

distance of 2x the object size (2 ft), Figure 1 shows that

the front edge of the cube subtends a visual angle of 28.07

degrees. From this 2-ft viewing distance to the front edge

of the cube, the back edge of the cube can be considered (for

the purposes of illustration) to be 3x the object size (3 ft)

away. This back edge subtends an angle of 18.92 degrees.

This means that, from this viewing distance, the cube has a

33% front—to—back convergence. That is, the back edge is

perceived to be 33% shorter than the front edge.
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Now consider viewing the cube from 15 ft (15x the object

size) maintaining the same viewing height and orientation

above the ground plane as obtained when viewing from the

nearer position. At this distance, the front edge of the

cube subtends 3.82 degrees and the back edge 3.58 degrees.

At this increased distance, the view depicts a 6%

front—to-back convergence of the cube. From this position,

the sides of the cube appear to be much more parallel than is

the view from the nearer position.

Reggini (1975) has developed a computer program which

generates and plots line drawings of 3-dimensional objects

(such as the cube above) as they would appear from various

views; that is, with different degrees of front—to-back

convergence. This technique allows the development of a

"family" of perspectives for a given object. Each member

within a family is designated individually by an index number

between 0.0 and 1.0. The lowest value represents the true

linear perspective representation of an object viewed from a

specific station point. The highest value results in a

parallel projection of the object (i.e., no front—to-back

perspective convergence). This technique has been adapted by

many researchers in the study of preference for various

perspectives.
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Hagen and Elliot (1976) were the first to use Reggini's

(1975) method to study preference for perspective. In a

series of experiments, line drawings of various 3-dimensional

objects which varied in degree of perspective convergence

from linear to parallel were observed under three

conditions: (1) an arbitrary station point, (2) at correct

station points, and (3) with unconstrained view. Subjects

were asked to rank the drawings from the most to least

natural and realistic looking picture.

Hagen and Elliot (1976) used seven sets of six pictures,

each of which was created by Reggini's (1975) system using a

computer and plotter. Index values of 0, 0.2, 0.4, 0.6, 0.8,

and 1.0 were used for the six pictures in all seven sets.

These pictures are shown in Figure 10. Sets A and B are both

pictures of cubes; sets C through G are pictures of

pentagonal solids. Each picture set represents the solid

objects as seen from a different viewpoint (station point).

Regardless if the pictures were viewed monocularly or

binocularly, from arbitrary or correct station points, or

with totally unconstrained view, picture sets C, D, E, and F

always had the same pattern of rankings. Patterns of

preference for these sets indicated that the view depicting

traditional linear perspective (index = 0) was ranked as

having the least natural and realistic looking degree of
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perspective, whereas the parallel perspective views were

ranked as the most natural and realistic looking. The order

of preference from most to least natural and realistic was in

the same order as was the degree of convergence series from

parallel perspective to linear (natural) perspective.

Under the unconstrained viewing condition, set A was

shown to produce the same effect as sets C, D, E, and F. Set

B produced either no effect or a perspective relationship in

the exact opposite direction from the other sets. Set G

routinely indicated no preference for any perspective.

Hagen and Elliott (1976) selected only sets A, C, D, E,

and F for an analysis to determine if they could define

characteristics of the stimuli which covary with a specified

degree of preference. They first translated the index

numbers into percentages indicating front-to—back

convergence, with front-to-back referring to the near-far

dimension with respect to the station point. (They do not

actually mention how this was done. They do say that their

percentages are "... at best but a rough estimate subject to

reproduction and measurement error, averaged over multiple

ratios of back faces to front faces, far edge to near, across

many different station points" (p. 487).)
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From this translation, an index of 1.0 means parallel

convergence. On the average, their subjects preferred this

parallel perspective 54% of the time. An index of 0.8 is

approximately a 7% degree of perspective convergence and was

preferred, on the average, 21% of the time. The other index

numbers fell below chance preference rates. This was true

even for the linear perspective view, which represented what

the objects look like if the object instead of its picture

were viewed. (Before subjects viewed the pictures, they were

shown and allowed to handle the 3-dimensional objects which

served as models for the picture sets.)

From this analysis, Hagen and Elliott (1976) were able

to show that 75% of the time their subjects selected pictures

with a degree of convergence of not more than 7% as being the

most natural and realistic looking. Due to the averaging

techniques, these authors believed a 10% front—to-back

convergence better represented their subjects' preferences.

They indicated that a 10% front—to-back convergence is

obtained for cubes when the cube is placed with a front face

at a distance approximately equal to 10 times its size. In a

similar fashion, a 10% convergence is obtained for the

pentagonal solids when the edge of any face is placed at such

a distance. In both cases, the size of an object is defined

as its greatest front—to-back dimension.
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Using this definition of size, Figure 1 can be used to

show that at a viewing distance of 10x an object's size, the

front-to—back convergence is approximately 10%. The front

edge of a 1-ft square cube when viewed from 10 ft subtends

5.7 degrees. The back edge, when viewed from this same

position, can be considered to be 11 ft (11x the object size)

away and subtends 5.2 degrees. This difference (5.7 - 5.2)

of 0.5 degree represents a 10% front-to—back convergence.

Hagen and Elliott (1976) concluded that all objects can

be considered to have a rough size "...computed as the mean

of their various dimensions along a generalized near-far

axis, and that to look natural, any picture must be taken,

painted, or drawn at a distance at least 10 times this mean

size" (p. 488). They termed this preference for minimal

perspective the "zoom effect." They did not predict whether

the zoom effect would hold for pictures of other objects or

pictures of the natural environment recorded with a camera.

Hagen, Elliott, and Jones (1978) continued the

investigation of the zoom effect by applying information

gained about picture perception from studies dealing with the

manipulation of magnification by varying the viewing distance

of photographic prints. When magnification is manipulated in

this manner, the perceptions of the transformed optic array

from the picture are not always veridical with the
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distortions of the pictured space described above (Farber and

Rosinski, 1978; Rosinski and Farber, 1980). Distortions of

the perceived space are perceived most often when the

photograph is viewed monocularly and the view is limited only

to the photograph (i.e., subjects are not aware of the scene

being a photograph) (e.g., Purdy, 1958; Schlosberg, 1941;

Smith and Gruber, 1958; Smith and Smith, 1961).

The fact that distortions are not perceived in all

pictures when viewed from incorrect station points has

prompted the belief in a compensation mechanism of pictorial

perception (Farber and Rosinski, 1978; Rosinski and Farber,

1980; Rosinski, Mulholland, Degelman, and Farber, 1980).

Hagen (1976b) emphasized that such a compensation mechanism

may be triggered by the visible flat pictorial surface

available in free viewing situations. The flat surface

information is available through the head motions of the

observer, binocular vision, and perceptions of the surface

texture of the picture. This flatness information is in

conflict with the perspective and other gradient information

available in the picture which gives the perception of

depth. This conflict in pictures has been termed the

dual-nature of picture perception (Hagen and Glick, 1977).

Hagen, Elliott, and Jones (1978) believed that this

flatness information may, in addition to triggering a
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compensation mechanism, be responsible for the preference for

parallel vs. linear perspective. The purpose of their study

was to remove the flat surface characteristics from pictorial

stimuli in order to enhance the perception of depth in the

pictures and make them more comparable to depth perception in

real scenes. In order to accomplish this, they presented

stimuli made from luminous paper to observers who viewed them

monocularly under ultraviolet light. They then selectively

added surface characteristics through the addition of

binocularity, head motion, and stimulus presentation under

white light which allowed the surface texture to be

perceived.

Three experiments were performed. The stimulus pictures

which were used were sets D and F from the Hagen and Elliott

(1976) study. The pentagonal drawings consisted of the

original black—and·white drawings and identical shapes made

from luminous strips of paper 2 mm wide glued to black

construction paper. In the first experiment, 20 different

subjects viewed the stimuli in each of three conditions:

black-and·white line drawings viewed under fluorescent light;

luminous pictures viewed under fluorescent light; and

luminous pictures viewed under ultraviolet light.

The pictures within each set in all three conditions

were presented to a subject in the following combinations
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(the numbers represent index numbers described by Reggini

(1975)): (1) 0.0, 0.4, 0.8; (2) 0.2, 0.6, 1.0; (3) 0.0,

0.2, 0.4; (4) 0.6, 0.8, 1.0. This presentation allowed the

subject to view three degrees of perspective within each

combination: one toward linear perspective, one toward

parallel perspective, and one in between. In each triplet, a

subject's task was to judge which picture was the most

natural and realistic looking of the three. View was

monocular, at the correct station point, and the line of

sight was perpendicular to the picture.

The analysis of the data indicated that the luminous

stimuli and the original line drawings produced similar

preferences when viewed under white light. In both sets of

stimuli, the linear perspective drawings had a significantly

lower mean preference than the more parallel perspective

drawings. However, when mean preference for the luminous

drawings under white light were compared to those under

ultraviolet light, the pattern of preference was different.

In these conditions, linear perspective was preferred more

frequently under ultraviolet than white light, and parallel

perspective was preferred less often under ultraviolet than

under white light. Furthermore, none of the three mean

preferences under ultraviolet light (linear, middle,

parallel) differed.
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Hagen, Elliott, and Jones (1978) concluded that when

texture information for the flat surface of the pictures was

removed, the zoom effect (preference for minimal perspective)

was not evident. Under no texture information, (i.e., no

information that the picture was a picture) there was no

preferred perspective. In experiments 2 and 3 of their

study, these authors investigated the effect of flat surface

information produced by monocular motion parallax and

stationary binocular parallax. Monocular motion parallax

restored the preference for parallel perspective, binocular

parallax did not.

Why should people, when aware that they are viewing a

picture, tend to prefer a more parallel perspective in that

picture rather than a more realistic portrayal? Hagen,

Elliott, and Jones (1978) theorized that it may be due to a

developmental learning effect. Hagen and Elliott (1976)

noted that artists since the Renaissance have modified

perspective according to the zoom effect principle. There is

evidence that artists modified perspective as a procedure for

correcting the distortion created by observation from the

wrong station point. Leonardo da Vinci gave the following

instructions to painters:

And if you will not, or cannot act on this principle

[observation from correct station point]——because as
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the plane on which you paint is to be seen by several

persons you would need several points of sight which

would make it look discordant and wrong--place

yourself at a distance of at least ten times the size

of the objects (From Richter, 1970, p. 272).

It may be that the more natural appearance of objects

which are drawn in a more parallel perspective is due

entirely to frequent exposure to pictures created in the

tradition described by Leonardo. That is, people learn how

pictures "should" appear by viewing art and other forms of

representation which have been given parallel perspectives

so that they can be viewed from a variety of station points

without perceived distortions.

Hagen and Jones (1978) tested to see if this

developmental theory of the zoom effect was valid. They

believed that the zoom effect and the ability to compensate

for distortion may both be dependent on experience with

Western—style post—Renaissance pictures. That is, the zoom

effect preference for modified (more parallel) perspective

should be acquired as experience with Western pictures

increases. There are data which indicate that three- to

four—year—old children tend to treat pictures as if the

things pictured were 3-dimensional objects in ordinary space

(Benson and Yonas, 1973; Hagen, 1976a). The purpose of
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their study was to test for developmental change in the

patterns of preference while controlling for the station

point used in viewing.

To accomplish this, Hagen and Jones (1978) used the

line drawings in sets D and F used by Hagen and Elliott

(1976). They used the triplet presentation of pictures used

by Hagen, Elliott, and Jones (1978). Subjects viewed the

pictures monocularly through a peephole at the correct

station point for the linear perspective pictures. Three

groups of subjects viewed the stimuli: adults, six·year—old

children, and four—year-old children. Again, subjects were

asked to select the one member of each triplet which

appeared the most natural and realistic.

The results are presented in Figure 11. Adults

selected the more parallel perspective picture as most

preferred significantly more frequently than the other two

perspectives. Four·year-old children preferred the more

linear perspective picture than either of the other two.

Six-year—old children seemed to be in a transition between

these two patterns with no degree of preference for one

perspective over another. Hagen and Jones (1978)

interpreted these results as being supportive of the

developmental hypothesis.
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Figure 11. The percent preference for linear, middle, and
parallel perspective as a function of age. View
was monocular from the correct station point.
From Hagen and Jones (1978).
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Hagen and Jones (1978) performed a second experiment

to determine what preference for perspective would be

obtained for the three age groups when stimuli in sets A, C,

D, E, and F were presented in an unconstrained viewing

situation. In this situation, none of the perspective views

appear isomorphic to the actual objects. It was

hypothesized, therefore, that four—year-old children would

exhibit no consistent preference because none of the objects

appeared as they did in the real world. Figure 12 shows

that this hypothesis was true. Adults and six—year-old

children exhibited the same preference for the more parallel

perspective. Hagen and Jones (1978) concluded from the

results of both experiments that the zoom effect may indeed

be a developmental phenomenon.

The results of the studies dealing with preference for

perspective are important to the present study in two ways.

If the zoom effect carries over to photographs, it means

that people would prefer images taken from a greater

camera—to-subject distance with a longer focal length lens.

Such views of scenes should be included in the present

study. However, if the developmental aspects of the zoom

effect transfer to photographic images, then preference may

be driven by what people have experienced most in the past.
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Figure 12. The percent preference for linear, middle, and
parallel perspective as a function of age. View
was binocular and unconstrained for distance.
From Hagen and Jones (1978).
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The 3R and 4R prints described in the preceding

section are the most common prints received by users of

non—SLR 35 mm cameras. It was shown in that discussion that

the image sizes and apparent perspectives in those prints

are not very indicative of the true perspective of the

original scenes. In fact, they are in exact opposition to

the zoom effect. Scenes displayed in these photographs

represent an exaggerated linear perspective. It is

important that these photographs be compared to photographs

which are more representative of the true perspective of the

real scene.

The perspective literature described so far has dealt

with controlled perspective views of simple line drawings of

3-dimensional objects. It is difficult to generalize the

preferred perspective for pictures of more realistic (real

world) objects. Hagen (1976) reports a study in which she

used more "ecologically valid" pictures. Color photographs

of ordinary objects like step stools and picnic baskets were

recorded at increasing camera—to-subject distances to

provide changing degrees of perspective. Hagen does not go

into detail about this study saying only that the results

were the same as shown in Hagen and Elliott (1976). That

is, preference was shown for minimal perspective

convergence.
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Hagen (1986) did note that the formula for the zoom

effect (a pictured object must be photographed, painted, or

drawn at a distance at least 10x as great as the objects'

rough front-to-back dimension) applies only to objects that

are roughly cubical. For more realistic objects, like

chairs, tables, etc., the preferred convergence is

necessarily greater. The reason for this is because these

objects have longer orthogonal axes which extend into the

picture plane. She recommended that convergence be

determined for these objects by breaking the object into

square segments:

For example, consider a box four times as long as it

is wide. Were it a cube, the preferred convergence

would be about 10 percent from the front to back. The

rule cannot be the same for a long rectangular box, or

its picture could not be distinguished from that of a

cube. So the preferred convergence is approximately

10 percent from the front of the box to the point that

is roughly as far along the box as the front is wide,

that is, it constitutes the first square subsegment of

the box top (p. 93).

She concluded that based on this definition of convergence,

the preferred convergence for the more realistic objects was

preferentially minimal but not totally parallel (i.e., not

0).
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Eresen; §tudy

Overview. The preceding review of the literature has

defined the main purpose of the present study. The

objective is to determine the relationship, in terms of

degree of preference, for images created with different

degrees of magnification and varying true perspectives. In

order to accomplish this, each of the scenes used was

recorded with the combinations of camera lens focal lengths

and camera-to—subject distances shown in Figure 13. These

combinations simulate the views a person would see when

standing at the real scene and viewing through lenses of

different focal lengths. In order to get a fixed amount of

the scene in the viewfinder with the longer focal length

lenses, a person would have to back away from the scene;

the opposite would be true for the shorter focal length

lenses. The 36 combinations will be used to determine what

lens/distance combination would be preferred if people had

their choice.

The camera lens focal lengths shown in Figure 13

represent those required to reproduce the range of effective

magnifications discussed above for 3R and 4R prints. That

is, they reproduce what is commonly available and bracket

1.0x effective magnifications. The constant, standard
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Figure 13. Combinations of camera lens focal lengths and
camera—to-subject distances used to record each
scene.
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viewing distance of 350 mm (Zwick, 1984) can be used to make

the definition of these effective magnifications possible.

The camera-to-subject distances vary according to the

scene being recorded. However, there is a constant

relationship among the distances for a specific scene. This

relationship revolves around a reference distance (D) for

each scene. This reference distance is determined by

viewing the scene through the 50 mm lens and varying the

camera-to-subject distance until the main subject(s) in the

scene appear(s) to be well—cropped. (Although it may be

argued as to what a "well-cropped" scene may represent,

there are data which indicate the modal camera-to-subject

distances which people actually use when recording various

scenes. These data are based on images recorded with

non—SLR 35 mm cameras fitted with a lens in the range of 35

to 38 mm. This information, along with the expertise of a

professional photographer, helped to ensure the

generalization of this reference image.) The 50 mm lens is

used to determine the reference distance because it provides

an approximately 1x magnification of the viewed image.

The other distances vary around this reference

distance in direct proportion to the degree of magnification

provided by the other lenses. For example, the 70 mm lens

provides 70 mm/50mm = 1.4x the magnification of the 50 mm
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lens, so that one of the distances used was 1.4x the

reference distance of the 50 mm lens. Carrying this example

through for all of the lenses produces the distances defined

by the following formulae (D3 is the reference distance of

the 50 mm lens):

D1 = (0.56) x D3

D2 = (0.70) x D3

D3 = Reference

D4 = (1.4) x D3

D6 = (2.1) x D3

The 36 images for each scene were produced by setting

the camera at each of these distances and recording an image

with each of the camera lens focal lengths. When this is

done correctly, all of the images on the left—right diagonal

of Figure 13 have the same principal subject image size.

However, these images vary in true perspective caused by the

changes in natural perspective brought about by changes in

the camera-to—subject distances. In other words, they vary

in degree of perspective convergence.

To illustrate further how images recorded in this

manner vary, consider only those images taken from distance

D1. When 3R size prints of these images are viewed at
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350 mm, the change in focal length produces changes in the

effective magnification of the print. This effective

magnification changes from 0.31x to 1.17x. However, the

amount of the image recorded also changes corresponding to

the decreasing angle of view provided by the increases in

magnification. These trade-offs can be compared when

subjects are asked to state their degree of preference for

prints made with the different lens/distance combinations.

This information provides for the complete definition of

the effects of magnification and true perspective changes

(i.e., changes in percent convergence) in terms of

preference. These are the comparisons of major importance to

the present study.

In the review of the literature concerning preference

for perspective, it was determined that there was a lack of

information regarding the study of perspective preferences

for photographs of realistic scenes. Considerable research

has been carried out with line drawings of 3·dimensional

objects. In addition, Hagen (1986) briefly reported the

results of a study using pictures of stools, picnic baskets,

etc. The present study provides an opportunity to extend

this knowledge base to photographs which are more

representative of the natural environment.
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The stimuli created for this study can be used to test

for the preference for varying perspective views of the same

scene. As shown in Figure 13, all of the images on the main

diagonal (from the upper left to the lower right corner) have

the same principal subject image size. However, because each

image on the diagonal is recorded from a different

camera-to-subject distance, they differ in true perspective.

This relationship provides many images which can be compared

to determine preference for perspective.

Selection of a method. The past methods used to study

the effect of magnification and perspective have been quite

varied. The magnification studies have usually dealt with

some measure of performance, such as estimation of

interobject distance or the angle of slant of the picture

plane. As described above, preference for perspective

studies have had subjects choose the "most natural and

realistic looking" stimuli from among three alternatives or

rank order several stimuli from most to least realistic.

The goal of the present study is to simulate images

which represent alternative combinations of focal length and

camera—to—subject distance which would be possible with the

non-SLR 35 mm cameras of interest. From these images, people

will select the ones they like the most. Specifically, the

print(s) selected should be the one(s) which an individual
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would prefer to have as his/her own print(s) (i.e., the one

he/she would have taken if at the original scene with a

camera capable of using the 28-105 mm range of camera lens

focal lengths). It may be that the most preferred print is

not the most realistic record of the original scene. What is

desired then is to obtain how the pattern of preference

varies for the prints created using the different

combinations of camera lens focal lengths from various

camera-to-subject distances.

Data must be collected using a technique that allows the

interaction between camera lens focal length and

camera-to-subject distance to be determined. This two-way

interaction is depicted in Figure 13. Assessing the

interaction between these two variables is one of the major

purposes of this study.

In addition, the data must be similiar to print

evaluation data used in the modeling of camera systems.

There is a need to expand these models to include information

concerning magnification and perspective. The modeling

techniques used require the use of ratio scale data so that

the relative strengths of preference among the variables of

interest can be obtained.
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In order to ensure that the data gathered in the present

study satisfy the above criteria, the psychophysical

technique of magnitude estimation is used to assess the

degree of preference for the prints. This technique has been

developed to provide ratio data and has been used with

success in a variety of contexts (Stevens, 1975).

While magnitude estimation is useful in defining the

interaction between focal length and camera—to-subject

distance, it may not be sensitive in assessing the subtle

changes in perspective depicted on the prints in the main

diagonal of Figure 13. The method of pair comparisons is

best for obtaining the preference for subtle differences such

as this (Guilford, 1954). Comparisons are made within a

scene of all possible pairs of the prints on the main

diagonal. These comparisons generate a set of frequency data

indicating the number of times each print is preferred over

every other print.

In addition to assessing preference for the various

perspectives, it is also required that some measure of the

degree of preference among the prints be obtained. That is,

is print A twice as preferred as print B, etc? This requires

the development of a ratio scale of preference. The

constant-sum method as described by Guilford (1954) and Ekman

(1958) can be used to estimate these ratio values. This
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technique is used in a pair comparisons paradigm. It is

simple in that the subject is required only to divide 100

points between each pair of stimuli in a way which represents

how much one is preferred over another. This method has been

used with success in the past to determine the esthetic value

of stimuli (Ekman and Kunennapas, 1962a; 1962b; 1963).

The above objectives were satisfied in three

experiments. In Experiment I, preferences for the various

views of four different scenes were assessed for the 3R print

size. In Experiment II, these preferences were determined

for the 4R print size. Finally, in Experiment III the

preferences for true perspective were determined using the

prints on the left-right diagonal of Figure 13.



EXPERIMENT I

Method

Subjects. Fifteen males and fifteen females

participated. They were selected from the Human Factors

Subject Database of Eastman Kodak Company employees. The

criteria for selection were non—SLR 35 mm camera users who

use mainly color negative film and use a minimum of five

rolls per year. These subjects were representative of actual

users of non-SLR 35 mm camera systems.

Subjects were screened to ensure they had normal near

(350 mm) contrast sensitivity and normal color vision.

Contrast sensitivity was assessed using the near chart of the

Vistech Contrast Sensitivity Test. Subjects passed this

requirement by falling within the 90% population limits

defined by this test. Congenital color vision defects were

screened for using the Standard Pseudoisochromatic Plates

(SPP).

Scene selection. Ideally, it would be best to use all

possible scenes which someone may record with a non-SLR 35 mm

camera. However, this degree of coverage is obviously

impossible. What is needed is a representative sample of the

kinds of scenes people record most often. What needs to be

avoided are scenes which are not "natural" and may bias the

results.

65
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There are data which indicate the frequency with which

scenes of a specific content are recorded by users of non-SLR

35 mm cameras. This information gives the frequency with

which people record indoor vs. outdoor scenes, 1 person vs. 2

people, etc. Given this information, and considerinq the

practical constraints imposed on the present study, the

following four scenes were selected:

Living room, one person, flash. This scene is of one

person in a typical home living room taken with an on-camera

flash. The reference distance for this scene was 5.0 ft.

For the purposes of the present study, the background

contained common objects such as a sofa, tables, lamps,

vases, windows etc., as opposed to a flat wall background.

These common size objects helped to emphasize the changes in

true perspective. The person in the scene provided a

reference head size which showed the effects of

magnification.

Magnification only scene. This scene was one person

sitting on a grassy slope. The reference distance for this

scene was 5.0 ft. The background contained only a gently

upward sloping grassy hill. This scene was included in an

attempt to determine the effects of magnification without the

perspective changes shown in the other scenes.
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Restaurant, four people, sunlight. This scene is a

covered outdoor patio at a restaurant. The reference

distance for this scene was 10.0 ft. It contains common

objects such as dishes, tables, chairs, walls, windows, etc.

Again, these objects were included as references to changes

in perspective and the people provided head size references.

Picnic, four people, sunlight. This typical scene is

outdoors in a grassy area with trees, bushes and a lake in

the background. The reference distance for this scene was

11.0 ft. Typical picnic equipment such as ice chests,

grills, and recreational equipment were included.

The above scenes represent different subject content,

lighting conditions, and reference distances so as to provide

a wide variety of scenes. The flash picture was taken to

simulate an on-camera flash. However, the background was

illuminated more than an on-camera flash would provide. All

the scenes were set up and recorded so that there was no

ambiguity as to what the main subject of the scene was

supposed to be.

Camera system and film. The negative images of each of

the four scenes were recorded with a Nikon F 35 mm camera on

Eastman Kodak Kodacolor Gold 100 film. The lenses used were

those shown in Figure 13 (28 mm, 35 mm, 50 mm, 70 mm, 85 mm,
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and 105 mm). Each of these six lenses was used at each of

the six distances shown in Figure 13. This process provides

a total of 36 images per scene. Representations of the 36

images for each scene are shown in the photographs in

Appendix A.

Exposure was determined by simulating the automatic

exposure program of the Canon Sureshot (a popular non-SLR 35

mm camera) for a given light level. This exposure was used

for each of the 36 images recorded for one scene. Using the

same f—number for each of the lenses allows depth of field to

vary naturally with the focal length of the lens. This was

done in order to mimic the depth of field achieved with a

non-SLR 35 mm camera fitted with a specific focal length

lens. For example, a non-SLR 35 mm camera with an 85 mm lens

would have less depth of field than a non-SLR 35 mm camera

with a 28 mm lens when both lenses use the same diaphragm

opening.

The indoor picture which used flash had similar

depth-of-field controls. The f—number used for a specific

scene remained the same regardless of camera

(flash)-to-subject distance through the use of a variable

power flash. This flash allowed the output to be varied in

1/3 f-stop increments.
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Creation of prints. Each of the 36 images per scene was

enlarged and printed to a 3R size print. All prints were

produced on the Kodak Model 312 printer. The magnification

for the 3R size print was 3.89x. Printing was carefully

controlled to ensure the same tone reproduction and color

balance for each of the 36 images for a specific scene.

All prints were mounted on grey cards with a reflection

density of approximately 0.50. The 3R size prints were

centered on grey cards 6 in x 8.5 in (H x W); this ensured

the proper viewing surround (ANSI, 1985). The four scenes

with 36 prints per scene provide a total of 144 prints.

Viewing apparatus. All visual tests and prints were

viewed in a MacBeth Standard Viewer Model R—240 equipped with

General Electric Chroma 50 fluorescent tubes. This viewer

fits on a 2 ft x 4 ft table top. It produces an even

enclosed illumination of 1,015 lux with chromaticity

coordinants of x = 0.3502, y = 0.3648 (color temperature 4851

degrees Kelvin).

Under this illumination, the 6 in. x 8.5 in. grey cards

on which each print was mounted reflect a luminance of 116.1

cd/mz with chromaticity coordinants of x = 0.3497, y =

0.3643 (color temperature 4869 degrees Kelvin). The

remaining area surrounding this grey card was covered with a
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neutral grey paper which reflected a luminance of 123.2

cd/mz with chromaticity coordinants x = 0.3516, y = 0.3635

(color temperature 4794 degrees Kelvin). All lighting

measurements were taken with a Photo Research

Spectroradiometer.

The Standard Viewer was equipped with a padded forehead

rest. This forehead rest was adjusted and fixed so that an

average viewing distance of 350 mm could be maintained for

all subjects. An adjustable height chair was used to account

for the individual variations in each subject's sitting

height. The surface on which prints are placed in the

Standard Viewer is sloped back away from a person viewing the

prints. This ensures that when a subject is in position,

his/her line of sight is perpendicular to the center of the

print surface.

Procedure. Two one-hour sessions were required for each

subject. During each session, a subject viewed and evaluated

two scenes. In order to control for order effects, all

possible orders of the four scenes were used. There are 24

unique orders in which the four scenes could be presented.

Since there were 30 subjects, six orders were duplicated at

random from these 24 unique orders to form a total of 30

scene presentation orders, one for each subject. Within each

scene, the order in which the 36 prints were presented was

randomized for each subject.
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At the beginning of the first session, each subject was

seated at a table away from the Standard Viewer. The subject

was then given a brief summary of the experiment. Subjects

were told that they would be presented with several prints,

one at a time, and asked "how pleasing they found the

composition of each print." Composition was then defined by

showing a set of nine "practice prints" to the subject.

(Pilot work indicated that asking subjects to make judgements

of composition was easy for them to do, especially after

having been shown the practice prints. Judgements of

composition include changes in image size and the arrangement

of the scene (i.e., background changes due to changes in

perspective). In this manner, subjects were responding to

changes in magnification and perspective without being

specifically asked to do so.) These practice prints were of

one person seated at a table at an outdoor restaurant. The

pictures were 3R size prints of images recorded with three

lenses (28 mm, 50 mm, and 105 mm) from three distances (2.8

ft, 5.0 ft, and 10.5 ft). These prints represented the

extremes and midpoint magnifications which were used in each

of the scenes the subject would be asked to evaluate. After

the experimenter was sure the subject understood what was

meant by composition, the subject was asked to read and sign

a consent form (see copy in Appendix B).
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The subject was then asked to move to the adjustable

chair in front of the Standard Viewer. The chair height was

adjusted so that the subject could view the prints

comfortably from the correct distance. The subject's vision

was then screened using the Vistech and SPP tests which were

placed in the Standard Viewer.

After completing the visual tests, the subject was given

a sheet of instructions detailing the procedure to be used in

the evaluation. The experimenter read the instructions aloud

while the subject followed along. The subject was encouraged

to stop the experimenter and ask questions. The instructions

were as follows:

I have a number of prints which I would like to show to you.
I will present the prints individually and ask you to rate
them on how pleasing their composition appears to you. By
composition I mean the arrangement of the scene within the
print. Before I ask you to rate the prints individually, I
will show you all of the prints you will be viewing so that
you will have a good understanding of what I mean by changes
in composition. All of the prints you will be viewing will
be of the same scene. It is important that you remember what
the scene is when you are making your evaluations.

I would like you to tell me how pleasing the composition of
each print appears to you by assigning numbers to the
prints. Give the first print I present to you any number
which seems appropriate. Then assign successive numbers to
the remaining prints in such a way that the numbers reflect
your impression of how pleasing the composition of the scene
appears to you. There is no limit to the range of numbers
that you may use. You may use fractions, whole numbers, or
decimals, but please make each number assigned to a print
proportional to how pleasing you find the composition. This
means that larger numbers represent a more pleasing
composition and smaller numbers represent a less pleasing
composition. Please do not assign zero or negative numbers.
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When making your evaluations of the prints, please disregard
any dirt or scratches which may be apparent, as well as any
changes in facial expressions (such as eyes closed/open,
smiling/not smiling, etc.).

Before we begin, I will give you practice viewing all of the
prints you will be judging so that you will understand how
the composition of the scene is changing.

Do you have any questions?

Once the instructions had been completed and all the

subject's questions answered, the practice prints were again

presented "informally" to the subject. This presentation

was accomplished by flipping through the stack of prints one

at a time in the order in which they would be presented for

evaluation. The experimenter asked the subject to look at

the prints and to be thinking what numbers he/she might use

to describe how pleasing the composition of each print

appears, and to note the range of change in composition.

These practice prints were then presented one at a time in

the Standard Viewer with the subject in position at the

forehead rest. The subject reported a number to the

experimenter for each print. Again, the subject was

encouraged to ask questions. Once the subject's questions

had been answered and he/she felt comfortable with the task,

the actual evaluation began.

The first scene was described to the subject and

presented in the same "informal" manner as the practice

scene had been. Each print was then presented individually
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in the Standard Viewer with the subject in the proper

viewing position. The subject's response was recorded by

the experimenter. After all 36 prints of the first scene

had been presented, the subject was given a short break

before the next scene was presented. The second scene was

then presented in a manner identical to the first. The end

of this presentation ended the first session.

At the beginning of the second session the instructions

were reviewed with the subject and his/her questions

answered. The first and second scenes for this session were

then presented in the same fashion as the first session.

After the subject had viewed all the prints for this session

he/she was then debriefed and thanked for his/her

participation.

Results and Discussion

In order to analyze the magnitude estimation data, they

must be adjusted so that subjects' responses lie on a common

scale. This rescaling was performed on a scene by scene

basis. First, the geometric mean of the data for a given

scene was computed. Next, the geometric mean of each

individual subject's data was computed and the difference

between each subject's mean and the overall grand mean was

determined. Each subject's difference was then added to
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his/her responses. This makes each individual subject's

grand geometric mean the same. All further analyses were

performed on this rescaled data.

Living room, one person flash scene. The magnitude

estimation data for this scene were analyzed with a 2 x 6 x

6 (Gender x Distance x Focal Length) analysis of variance.

The results of this analysis are shown in Table 1. As can

be seen from this Table, there were main effects of Focal

Length and Distance. These main effects are shown in

Figures C1 and C2, respectively, in Appendix C. The

Distance x Focal Length and Gender x Distance x Focal Length

interactions were also significant. The Distance x Focal

Length interaction is shown in Figure C3 in Appendix C.

In order to better understand the three-way interaction

of Gender x Distance x Focal Length, simple—effect F tests

were performed separately for each level of Gender. For the

female subjects, this analysis showed significant effects of

Distance (F (5, 140) = 4.55, p < 0.01) and Focal Length (F

(5, 140) = 3.40, p < 0.01). The Distance x Focal Length

interaction was also significant (F (25, 700) = 2.53, p <

0.01). This interaction is shown in Figure 14.

For the male subjects, the simple—effect F tests

indicated significant effects of Distance (F (5, 140) =
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Table 1

Analysis of Variance Summary Table for the Living Room Scene -

3R Print Size

Source df MS F p

Between Subjects 29

Gender 1 51.18 1.78 0.1923
Subjects/Gender 28 28.68

Within Subjects 1050

Focal Length 5 243.01 7.68 0.0001
Gender x Focal Length 5 40.54 1.28 0.2754
Focal Length x
Subjects/Gender 140 31.64

Distance 5 148.30 4.68 0.0006
Gender x Distance 5 74.14 2.34 0.0446
Distance x Subjects/Gender 140 31.66

Distance x Focal Length 25 89.43 7.92 0.0001
Gender x Distance x
Focal Length 25 19.17 1.70 0.0185

Distance x Focal Length x
Subjects/Gender 700 11.29

Total 1079
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2.48, g < 0.05) and Focal Length (F (5, 140) = 5.57, p <

0.001). The Distance x Focal Length interaction was also

significant (F (25, 700) = 7.09, p < 0.001). This

interaction is shown in Figure 15.

The pattern of the overall change in rating and slope

across Focal Length as depicted in Figures 14 and 15 is

interesting to note qualitatively. As depicted in Figure

14, the female subjects exhibited a relatively flat response

to the images recorded with the 28 mm and 35 mm lenses. In

contrast to this, these same subjects showed an overall

increase in mean rating for the images recorded with the

lenses 50 mm and above as distance was increased. For these

lenses, once a maximum rating was given the curves tend to

flatten out. The male subjects showed a somewhat different

response. In Figure 15 it can be seen that the curves for

the 28 mm to 70 mm lenses show a somewhat negative slope.

The curves for the 85 mm and 105 mm lenses show that once a

maximum rating was acheived, the ratings then decreased.

These varied patterns for both genders indicates the

importance of looking at all possible comparisons of Focal

Length and Distance.

The Distance x Focal Length interaction represents 36

unique combinations of these two variables. For the

purposes of this study, it is important to understand how

these combinations affect ratings of pleasantness for each
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print of this scene. This can be determined by applying a

Newman—Keuls multiple comparison test to the 36 mean ratings

which represent the Distance x Focal Length interaction. The

results of this test are shown in Table 2 for the females

and Table 3 for the males. Before these results can be

interpreted, further explanation is required.

Also shown in Tables 2 and 3 is the relative

magnification provided by each combination of focal length

and distance. These magnifications were determined by

defining the image size recorded from the reference distance

with the 50 mm lens as having a magnification of 1.0x. This

image is represented in Figure 13 as the cell corresponding

to the 50 mm lens used at the reference distance. The

change in image size for the remaining 35 images were then

taken relative to this 1.0x magnification.

These relative magnifications can either be computed

based on changes in distance and focal length or actually

measured from each print. It was decided to take actual

measurements from each print because this would account for

changes in the focal length of each lens due to its focus

setting for a specific distance. These relative

magnifications can then be used to help determine

minimum/maximum magnifications for a given scene. The

relative magnifications for this scene are shown as a

function of Focal Length and Distance in Figure 16.
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Table 2

Results of the Newman-Keuls Analysis of the 36 Means for the

Living Room Scene - 3R Print Size - Females

Relative Mean
Focal Length Distance Magnification Rating

50 mm 7.0 ft 0.69X 13.56 A
70 8.5 0.88 13.51 A
70 10.5 0.69 13.07 A B
70 7.0 1.04 13.00 A B
50 5.0 1.00 12.70 A B
50 10.5 0.44 12.65 A B
50 8.5 0.60 12.62 A B
85 7.0 1.23 12.27 A B C

105 10.5 1.00 12.24 A B C
85 10.5 0.85 12.19 A B C

105 8.5 1.21 12.06 A B C
85 8.5 1.00 11.96 A B C
70 2.8 2.08 11.44 A B C
35 8.5 0.38 11.24 A B C D
28 5.0 0.58 11.19 A B C D
50 3.5 1.46 11.18 A B C D
35 8.5 0.38 11.17 A B C D

105 5.0 2.21 11.09 A B C D
35 10.5 0.31 11.06 A B C D
70 5.0 1.44 11.01 A B C D
85 5.0 1.79 10.83 A B C D
35 3.5 1.00 10.81 A B C D
35 5.0 0.69 10.47 A B C D
35 2.8 1.23 10.45 A B C D

105 7.0 1.62 10.01 A B C D E
50 2.8 1.83 9.98 A B C D E
28 3.5 0.79 9.83 A B C D E
28 2.8 1.00 9.79 A B C D E
70 3.5 2.00 9.72 A B C D E
28 7.0 0.38 9.36 A B C D E
28 8.5 0.27 9.15 A B C D E
28 10.5 0.23 8.88 B C D E
85 3.5 2.54 8.09 C D E F

105 3.5 3.27 7.11 D E F
85 2.8 3.23 6.41 E F

105 2.8 4.06 5.09 F

Note: Means with the same letter are not significantly different
(g > 0.05).
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Table 3

Results of the Newman-Keule Analysis of the 36 Means for the

Living Room Scene - 3R Print Size - Males

Relative Mean
Eocal Length Qistance Magnifieatien Rating

105 mm 5.0 ft 2.21x 16.44 A
85 5.0 1.79 14.90 A B
70 3.5 2.00 14.34 A B C
70 2.8 2.08 13.82 A B C D
50 2.8 1.83 13.78 A B C D
50 3.5 1.46 13.25 A B C D E
85 8.5 1.00 13.06 A B C D E
85 7.0 1.23 12.70 A B C D E F
85 10.5 0.85 12.67 A B C D E F

105 8.5 1.21 12.49 A B C D E F
50 8.5 0.60 12.46 A B C D E F
70 5.0 1.44 12.44 A B C D E F
50 7.0 0.96 12.17 B C D E F G
70 10.5 0.69 12.17 B C D E F G

105 10.5 1.00 12.03 B C D E F G
105 7.0 1.62 12.00 B C D E F G

35 3.5 1.00 11.97 B C D E F G
70 7.0 1.04 11.80 B C D E F G
85 3.5 2.54 11.64 B C D E F G
50 5.0 1.00 11.60 B C D E F G
70 8.5 0.88 11.45 B C D E F G
28 2.8 1.00 11.14 B C D E F G
50 10.5 0.44 11.07 B C D E F G
35 5.0 0.69 11.00 B C D E F G
35 7.0 0.48 10.56 B C D E F G H
28 5.0 0.58 10.48 C D E F G H
35 2.8 1.23 10.27 C D E F G H
28 3.5 0.79 9.46 D E F G H I
35 8.5 0.38 9.15 E F G H I
28 7.0 0.38 9.08 E F G H I
35 10.5 0.31 8.48 F G H I
28 8.5 0.27 8.04 G H I J

105 3.5 3.27 7.06 H I J
85 2.8 3.23 6.98 H I J
28 10.5 0.23 6.32 I J

105 2.8 4.06 4.68 J

Note: Means with the same letter are not significantly different
(g > 0.05).
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Figure 16. Relative magnifications as a function of
Distance and Focal Length for the Living Room
Scene.
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The 36 mean ratings for each unique combination of

distance and focal length are plotted as a function of

relative magnification in Figure 17 for the females and

Figure 18 for the males. The boxes grouping the means in

each Figure correspond to the A and B groups formed by the

Newman·Keuls analysis shown in Tables 2 and 3 for each sex.

These groupings help to determine possible optimum relative

magnifications (combinations of distance and focal length)

and point out the relative magnifications which are less

preferred than those optima. By optimum it is meant "any

combination of Focal Length and Distance which has only an A

designation in the Newman-Keuls tables." This definition

excludes any combinations which are in the A group and which

overlap with other (e.g., B, C, etc.) groups. This

definition of optimum is an attempt to determine what

combinations of Focal Length and Distance produced images

which were perceived to be significantly more pleasing than

the majority of the other combinations. It is recognized

that the "optimum" images defined in this manner were not

perceived to be significantly different than any other

combinations of Focal Length and Distance which also have an

A designation.

In addition, it is important to compare the optima with

each of the lenses used from the reference distance. The

reference distances selected for all of the scenes used in
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this study came from an evaluation of images produced with

non-SLR 35 mm cameras fitted with lenses in the range 35-38

mm. By making the comparison among the lenses used at the

reference distance, and in turn comparing these with any

optima, information can be gained which can be used to

determine if changing a lens on a camera will produce an

image which is judged to be more pleasing than an image

currently produced by common non—SLR 35 mm cameras.

For example, the 35 mm lens used from the reference

distance is representative of how the image of a specific

scene is most often recorded by non-SLR 35 mm camera users

using currently available non—SLR 35 mm camera systems. By

comparing this image with the images recorded using the

other lenses from the reference distance, any changes in

ratings of pleasantness can be attributed to changes in

lens magnification only. These comparisons assume that

people's picture taking behavior will not change (i.e., the

same camera-to-subject distance will be maintained) when the

camera lens focal length is changed. This is a common

assumption, although never validated.

By comparing the images recorded with each of the lenses

used at the reference distance to any optima, changes in

pleasantness assuming no restrictions on camera-to-subject

distance can be studied. These procedures will be used in

the discussion of the results from all scenes.
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An additional comparison of importance is to look at the

perceived pleasantness among the six prints on the main

diagonal of Figure 16. These prints represent controlled

manipulations of the apparent perspective (effective

magnification) of the scene with image size held constant.

For the 3R print size viewed at 350 mm, the apparent

perspective of the scene is equal to the true perspective of

the scene when the image is recorded with a 90 mm focal

length lens. The 85 mm and 105 mm focal length lenses

bracket this point. A comparison of the pleasantness

ratings for the equal image size prints will determine if

the images produced by those focal lengths which approximate

the true perspective are judged to be more pleasing than the

images produced by the other lenses.

In Figure 17 and Table 2, it is seen that there were a

large number of combinations of distance and focal length

which were found equally pleasing by the female subjects.

The 35 mm lens used from the reference distance of 5.0 ft

produced just as pleasing an image as did all of the other

lenses at the reference distance. The optimum lens/distance

combinations were the 50 mm lens used from 7.0 ft and the 70

mm lens used from 8.5 ft. However, these optima were only

perceived to be significantly more pleasing than the 28 mm

lens used from the farthest distance and the 85 mm and 105

mm lenses both used from the two closest distances. These



89

three lens/distance combinations represent the minimum and

maximum relative magnifications.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left—right diagonal elements in Figure 16. Referring

to Table 2, it is seen that the apparent perspective

provided by all these combinations of focal length and

distance were perceived to be equally pleasing.

In Figure 18 and Table 3, it is shown that the male

subjects also had a large number of combinations of distance

and focal length which were equally pleasing. However, the

range of distance and focal lengths found to produce

pleasing images is somewhat smaller than that of the females

indicated in Table 3. The 35 mm lens produced just as

pleasing an image when used from the reference distance as

all of the other lenses did except the 105 mm. The 105 mm

lens used at the 5.0 ft reference distance was the optimum

for the male subjects. This optimum image was significantly

more pleasing than the 28 mm, 35 mm, and 50 mm lenses used

from this reference distance. In addition, the image

produced with the 105 mm lens at this distance was more

pleasing than any of the images produced using the 28 mm or

35 mm lenses from any distance.
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Referring to Figure 16 and Table 3 it is seen that the

males perceived the equal image size prints for this scene

to be equally pleasing. There was no apparent perspective

which was judged to be more pleasing than another.

A comparison of Figures 17 and 18 shows that the male

subjects were much less tolerant of low relative

magnifications than were the female subjects. Such

magnifications are produced by the 28 mm and 35 mm lenses

used from far distances. These results fit well with

comments received from subjects about this scene. Male

subjects said they enjoyed looking at the young woman (and,

therefore, found larger image sizes to be more pleasing).

Female subjects commented on the furnishings in the living

room, and found prints which displayed this to be very

pleasing. The Gender effect for this scene may most likely

be attributed to scene content.

In summary, the results from this scene indicate that the

female subjects found the image recorded with the 35 mm

focal length from the reference distance to be just as

pleasing as any of the other highest rated images. This

result indicates that, for this scene, these subjects were

pleased with images recorded with currently available

non—SLR 35 mm camera systems. Male subjects found the

images recorded with focal lengths 70 mm and above to be
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more pleasing than the images produced with any of the other

lenses used from the reference distance. Although this

indicates that modifications to current systems would

produce a more pleasing image, these results are probably

biased by scene content.

For both the male and female subjects, there were no

apparent perspective views which were found to be more

pleasing than another. This means that for this

presentation format (single stimulus) the distortions

produced by minification were not perceived negatively (if

perceived at all).

Magnification only scene. The magnitude estimation data

for this scene were analyzed with a 2 x 6 x 6 (Gender x

Distance x Focal Length) analysis of variance. The results

of this analysis are shown in Table 4. This analysis

indicated a main effect of Distance. This main effect is

shown in Figure C4 in Appendix C. The Distance x Focal

Length interaction was also significant. This interaction

is shown in Figure 19.

The pattern of responses to the changing combinations of

distance and focal length is quite different than the

ratings for the previous one-person scene. The reasons for

this may be due to the way the magnification only scene was
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Table 4

Analysis of Variance Summary Table for the Magnification Only

Scene - 3R Print Size

Source df MS F p

Between Subjects 29

Gender 1 2.26 0.14 0.7143
Subjects/Gender 28 16.57

Within Subjects 1050

Focal Length 5 5.08 0.31 0.9071
Gender x Focal Length 5 2.80 0.17 0.9733

Focal Length x
Subjects/Gender 140 16.47

Distance 5 51.97 2.71 0.0229
Gender x Distance 5 3.14 0.16 0.9755
Distance x Subjects/Gender 140 19.20

Distance x Focal Length 25 92.72 8.62 0.0001
Gender x Distance x
Focal Length 25 8.20 0.76 0.7918

Distance x Focal Length x
Subjects/Gender 700 10.75

Total 1079
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created. This scene was selected because of its continuous

background. This rather bland background provides no point

of reference to indicate changing perspective. This type of

background was desired so that judgements of how pleasing

the composition of the scene appeared would be made on

changes in image size (head size) only. However, since

there was no background in the scene that was changing,

subjects paid a lot of attention to specific elements in the

scene such as the soccer ball, the woman's legs and

clothing, etc. Subjects preferred either all of the soccer

ball in the scene or none of it. The same was true of the

woman's legs. From several comments such as these it was

apparent that subjects were not basing their judgements of

how pleasing the composition appeared on head size only.

Because of this the results should be interpreted with

caution.

Table 5 shows the results of the Newman-Keuls analysis of

the 36 means depicted in Figure 19. The mean ratings for

this scene are plotted as a function of relative

magnification in Figure 20. The relative magnifications as

a function of Focal Length and Distance are shown in Figure

21. Referring to Figure 20 and to Table 5, it can be seen

that there is a number of focal length and distance

combinations which were rated to be very pleasing. The 35

mm lens used from the reference distance of 5.0 ft produced
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Table 5

Results of the Newman-Keuls Analysis of the 36 Means for the

Maqnification Only Scene - 3R Print Size

Relative Mean
Fogal Length Qistahgg haghigigatioh Batißg

70 mm 5.0 ft 1.40x 13.60 A
85 5.0 1.70 13.26 A B

105 7.0 1.50 13.21 A B
50 3.5 1.43 13.00 A B C
35 2.8 1.25 12.88 A B C D
28 7.0 0.40 12.83 A B C D
70 3.5 2.00 12.68 A B C D E

105 8.5 1.24 12.44 A B C D E
35 10.5 0.34 12.05 A B C D E F
50 2.8 1.79 11.75 A B C D E F
85 7.0 1.21 11.72 A B C D E F

105 10.5 1.00 10.96 A B C D E F G
50 5.0 1.00 10.60 B C D E F G H
28 2.8 1.00 10.56 B C D E F G H

105 5.0 2.10 10.55 B C D E F G H
35 3.5 1.00 10.51 B C D E F G H
85 10.5 0.81 10.51 B C D E F G H
28 8.5 0.33 10.35 C D E F G H
70 7.0 1.00 10.31 C D E F G H
35 8.5 0.41 10.13 C D E F G H
70 8.5 0.82 10.12 C D E F G H
35 7.0 0.50 10.06 D E F G H
85 3.5 2.43 9.90 E F G H
28 10.5 0.27 9.82 E F G H
85 8.5 1.00 9.79 E F G H
28 5.0 0.56 9.73 E F G H
28 3.5 0.80 9.47 F G H
35 5.0 0.70 9.44 F G H
50 7.0 0.71 9.43 F G H
50 10.5 0.48 9.38 F G H

105 3.5 3.00 9.23 F G H
70 2.8 2.51 9.08 F G H
50 8.5 0.59 8.58 G H
70 10.5 0.67 8.52 G H

105 2.8 3.67 8.09 G H
85 2.8 3.04 7.84 H

Note: Means with the same letter are not significantly different
(g > 0.05).
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an image which was perceived to be significantly less

pleasing than the images produced with either the 70 mm or

85 mm lenses from this same distance. The optimum

lens/distance combination was the 70 mm lens used from 5.0

ft. The image produced by this combination was

significantly more pleasing than the 28 mm, 35 mm, 50 mm,

and 105 mm lenses used from the 5.0 ft distance.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 21. Referring

to Table 5, it is seen that the apparent perspectives

produced by all these combinations of focal length and

distance were perceived to be equally pleasing.

In summary, it appears as though a larger image size than

that produced using the 35 mm focal length lens from the

reference distance was found to be more pleasing. Although

the image produced by using the 70 mm lens from the

reference distance was found to be more pleasing than the

image made with the 35 mm focal length lens, the 35 mm lens

used from 2.8 ft produced an image which was perceived to be

as equally pleasing as the 70 mm focal length image. Given

this fact, and the above discussion concerning the other

variables which may have been influencing judgements of

pleasantness, it cannot be concluded from this scene that a
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lens other than the 35 mm focal length lens would produce

more pleasing images.

Restaurant scene. The magnitude estimation data for this

scene were analyzed with a 2 x 6 x 6 (Gender x Distance x

Focal Length) analysis of variance. The results of this

analysis are shown in Table 6. There were significant main

effects of Focal Length and Distance, and significant

interactions of Distance x Focal Length and Gender x Focal

Length. The main effects are shown in Figures C5 and C6,

respectively, in Appendix C.

The Distance x Focal Length interaction is shown in

Figure 22. From this Figure it is shown that the 35-105 mm

lenses did not receive very high ratings for the near

distance. The ratings for these lenses improve as distance

is increased. This improvement is because the images

recorded with these lenses from the closer distances do not

contain the complete image. This scene is of four people.

With the higher magnifications from the close distances

sometimes the scene is truncated to contain only part of the

scene. As the scene content increases for a given lens

(distance increases) the ratings also increase. However,

this pattern of response is not true for the images recorded

with the 28 mm and 35 mm lenses. For these lenses, once a

maximum was reached, the ratings fall off quite rapidly.
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Table 6
·

Analysis of Variance Summary Table for the Restaurant Scene —

3R Print Size

Source df MS F p
............-...--.--..;;.................................

Between Subjects 29

Gender 1 77.05 1.06 0.3118
Subjects/Gender 28 72.61

Within Subjects 1050

Focal Length 5 411.68 41.47 0.0001
Gender x Focal Length 5 23.11 2.33 0.0458
Focal Length x
Subjects/Gender 140 9.93

Distance 5 1754.02 78.93 0.0001
Gender x Distance 5 30.01 1.35 0.2468
Distance x Subjects/Gender 140 22.22

Distance x Focal Length 25 356.03 31.75 0.0001
Gender x Distance x

Focal Length 25 11.25 1.00 0.4600

Distance x Focal Length x
Subjects/Gender 700 11.21

Total 1079
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The results of the Newman-Keuls analysis for the 36 means

shown in Figure 22 are shown in Table 7. The mean ratings

for this scene are plotted as a function of relative

magnification in Figure 23. The relative magnifications as

a function of Focal Length and Distance are shown in Figure

24. Referring to Figure 23 and to Table 7, it is seen that

there are a number of focal length and distance combinations

which were rated to be very pleasing. The 35 mm lens used

from the reference distance of 10.0 ft produced an image

which was significantly more pleasing than the images

produced with the 50 mm, 70 mm, 85 mm, and 105 mm lenses

from the reference distance. The optimum lens/distance

combinations of the 85 mm lens used at 21.0 ft and the 70 mm

lens used at 17.0 ft were also more pleasing than the 50-105

mm lenses used at the reference distance. However, these

optima did not differ from the images recorded with the 28

mm or 35 mm lenses from the reference distance of 10.0 ft.

It should be noted that any lens/distance combination with a

relative magnification greater than 1.0x will not represent

the complete four person scene.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 24. Referring

to Table 7, it is seen that the images produced by the 85 mm

and 105 mm focal lengths were perceived to be significantly
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Table 7

Results of the Newman-Keuls Analysis of the 36 Means for the

Restaurant Scene - 3R Print Size

Relative Mean
Eocal Length Qisganee Magnification Reejng

85 mm 21.0 ft 0.77x 15.63 A
70 17.0 0.81 15.58 A
70 21.0 0.67 14.41 A B

105 21.0 0.97 14.38 A B
35 10.0 0.72 14.08 A B
28 10.0 0.56 13.84 A B
50 17.0 0.55 13.81 A B
50 14.0 0.72 13.50 A B
85 17.0 0.97 13.29 A B
28 7.0 0.82 12.26 B C
50 21.0 0.46 12.08 B C
35 14.0 0.50 10.93 C D
35 17.0 0.40 10.07 D E
28 14.0 0.38 9.70 D E
50 10.0 1.00 9.64 D E
70 14.0 1.00 9.06 D E
35 7.0 1.04 8.88 D E
35 21.0 0.32 8.59 D E
28 17.0 0.29 8.24 E
28 5.6 1.06 7.86 E F

105 17.0 1.18 7.64 E F
28 21.0 0.24 7.39 E F G
85 14.0 1.22 5.86 F G H

105 14.0 1.49 5.32 G H I
50 7.0 1.49 4.97 H I J
85 10.0 1.68 4.93 H I J
70 10.0 1.42 4.90 H I J
35 5.6 1.36 4.72 H I J
70 7.0 2.10 3.64 H I J
50 5.6 1.92 3.55 H I J

105 10.0 2.09 3.49 H I J
70 5.6 _ 2.82 2.97 I J
85 7.0 2.51 2.89 I J

105 7.0 3.14 2.81 I J
85 5.6 3.36 2.60 I J

105 5.6 4.15 2.30 J

Note: Means with the same letter are not significantly different
(Q > 0.05).
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more pleasing than any of the images produced using the

remaining 28 mm to 70 mm focal lengths. There were no

perceived differences between the 85 mm and 105 mm focal

lengths nor among the 28 mm to 70 mm focal lengths.

The images produced by the 85 mm and 105 mm focal lengths

have apparent perspectives which are very close to the true

perspective of the original scene. However, the significant

pleasantness of these images cannot be attributed solely to

this fact. The images produced by the 28 mm to 70 mm focal

lengths are tightly cropped, so much so that the image of at

least one person is always partially truncated. The prints

produced with the 85 mm and 105 mm focal lengths do not have

this truncation. This fact is most likely contributing to

the reason these images were judged to be significantly more

pleasing.

The Gender x Focal Length interaction is shown in Figure

25. Simple-effect E tests showed a significant effect of

Focal Length only for the female subjects (F (5, 140) =

5.16, Q < 0.001). A Newman-Keuls analysis of the mean

ratings for the female subjects across Focal Length

indicated that the mean ratings for the 28 mm (H = 10.69),

50 mm (H = 10.01), and 35 mm (H = 9.91) lenses were

perceived to be significantly more pleasing (Q < 0.05) than

the image produced by the 105 mm lens (H = 5.73). This
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result is logical since several of the images recorded with

the 28 mm, 35 mm, and 50 mm lenses contained the complete

scene, whereas only one image recorded with the 105 mm lens

was truly representative of the scene content.

In summary, it can be concluded that currently available

non-SLR 35 mm camera systems produce a very pleasing image

of this scene when compared to the alternatives selected for

this study. None of the images of this scene were perceived

to be significantly more pleasing than the image produced by

using the 35 mm lens from the reference distance. However,

this result may have partly been a function of how tightly

this scene was cropped.

Picnic scene. The magnitude estimation data for this

scene were analyzed with a 2 x 6 x 6 (Gender x Distance x

Focal Length) analysis of variance. The results of this

analysis are shown in Table 8. There were significant main

effects of Focal Length and Distance. These main effects

are shown in Figures C7 and C8, respectively, in Appendix

C. There were also significant interactions of Distance x

Focal Length and Gender x Distance x Focal Length. The

Distance x Focal Length interaction is shown in Figure C9 in

Appendix C.
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Table 8

Analysis of Variance Summary Table for the Picnic Scene -

3R Print Size

Source df MS F p

Between Subjects 29

Gender 1 39.31 0.22 0.6429
Subjects/Gender 28 178.99

Within Subjects 1050

Focal Length 5 899.54 56.87 0.0001
Gender x Focal Length 5 39.14 2.47 0.0350
Focal Length x
Subjects/Gender 140 15.82

Distance 5 1412.02 64.99 0.0001
Gender x Distance 5 29.08 1.34 0.2516
Distance x Subjects/Gender 140 21.73

Distance x Focal Length 25 533.96 28.75 0.0001
Gender x Distance x
Focal Length 25 30.42 1.64 0.0262

Distance x Focal Length x
Subjects/Gender 700 18.57

Total 1079
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In order to better understand the three-way interaction

of Gender x Distance x Focal Length, simple-effect E tests

were performed for each level of Gender. For the female

subjects, this analysis showed significant effects of

Distance (E (5, 140) = 40.25, Q < 0.001) and Focal Length (E

(5, 140) = 39.56, Q < 0.001). The Distance x Focal Length

interaction was also significant (F (25, 700) = 11.23, Q <

0.001). This interaction is shown in Figure 26.

For the male subjects, the simple-effect E tests

indicated significant effects of Distance (E (5, 140) =

14.99, Q < 0.001) and Focal Length (F (5, 140) = 35.81).

The Distance x Focal Length interaction was also significant

(F (25, 700) = 19.17, Q < 0.001). This interaction is shown

in Figure 27.

In both Figure 26 and Figure 27 it is shown that the

focal lengths greater than 28 mm used at the nearest

distance produced images which were rated low in

pleasantness. Ratings increase as distance increases. This

again shows the effect of truncated image content. It is

also interesting to note the overall change in rating and

slope across focal length as depicted in these figures. In

Figure 26 for the female subjects the curves for the 28 mm,

35 mm, and 50 mm lenses show a negative slope once a maximum

rating is reached. In contrast to this, the curves for the
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other lenses are always increasing with increases in

distance. In Figure 27 for the male subjects the curves for

the 28 mm through 50 mm lenses show a similar (although more

pronounced) pattern of response as that of the females.

The curves for the remaining lenses tend to flatten somewhat

once a maximum rating is achieved.

Table 9 shows the results of the Newman·Keuls analysis of

the 36 means depicted in Figure 26 for the female subjects.

The mean ratings for these same subjects are plotted as a

function of relative magnification in Figure 28. The

relative magnifications as a function of Focal Length and

Distance are shown in Figure 29. Referring to Figure 28 and

to Table 9, it is shown that once again there are a number

of focal length and distance combinations which were rated

to be very pleasing. The 35 mm lens used from the reference

distance of 11.0 ft produced an image which was

significantly more pleasing than the images produced at the

reference distance using the 70 mm, 85 mm, or 105 mm

lenses. However, the 28 mm and 50 mm lenses used from 11.0

ft produced images which were equal in perceived

pleasantness to that of the 35 mm lens used from the

reference distance.

The optimum lens/distance combinations for this scene

were the 70 mm lens used at 23.1 ft and the 28 mm lens used
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Table 9

Results cf the Newman·Keu1s Analysis of the J6 Means fer the

Picnic Scene - JR Print Size — Females

Relative Mean
E;al_Le_q$=n¤<:¤ Distance Rating

70 mm 23.1 ft 0.61X 16.73 A
28 7.7 0.85 16.09 A
50 18.7 0.56 15.96 A B
28 11.0 0.54 14.47 A B C
35 15.4 0.46 14.53 A B C
85 23.1 0.71 14.16 A B C D
85 18.7 0.97 14.03 A B C D
50 11.0 1.00 13.99 A B C D

105 23.1 0.91 13.70 A B C D E
50 15.4 0.66 13.51 A B C D E
50 23.1 0.44 13.46 A B C D E
70 15.4 0.95 13.33 A B C D E
35 11.0 0.67 13.17 A B C D E
70 18.7 0.78 13.03 A B C D E
28 15.4 0.39 12.77 A B C D E
35 18.7 0.39 12.58 A B C D E
35 7.7 1.06 12.42 A B C D E
28 6.2 1.11 12.41 A B C D E
35 23.1 0.30 10.65 B C D E F
28 18.7 0.30 10.27 C D E F
85 15.4 1.11 9.32 C D E F G

105 18.7 1.15 9.02 D E F G
28 23.1 0.24 8.60 E F G H
35 6.2 1.39 7.59 F G H I
50 7.7 1.51 5.03 G H I J
70 11.0 1.41 4.89 G H I J

105 15.4 1.41 4.78 G H I J
85 11.0 1.67 4.23 H I J
50 6.2 2.00 4.14 H I J
70 7.7 2.11 3.62 I J
70 6.2 2.90 3.13 I J

105 11.0 2.06 3.02 I J
85 6.2 3.54 2.58 J
85 7.7 2.58 2.41 J

105 7.7 3.23 2.07 J
105 6.2 4.06 1.53 J

Ncte: Means with the same letter are not significantly different
(g > 0.05).
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from 7.7 ft. These combinations were perceived to produce

images which were significantly more pleasing than images

produced using the 70 mm, 85 mm, or 105 mm lenses used from

the reference distance. This is not surprising since the 70

mm to 105 mm lenses used from the reference distance magnify

the scene to the extent that the resulting images are

truncated. The optimum images were no more pleasing than

the images produced using the 28 mm or 35 mm lenses from the

reference distance.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 29. Referring

to Table 9, it is seen that for the female subjects the

apparent perspectives provided by all these combinations

were perceived to be equally pleasing.

Table 10 shows the results of the Newman—Keuls analysis

of the 36 means depicted in Figure 27 for the male

subjects. The mean ratings for these same subjects are

plotted as a function of relative magnification in Figure

30. As can be seen from this figure and table, again there

are a number of focal length and distance combinations which

were rated to be very pleasing. The 35 mm lens used from

the reference distance of 11.0 ft produced an image which

was more pleasing than the images produced at the reference
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Table 10

Results of the Newman-Keuls Analysis of the 36 Means for the

Picnic Scene - 3R Print Size · Males

Relative Mean
£9_1.I.e11s.l*x¢at Mäuse Betiug

85 mm 18.7 ft 0.97x 16.84 A
28 6.2 1.11 16.18 A
50 11.0 1.00 16.08 A
28 7.7 0.85 15.92 A B
70 23.1 0.61 15.83 A B
35 7.7 1.06 15.83 A B
70 15.4 0.95 15.11 A B C

105 23.1 0.91 15.03 A B C
70 18.7 0.78 14.72 A B C D
85 23.1 0.71 14.61 A B C D
35 11.0 0.67 14.52 A B C D
28 11.0 0.54 13.96 A B C D
85 15.4 1.11 13.50 A B C D

105 18.7 1.15 13.15 A B C D E
50 18.7 0.56 13.10 A B C D E
50 15.4 0.66 12.94 A B C D E
35 15.4 0.46 12.31 A B C D E F
50 23.1 0.44 10.79 B C D E F G
35 6.2 1.39 10.73 B C D E F G
35 18.7 0.39 10.37 C D E F G H
28 15.4 0.39 9.62 D E F G H I
28 18.7 0.30 8.44 E F G H I J
35 23.1 0.30 8.18 F G H I J
70 11.0 1.41 6.43 G H I J K
28 23.1 0.24 6.41 G H I J K

105 15.4 1.41 6.00 H I J K
50 7.7 1.51 5.78 H I J K
85 11.0 1.67 5.48 I J K
50 6.2 2.00 4.45 J K
70 7.7 2.11 4.16 J K

105 11.0 2.06 3.77 J K
70 6.2 2.90 3.17 K
85 7.7 2.58 2.70 K
85 6.2 3.54 2.33 K

105 7.7 3.23 2.01 K
105 6.2 4.06 1.55 K

Note: Means with the same letter are not significantly different
(Q > 0.05).
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distance using the 70 mm, 85 mm, and 105 mm lenses. As with

the female subjects described above, the 28 mm and 50 mm

lenses produced images which were equal in perceived

pleasantness to that for the 35 mm lens used from the

reference distance.

There were three optimum lens/distance combinations for

this scene for the male subjects. These were the 85 mm lens

at 18.7 ft, the 28 mm lens at 6.2 ft, and the 50 mm lens at

11.0 ft. These optima produced images which were perceived

to be significantly more pleasing than the images provided

by the 70 mm, 85 mm, and 105 mm lenses used from the

reference distance. However, there were no differences in

ratings of pleasantness among the optima and the 28 mm and

35 mm lenses used from the 11.0 ft reference distance.

Referring to Figure 30 and to Table 10, it can be seen

that the male subjects perceived all of the equal image size

prints to be equally pleasing. There was no apparent

perspective which was judged to be more pleasing than

another.

A comparison of Figures 28 and 30 shows that the male

subjects were again less tolerant of low relative

magnifications than were the female subjects. Such

magnifications are produced by the 28 mm and 35 mm focal
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lengths used from the extreme distances for this scene.

Since three of the four models used in this scene were

female, the Gender differences might once again be

attributed to scene content.

In summary, both the female and male subjects perceived

the image produced using the 35 mm focal length lens from

the reference distance to be just as pleasing as any of the

other highest rated images. Also, for both genders, the

apparent perspectives which were closest to the true

perspective were not perceived to be significantly more

pleasing than any of the other perspective views.



EXPERIMENT II

The purpose of this experiment is to replicate the

technique of Experiment I using 4R size prints.

Method

Subjects. Fifteen males and fifteen females

participated. Their criteria for selection were the same as

used in Experiment I. None of these subjects participated

in Experiment I.

Scene selection. The identical scenes from Experiment I

were used.

Creation of prints. Each of the 36 images of each scene

(same negatives from Experiment I) were enlarged and printed

to 4R size prints using the Kodak Model 312 printer. The

magnification of the 4R size prints was 4.47x. The 4R

prints were mounted and centered on grey cards 7 in. x 10.0

in. (H x W) made from the same material used in Experiment

I. Again, there was a total of 144 prints (4 scenes x 36

prints/scene).

Viewing apparatus and procedure. The viewing apparatus

and procedure were identical to those used in Experiment I.

122
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Results apd Disgussiop

All of the magnitude estimation data for this experiment

were rescaled using the same procedure described in

Experiment I. All analyses were performed on these rescaled

data. The same procedure which was used in Experiment I to

evaluate the results will be applied in the discussions of

the results for this experiment. Briefly, this procedure

compares the ratings of pleasantness for the image recorded

with the 35 mm lens from the reference distance to the

ratings given the images recorded with all the other lenses

used from the reference distance. The optimum images are

then compared to the images produced with each of the lenses

used from the reference distance. The same definition of

optimum which was used in Experiment I is adopted here.

Finally, the equal—image size prints will be compared to see

if there were apparent perspective views which were more

pleasing than others.

Living room, one person flash scene. The magnitude

estimation data for this scene were analyzed with a 2 x 6 x

6 (Gender x Distance x Focal Length) analysis of variance.

The results of this analysis are shown in Table 11. As is

shown in this table, there were significant main effects of

Focal Length and Distance. These main effects are shown in

Figures C10 and C11, respectively, in Appendix C. There
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Table 11

Analysis of Variance Summary Table for the Living Room Scene -

4R Print Size

Source df MS F p

Between Subjects 29

Gender 1 47.19 3.95 0.0567
Subjects/Gender 28 11.95

Within Subjects 1050

Focal Length 5 270.17 14.52 0.0001
Gender x Focal Length 5 115.53 6.21 0.0001
Focal Length x
Subjects/Gender 140 18.60

Distance 5 178.34 10.82 0.0001
Gender x Distance 5 15.13 0.92 0.4712
Distance x Subjects/Gender 140 16.48

Distance x Focal Length 25 41.47 6.44 0.0001
Gender x Distance x
Focal Length 25 6.37 0.99 0.4799

Distance x Focal Length x
Subjects/Gender 700 6.44

Total 1079
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were also significant interactions of Distance x Focal

Length and Gender x Focal Length.

The Distance x Focal Length interaction is shown in

Figure 31. It is interesting to note the changes in slope

for each of the curves in this figure. The curves for the

28 mm through 50 mm lenses show somewhat of an inverted U

pattern with the ratings on either side of the maximum

falling off. The curves for the lenses 70 mm and above tend

to either flatten out once a maximum is reached or to taper

off gradually. The results of the Newman-Keuls analysis for

the 36 means depicted in this figure are shown in Table 12.

The mean ratings for this scene are plotted as a function of

relative magnification in Figure 32. The relative

magnifications as a function of Focal Length and Distance

are shown in Figure 16. From Table 12 and Figure 31 it can

be seen that there are a number of focal length and distance

combinations which were rated to be very pleasing. The 35

mm lens used from the reference distance of 5.0 ft produced

an image which was equally pleasing to those images produced

from each of the other lenses used from the reference

distance. There were four optimum lens/distance

combinations. These were the 50 mm lens used at 8.5 ft, the

50 mm lens used from 7.0 ft, the 85 mm lens used from 7.0

ft, and the 70 mm lens used at 7.0 ft. In comparison to

each of the lenses used from the reference distance, these
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Table 12

Results ot the Newman·Keuls Analysis ot the 36 Means for the

Living Room Scene - 4R Print size

Relative Mean
Local Length Qistanee ßagnigication Beejng

50 mm 8.5 ft 0.60X 11.48 A
50 7.0 0.69 11.27 A
85 7.0 1.23 11.13 A
70 7.0 1.04 11.11 A
85 5.0 1.79 11.06 A B

105 5.0 2.21 11.04 A B
70 8.5 0.88 10.85 A B C
50 5.0 1.00 10.74 A B C D
70 10.5 0.69 10.66 A B C D E
85 10.5 0.85 10.49 A B C D E
85 8.5 1.00 10.47 A B C D E

105 7.0 1.62 10.22 A B C D E
70 5.0 1.44 10.11 A B C D E
70 2.8 2.08 10.09 A B C D E

105 8.5 1.21 10.09 A B C D E
50 3.5 1.46 9.91 A B C D E F
50 10.5 0.44 9.71 A B C D E F G

105 10.5 1.00 9.70 A B C D E F G
35 5.0 0.69 9.49 A B C D E F G H
50 2.8 1.83 9.49 A B C D E F G H
70 3.5 2.00 9.48 A B C D E F G H
35 7.0 0.48 9.47 A B C D E F G H
35 3.5 1.00 8.82 B C D E F G H I
85 3.5 2.54 8.68 C D E F G H I
35 8.5 0.38 8.53 D E F G H I
28 5.0 0.58 8.45 E F G H I
28 7.0 0.38 7.87 F G H I J
28 2.8 1.00 7.75 G H I J
28 3.5 0.79 7.63 G H I J
35 2.8 1.23 7.53 H I J
35 10.5 0.31 6.94 I J
28 8.5 0.27 6.24 J K

105 3.5 3.27 6.24 J K
85 2.8 3.23 6.23 J K
28 10.5 0.23 5.89 K

105 2.8 4.06 5.03 K

Note: Means with the same letter are not significantly different
(g > 0.05).
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optima were perceived to be significantly more pleasing than

only the 28 mm lens.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 16. Referring

to Table 12 it can be seen that the apparent perspective

provided by the 70 mm focal length was perceived to be

significantly more pleasing than the images produced by the

35 mm and 28 mm focal lengths. The images produced

by the 50 mm and 85 mm focal lengths, although perceived to

be equally pleasing as the 70 mm image, were only

significantly more pleasing than the image produced using

the 28 mm lens. These results indicate that the apparent

perspectives which were closer to the true perspective of

the original scene may have been perceived to be more

pleasing than those apparent perspectives which represented

distortions of the true perspective.

However, these results should be interpreted with

caution. The prints made from the images recorded with the

28 mm and 35 mm focal lengths had the added feature of flash

fall-off. This is a characteristic of the use of wide angle

lenses with a flash from a close camera—to-subject

distance. The flash produces an image which is noticeably
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darker in the background surrounding the main subject than

the images produced with focal lengths 50 mm and above used

from farther distances. This fall-off could also have

contributed to the reason why the 28 mm and 35 mm images

were rated as less pleasing.

The Gender x Focal Length interaction is shown in Figure

33. Simple—effect F tests showed a significant effect of

Focal Length only for the female subjects (F (5, 140) =

2.87, Q < 0.05). A Newman-Keuls analysis of the mean

ratings for the female subjects across Focal Length

indicated that the mean ratings for the 105 mm (Q = 11.22),

85 mm (Q = 10.71), and 70 mm (Q = 10.47) lenses were

perceived to be significantly more pleasing (Q < 0.05) than

the images produced by the 28 mm lens (Q = 6.36).

In summary, the image produced by currently available

non—SLR camera systems was among the images perceived to be

the most pleasing. The apparent perspective view provided

by the 70 mm focal length was shown to be more pleasing than

the currently available views. Although this result could

be due to the lack of flash fall-off in the 70 mm image, it

still indicates that this view is more pleasing than the

image recorded with the 35 mm focal length from the

reference distance.
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Magnification only scene. The magnitude estimation data

for this scene were analyzed with a 2 x 6 x 6 (Gender x

Distance x Focal Length) analysis of variance. The results

of this analysis are shown in Table 13. Only the Distance x

Focal Length interaction was statistically significant.

This interaction is shown in Figure 34. As discussed in the

results section of Experiment I for this scene, the results

for this scene should be interpreted cautiously.

Table 14 shows the results of the Newman-Keuls analysis

of the 36 means depicted in Figure 34. The mean ratings for

this scene are plotted as a function of relative

magnification in Figure 35. The relative magnifications as

a function of Focal Length and Distance are shown in Figure

21. Referring to Figure 35 and to Table 13, it can be seen

that once again there are many combinations of focal length

and distance which produced images which were rated to be

very pleasing. The 35 mm lens used from the reference

distance of 5.0 ft produced an image which was significantly

less pleasing than the 70 mm lens used from the reference

distance. The other lenses used from the reference distance

were shown to have images which were equally pleasing to the

35 mm lens.

The 70 mm lens used from 5.0 ft was the only optimum for

this scene. It produced an image which was significantly
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Table 13

Analysis of Variance Summary Table for the Magnification 0nly

Scene - 4R Print Size

Source df MS F p

Between Subjects 29

Gender 1 46.78 3.78 0.0621
Subjects/Gender 28 12.39

Within Subjects 1050

Focal Length 5 22.49 1.16 0.3321
Gender x Focal Length 5 7.33 0.38 0.8632
Focal Length x
Subjects/Gender 140 19.39

Distance 5 44.19 1.94 0.0917
Gender x Distance 5 11.27 0.49 0.7801
Distance x Subjects/Gender 140 22.80

Distance x Focal Length 25 60.18 7.75 0.0001
Gender x Distance x
Focal Length 25 2.70 0.35 0.9989

Distance x Focal Length x
Subjects/Gender 700 7.76

Total 1079
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Table 14

Results of the Newman-Keuls Analysis ot the 36 Means for the

Magnitication Only Scene — 4R Print Size

Relative Mean
E.e.1_Le.q$;¤<=¤n Rasing

70 mm 5.0 ft 1.40x 11.88 A
85 5.0 1.70 11.05 A B
50 3.5 1.43 10.79 A B C

105 7.0 1.50 10.73 A B C
105 8.5 1.24 10.26 A B C D

50 2.8 1.79 10.24 A B C D
70 3.5 2.00 10.23 A B C D
35 2.8 1.25 10.01 A B C D E
70 7.0 1.00 9.49 B C D E F
28 2.8 1.00 9.29 B C D E F
85 7.0 1.21 9.21 B C D E F

105 5.0 2.10 9.19 B C D E F
28 7.0 0.41 9.94 B C D E F G
50 5.0 1.00 8.89 B C D E F G

105 10.5 1.00 8.66 C D E F G
85 10.5 0.81 8.63 C D E F G
35 10.5 0.34 8.56 C D E F G
28 8.5 0.33 8.53 C D E F G
35 7.0 0.50 8.50 C D E F G
35 3.5 1.00 8.44 C D E F G

105 3.5 3.00 8.44 D E F G
85 3.5 2.43 8.19 D E F G
28 3.5 0.80 8.16 D E F G
70 8.5 0.82 8.10 D E F G
70 2.8 2.51 8.08 D E F G
85 8.5 1.00 8.04 D E F G
28 10.5 0.27 7.92 D E F G
50 10.5 0.48 7.62 E F G
35 5.0 0.70 7.50 E F G
70 10.5 0.67 7.46 E F G
85 2.8 3.04 7.26 F G
50 7.0 0.71 7.10 F G
28 5.0 0.56 7.03 F G
35 8.5 0.41 7.02 F G
50 8.5 0.59 6.49 G

105 2.8 3.76 6.44 G

Note: Means with the same letter are not significantly different
(g > 0.05).
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more pleasing than all focal lengths used from the reference

distance except the 85 mm lens.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 21. Referring

to Table 14 it is seen that all of the apparent perspectives

provided by these combinations were perceived to be equally

pleasing.

In summary, although the results indicate that the image

produced by currently available non—SLR 35 mm camera systems

was not perceived to be as pleasing as some others, the

influence of scene content and not

magnification/perspective could have been influencing

subjects' judgements.

Restaurant scene. The magnitude estimation data for this

scene were analyzed with a 2 x 6 x 6 (Gender x Distance x

Focal Length) analysis of variance. The results of this

analysis are shown in Table 15. There were significant main

effects of Gender, Focal Length, and Distance. These main

effects are shown in Figures C12, C13, and C14,

respectively, in Appendix C. The interactions of Distance x

Focal Length and Gender x Distance x Focal Length were also
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Table 15

Analysis of Variance Summary Table for the Restaurant Scene -

4R Print Size

Source df MS F p

Between Subjects 29

Gender 1 193.25 4.30 0.0475
Subjects/Gender 28 44.96

Within Subjects 1050

Focal Length 5 339.26 45.20 0.0001
Gender x Focal Length 5 11.20 1.49 0.1963
Focal Length x
Subjects/Gender 140 7.51

Distance 5 1351.91 103.23 0.0001
Gender x Distance 5 25.44 1.94 0.0910
Distance x Subjects/Gender 140 13.10

Distance x Focal Length 25 346.78 41.24 0.0001
Gender x Distance x
Focal Length 25 13.66 1.62 0.0284

Distance x Focal Length x
Subjects/Gender 700 8.41

Total 1079
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significant. The Distance x Focal Length interaction is

shown in Figure C15 in Appendix C.

In order to better understand the three-way interaction

of Gender x Distance x Focal Length, simple-effect E tests

were performed separately for each level of Gender. For the

female subjects, this analysis showed significant effects of

Distance (F (5, 140) = 66.32, Q < 0.001), and Focal Length

(F (5, 140) = 31.04, Q < 0.001). The Distance x Focal

Length interaction was also significant (F (25, 700) =

28.31, Q < 0.001). This interaction is shown in Figure 36.

For the male subjects, the simple-effect E tests

indicated significant effects of Distance (F (5, 140) =

38.83, Q < 0.001) and Focal Length (F (5, 140) = 15.62, Q <

0.001). The Distance x Focal Length interaction was also

significant (E (25, 140) = 14.54, Q < 0.001). This

interaction is shown in Figure 37.

In both Figure 36 and 37 it is shown that the focal

lengths greater than 28 mm used at the nearest distance

produced images which were rated low in pleasantness.

Ratings increase as distance increases. This once again

shows the effects of truncated image content. Once again it

is important to note the overall change in rating and slope

across focal length. In both figures the pattern is
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similar. The ratings for the images produced using the 28

mm through 50 mm lenses tend to peak and then fall off quite

rapidly. In contrast to this, the images produced using the

lenses 70 mm and above show either a continual increase in

rating or only a slight tapering off once the maximum rating

is reached.

In Table 16, the results of the Newman—Keuls analysis of

the 36 means depicted in Figure 36 for the female subjects

are listed. The mean ratings for these same subjects are

plotted as a function of relative magnification in Figure

38. The relative magnifications as a function of Focal

Length and Distance are shown in Figure 24. By referring to

Figure 38 and Table 16 it can be seen that there are a

number of focal length and distance combinations which were

rated to be very pleasing. The 35 mm lens used from the

reference distance of 10.0 ft produced an image that was

significantly more pleasing than any of the images produced

with the 70 mm, 85 mm, and 105 mm lenses used from the

reference distance. The 28 mm and 50 mm lenses used from

the reference distance produced images which were found to

be as pleasing as the 35 mm reference distance image.

There were two optimum focal length/distance combinations

for this scene: the 50 mm lens used from 14.0 ft and the 85

mm lens used from 17.0 ft. Both of these optima produced
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Table 16

Results of the Newman-Keuls Analysis of the 36 Means for the

Restaurant Scene — 4R Print Size — Females

Relative Mean
goa.1.._g..hLe¤t Qistanse Rating

50 mm 14.0 ft 0.72x 14.83 A
85 17.0 0.97 14.73 A
70 17.0 0.81 14.66 A B

105 21.0 0.97 14.05 A B
85 21.0 0.77 13.50 A B C
35 10.0 0.72 13.16 A B C D
70 21.0 0.67 12.55 A B C D E
28 7.0 0.82 12.47 A B C D E
28 10.0 0.56 12.36 A B C D E
50 10.0 1.00 12.14 A B C D E F
70 14.0 1.01 11.78 A B C D E F G
35 14.0 0.50 11.38 B C D E F G
50 17.0 0.55 11.33 B C D E F G
50 21.0 0.46 10.31 C D E F G
35 17.0 0.41 10.28 C D E F G
28 5.6 1.06 9.99 D E F G H
28 14.0 0.38 9.32 E F G H I

105 17.0 1.18 9.05 F G H I
35 7.0 1.04 8.70 G H I
35 21.0 0.32 7.22 H I
28 21.0 0.24 6.76 I
28 17.0 0.29 6.63 I
85 14.0 1.22 6.53 I

105 14.0 1.49 3.60 J
50 7.0 1.49 3.32 J
70 10.0 1.42 3.18 J
50 5.6 1.92 3.18 J
85 10.0 1.68 3.10 J
35 2.8 1.36 2.89 J
70 7.0 2.10 2.61 J

105 10.0 2.09 2.33 J
85 7.0 2.51 1.92 J
70 5.6 2.82 1.76 J

105 7.0 3.14 1.70 J
85 5.6 3.36 1.68 J

105 5.6 4.15 1.50 J

Note: Means with the same letter are not significantly different
(g > 0.05).
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images which were judged of equal pleasantness as the images

from the 28 mm, 35 mm, and 50 mm lenses used at the

reference distance. The optimum images were significantly

more pleasing than the images produced by the 70 mm, 85 mm,

and 105 mm lenses used at the reference distance.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 24. Referring

to Table 16 for the female subjects it can be seen that the

apparent perspectives produced by the 50 mm, 70 mm, 85 mm,

and 105 mm focal lengths were perceived to be equally

pleasing. From this group of lenses, the 85 mm and 105 mm

focal lengths produced images which were perceived to be

significantly more pleasing than the images produced with

the 28 mm and 35 mm focal lengths. However, the images

produced using the 28 mm and 35 mm focal lengths were

tightly cropped (i.e., partially truncated some people in

the scene). The images recorded with the 85 mm and 105 mm

focal lengths did not suffer from this truncation. This

lack of truncation may have been a contributing factor as to

why these images were rated as more pleasing.

The results of the Newman—Keu1s analysis of the 36 means

shown in Figure 37 for the male subjects are listed in Table

17. The mean ratings for these same subjects are plotted as
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Table 17

Results of the Newman-Keuls Analysis of the 36 Means for the

Restaurant Scene · 4R Print Size - Males

Relative Mean

105 mm 21.0 ft 0.97x 12.40 A
85 17.0 0.97 12.10 A B
70 21.0 0.67 11.67 A B C
35 10.0 0.72 11.58 A B C
50 14.0 0.72 11.51 A B C
85 21.0 0.77 11.31 A B C
70 17.0 0.81 11.01 A B C D
50 17.0 0.55 10.28 A B C D E
28 7.0 0.82 10.10 A B C D E
70 14.0 1.01 10.06 A B C D E
35 14.0 0.50 9.81 A B C D E
28 10.0 0.56 9.41 A B C D E
50 21.0 0.46 8.75 B C D E F
50 10.0 1.00 8.71 B C D E F
28 5.6 1.06 8.50 C D E F
28 14.0 0.38 8.43 C D E F
35 17.0 0.40 8.29 C D E F
35 7.0 1.04 7.73 D E F

105 17.0 1.18 7.31 E F
85 14.0 1.22 7.07 E F
28 17.0 0.29 7.03 E F
35 21.0 0.32 6.90 E F
28 21.0 0.24 5.49 F G
50 7.0 1.49 4.23 G H
70 10.0 1.42 4.10 G H

105 14.0 1.49 3.81 G H
85 10.0 1.68 3.63 G H
35 5.6 1.36 - 3.47 G H
50 5.6 1.92 3.40 G H
70 7.0 2.10 3.17 G H

105 10.0 2.09 3.03 G H
85 7.0 2.73 2.73 G H
70 5.6 2.82 2.61 G H

105 7.0 3.14 2.36 G H
105 5.6 4.15 2.06 H

85 5.6 3.36 1.99 H

Note: Means with the same letter are not significantly different
(g > 0.05).
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a function of relative magnification in Figure 39. The

relative magnifications as a function of Focal Length and

Distance are shown in Figure 24. As can be seen from Figure

39 and Table 17, there are a number of focal length and

distance combinations which were rated to be very pleasing.

The 35 mm lens used from the reference distance of 10.0 ft

produced an image which was perceived to be significantly

more pleasing than the images produced at the reference

distance with the 70 mm, 85 mm, and 105 mm lenses. The 28

mm and 50 mm lenses used from 10.0 ft produced images which

were equal in perceived pleasantness to that for the 35 mm

lens used from the reference distance.

The 105 mm focal length used from 21.0 ft was the only

optimum focal length/distance combination. The image

produced with this optimum combination was perceived to be

significantly more pleasing than the images produced using

the 50 mm, 70 mm, 85 mm, and 105 mm lenses from the

reference distance of 10.0 ft. However, the 28 mm and 35 mm

lenses used from the reference distance produced images

which were perceived to be the same degree of pleasantness

as the optimum image.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 24. Referring
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to Table 17 it is seen that the apparent perspectives

provided by the 70 mm, 85 mm, and 105 mm focal lengths were

perceived to be equally pleasing. From this group, the 85

mm and 105 mm focal lengths produced images which were

perceived to be significantly more pleasing than the images

(apparent perspectives) provided by the 28 mm and 35 mm

focal lengths. The image taken with the 50 mm focal length

was also shown to be less pleasing than the image taken with

the 105 mm lens. While these results indicate a preference

for the apparent perspective views which best approximate

the true perspectives, the problem of scene truncation

described above in the discussion of the results for the

female subjects may have also biased the male subjects'

responses.

In summary, for both the male and female subjects, none

of the images for this scene were perceived to be

significantly more pleasing than the image produced using

the 35 mm lens from the reference distance. The Gender

difference is probably caused by the fact that the female

subjects provided somewhat higher overall mean ratings than

the males did to those images each group found to be most

pleasing. The explanation for this is not obvious.

Picnic scene. The magnitude estimation data for this

scene were analyzed with a 2 x 6 x 6 (Gender x Distance x
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Focal Length) anlaysis of variance. The results of this

analysis are shown in Table 18. There were significant main

effects of Gender, Focal Length, and Distance. These main

effects are shown in Figures C16, C17, and C18,

respectively, in Appendix C. The Distance x Focal Length

and Gender x Distance x Focal Length interactions were also

significant. The Distance x Focal Length interaction is

shown in Figure C19 in Appendix C.

In order to better understand the three-way interaction

of Gender x Distance x Focal Length, simple-effect F tests

were performed separately for each level of Gender. For the

female subjects, this analysis showed significant effects of

Distance (F (5, 140) = 59.71, Q < 0.001) and Focal Length (F

(5, 140) = 34.32, Q < 0.001). The Distance x Focal Length

interaction was also significant (F (25, 700) = 49.14, Q <

0.001). This interaction is shown in Figure 40.

For the male subjects, the simple-effect F tests

indicated significant effects of Distance (F (5, 140) =

49.94, Q < 0.001) and Focal Length (F (5, 140) = 35.00, Q

0.001). The Distance x Focal Length interaction was also

significant (F (25, 700) = 14.50, Q < 0.001). This

interaction is shown in Figure 41.
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Table 18

Analysis of Variance Summary Table for the Picnic Scene —

4R Print Size

Source df MS F p

Between Subjects 29

Gender 1 276.08 4.97 0.0340
Subjects/Gender 28 55.54

Within Subjects 1050

Focal Length 5 540.51 67.97 0.0001
Gender x Focal Length 5 10.61 1.33 0.2534
Focal Length x
Subjects/Gender 140 7.95

Distance 5 1055.41 108.86 0.0001
Gender x Distance 5 7.04 0.73 0.6051
Distance x Subjects/Gender 140 9.69

Distance x Focal Length 25 415.05 57.74 0.0001
Gender x Distance x
Focal Length 25 42.48 5.91 0.0001

Distance x Focal Length x
Subjects/Gender 700 7.19

Total 1079
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In both Figure 40 and Figure 41 it is shown that the

focal lengths greater than the 35 mm lens used at the

nearest distance produced images which were rated low in

pleasantness. Ratings increase as distance increases. This

once again shows the effects of truncated image content.

The pattern of rating changes somewhat differently for the

female and male subjects. In Figure 40 for the female

subjects, it is shown that once a maximum rating is achieved

for images recorded with the 28 mm through 50 mm lenses, the

ratings fall off quite steeply. The images recorded with

the other lenses either tend to always increase or taper off

gradually. In Figure 41 for the male subjects the pattern

of ratings is a little different. For these subjects, once

a maximum rating was reached for the images produced using

the 28 mm and 35 mm lenses, the ratings then fall off more

gradually. The ratings for the images produced with the

other lenses tend to either constantly increase or flatten

off once a maximum is obtained.

The results of the Newman—Keuls analysis of the 36 means

depicted in Figure 40 for the female subjects are listed in

Table 19. The mean ratings for the same subjects are

plotted as a function of relative magnification in Figure

42. The relative magnifications as a function of Focal

Length and Distance are shown in Figure 29. Referring to

Figure 42 and to Table 19, it can be seen that there is a
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Table 19

Results of the Newman-Keuls Analysis of the 36 Means tor the

Picnic Scene - 4R Print Size — Females

Relative Mean
L<;l.L.<Lq_h<=a¤ t D.i.s;a¤.<;e Rating

50 mm 11.0 ft 1.00x 15.60 A
85 18.7 0.97 15.14 A B
85 15.4 1.11 14.40 A B C
35 7.7 1.06 14.30 A B C
28 7.7 0.85 14.15 A B C
85 23.1 0.71 13.84 A B C D

105 23.1 0.91 13.66 A B C D
70 15.4 0.95 13.52 A B C D
50 18.7 0.56 13.47 A B C D

105 18.7 1.15 13.47 A B C D
35 6.2 1.39 13.21 A B C D
70 18.7 0.78 12.95 A B C D
70 23.1 0.61 12.41 A B C D
28 11.0 0.54 12.36 B C D
28 6.2 1.11 12.10 B C D
35 11.0 0.67 11.97 B C D
50 15.4 0.66 11.70 C D
35 15.4 0.46 10.74 D E
35 18.7 0.39 8.78 E F
28 15.4 0.39 8.41 E F
28 18.7 0.30 7.39 F G
35 23.1 0.30 6.73 F G H
70 11.0 1.41 5.80 G H
28 23.1 0.24 5.58 G H

105 15.4 1.41 4.62 H I
50 7.7 1.51 4.33 H I J
50 6.2 2.00 2.93 I J K
70 7.7 2.11 2.55 I J K
85 11.0 1.67 2.47 I J K

105 11.0 2.06 2.15 I J K
70 6.2 2.90 2.13 I J K
85 7.7 2.58 1.67 J K
85 6.2 3.54 1.53 J K

105 7.7 3.23 1.50 J K
105 6.2 4.06 1.12 K

Note: Means with the same letter are not significantly different
(g > 0.05).
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Figure 42. Rating as a function of relative magnification
for the female subjects viewing the Picnic Scene
in the 4R print size.
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large number of focal length and distance combinations which

were rated to be very pleasing. The 35 mm lens used from

the reference distance of 11.0 ft produced an image which

was perceived to be significantly more pleasing than the

images produced by the 70 mm, 85 mm, and 105 mm lenses used

from the reference distance; equally pleasing as the image

from the 28 mm lens used at 11.0 ft; and less pleasing than

the image produced by the 50 mm lens used from the reference

distance of 11.0 ft. In fact, the 50 mm lens used at this

reference distance was the optimum image. This optimum was

perceived to be significantly more pleasing than any of the

other lenses used from the reference distance.

The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left—right diagonal elements in Figure 29. Referring

to Table 19 for the female subjects it is seen that the

apparent perspectives produced by the 35 mm to 105 mm focal

lengths were perceived to be equally pleasing. From this

group, only the image produced by the 50 mm focal length was

perceived to be significantly more pleasing than the image

produced with the 28 mm lens. This difference shows that

extreme distortions of the true perspective are found to be

less pleasing than less severe representations.
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In Table 20 the results of the Newman-Keuls analysis of

the 36 means depicted in Figure 41 for the male subjects are

listed. The mean ratings for these same subjects are

plotted as a function of relative magnification in Figure

43. The relative magnifications as a function of Focal

Length and Distance are shown in Figure 29. As can be seen

from Figure 43 and Table 20, there are a number of

combinations of focal length and distance which produced

images which were found to be quite pleasing. The image

produced by the 35 mm lens from the reference distance was

found to be equally pleasing to the images made by the 28 mm

and 50 mm lenses, and more pleasing than the images produced

by the 70 mm, 85 mm, and 105 mm lenses used from the

reference distance.

There were six optimum combinations of focal length and

distance. These were the 28 mm lens used from 11.0 ft, the

70 mm and 85 mm lenses both used from 23.1 ft, the 35 mm

lens used from 15.4 ft, and the 70 mm and 85 mm lenses both

used from 18.7 ft. These optimum images were found to be as

equally pleasing as the images produced by the 35 mm and 50

mm lenses used at the reference distance. The optimum

images were found to be more pleasing than the images

produced by the 70 mm, 85 mm, and 105 mm lenses used at the

reference distance.
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Table 20

Results of the Newman-Keuls Analysis of the 36 Means for the

Picnic Scene - 4R Print Size - Males

Relative Mean
Focal Length Distance Magnification Rating

28 mm 11.0 ft 0.54x 11.45 A
70 23.1 0.61 11.43 A
85 23.1 0.71 11.40 A
85 18.7 0.97 11.09 A
35 15.4 0.46 11.01 A
70 18.7 0.78 10.98 A
50 18.7 0.56 10.72 A B
28 6.2 1.11 10.66 A B
28 7.7 0.85 10.60 A B
70 15.4 0.95 10.57 A B
50 15.4 0.66 10.57 A B

105 23.1 0.91 10.49 A B
35 11.0 0.67 10.41 A B
50 23.1 0.44 10.36 A B
35 7.7 1.06 10.31 A B
50 11.0 1.00 10.20 A B

105 18.7 1.15 10.09 A B
85 15.4 1.11 9.65 A B
35 18.7 0.39 9.57 A B
28 15.4 0.39 9.45 A B
28 18.7 0.30 8.79 A B C
35 6.2 1.39 8.35 A B C
35 23.1 0.30 8.24 A B C
28 23.1 0.24 7.57 B C
70 11.0 1.41 6.43 C D
50 7.7 1.51 4.73 D E

105 15.4 1.41 4.40 D E
85 11.0 1.67 3.78 E
50 6.2 2.00 3.49 E
70 7.7 2.11 3.08 E

105 11.0 2.06 2.73 E
70 6.2 2.90 2.50 E
85 7.7 2.58 2.37 E
85 6.2 3.54 2.07 E

105 7.7 3.23 1.87 E
105 6.2 4.06 1.68 E

Note: Means with the same letter are not significantly different
(g > 0.05).
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The equal image size prints for this scene were produced

by the combinations of focal length and distance represented

by the left-right diagonal elements in Figure 29. Referring

to Table 20 it can be seen the the apparent perspectives

produced by all of the focal lengths were perceived to be

equally pleasing by the male subjects.

In summary, the female subjects perceived the image

produced using the 50 mm focal length from the reference

distance to be significantly more pleasing than the image

produced by the traditional non—SLR 35 mm camera. However,

for the male subjects this was not the case. These subjects

perceived the image produced using the 35 mm lens from the

reference distance to be just as pleasing as any of the

other highest rated images.

Comparing Figures 42 and 43 the differences between the

genders can be noted. The female subjects were much less

tolerant of small images (low relative magnifications) than

were the male subjects. In fact, the male subjects

perceived all but one of the smallest images to be in their

top—rated group. Another difference is that the female

subjects gave higher mean ratings to their highest rated

images than the males did to theirs.



EXPERIMENT III

The purpose of this experiment was to examine the

preferences for different perspectives of the same scene

given a constant image size. There is evidence in the

literature which suggests that people have a preference for

more parallel perspective views of scenes than that afforded

by reality (e.g., Hagen, 1986). However, the majority of

these studies have dealt with simple line drawings. The

present study investigates the preference for various

perspective views of more "real life" scenes as depicted in

photographic prints.

Method

Subjects. Seventeen females and 13 males participated.

Their criteria for selection were the same as used in

Experiments I and II; these subjects did not participate in

either of the previous experiments.

Scene selection and prints. The same four scenes

reproduced in the 3R print size used in Experiment I were

used in this study. However, only six images for each scene

were selected. These images were those produced by the

combinations of Focal Length and Distance shown on the main

left—right diagonal of Figure 13. This means that each of

the six prints for a given scene were produced using a

162



163

different camera lens focal length from a different

camera·to-subject distance. As described previously, this

technique produces images which have relatively the same

image size but vary in true perspective. The prints for

each scene were mounted on grey cards as described in

Experiment I.

Viewing apparatus. The viewing apparatus was identical

to that used in Experiment I.

Procedure. A single one-hour session was required for

each subject. During this session, a subject viewed and

evaluated all the prints for all the scenes. The method of

simultaneous paired comparisons was used. For the six

prints/scene there is a total of 15 pairs/scene. Every

print was paired with every other print within a scene. To

control for order effects, four “optimal" orders were

created based on the procedure described by Ross (1934).

This procedure ensures that pairs having one stimulus in

common are maximally separated in the order of

presentation. In addition, the presentation of pairs within

each order was balanced so that the more parallel

perspective view of each pair appeared equally as often on

the left as it did on the right. For each subject, these

four optimal orders were assigned to the scenes randomly.
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The order in which the scenes were presented to the subject

was then randomized.

Along with the method of paired comparisons, the scaling

technique of constant·sums was used as described by Guilford

(1954). This technique has been used often with the method

of paired comparisons to assess the strengths of preference

among stimuli (Ekman, 1958).

At the beginning of a session, the subject was seated at

a table away from the Standard Viewer. The subject was then

given a brief summary of the experiment. Subjects were told

that they would be presented with several pairs of prints

and be asked to select the member of each pair which seemed

the most pleasing to them. They were then asked to read and

sign a consent form.

The subject was then asked to move to the adjustable

chair in front of the Standard Viewer. The chair height was

adjusted so that the subject could view the prints

comfortably from the correct distance. The subject's vision

was then screened using the Vistech and SPP charts.

After completing the visual tests, the subject was given

a sheet of instructions detailing the procedure to be used

in the evaluation. The experimenter read the instructions
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aloud while the subject followed along. The subject was

encouraged to stop the experimenter and ask questions. The

instructions were as follows:

I have a number of pairs of prints which I would like to
show to you. I will present the members of each pair
simultaneously. The left print in each pair will be
referred to as print A; the right print in each pair will be
referred to as print Q. I would like you to select the
print in each pair which you prefer. Please base your
preference judgements on the print which seems the most
pleasing to you. That is, if you had taken the picture,
which of the two prints would you like to have as your own?

I would like you to assess your degree of preference by
dividing a total of 100 points between the two prints within
each pair. Please divide the points according to your
strength of preference for one print over the other. For
example, if you prefer one print over the other very much
you might assign 92 points to the print you prefer and 8
points to the other print. If you don't have much
preference for one print over the other, you might split the
100 points, 57 for one and 43 for the other. If your
preference is somewhere between these two extremes, you
might split the points 80-20, for example.

For each pair, you need to pick the print which you prefer
and assign this print the higher number of points. The
other print will get the remaining points. Therefore, there
can be no 50-50 splits. You may use any division of the 100
points which represents your preference for one print over
the other.

When making your evaluations of the prints, please disregard
any dirt or scratches which may be apparent, as well as any
changes in facial expressions (such as eyes closed/open,
smiling/not smiling, etc.).

Do you have any questions?
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Once the instructions had been completed and all the

subject's questions answered, pairs of practice prints were

presented to allow the subject to become familar with the

comparison procedure. These practice prints were six prints

selected from the nine practice prints used in Experiments I

and II. The subjects were asked to view the member of each

pair from a position which allowed their line of sight to be

perpendicular to the center of each print before they gave

their response. Subjects accomplished this by moving their

head to the left and right on the forehead rest. Subjects

received enough practice so that they were comfortable with

the task. The presentation of 5 to 10 pairs was adequate.

The 15 pairs from each scene were then presented.

Subjects received a short break between scenes. After the

presentation of all scenes, the subject was debriefed and

thanked for his/her participation.

Results and Discussion

The above procedure produces two types of data for

analysis and discussion. The first is the simple frequency

data provided by the paired comparison procedure. These

data provide information about how many times each print was

preferred (i.e., found to be more pleasing) over every other

print. This information can be used on a subject by subject
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basis to determine rank orders for the six prints for a

given scene. These ranks were analyzed using the multiple

comparison test based on Friedman Rank Sums (Hollander and

Wolfe, 1973, p. 151). This test determines which prints

were perceived to be significantly different in terms of

being selected as the most pleasing most often.

The data provided by the method of constant sums allows a

ratio scale of pleasantness to be derived. This allows some

interpretation as to how pleasing the different perspective

views appear to one another. For example, is one view twice

as pleasing as another, etc. The technique used to derive

the ratio scale is described in detail by Guilford (1954).

It is recommended in this procedure to assign the stimulus

receiving the minimum number of points a scale value of

1.00. The remaining values are then built from this

reference point. This method was used for all the scales

derived in this experiment.

An analysis of these two sets of data will be described

for each scene.

Living room, one person flash scene. For convenience,

the prints will be referred to as Print 1 through Print 6 as

shown in Table 21. The derived ratio scale of pleasantness,

the print number, and the results from the multiple

comparison test are shown in Figure 44.
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Table 21

Print Reference Numbers and the Associated Focal Lengths and

Distances for the Living Room and Magnification Only Scenes

grrn; Focal Length Qistance

1 28 mm 2.8 ft

2 35 3.5

3 50 5.0

4 70 7.0

5 85 8.5

6 105 10.5
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2.06 (Print 3) A

1.95 (Print 4) A

1.52 (Print 5) A B

1.35 (Print 2) A B

1.06 (Print 1) B

1.00 (Print 6) B

Figure 44. Ratio scale of pleasantness and significant
differences for Living Room scene. Values with
the same letter are not significantly different
(g > 0.05).
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From the review of the perspective literature, it would

be anticipated that prints with a more parallel perspective

view (i.e., recorded with longer focal length lenses) would

be perceived to be most pleasing. There are basically two

reasons for this. One is that studies in the past have

indicated preferences for the more parallel perspective

views of line drawings. If this were a general result, the

effect should show up here. Another reason is that the

print which best approximates the true perspective recorded

on the negative would be found to be the most pleasing. For

the printing magnification used to produce a 3R print, this

lens computes to be a 90 mm focal length. For this study,

this focal length is approximated by the 85 mm and 105 mm

focal lengths. Since these longer focal length lenses were

used from a greater camera—to-subject distance, the images

recorded with these lenses are of a more parallel

perspective than the images recorded with shorter focal

lengths.

It can be seen in Figure 44 that the most parallel view

was not perceived to be the most pleasing. Print 6 is at

the bottom of the scale. Both print 1 and print 6 were

perceived to be significantly less pleasing than prints 3

and 4. In fact, prints 3 and 4 were perceived to be about

twice as pleasing as prints 1 and 6. However, prints 3 and

4 were no different than prints 2 and 5 in terms of the
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number of times they were preferred, even though the scale

values for prints 3 and 4 are higher than the values for

prints 5 and 2.

Although the principal subject image size remains the

same in each of the 6 prints, the surrounding information

changes. This change may also have been influencing the

judgements of the most pleasing image. Also, since this

scene was an indoor flash scene, prints 1 and 2 had

noticeable flash fall-off in the background. This fall-off

produces a darkening in the image surrounding the main

subject. This effect may have contributed to the low

ranking and scale value for print 1.

A valid conclusion to be drawn from these data is that

the 50 mm focal length used from 5.0 ft, which was the

reference distance for this scene, produces a pleasing

perspective view. However, this view was not considered to

be more pleasing than the images produced with the 70 mm, 85

mm, and 28 mm focal lengths. The higher scale values for

prints 3 and 4 indicates a tendency towards a pleasantness

for images which approximate the true perspective.

Magnification only scene. The print reference numbers

for this scene and the corresponding Focal Lengths and

Distances are listed in Table 21. The derived ratio scale
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of pleasantness, the print number, and the results from the

multiple comparison test are shown in Figure 45. It can be

seen that all prints but print 4 were perceived to be

equally pleasing. This is not surprising since this scene

was designed to look at changes in image size rather than

changes in perspective. However, there is a noticeable

change in perspective in the model's face from print to

print.

Prints 1, 3, 5, and 6 were perceived to be significantly

more pleasing than Print 4. In fact, these prints were

perceived to be about 1.4 to 1.7 times as pleasing. Once

again, the perspective view provided from the reference

distance (Print 3) was one of the most pleasing prints. The

only other factor besides the change in perspective from

print to print was that of changing depth of field. Prints

1, 2, and 3 were noticeably sharper throughout than the

other prints. However, looking at the results in Figure 45,

depth-of-field was probably not an issue in the way subjects

made their judgements.

gestaurant scene. The print reference numbers and the

corresponding Focal Lengths and Distances for this scene are

shown in Table 22. The ratio scale, print numbers, and the

results from the multiple comparison test are shown in

Figure 46. At the first look at this figure it appears as
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1.74 (Print 1) A

1.59 (Print 6) A

1.44 (Print 5) A

1.35 (Print 6) A

1.11 (Print 2) A B

1.00 (Print 4) B

Figure 45. Ratio scale of pleasantness and significant
differences for Magnification Only scene.
Values with the same letter are not
significantly different (Q > 0.05).
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Table 22

Print Reference Numbers and the Associated Focal Lenqths and

Distances for the Restaurant Scene

grin; Focal Length Distance

1 28 mm 5.6 ft

2 35 7.0

3 50 10.0

4 70 14.0

5 85 17.0

6 105 21.0
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2.85 (Print 6) A
2.77 (Print 5) A

1.50 (Print 4) 6

' 1.16 (Print 3) B
1.07 (Print 2) B
1.00 (Print 1) B

Figure 46. Ratio scale of pleasantness and significant
differences for the Restaurant scene. Values
with the same letter are not significantly
different (Q > 0.05).
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though subjects perceived the most parallel perspectives to

be the most pleasing and then found the remaining prints to

be proportionally less pleasing based on the decrease in

camera-to—subject distance. While there are noticable

distortions in prints 1, 2, and 3 which are diminished in

Prints 4, 5, and 6, the cropping of the scene also changes.

In print 1 the scene is tightly cropped with both subjects

on the left and right edges of the print being chopped off

somewhat. This close cropping becomes less and less with

prints 2, 3, and 4 and is eliminated entirely in Prints 5

and 6.

Because of the possible confound due to cropping, it is

difficult to derive firm conclusions about apparent

perspective based on these results. The results indicate

that prints 5 and 6 were found to be significantly more

pleasing than any of the other prints. Prints 5 and 6 were

2.7 to 2.8 times as pleasing as prints 1 and 2. However,

this strength of preference is most likely due to the

combination of changes in perspective and cropping.

Picnic scene. The print reference numbers for this scene

and the corresponding Focal Lengths and Distances are listed

in Table 23. The ratio scale of pleasantness and the

results from the multiple comparison test are shown in

Figure 47. Prints 1, 2, 3, 5 and 6 were perceived to be
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Table 23

Print Reference Numbers and the Associated Focal Lengths and

Distances for the Picnic Scene

grin; Focal Length Distance

1 28 mm 6.2 ft

2 35 7.7

3 50 11.0

4 70 15.4

5 85 18.7

6 105 23.1
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1.60 (Print 3) A B

1.49 (Print 6) A

1.25 (Prints 1, 2, 6) A B

1.00 (Print 4) B

Figure 47. Ratio scale of pleasantness and significant
differences for the Picnic scene. Values with
the same letter are not significantly different
(Q > 0.05).
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equally pleasing. 0f these, Print 5 was perceived to be

significantly more pleasing (almost 1.5 times as pleasing)

than Print 4.
I

This scene was a good four person scene. No person was

partially cropped out as in the Restaurant scene. With the

change in perspective there was the concomitant change in

background information. Again, the perspective from the

reference distance (print 3) recorded with the 50 mm lens

was judged to be one of the more pleasing images.

It is clear from the results of all four scenes that the

parallel perspective views were not found to be more

pleasing than the views recorded from the reference

distance. No "zoom effect" or preference for minimal

perspective seems to be present.



PREDICTIVE MODELS

The independent variables of Focal Length and Distance

and the corresponding magnitude estimates of pleasingness

can be used to generate a response surface which shows

graphically how the independent variables combine to produce

various degrees of perceived pleasantness. One of the goals

of the present study is to fit a polynomial to this surface

which best approximates its characteristics. This function

can then be used to help provide an interpretation of the

results and to predict pleasantness for other combinations

of Focal Length and Distance not specifically used in this

study.

The development of accurate predictive models requires

that the responses provided by the subjects be based

primarily on the manipulations of the independent

variables. If other variables are influencing the subjects'

responses these will not be accounted for in the model and

will compromise the model's predictive capability. The

results for Experiments I, II, and III indicate that for

some scenes subjects may have been responding to aspects of

the scene other than changes in magnification (Focal Length)

and perspective (Distance).

180
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Specifically, it was shown in the results for the

Magnification Only Scene that subjects were responding to

specific elements within the scene rather than just to focal

length and distance. For example, subjects perceived prints

which contained either all or none of the woman's legs in

the scene to be the most pleasing. In a similar fashion,

the subjects' perceived pleasantness of the Restaurant scene

was affected by other than the manipulations of focal length

and distance. The left-right main diagonal elements

represented in Figure 24 were supposed to change only in

terms of perspective due to the changes in camera—to-subject

distance. However, it was shown in the results of all the

experiments that subjects were most likely looking at how

closely this scene was cropped in these prints in addition

to the changing perspective. For these reasons, only the

results for the Living Room scene and Picnic scene for both

print sizes will be used to develop models.

The data that are required to develop these predictive

models are the mean responses for each combination of Focal

Length and Distance shown in Figure 13. These means were

obtained by computing the geometric mean averaged across

subjects for each cell. These means represent the

traditional scale values developed using the scaling
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technique of magnitude estimation (Stevens, 1975). This

procedure provides 36 geometric means for each cell.

Regressor Variables

The procedure used to model the data for each scene and

print size will be to select the lowest order model which

predicts the greatest amount of variance. Second-order

models are often used to approximate response surfaces

(Draper and Smith, 1981). This strategy was adopted in the

development of all the models in this section. The pool of

regressor variables used is listed in Table 24.

Criteria for Model Selection

The SAS procedure RSQUARE was used to compute all

possible models containing the eight regressor variables

described above. The best model from this group was

selected taking into consideration all of the following:

(1) the value of R2, (2) the value of Mean Square Error

(MSE), (3) the most appropriate value of C(p) based on the

number of parameters in the model, and (4) the lowest value

of PRESS. This procedure for model selection is described

in detail by Myers (1986). If there was more than one

"best” model based on these criteria, then each candidate

model was examined to see how it fit the data by looking at
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Table 24

Pool of Regressor Variables

Focal Length

Distance

Distance x Focal Length

(Focal Length)2

(Distance)2

Distance x (Focal Length)2

(Distance)2 x Focal Length

(Distance)2 x (Focal Length)2
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analyses of the residual (actual — predicted) values. One

model was then selected as being the best.

Living Room Scene 3R Print Size

The model selected for this scene and the values of the

criteria used for selection are shown in Table 25. This

model is statistically significant (F (4, 31) = 35.29, p <

0.0001). The values listed under the column heading of
";“

are the Student's g values for testing the null hypothesis

that each parameter equals zero. The significance levels

shown under the "p" column are the probabilities of getting

a larger value of t if the parameter is truly equal to

zero. A small value for this probability indicates that the

independent variable contributes significantly to the

model. The R2 value of 0.82 indicates that the model

predicts a substantial proportion (82 percent) of the

variance.. The value of C(p) indicates that the model is not

underfit. The response surface generated by this model is

shown in Figure 48.

As can be seen in Figure 48, the model parallels the

actual results for this scene quite closely. The

combinations of Distance and Focal Length which produce the

highest ratings are those which lie along the main diagonal

of Figure 16. The response surface falls off gradually on
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Table 25

Predictive Model Parameter Estimates and Criteria for

Selection for the Living Room Scene 3R Print Size

Parameter
Variable Estimate t g

Intercept 10.87215096 14.71 0.0001

Distance -0.95158783 -6.96 0.0001

(Focal Length)2 -0.0013900l -10.46 0.0001

Distance x Focal
Length 0.04619068 9.20 0.0001

(Distance)2 x
Focal Length -0.0021408l -5.76 0.0001

320.82 0.8884 4.7797 37.26
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either side of this diagonal as Distance is increased for

the shorter Focal Length lenses, and more rapidly as Focal

Length is increased for the near distances.

Picnic Scene 3R Print Size

The best model for this scene is shown in Table 26 along

with the values of the criteria used for selection. This

model is statistically significant (F (7, 28) = 47.80, p <

0.0001). The value for R2 indicates that the model

accounts for 92 percent of the variance. The C(p) value

shows that the model is not underfit or overfit. In Figure

49 the response surface generated by this model is shown.

As can be seen in Figure 49, this model is very

representative of the actual results for this scene and

print size. The values of relative magnification shown in

Figure 29 which are greater than 1.0x did not produce images

which received high ratings. These lower ratings were due

to the fact that these images were not representative of the

scene content. The response surface shows this fall·off in

rating quite nicely by the steep slope for those images

produced using combinations for Distance and Focal Length

which produced relative magnifications greater than 1.0x.

The remainder of the response surface shows that those

images with relative magnifications less than one produce
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Table 26

Predictive Model Parameter Estimates and Criteria for Selection

for the Picnic Scene 3R Print Size

Parameter
Variable Estimate 3 g

Intercept 39.9223532O 10.32 0.0001

Focal Length -1.39385222 -8.86 0.0001

Distance —2.03563592 -7.86 0.0001

(Focal Length)2 0.00974355 7.03 0.0001

Distance x Focal
Length 0.14068137 8.58 0.0001

Distance x 2(Focal Length) -0.00116577 -6.75 0.0001

(Distance)2 x
Focal Length -0.00246758 -5.19 0.0001

(Distance)2 x
(Focal Length)2 0.00002608 4.73 0.0001

32 MSE c (Q) PRESS
0.92 2.0382 7.9874 85.21
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data for the Picnic scene depicted in the 3R
print size.
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high ratings and than gradually fall off as relative

magnification approaches a minimum. This response to values

of relative magnification less than 1.0x is very similar to

the response surface shown in Figure 48 for the Living Room

Scene.

Living Room Scene 4R Print Size

The best model for this scene is shown in Table 27 along

with the values of the criteria used for selection. This

model is significant (F (5, 30) = 32.03, Q < 0.0001). The

R2 value shows that the model predicts 84 percent of the

variance. This prediction is similar to the results for

this same scene in the 3R print size. The C(p) value

indicates that the model is not underfit. The response

surface generated by this model is shown in Figure 50. The

comments for this surface are the same as those given the

surface shown in Figure 48 for this scene in the 3R print

size.

Picnic Scene 4R Print Size

The best model for this scene is shown in Table 28 along

with the values of the criteria used for selection. This

model is statistically significant (F (7, 28) = 30.03, Q <

0.0001). The model predicts 88 percent of the variance as
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Table 27

Predictive Model Parameter Estimates and Criteria for

Selection for the Living Room Scene 4R Print Size

Parameter
Variable Estimate g g

Intercept 7.57068593 11.20 0.0001

Distance -0.9785209O -5.92 0.0001

(Focal Length)2 —0.00114622 -8.43 0.0001

Distance x Focal
Length 0.05684282 10.07 0.0001

Distance x
(Focal Length)2 —0.00009722 -2.40 0.0229

(Distance)2 x
Focal Length -0.00237409 -6.65 0.0001

B2 rg
em).0.840.7409 6.4101 33.66
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Table 28

Predictive Model Parameter Estimates and Criteria for Selection

for the Picnic Scene 4R Print Size

Parameter
Variable Estimate g p

Intercept 34.29994719 8.08 0.0001

Focal Length -1.16024614 -6.72 0.0001

Distance -1.7603424O -6.19 0.0001

(Focal Length)2 0.00771762 5.08 0.0001

Distance x
Focal Length 0.11629839 6.46 0.0001

Distance x 2(Focal Length) -0.00090941 -4.80 0.0001

(Distance) 2 x
Focal Length -0.00199331 -3.82 0.0007

(Distance)2 x
(Focal Length)2 0.00001975 3.27 0.0029

R2 MSE c (Q) PRESS
0.88 2.4546 10.6357 115.26
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is indicated by the value of R2. However, the C(p) value

indicates that the model may be a slight underfit. The only

other model with a better C(p) value was the full model.

This full model had a higher value for PRESS so it was not

selected as the best model. The response surface generated

by this model is shown in Figure 51. The description for

this surface is the same as that given the surface shown in

Figure 49 for this scene in the 3R print size.

For each of the scenes and print sizes, a model can be

fit which predicts a major portion of the variance. The

R2 values range from 0.82 to 0.92. These values are

unexpectedly high considering the variability inherent in

subjects' judgements of pleasantness. The fact that the

values are so high indicate that the differing combinations

of Focal Length and Distance may have been reliably altering

the perceived pleasantness of images.

The Picnic scene had the highest value of R2 for both

print sizes. This is probably due to the fact that any of

the images with a relative magnification greater than 1.0x

were not representative of the total scene content. This

reduces the variance of response because these images were

judged to be less pleasing by all subjects.
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It is important to note the similarities among the

response surfaces shown in Figures 48 to 51. For those

combinations of Distance and Focal Length which produce

relative magnifications such that the scene content is

always maintained across all scenes (values of relative

magnification typically less than or equal to 1.0x), the

shapes of the surfaces (slopes) are very similar. This

similarity of shape indicates that it would be possible to

develop a model which could be used to predict ratings for

images recorded with different combinations of Distance and

Focal Length regardless of scene type.

In order to develop such a model, the geometric means for

each scene were combined into one data set. This

combination produced a total of 144 means. The pool of

regressor variables was the same as shown in Table 24 with

one addition. A binary variable was inserted into the

predictor set which indicated print size (the 3R print size

= 1 and the 4R print size = 2). The values of Distance for

each scene were converted to ratios to reference distance.

This model is referred to as the All Scene Model.

The model selected as the All Scene Model and the values

of the criteria used for selection are shown in Table 29.

This model is statistically significant (F (6, 137) = 35.95,

p < 0.0001). The R2 value of .61 indicates that the model
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Table 29

Predictive Model Parameter Estimates and Criteria for

Selection for the All Scene Model

Parameter
Variable Estimate t g

Intercept 16.47406228 9.70 0.0001

Focal Length -0.30476593 -3.84 0.0002

(Focal Length)2 0.00103203 1.67 0.0971

(Distance)2 —4.09555716 -7.11 0.0001

Distance x
Focal Length 0.33691258 6.21 0.0001

Distance x
(Focal Length)2 -0.00l68946 -3.96 0.0001

Print Size -1.42878808 -3.88 0.0002

32 EEFEF.
0.61 4.8930 7.2199 738.23
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predicts a moderate proportion (61 per cent) of the

variance. The values of MSE and PRESS are quite high

compared to the values produced for each scene independently

although the value of C(p) is quite good.

Although the above values are not as good as each of the

models for each scene developed independently, the model

still has some predictive value. The response surfaces

generated by this model for the 3R and 4R print sizes are

shown in Figures 52 and 53, respectively. It can be seen

that these surfaces represent a compromise among Figures 48

to 51. For example, the relatively steep fall—off in

ratings (shown in Figures 49 and 51), given those images

recorded with combinations of Distance and Focal Length

which produce relative magnifications greater than one, have

been leveled off somewhat due to the influence of the

responses given the images of the Living Room Scene. In

both Figures 52 and 53 the remaining combinations of

Distance and Focal Length produce ratings which show the

similarity across all scenes.
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DISCUSSION

The primary objective of this research was to determine

how controlled combinations of magnification and perspective

affect consumer preference for photographic images recorded

in two different print sizes. The subjects in this study

were selected to be representative of actual non—SLR 35 mm

camera users. The results indicate that these subjects

found no particular combination of focal length

(magnification) and distance (perspective) to produce images

which were judged to be the most pleasing. A wide range of

both focal lengths and distances was shown to produce images

which were judged to be equally highly pleasing.

Specifically, the images produced using the focal length and
‘

distance combination representative of currently available

non—SLR 35 mm camera systems was almost always among the

prints which were judged to be the most pleasant. This

result indicates that there may not be an increase in the

perceived pleasantness of images by just changing the lens

which is available on these cameras.

It was assumed that there would be a preference for

images produced such that they are representative of the

natural perspective of the original scene when viewed at the

350 mm distance. The results from all three experiments

indicate that this was not the case. All four scenes used

in this study contained the distortions described by Gibson

201
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(1971). Examples of these are distortions of interobject

distance, distortions of slant/shape, and distortions of

texture density and perspective. It is apparent the

subjects either didn't perceive these distortions or, if

they did, they didn't perceive them negatively. The

question that remains to be answered is why this was the

case.

It has been noted before in studies dealing with picture

perception that the perceptions of the transformed optical

array from a picture are not always veridical with the

distortions which are expected (Farber and Rosinski, 19787

Rosinski and Farber, 1980). This fact has lead to the

development of a belief in a compensation mechanism of

pictorial perception (Hagen, 1976b; Rosinski, Mulholland,

Degelman, and Farber, 1980). Hagen theorized that such a

compensation mechanism may be triggered by the visible flat

pictorial surface available in free viewing situations. The

viewing conditions of the present experiment were such that

the subjects had no doubt that they were viewing a picture.

The compensation mechanism has been described as a

perceptual process by which observers are able to discount

the distortions caused when viewing a print from other than

its correct viewing point. Although the actual mechanisms
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by which this process takes place are somewhat ill—defined

(Rosinski and Farber, 1980), the process has a couple of

characteristics which make it a plausible explanation for

the results of the present study. These have been

summarized by Rosinski and Farber (1980) as follows.

It has been shown that the perception of familiar objects

or objects within a familiar context depicted in a pictorial

fashion are less affected by the distortions of the optical

array. All of the scenes used in this study were selected

based on the types of scenes usually recorded by non—SLR 35

mm camera users. As such, the content was very familiar to

all subjects. All of the scenes contained people in common

surroundings, restaurants, living rooms, etc. It could be

that because of this familiarity the distortions were

ignored or not perceived.

It has also been determined that the perceptions of the

distortions are noticed most often when subjects are not

aware that the scene they are viewing is a picture. This is

the case when the photograph is viewed monocularly and the

view is only limited to the photograph (e.g., Purdy, 1958;

Schlosberg, 1941; Smith and Gruber, 1958; Smith and Smith,

1961). As described before, the subjects in the present

study were all aware that the objects they were viewing were

pictures.
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In a series of studies, Hagen and her coworkers (Hagen

and Elliott, 1976; Hagen, Elliott, and Jones, 1978; Hagen

and Glick, 1977) used the theory of the compensation

mechanism of picture perception to explain what they termed

the "zoom effect" of picture perception. The zoom effect

theory states that people prefer a more parallel (or

minimal) perspective view in a picture than that produced by

using the traditional technique of linear perspective. They

determined that the surface characteristics of a picture may

not only "trigger" the compensation mechanism but also be

responsible for the preference for a more parallel

perspective view.

In the present study, these more parallel perspective

views were provided by the images recorded with the longer

focal length lenses used from distances beyond the reference

distance. The results indicate that subjects had no

particular preference for these images. At first thought,

this seems to be in conflict with the zoom effect

phenomenon. However, the developmental explanation of the

zoom effect as explained by Hagen and Jones (1978) explains

the present results quite well.

These authors produced experimental evidence which

indicates that the zoom effect is a learned effect. They

showed that young children have a preference for the
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traditional linear perspective views of objects while adults

preferred the more parallel perspective views. Since this

was the case, Hagen and Jones (1978) believed that the

preferences of the adult subjects came about (i.e., were

learned) from their experiences with viewing art and other

repoductions which depicted the parallel views. Hagen and

Jones (1978) explained that artists commonly used such

parallel views in their work so that the pictures can be

viewed from a variety of distances without any distortions

being perceived.

This developmental explanation can also be used to

explain why the zoom effect was not present in the results

from the present study. The subjects in this study were

typical non—SLR 35 mm camera users. As such, they were used

to receiving prints which have the distortions described

above. It could be that these subjects just learn to accept

these views as "normal" and lose their sensitivity. This

concept would explain why such a wide variety of image sizes

and their associated distortions were judged to be very

acceptable.

Although there was no one focal length which provided the

most pleasing image within a scene or across scenes, the

degree to which each focal length produced an image which

was perceived to be pleasing as distance increased was
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different. This can be seen by examining the figures of the

Distance x Focal Length interaction for each scene and print

size. These are Figures 14, 15, 22, 26, 27, 31, 36, 37, 40,

and 41. (The results of the Magnification Only scene have

been omitted for the reasons discussed in the Results

section.) For the majority of scenes, the typical pattern

of the mean ratings of pleasantness for the images created

with the 28 mm and 35 mm focal length lenses is to increase

to a maximum and then to fall off. An example of this is

shown in Figure 22.

The lenses 50 mm and above produce a quite different

response to the changes in distance. For these lenses, once

a maximum rating is reached, they either level off or

decline much less rapidly than either the 28 mm or 35 mm

focal lengths. In most cases the 50 mm focal length used

from the reference distance produced an image which was

perceived to be just as pleasing as the 35 mm focal length

image from the reference distance. Since the 50 mm lens was

less sensitive to changes in distance than the 35 mm lens,

there might be some advantage for the use of the 50 mm lens

as the choice for a non-SLR 35 mm camera. This idea should

be investigated more thoroughly.
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Similarities getween Rrint Sizes

Experiments I and II were designed to determine in a

systematic fashion the effects that focal length and

distance have on the perceived pleasantness of images

reproduced in 3R and 4R print sizes respectively. None of

the experiments in this study were designed to compare

directly the perceived pleasantness between the images

depicted in both a 3R and 4R print size. It is interesting,

however, to qualitatively compare the ratings of

pleasantness for each print size for a given scene.

These comparisons can be made on a scene—by—scene basis

by referring to Figures 54 through 57. The data in each

figure represent the mean ratings of pleasantness for each

print size as a function of relative magnification. In

order to account for the fact that the subjects in both

studies probably used a different range of numbers when

making their magnitude estimates, the data were adjusted for

each scene in the same manner as was described at the

beginning of the results section of Experiment I.

In Figure 54 the data for the Living Room scene are

plotted. It can be seen that the subjects viewing each

print size responded in a similar manner. This similarity

is somewhat remarkable considering the fact that 30
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different subjects were used in each study. It shows that

the subjects were using the magnitude estimation procedure

in the same fashion and were responding roughly the same way

to changes in focal length and distance regardless of print

size. Both print sizes produced a similar cluster of high

mean ratings in the range of 0.5 to 1.5 relative

magnification. For higher and lower relative magnifications

the mean ratings fall off.

In Figure 55 the mean ratings as a function of relative

magnification are plotted for the Magnification Only scene.

Again, it can be seen that the subjects' ratings follow the

same pattern for both print sizes. As has been described in

the results section, ratings of pleasantness for this scene

were particularly influenced by scene content. The fact

that the curves for each print size have the same shape

indicates that this scene effect was uninfluenced by print

size.

In Figure 56 the mean ratings are plotted for the

Restaurant scene. Again, the shapes of the functions for

each print size are similar. However, the curves tend to

peak at somewhat different relative magnifications. The

data for the 3R print size indicates a maximum rating to the

prints having a relative magnification a little under 1.0x.

This shift in peak is due to the fact that this scene was so
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tightly cropped. The magnifications just under 1.0 contain

the complete image. The peak response to the 4R prints

includes values of relative magnification which are closer

to 1.0x. This is due to the fact that the 4R print size

allows more of the actual image area on the negative to be

reproduced. Even though this scene was cropped closely,

when it is reproduced in the 3R print size additional image

content is lost. The 4R print size has the same aspect

ratio as the image area on the 35 mm negative, whereas the

3R does not.

Finally, the mean ratings as a function of relative

magnification are shown for the Picnic scene in Figure 57.

It can be seen that once again the shapes of the curves for

each print size are similar. However, among the prints

receiving the highest ratings of pleasantness, there are two

of the 3R size prints which stand out slightly from the rest

of the cluster. There seems to be no simple explanation for

this and it may be just an anomalous effect.

Perspective Preferences

In Experiment III the apparent perspective views for the

scenes depicted in the 3R print size were compared using the

technique of paired comparisons. The results indicated that

there was not a particular apparent perspective that was
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found to be most pleasing for all scenes. However,

depending on the scene, there were some perspective views

which were found to be significantly more pleasing than

others. The comparisons among the same apparent perspective

views were also made for these same prints when shown in

Experiment I. For this experiment, no differences were

found among these prints for any scene except the Restaurant

scene. As explained previously, the results for this scene

were most likely due to the way it was cropped.

The fact that differences were found in one experiment

and not the other when the same prints were used indicates

that apparent perspective is a subtle effect at least for

images reproduced in the 3R print size. In the single

stimulus presentation used in Experiment I, the subjects

were not able to discern any differences among the prints

representing changes in apparent perspective. When these

same prints were presented in pairs as in Experiment III,

subjects were then able to note the changes in apparent

perspective and include this information when they made

their judgements of perceived pleasantness.

However, this was not the case in Experiment II. In this

experiment, the same scenes used in Experiment I were

presented in the 4R print size using a single stimulus

presentation. For this larger print size, subjects were
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able to discern differences in apparent perspective as

indicated by their ratings of pleasantness. Why should the

larger print size allow subjects to perceive changes in

apparent perspective? There are a couple of explanations

for this.

One is that the apparent magnifications for each print

size are different. This is because the printing

magnification for the 4R print size is 1.15x that used for

the 3R print size. The apparent perspectives for each print

size are quantified as effective magnifications in Figures 8

and 9. The effective magnifications for each print size

when viewed at 350 mm are summarized in Table 30. It can be

seen from the values in this table that although the

effective magnifications for the two print sizes are

different, the values for the 3R print size span the entire

range of values for the 4R print size except for the

extreme. It seems doubtful that the differences in

effective magnification between the two print sizes is the

only reason that changes in apparent perspective were

noticed in one print size and not the other.

Another difference between the two print sizes is the

obvious difference of physical size. There is evidence in

the literature dealing with experimental esthetics that

people tend to spend more time looking at larger
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Table 30

Effective Hagnification for the 3R and 4R Size Prints When Viewed

From 350 mm

Effective gaghificatieh

Eocai Length QR Egint §i;e gg Rgint Size

28 mm 0.31x 0.36x

35 0.39 0.45

50 0.56 0.64

70 0.78 0.89

85 0.94 1.09

105 1.17 1.34
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reproductions than smaller ones (Clarke, Shortess, and

Richter, 1984). This difference indicates the possiblity

that subjects in the 4R study (Experiment II) may have spent

more time looking at the prints than did the subjects in the

3R study (Experiment I). Although there is no way to

estimate the viewing times post hoc, if subjects were

spending a longer time looking at the 4R size prints, they

would have possibly had a greater probability of noticing

the differences among apparent perspectives. Thus, it

follows that viewing time (or response time) may be an

important dependent measure to include in future experiments

dealing with magnification and perspective.

Future Research

The present study has helped to define how magnification

and perspective alter the perceived pleasantness of images

when displayed in photographie prints. The results also

indicate several suggestions for future research in this

area. One topic which should be studied is the influence of

stimulus range effects. There were 36 prints for each

scene, which may have been too many for people to deal with

at one time. Their responses of pleasantness could have

been biased by the fact that they could not discriminate the

differences among the stimuli. Subjects may have altered

their criterion for what they thought was pleasing in order

to make the task easier.
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Range effects have been studied often in conjunction with

the technique of magnitude estimation (e.g., Teghtsoonian,

1973). One of the main findings is that when the stimulus

range decreases, subjects fail to decrease the range of

their numerical responses in the appropriate proportion

(Marks, 1984). This concept might mean that subjects would

be better able to discriminate among the prints in the

present study if fewer prints were used at once. This

hypothesis could be easily tested.

There would be good reason to leave out the prints

produced using the 85 mm and 105 mm focal lengths. The main

reason that prints using these lenses were included was to

investigate the possibility that the reproductions of the

true perspectives might be found to be more pleasing than

other perspective views. Since this wasn't the case, the

images from these lenses could be left out. In addition,

the images produced using the 28 mm lens could also be

eliminated. Replicating the present experiment with the

images produced with the 35 mm, 50 mm, and 70 mm focal

lengths would provide an accurate assessment of the effects

due to stimulus range.

There is always the possibility that the results of the

present experiment were influenced to a great extent by the

method used to assess pleasantness. There were many reasons
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for using the technique of magnitude estimation. However,

other methods have been used to study the preference for

perspective. For example, Hagen and Elliott (1976) had

their subjects rank a set of six stimuli from the most

natural and realistic-looking picture to the least natural

and realistic-looking. They found that subjects preferred

the more parallel perspective views. The fact that in the

present study this effect was not replicated may have been

due to the differences in method. In the present study,

subjects were asked to judge how pleasing the composition of

each image appeared to them. Asking them to rank the prints

from most to least natural may have produced results similar

to Hagen and Elliott's. Although it would not have made

sense to use this technique to fulfill the purposes of the

present study, it is worth noting that the method used may

bias the results in some fashion.

It would be very worthwhile to perform a set of

experiments dealing with magnification and perspective in

which methods of assessment were varied. The methods could

be varied both in terms of the instructions to subjects

(i.e., what they are asked to judge-- pleasantness,

most/least natural looking, etc.) and the methods of

response (i.e., ranking, rating, magnitude response, etc.).

By comparing the results from these experiments, the

influence of method could be determined. In addition, if
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the results from several different methods tended to give

the same answer concerning magnification and perspective,

there would be a higher probability that the actual effect

of these variables was being obtained.

One of the difficulties in performing research such as

the present study is that the subjects never see the

original scene. This constraint means that none of the

subjects actually viewed the scenes from the camera position

and the natural perspective from which the print for each

scene was recorded was never experienced by the subject.

When subjects view the prints, they are relying on their

memory or concept of like scenes. That is, they are

comparing the head sizes and other objects in the prints to

like objects and arrangements they have experienced before.

It may be that the memory for such like scenes is not enough

to drive preference in the direction of the natural

perspective. It is possible that if subjects had actually

viewed the scene from the camera position their judgements

of how pleasing each view appeared to them may have been

different.

One way to solve this problem would be to set up an

artificial scene and have subjects take "pictures" of it

using lenses of various focal lengths from various

distances. The subjects could then evaluate a controlled
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set of prints taken from the same distances with the same

focal lengths. This approach would ensure that each subject

had actually viewed the scene from each distance before he

was asked to evaluate it. Subjects could also be given the

opportunity to choose their own distance given a certain

lens, etc.

However, even this type of experiment is not able to

assess the total involvement a person has when he/she takes

his/her own picture. This involvement comes from actually

having "produced" the picture and possibly having some

emotional attachment to the content of the picture, for

example, taking pictures of family and friends, etc. This

degree of involvement most likely interacts with other print

variables such as magnification and perspective. In order

to understand more completely the influence of variables

such as magnification, perspective, print size, etc., this

emotional involvement needs to be determined.

Assessing this emotional involvement is obviously

complex. However, there is a precedent in the literature

dealing with experimental esthetics. Researchers in this

discipline investigate the emotional appeal of various

artforms such as paintings and music (Berlyne, 1974). A

review of this literature is not appropriate here. It is

enough to note that investigators in esthetics have
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developed techniques which could be useful in assessing the

emotional involvement people have for their pictures. Some

of these methods are verbal ratings, psychophysiological

measures such as GSR and EEG, and behavioral measures such

as exploration time and exploratory choice. All of these

techniques may not be applicable to solving the assessment

of emotional impact, but they are worth investigating.

Proper implementation of these techniques may involve a

complete redefinition of the way studies such as the present

one are performed.

Model Utility

All of the models developed for each scene individually

have good predictive capability. The R2 values range from

.82 to .92. These high values indicate that the variables

of Focal Length and Distance combine in such a way so as to

reliably influence the perceptions of pleasantness as

defined in this study. This fact means that models such as

the ones developed in this study can be used with success to

study the impact of how changing the focal length of a

camera lens may modify the consumer acceptance of the

resulting prints. However, the predictive capability of the

models developed in this study is obviously limited to only

two scenes and two print sizes. A variety of other scenes

need to be used so that a more complete understanding of how
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the variables of Focal Length and Distance interact can be

obtained. This procedure would also allow the development

of more generalized models.

The moderately high predictive capability of the All

Scene Model indicates that such generalized models may be

developed. As has been discussed previously, there are

similarities among the individual models in terms of the

prediction of ratings given to images which are

representative of the particular scene content. This result

led to the motivation to develop a model which was “scene

free." This model quite nicely represents a compromise

across all scenes. The additional information which would

be gained by studying a variety of scenes could be used to

make this model more complete.
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Print Preference Study

Researcher: Richard Pigion, VPI/Kodak Research Intern

Participant's Informed Consent

This study is being conducted as part of a graduate
internship program between Virginia Polytechnic Institute
and State University and Eastman Kodak Company. The purpose
of the study is to determine preferences for different views
of the same scene as depicted in photographic prints. The
information gained from this study can be used in the design
of future camera systems. As a participant in this
experiment, you have certain rights. You should read and
understand your obligations and rights, listed below, before
consenting to participate in this experiment.

- You are being asked to agree to participate in two
sessions of approximately 45-60 minutes each. During that
time, you will view several prints of a common scene. The
different prints represent different views of the same
scene.

- The prints will be presented one at a time, and you will
be asked to state how pleasing the composition of each print
appears to you.

- In order to maintain a constant viewing distance for all
people who participate in this experiment, a forehead rest
will be used. You will only be required to place your head
against the forehead rest when you are actually viewing the
prints. At most, this will be for about 10 minutes at a
time. You will then receive a short break to relax while a
new series of prints are prepared for presentation.

- Please do not hesitate to mention if you need your chair
adjusted to make you more comfortable. It is important that
you are able to view the prints in a relaxed manner.

- Since this study has been designed in conjunction with PPG
Human Factors, you may participate in the study during your
normal working hours.

- You have the right to stop participating in the experiment
at any time. If you decide to stop, notify the experimenter
immediately.

- You have the right to withdraw your data from the
experiment, if you desire. If you wish to do so, you must
inform the experimenter before leaving the last session.
After this session, all data are treated anonymously.
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- If you have any questions regarding this experiment, you
may contact the researcher, Richard Pigion, at ext. 79434,
or any of the following people:

Dr. Ann G. T. Young
Supervisor, PPG Human Factors ext.

Dr. Harry L. Snyder
Research Advisor, Virginia Tech

Mr. Chuck Waring
Internal Review Board Chairman
Virginia Tech

Your signature below indicates that you understand what is
expected of you in this experiment, you have read and
understand your rights as a participant, and you agree to
participate in this experiment. Please ask any questions
which you may have.

Name
(printed):

Insurance
Number:

Signature:

Date:
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Figure C1. The main effect of Focal Length for all subjects
viewing the Living Room Scene depicted in the 3R
print size.
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Figure C2. The main effect of Distance for all subjects
viewing the Living Room Scene depicted in the 3R
print size.
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Figure C3. The Distance x Focal Length interaction for all
subjects viewing the Living Room Scene depicted
in the 3R print size.
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Figure C4. The main effect of Distance for all subjects
viewing the Magnification Only Scene depicted in
the 3R print size.
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Figure C5. The main effect of Focal Length for all subjects
viewing the Restaurant Scene depicted in the 3R
print size.
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Figure C6. The main effect of Distance for all subjects
viewing the Restaurant Scene depicted in the 3R
print size.
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Figure C7. The main effect of Focal Length for all subjects
viewing the Picnic Scene depicted in the 3R
print size.
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Figure C8. The main effect of Distance for all subjects
viewing the Picnic Scene depicted in the 3R
print size.
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Figure C9. The Distance x Focal Length interaction for all
subjects viewing the Picnic Scene depicted in
the 3R print size.
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Figure C10. The main effect of Focal Length for all
subjects viewing the Living Room Scene depicted
in the 4R print size.
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Figure C11. The main effect of Distance for all subjects
viewing the Living Room Scene depicted in the
4R print size.
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Figure C12. The main effect cf Gender for all subjects
viewing the Restaurant Scene depicted in the 4R
print size.
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Figure C13. The main effect of Focal Length for all
subjects viewing the Restaurant Scene depicted
in the 4R print size.



250

12

1O

M 8
G
8
D

Fi 6
8
'(
i
D
Q 4

2

O
5 7 9 11 13 15 17 19 21 23

Distance (ft)

Figure C14. The main effect of Distance for all subjects
viewing the Restaurant Scene depicted in the 4R
print size.
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Figure C15. The Distance x Focal Length interaction for all
subjects viewing the Restaurant Scene depicted
in the 4R print size.
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Figure C16. The main effect of Gender for all subjects
viewing the Picnic Scene depicted in the 4R
print size.
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Figure C17. The main effect of Focal Length for all
subjects viewing the Picnic Scene depicted in
the 4R print size.
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Figure C18. The main effect of Distance for all subjects
viewing the Picnic Scene depicted in the 4R
print size.
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Figure C19. The Distance x Focal Length interaction for all
subjects viewing the Picnic Scene depicted in
the 4R print size.
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