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Abstract. Cropping is the central act of photography, the viewfinder of a camera being used to
crop a portion of the visual world which is then surrounded with a frame. Six studies are described
which show that the act of cropping is carried out reliably and confidently by both expert and
non-expert participants. Two studies confirm that some croppers are better croppers than others,
their cropped images being preferred aesthetically over the croppings of less-good croppers. Colour
had little impact on cropping decisions, whereas thresholded monochrome images (`Mooney images')
dramatically altered crop positions. That suggests that cropping can be driven top ^ down, by the
meaning of objects in photographs, but the fact that the Mooneyised images are still cropped
consistently, suggests that image structure, perhaps in the form of low-level image properties,
may still be important. Experts crop pictures differently from non-experts, and they take longer,
viewing a wider range of possible crops, pausing longer to assess crops, and using more formal
terminology when reflecting on their cropping decisions. Experts' crops are not, however, preferred
more, either by non-expert viewers or by expert viewers. Cropping, it is suggested, is an ideal
paradigm for experimental aesthetics, allowing precise experimental control with Fechner's Method
of Production, a technique which normally is not easy to use.

1 Introduction
Works of visual art such as paintings and photographs are typically framed, with a
clear demarcation between the art object and the rest of the world [and that demarcation can be central to the definition of an object as an artworkösee Danto (2003)].
Painting and drawing typically start with a blank canvas or sheet of paper which is
then covered with paint [the process Gombrich (1979) described as ``framing and filling''].
In photography, the converse process occurs, the framing occurring as a small portion
of the visual world is enclosed by the viewfinder, and the action of the shutter then
captures what Susan Sontag has called ``a thin slice of space [and] time'' (Sontag 1979,
page 22). For John Szarkowski (1966), the act of cropping is the fundamental difference
between photography and other visual arts:
``[The photographer's] central problem is a simple one: what shall he include, what shall
he reject? The line of decision between in and out is the picture's edge. While the
draughtsman starts with the middle of the sheet, the photographer starts with the frame.
The photograph's edge defined content. ... [The] frame is the beginning of his picture's
geometry.'' (page 70)

A variant technique in photography is cropping, which selects a smaller section of
a larger photographic image for a special purpose, such as an illustration of particular size,
shape, or content for use in a newspaper, magazine or, indeed, a picture frame. Although
in many ways framing and cropping are equivalent terms (and, when photographers frame
a picture through a viewfinder, there is also a sense in which they are cropping the entirety
of the visual world), here we will talk only of cropping, since it emphasises the image
itself, and selection within it, rather than allowing any confusion with the physical
frames, themselves sometimes ornate and extravagant, which often surround works of art
[and themselves are of aesthetic interest, as Gombrich (1979) has shown].
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The status of photography as an artform has long been controversial. To some
extent that was inevitable once George Eastman had developed the Kodak camera,
with its slogan: ``You press the button and we do the rest'', removing from the making
of accurate representational images any necessity for technical ability, craftsmanship,
or draughtsmanship (or, a psychologist might suggest, deep processing). And yet, as is
so clear when one looks at even a tiny fraction of the billions of photographs taken
every day, only a small proportion are aesthetically satisfactory, and only a minuscule
number of them are the masterpieces of a Cartier-Bresson, a Diane Albus, or an Ansel
Adams. Partly, as Rudolf Arnheim has said, that is because content alone is not
sufficient for a great photograph and, instead, he emphasises ``the forceful eloquence
of form'', stating that ``form is indispensable'' (Arnheim 1986). Here we investigate the
nature of cropping as a tool in experimental aesthetics for assessing the formal bases
on which some photographs are seen more aesthetically satisfactory than others and,
by extension, ask whether some photographers are better photographers than others.
As subsidiary questions we ask about the role of colour and meaning in determining
how an image is cropped and, at a broader level, about the nature of good design
and good composition.
Experimental aesthetics as a science was founded by Gustav Theodor Fechner (1871),
who described the three main methods by which aesthetics can be studied: the Method
of Choice (Methode der Wahl), which asks which of several objects is preferred; the
Method of Use (Methode der Verwendung), which examines the works of art or artifacts that have actually been made and used in the world; and the Method of Production
(Methode der Herstellung), which assesses the objects that people make and regard as
aesthetically satisfactory. Although the Method of Production has many theoretical
advantages, in practice it often fails because many experimental participants have
neither adequate technical skills in drawing, painting, or whatever, nor sufficient experience in assessing the aesthetic quality of objects that they have made. Photography
provides a practical solution to such problems, for there are few people who have
not had some experience at taking photographs (and therefore at cropping through a
viewfinder), little technical skill is required, and yet most people also recognise that
some photographs are better than others. The choices and the decisions they make
can therefore inform about aesthetic processes. Photography is therefore potentially a
paradigmatic method in experimental aesthetics for Fechner's Method of Production.
A photograph is a complex thing typically being a photograph of something.
Within that constraint there are, however, many choices that can be made in showing
the same thing. John Szarkowski (1976) described photography as
``... a system of visual editing. At bottom, it is a matter of surrounding with a frame
a portion of one's cone of vision, while standing in the right place at the right time.
Like chess, or writing, it is a matter of choosing from among given possibilities [and] ...
in the case of photography the number of possibilities is ... infinite.''

The choosing from a near-infinite range of possibilities characterises many art forms,
and it is one of the central processes in successful composition. In The Story of Art,
Gombrich (1950) suggested that artists are those ``... who are favoured with the wonderful
gift of balancing shapes and colours till they are `right'...'' (our emphasis). Composition is
central to the visual arts, and Fechner himself described how shapes are rarely judged
in isolation, but in relation to neighbouring shapes, the ensemble being judged for
its overall coherence (Fechner 1997). For the Gestalt psychologists, a central tenet
was that images had to be considered in terms of the entire visual field (Metzger 1953),
and that idea was developed further by Rudolf Arnheim (1974), who cites the prior
work of the artist and art teacher, Denman Ross. Ross primarily discusses what he
called ``pure design'', describing how the separate components of an image had, what
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he called, ``attractions'', and that these components were combined by a process of
``weighing'', to produce a ``centre of equilibrium'', in a quasi-physical process (Ross
1907, page 23). Of particular importance for the present study is that determining the
centre of equilibrium, ``is best done by means of a symmetrical inclosure or frame''
(page 23), in an exploratory, iterative, process; ``Move the frame up or down, right or
left, and the center of the frame and the center of the attraction within it will no
longer coincide, and the balance will be lost'' (page 24). Without considering further
the quasi-physical nature of the attractions and the balance (which will be discussed
in a future paper), Ross's method coincides with that used in framing or cropping in
photographyöa frame is moved until a picture appears just right, optimal, satisfactory,
pleasing, or whatever.
Cropping, framing, and composition are often described in handbooks and treatises
of photography, but typically in very vague terms for, as Briot (2009) said, ``composition is one of the most difficult areas of photography, or of any visual art for that
matter'' (page 25). Often therefore there is little precise that can readily be applied so
that, for instance, The Oxford Companion to the Photograph has an article on composition by Hicks (2005), which includes cropping, along with alteration of contrast,
saturation, and other techniques, by which images can be altered after they have been
taken. The article devotes most of its space to the ``once-hallowed rules of composition'', under the headings focal point, rule of thirds, format or orientation, line, tonal
mass, accent, balance, pattern or compositional shape, leading the eye, concentration
of interest, tonality, and colour. However, Hicks also says that, ``to a great photographer,
composition is almost instinctive'' [and in so doing echoes John Hedgecoe (1978), who
said that, ``Experienced photographers compose instinctively rather than in a calculated
way'']. Hicks' assertion that, ``Good composition is easier to recognize than to define'',
which again Hedgecoe echoes, would seem to be supported by scrutinising the sheer
variability of, say, the 500 photographs in The Photography Book, by photographers
from Aarsman, Abbas, and Abbe to Zachmann, Zecchin, and Van der Zee (Jeffrey 1997).
Nevertheless, Hedgecoe says: ``there are principles that help the beginner'', so that it is
``a fundamental principle ... that colours, lines and shapes should be balanced ...''.
Despite the high prevalence of photography in the everyday world, empirical studies
of the psychological basis of photography are, like philosophical analyses of photography
(Dobel et al 2007; Maynard 2001), quite rare. Important exceptions are the study
of Axelsson (2007), who contrasted the responses of professional photographers and
non-expert photographers to photographic images; that of Palmer et al (2008), who
asked participants to take digital photographs of single objects within a constrained
environment; and the study of Gardner et al (2008), which looked at tendencies of
focal objects in stock photographs to be near the centre or oriented toward the centre.
As an experimental technique for manipulating images, cropping has been included in
the taxonomy of Tinio and Leder (2009) as a `composition-level manipulation', between
global or `surface-level manipulations' (eg contrast, focus), and local or `semantic-level
manipulations' (eg altering image content by rearranging elements within an image),
cropping altering both local and global aspects of an image so that it alters ``complexity, symmetry and balance'' (page 55). More broadly, composition has been studied
with a range of techniques within experimental aesthetics, often involving both synthetic
stimuli [eg Palmer et al (2008)] and natural stimuli [eg Banich et al (1989)]. Theoretical
analyses have often been derived from Arnheim's (1982) study, The Power of the Center,
or have examined factors such as the rule of thirds or the role of the golden section
(McManus and Weatherby 1997). If a single conclusion were to be drawn from these
studies, it is perhaps that empirical studies either use extremely simple, synthetic
images, and hence risk being accused of not truly being about aesthetic judgments, or
they alternatively use complex natural or artistic images, and run the risk of no clear

The psychometrics of photographic cropping

335

conclusions being possible, a Scylla and Charybdis between which the present study
hopes to steer a route.
From a different research tradition is the study of Suh et al (2003), who tried to
develop a computerised way of cropping images, primarily as a way of automatically
generating `thumbnails' which contain the essential content of a picture. Santella et al
(2006), however, argued that automatic methods are unlikely to be effective since visual
salience and meaning in images are often not correlated, and they showed that automatic cropping produced less preferred results than semi-automatic, gaze-based cropping,
which took eye movements into account. More crucially, though, they also showed that
images hand-cropped by `a professional designer' were preferred even over semi-automatic
croppings. The important implication is that humans with `a good eye' somehow produce
a better result than computerised methods. How that occurs is the subject of this study.
In this study, we wish to answer some basic questions about the nature of photographic cropping. How consistent are people in the way they crop (ie are they reliable?),
and how much variation is there? Are some people better at cropping photographs
than others (in the sense that their croppings are preferred by independent judges)?
How is cropping affected by colour, and by the meaning of images? And, do experts
carry out the task differently from non-experts? In order to answer such questions
we have, inevitably, had to simplify some of the myriad of choices that actually occur
during the task of photography where, of course, the camera itself may be moved, the
subjects may be moving and the camera can zoom in and out, be used in portrait
or landscape mode, and aperture can be adjusted, etc. Participants see a full-screen
image on a computer, size 10246768 pixels, which they have to crop down to an image
of size 5126384 pixels (half the linear size and a quarter the area) by moving the
computer mouse. The crop has to be in the same proportions as the original (the aspect
ratio is unchanged), no zoom is allowed, and in each image there is an `inclusion box'ö
a smallish area that has to be included in the cropped image, and can be regarded as the
subject of the photograph. Despite those constraints, there are still very many possible
choices, but the process is sufficiently controlled to allow interpretation of the results.
It is probably easiest to describe the experiments in terms of six studies, although
studies 1 and 2 were linked, participants cropping images in study 1 and a different
group of participants making preference judgments of those cropped images in study 2.
Similarly, although studies 3, 4, and 5 were linked, they were designed to answer a set
of very different questions within a single experimental structure, and are best regarded
as study 3, which assesses the effect of colour and meaning on the cropping of images;
study 4, which compares expert with non-expert croppers; and study 5 which assesses
how participants talked about a subset of the cropped images used in study 2. Finally, in
study 6 a new set of judges, both expert and non-expert, were asked to make comparisons
between some of the images produced in study 5 by experts and non-experts.
2 Study 1
The first study was primarily exploratory, intending to gain basic information on the
feasibility of asking people to crop photographs on a computer screen, and on
the between-participants variation and the within-participants reliability of cropping
decisions.
2.1 Method
2.1.1 Task. The cropping task was carried out with a program written in Matlab using
the Psychophysics Toolbox (Brainard 1997; Pelli 1997). In each trial, participants first
saw the Viewing Window (see figure 1), which consisted of a single image filling the
entire screen (10246768 pixels). Within the image was a smallish, unfilled rectangle with
yellow/blue borders, known as the Inclusion Box, and participants were told that this
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was the focus or subject of the picture, and any crop that they produced must include
the Inclusion Box. After looking at the Viewing Window for as long as they wished,
participants clicked on the mouse and were shown the Crop Window. The screen
was entirely black, except for a part of the image of size (5126384 pixelsöthe Crop
Window), which was surrounded by a frame, 10 pixels in width, of intensity 64 (on an
8-bit intensity scale from 0 to 255). The initial placement of the Crop Window was at
random, and movements of the mouse moved the Crop Window around the screen.
The Inclusion Box was no longer visible, but the software ensured that the Crop
Window always contained it in its entirety. Participants were allowed to move the
Crop Window for as long as they wished, until a satisfactory cropping was achieved,
when they clicked the mouse, and after a short pause, the next Viewing Window
appeared. The position of the Crop Window was recorded six times per second during
cropping. The computer screen was at a distance of about 70 cm, meaning that the
Viewing Window was about 24 deg wide, whereas the Crop Window was about 12 deg
wide. Overall the task was intended to simulate the processes involved in taking a
photographölooking at the world in general (the Viewing Window), recognising that
there was something within it that one wished to photograph (the Inclusion Box), and
using the viewfinder (the Crop Window) to choose a particular photographic view.
2.1.2 Design. Each participant carried out the task 80 times on a total of 40 different
images, the 40 images being presented in random order and then repeated in the same
order to assess test ^ retest reliability.
2.1.3 Stimuli. Photographic images were obtained from a wide range of sources,
mostly from the Internet, but also from the personal collections of the authors and, in
some cases, they were provided by Anthony Santella from the images used in the study
of Santella et al (2006). Images were purposely chosen so that they contained typical
subject matter that people normally include in their photographsöfamily, landscape,
townscape, etcöand none had unusual, shocking, or provoking imagery, and neither
were any by established or well-known photographers. All were in colour, and had
an original resolution of at least 10246768 pixels. None was cropped or edited before
being used.
2.1.4 Procedure. Participants carried out the task in a windowless cubicle, darkened
except for a small spotlight illuminating the ceiling. Instructions to participants were
intentionally minimal, saying only that they would be asked ``to crop a number of
different pictures to make them look as nice as possible''. That the Inclusion Box would
have to be included was also explained. Participants were not informed that the first
40 images would be repeated, and there was no specific expectation that they should
crop the image the same way as on the first presentation. At the end of the experiment
the participants completed a brief demographic questionnaire and were debriefed.
2.1.5 Participants. The twenty participants (eighteen females, two males; mean age  20.6
years, range  18 ^ 26 years) were mostly students at University College London.
2.1.6 Statistical analysis. As will become apparent, the cropping points are often not
normally distributed, and therefore, where possible, non-parametric statistics are used
for the analysis. A problem also arises in that a largish number of participants (twenty)
is being tested on their perceptions of a large number of images (4062  80), and therefore a large number of statistical tests is being carried out. The study is, however, exploratory, and therefore too strong a criterion for significance, using a strict Bonferroni
correction, may not be appropriate. As a compromise the criterion for statistical significance is in general set at p 5 0:001, with occasional exceptions where portmanteau
tests are applied and hence no correction is necessary.
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Figure 1. [In colour online, see http://dx.doi.org/10.1068/p6700] An example image of a young
girl showing the Viewing Window in which the entire image is visible, as well as the Inclusion
Box which is a 1 pixel-wide yellow line surrounded by a 1 pixel-wide blue line (making it visible
against most backgrounds). Note that the Inclusion Box is not visible when participants are
actually cropping the image. (Image copyright I C McManus; all rights reserved.)

2.1.7 Ethics. Ethical approval for this and other studies was given by the Ethics Committee
of the Psychology Department of University College London.
2.2 Results
2.2.1 Viewing time and cropping time. Participants varied in the average time they spent
looking at the Viewing Window (mean  1:17 s, SD  0:36 s, range  0:57 to 1.75 s), and
carrying out the cropping (mean  6:52 s, SD  2:36 s, range  1:84 to 11.03 s). There was
no correlation between viewing time and cropping time (r  0:157, n  20, p  0:510).
Both cropping and viewing times decreased as the experiment continued, mean cropping
times being 12.5 s for the first trial, compared with 3.49 s for the last trial.
2.2.2 Cropping positions. Figure 2 shows an example of a composite image based
on the various croppings of figure 1. Although in this case the centres of the crop
windows, indicated by the small squares, are fairly tightly grouped, there are, as
in many other cases, suggestions of clustering and of outliers, making the X and Y
distributions non-normal.
2.2.3 Reliability. A crucial question concerning cropping is the extent to which individuals are reliable in their choice of cropping positions across occasions. Figure 3 shows
the composite image from the participants cropping figure 1 on their second occasion,
and to a large extent the median position looks similar, which is confirmed by a
Wilcoxon test comparing the median position on the two occasions in the X direction
(z  ÿ0:485, p  0:627) and in the Y direction (z  ÿ1:420, p  0:156). Considering all 40
images, none showed a significant difference in position at the 0.001 level of significance
in either the X direction or the Y direction. At the group level, therefore, croppings
are in the same position when they are repeated.
The correlation in position across the two occasions can also be assessed at the
level of individual participants. Considering the image in figures 2 and 3, across
the twenty participants there is a Spearman correlation of 0.538 ( p  0:014) for the
X position of the cropping and 0.713 ( p 5 0:001) for the Y position of the cropping.
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Figure 2. [In colour online] An example from study 1 of a composite of the 20 various croppings
of the image shown in figure 1. The small inner yellow box is the Inclusion Box, and the large
outer yellow box is the possible range of drop windows, given the size of the Inclusion Box. The
centres of individual crop windows are shown as bright red squares and the median position of
these individual crop windows is shown as the thick red window, which is divided horizontally
and vertically to indicate its midpoints. The area within the median crop window is bright,
whereas the contrast is reduced outside the median crop window to highlight it better. Individual
crop windows are shown where they are outside the median crop window by light boxes, and their
contrast is increased slightly over the background. The outer yellow box is the maximum possible
extent of the individual crop windows, given the location of the Inclusion Box.

Figure 3. [In colour online] The composite from study 1 of the 20 different croppings of the image
of figure 1 when shown on the second occasion (retest).

Those who crop this picture higher or more to the left on the first occasion therefore also
tend to do so on the second occasion. A similar analysis for all 40 pictures found a median
Spearman correlation in the X direction of 0.614 (mean  0:551, SD  0:226), and in the
Y direction of 0.562 (mean  0:499, SD  0:252), across the 40 images (with each correlation based on twenty participants) suggesting that cropping positions are generally
reliable across participants, indicating significant individual differences in choice of
cropping position.
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2.2.4 Consistency of individual participants. The reliability estimates above apply to a
single image; the question is to what extent different participants crop it the same way
on different occasions. A different way of viewing the question is to consider a single
participant, and ask whether, across the entire set of 40 images, each being cropped
twice, participants tend to crop in the same position, relative to other participants
on the two occasions. Cropping positions for each picture, separately for the X and Y
directions, were first converted to z scores relative to the mean for that particular image,
so that differences in the absolute cropping position for each image were removed.
For each participant, a correlation was then calculated for the cropping position for
the 40 images across the two occasions, separately for the X and Y directions, and
for simplicity the X and Y values were then averaged. The median correlation was
0.541 (mean  0:550, SD  0:185, range  0:854 to 0.212). The majority of participants
(14/20) had correlations of 5 0:5, suggesting reasonable within-subjects reliability, with
three participants having correlations of 4 0:8. However, six participants had relatively
low correlations: 0.481, 0.464, 0.363, 0.279, 0.235, and 0.212, raising the possibility that
participants differ in their consistency on the task. An exploratory comparison of
individual reliability in relation to the time spent viewing and cropping the pictures
suggested that there was no relationship with average viewing time (r  ÿ0:018, n  20,
p  0:942), but that there was a trend towards an association with average cropping
time (r  0:411, n  20, p  0:072), which was significant in the Y direction (r  0:487,
p  0:029), but not in the X direction (r  0:181, p  0:445).
2.3 Discussion
Study 1 was essentially an exploratory study, but it has shown several important things.
First, participants are happy doing the cropping study, and find it a sensible task (and
it must be said that we were surprised by the number of informal comments in the
debriefing by participants who said that the study was interesting and enjoyableö
admittedly in comparison with many other psychological experiments, which are often
tedious and uninteresting). The task is therefore a sensible one. More crucially, it is
also clear that participants were reliable, both as individuals and as a group, the
median cropping positions being similar on the two occasions that images were cropped.
Individual participants were also reliable, both on individual images, and across images,
suggesting that there are true individual differences in cropping position. Where participants were not reliable it seemed to be the case that they were spending less time
doing the task than more reliable participants. It should, however, also be emphasised that in the re-test condition the participants were not explicitly told to replicate
their previous cropping. A variant experiment that may be of interest would be to ask
participants either to replicate their previous cropping as exactly as possible, or to
produce a second cropping that is as different as possible from the previous cropping.
The cropping task also seems undoubtedly to be an aesthetic task; the instructions
were minimal but emphasised only that the picture should look `as nice as possible', and
participants did not find it hard either to understand that requirement or to satisfy it.
Given the similarity to conventional photography, where judgments are often made
that photos `look nice', we can assume that our task is indeed aesthetic.
However, and it is almost a given of any aesthetic task, people did differ in the
way they cropped the images (as can be seen in figures 2 and 3). The important
question is therefore whether some people are better than others at cropping these
images. That question is addressed empirically in study 2, where the cropped images
produced by a subset of the croppers in study 1 are judged by an entirely separate
group of participants, to assess whether those produced by some croppers are preferred
overall. If so, then it can probably be argued that some people are better at cropping
than others.
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3 Study 2
If some people are better at a task, be it playing the violin, making chocolate cake,
or cropping photographs, then other people will tend to prefer their products over
those of other, less competent, individuals. In study 2, we looked at that process in
more detail with the cropped images produced by the croppers in study 1. Although
the original intention had been to ask judges to rank all of croppings of a particular
image by each of the twenty croppers, a pilot study suggested that 20 images (which
of necessity are fairly similar) were too many for judges to compare, and therefore the
study was reduced to one in which the images of a carefully selected subset of six croppers
were compared.
3.1 Method
3.1.1 Task. On each trial, a participant, here called a judge, to avoid confusion with the
participants (croppers) in study 1, was presented with six different croppings of a single
image (for an example see figure 4). The cropped images were unlabelled, and judges
were not informed that the same six croppers had produced all of the images they were
seeing. The six different croppings of the same image were printed on standard photographic paper, laid out on a table at random, and judges were asked, first, to divide
them into two piles, with the three better and the three worse pictures, and then to
choose from the three better images the best image, and from the three worse images,
the worst image.

Figure 4. [In colour online] Six different individual croppings of the image of figure 1 from
study 1, which are a subset of those shown in figure 2, and which were used in study 2.

3.1.2 Stimuli. Six of the original croppers from study 1 were chosen to provide stimuli
for study 2. Five croppers with low individual reliability were eliminated from the pool.
A cluster analysis was then used to compare the similarity across all croppings of the
remaining fourteen participants. Six participantsöwhom we will here call A, B, C, D,
E, and F ö were then chosen who were as different as possible from one another
across the entire set of cropped images (but not necessarily on any particular image).
To keep the task manageable, the judges made judgments on 6 different croppings
of only 20 of the original images, with these 20 images being chosen so that
there was a maximum amount of difference between the croppings produced by the
six croppers. Cropped images were printed, with white borders, on standard
5 inch67 inch (13 cm618 cm) glossy photographic paper.
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3.1.3 Procedure. Judges carried out the task individually, standing in front of a table
on which the individual sets of 6 cropped photographs were laid out. As in study 1,
the instructions were minimal, merely asking judges to look at the pictures in terms
of which looked best, or which looked nicest. After each set of 6 had been judged,
the responses were recorded, and the next set of 6 cropped images presented.
3.1.4 Participants. The cropped images were judged by twenty-one judges (five males,
sixteen females; mean age  23:2 years; SD  2:07 years, range  20 ^ 28 years), most
of whom were students at University College London.
3.2 Results
3.2.1 Reliability. Cronbach's a coefficient was calculated for the judgments across all
images, and had a value of 0.798, showing that judges agreed well with each other.
3.2.2 Differences between croppers. Although judges themselves were not informed which
cropper had cropped which of the images in each set of 6, the primary interest of the
analysis was whether some croppers were more likely than other croppers to produce
cropped images in the best, good, poor, or worst categories. Because of the design of
the study, one sixth of all of the judgments was in the `best' category, one sixth in the
`worst' category, and one third each in the `good' and `poor' categories. Table 1 shows that
whereas cropper F had 23% of her/his croppings in the best category, cropper E had only
11% of her/his croppings in the best categoryöa 2 : 1 difference. A w2 test confirmed that
there were differences in the proportions of best and worst judgments between the
croppers (w2  138:32, p 5 0:001). Scoring judgments of best, good, poor, and worst as
4, 3, 2, and 1, respectively showed significant differences between croppers (F5, 2512  19:86,
p 5 0:001), and a posteriori tests suggested that cropper E produced worse croppings
than cropper A, who produced worse croppings than croppers B and C. Croppers C, D,
and F were the most preferred croppers and showed no significant differences.
Table 1. Proportion of cropped images by the six croppers in study 2 that were judged to be in
the worst, poor, good, or best categories.
Cropper

Worst

Poor

Good

Best

A

91
(21.7%)
49
(11.7%)
61
(14.5%)
52
(12.4%)
130
(31.0%)
37
(8.8%)

146
(34.8%)
167
(39.8%)
126
(30.0%)
113
(26.9%)
137
(32.6%)
151
(36.0%)

131
(31.2%)
139
(33.1%)
157
(37.4%)
170
(40.5%)
106
(25.2%)
137
(32.6%)

52
(12.4%)
65
(15.5%)
76
(18.1%)
85
(20.2%)
47
(11.2%)
95
(22.6%)

420

420
(16.7%)

840
(33.3%)

840
(33.3%)

420
(16.7%)

2520

B
C
D
E
F
Total

Total

420
420
420
420
420

A possible artifact in study 2 is that some of the six croppers had produced croppings that on average were closer to the mean cropping position of all the croppers
than did others. If, on average, the judges preferred typical rather than atypical cropping,
then a cropper at the overall average would be most preferred. A standardised Euclidean
distance (SED) from the population mean was calculated for each cropper by first converting all X and Y cropping positions to z-scores for each of the 80 images, and then
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calculating the Euclidean distance from the mean, standardised by dividing by the square
root of 160 (since there are X and Y measures on 80 images). For the twenty croppers
in study 1 the mean SED was 0.957 (SD  0:189, range  0:65 to 1.36). The six croppers chosen for study 2 had significantly higher SEDs (mean  1.092) than the remaining
fourteen croppers (mean  0:899, t18  2:31, p  0:033), but that was to be expected since
they had been chosen for their difference from one another, and hence also from the
population mean. For the six croppers in study 2, the correlation between the SED and
judges' mean preference for the crops was 0.221 ( p  0:674, N  6), implying that the
potential artifact is not responsible for the judges' preference for the crops of some croppers.
Although not many background variables were available for the six croppers, we
did look whether there was any systematic trend in the cropping time of the judges,
and in particular whether perhaps good (preferred) croppers had taken longer over
the task than non-preferred croppers. In fact, the opposite was the case, the mean
cropping times for croppers D, F, C, B, A, and E (ie in order of most popular to least
popular) were 6.05, 6.16, 9.06, 5.45, 7.34, and 11.03 s. Although the rank order correlation of ÿ0:543 was not significant ( p  0:266) the trend was in the direction of better
croppers being faster rather than slower in their cropping times.
3.3 Discussion
Although restricted to only six of the croppers from study 1, study 2 had shown
clearly that the cropped images produced by some croppers are preferred over the
cropped images produced by others. That is a proof-of-principle demonstration that
differences in cropping choice are not just arbitrary matters of mere taste or individual preference, but that some croppers produce cropped images that are generally
preferred by others. It therefore seems reasonable to describe those croppers as being
better at cropping. Although there may at first seem a circularity in the reasoning
(the croppers are better because other people prefer their croppings), the distinction
of mere (ie arbitrary and idiosyncratic) taste from a properly aesthetic judgment is a
general sense of agreement by others, particularly well-informed others, about the judgment (making it non-arbitrary to claim that, say, Rembrandt is aesthetically better than an
artist such as Jan Steen). The parallel in psychiatry is between delusions, which are characterised by being idiosyncratic and unshared, with generally held and agreed beliefs (say,
about quantum mechanics). It is being shared which makes the judgments objective.
Studies 1 and 2 have shown that cropping is an intuitively natural task that participants
carry out readily and reliably, and that like many other skilled tasks, some people
appear to be better at it than others. However, studies 1 and 2 have shown little about
how cropping is taking place, what is happening during it, and what underlying processes
might be driving it. The remaining studies were therefore designed to take apart the
process in more detail.
As explained in the introduction, studies 3, 4, and 5 could be regarded as a single
study, but they were conceived as three separate studies to answer three separate questions, and were integrated merely for practical convenience, and they therefore will be
described here as if they were separate studies. The design of the experiment is shown
in table 2, and it allowed a number of different aspects of cropping to be studied. First,
in what we will call study 3, the preference test, which can be considered an extension of study 2, allowed the croppings of three of the six croppers from study 2 to be
replicated and extended. Study 4 was designed to study the influence of colour and
meaning on cropping. Finally, study 5 was interested in the croppings of a group of
experts, who were professional photographers in postgraduate education to be compared
with those of non-experts, and as well as collecting information on actual croppings.
Also, in block D, participants were asked to `think aloud' while they re-cropped images
they had cropped previously, explaining what they had done and why.
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Table 2. Design of studies 3, 4, and 5. Blocks are indicated in the order in which they were carried
out by participants.
Block
Cropping trials 1 ± 40

Cropping trials 41 ± 80

Preference test
Cropping trials 81 ± 90
Questionnaire

Trials 1 ± 30: 30 images selected from study 1 presented in full
colour
Trials 31 ± 40: Repeat of 10 of the images from trials 1 ± 30
presented in full colour
8 of the images from the first block, trials 1 ± 30 (not those
repeated in trials 31 ± 40), presented firstly in monochrome
and then thresholded
8 novel images presented first thresholded, then in
monochrome, and finally in colour
A paired comparison design looking at 20 images cropped
by three of the croppers used in study 2 (60 trials)
Repeat of trials 31 ± 40 from the first block but with participants
wearing a headset with a microphone so that they could think
out aloud on the reasons for their cropping choices
Demographic and other background measures

4 Study 3
Study 2 showed that judges preferred the images cropped by some croppers over
others. Study 3 was primarily concerned to replicate that result with a new group of
non-expert judges, to confirm its validity. In order to carry out the task on a computer
screen, the sorting was reduced to a paired-comparison design, and to keep the number
of stimuli manageable, only three of the six croppers in study 2 were considered, selected
for their range.
4.1 Method
4.1.1 Task and stimuli. Using a program written with Matlab and Psychophysics Toolbox,
participants saw a series of 60 pairs of cropped images, one to each side of a computer
screen, and were asked to say which they preferred by pressing the keys on the keyboard.
The stimuli consisted of the 20 sets of cropped images that had been used in study 2.
However, images from only three of the six croppers were used: cropper F who was
rated the highest in study 2, copper E whose croppings were rated the lowest in
study 2, and cropper B who was intermediate in preference between croppers F and E.
For each image, participants saw separately cropper B with cropper E, B with F, and
E with F, for all 20 images, making 60 pairs, which were presented in random order.
A priori the expectation was that participants would prefer images by cropper F over
those by cropper B, cropper F over cropper E, and cropper B over cropper E. Reaction
times for each judgment were recorded. For the record, the SEDs of croppers F, B,
and E were 1.32, 1.36, and 1.01, respectively.
4.1.2 Participants. The study was carried out by forty-one non-expert participants
(nineteen male, twenty-two female, mean age  20.58 years, SD  0:97 years), and ten
expert participants (five male and five female, mean age  27.5 years, SD  3:98 years),
although the data for one expert participant in this part of the study were lost owing
to computer failure. Non-expert participants were mostly students at University College
London. Experts were all full-time students on the Masters Degree in Photography
at the Royal College of Art in London, which is entirely a postgraduate institution.
The experts had mostly worked in photography before returning to their postgraduate study,
and were therefore older than the controls. Experts were paid for their participation,
whereas non-experts were not paid.
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4.2 Results
4.2.1 Non-expert judges. Table 3 shows that overall the judges preferred the images
cropped by the higher rated cropper in study 2, and that there was a clear ordering,
as predicted, with cropper F's crops preferred most and cropper E's crops preferred least.
Across all comparisons, the judges differed in the percentage of times they preferred
the cropper who was preferred in study 2 (mean  63:1%, SD  5:38%, range  48:3%
to 73.3%). The mean is very significantly different from a chance expectation of 50%
(t40  15:57, p 5 0:001).
Table 3. Preferences in paired comparison design in study 3 for images cropped by croppers B,
E, and F (see also table 2).
Comparison

Preference:

N (%)

Cropper F (best) with Cropper E (worst)
Cropper F (best) with Cropper B (intermediate)
Cropper B (intermediate) with Cropper E (worst)
All pairs

Cropper F
Cropper F
Cropper B
Higher rated
in study 2

557/820 (67.9)
516/820 (62.9)
479/820 (58.4)
1552/2460 (63.1)

Averaging across participants, the forty-one non-expert judges took an average of
5.86 s to make each comparison (SD  1:74 s, range  2:92 to 9.87 s). There was a
non-significant correlation of ÿ0:282 ( p  0:074) between time taken to make the
judgments and proportion of preferences for the preferred cropper of study 2.
4.2.2 Expert judges. Data were only available for nine experts, and they preferred the
preferred cropper from study 2 on only 51.1% of occasions (SD  6:98%, range  36:7%
to 58.3%), which is not significantly different from 50% (t8  0:478, p  0:645), and is
significantly lower than the mean value of 63.1% for the non-expert judges (two-tailed
t-test, t48  5:73, p 5 0:001). The experts took an average of 6.35 s to make each
judgment (SD  0:9914 s, range  5:26 to 8.09 s), which was not significantly different
from the time of the non-experts (t  0:809, p  0:423).
4.3 Discussion
The data from the non-expert participants validate the results of study 2, since, in a
paired-comparison design, these judges who, like the judges in study 2, were non-expert,
preferred images cropped by croppers whose croppings had generally been preferred in
study 2. For non-expert participants, it therefore seems that some croppers are capable
of producing images which are systematically preferred by other individuals. The fact
that the preferences for cropper B, who was midway between croppers F and E in
study 2, are also midway between croppers F and E in this study suggests that there
is a continuum of cropping ability.
Interestingly, although, it must be said, not surprisingly, there was no evidence
that the experts showed any preference for the consensus judgments made in study 2
(which were made by non-experts). In a published study (as well as in unpublished
studies) we have previously found that artists are less willing to use Fechner's Method
of Choice to make preference judgments about aesthetic objects than non-artists
(McManus et al 1993), and our experience is that art students in general are unhappy
about making judgments of quality on other works. They are happy to look for difference
and to critique that difference from their personal experience (and that is what their
training is entirely about), but it is difficult to get them to make evaluative judgments.
Study 5 subsequently will, however, show that these experts are more than willing to
use Fechner's Method of Production within the constrained setting of an experiment.
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5 Study 4
Studies 1, 2, and 3 have shown that individuals can crop, that they do so consistently,
and that the croppings of some croppers are particularly preferred by other (non-expert)
judges. That, however, tells us nothing about the process by which cropping occurs and
the influences of the image itself upon the decisions made during cropping. Study 4 was
therefore designed to assess the impact of colour and meaning on cropping decisions.
Colour is mentioned as one of the twelve rules of composition by Hicks (2005),
who mentions particularly how colours may ``attract attention or add energy''.
Historically, and for technical reasons, photography began as a monochrome medium,
and colour is relatively recent, so that many great photographers worked entirely in
monochrome. Comparing monochrome with colour versions of the same image should
provide insight into the role of colour in determining cropping behaviour.
None of the pictures we used in study 1 was abstract, and instead all were clearly
representations of something, and sometimes a particular something was emphasised by
means of the Inclusion Box. Nevertheless photographs can be abstract, consisting of
masses of light and shade within a frame, and Hicks implies that compositional rules
should also apply to such images. Thus he talks, under `Tonal Mass', of how ``the principal
tonal masses in a photograph (whether light against dark, or dark against light) should
hang together in coherent shapes, rather than being dotted at random across the picture'',
and under `Balance' he talks of how the tonal masses should not all be to one side, and
that ``a small counterbalancing tonal mass, towards the other side, normally improves the
composition''. Of course, even when they are representational, images also have tonal mass,
etc, and it is possible that that and that alone determines cropping of images.
Study 4 therefore also included images that we call `thresholded', where a monochrome image has been distorted sufficiently to mean that to a naive viewer it is very
difficult to recognise it as an image of something, but the broad tonal areas of light and
dark are still retained. In that way we have produced versions of our images in which
meaning has been removed, but tonality has been retained. Such images are similar to
those which have been called `Mooney Faces' or `Mooney Images', after the psychologist
who first described them (Mooney 1956, 1957), and which are now used extensively in
cognitive-science research.
5.1 Method
5.1.1 Task. Study 4 was similar to study 1 with a total of 80 images being cropped, in two
successive blocks of 40. The first 40 images consisted of 30 images previously used in
study 1, and then 10 of those images were repeated in order to assess test ^retest consistency. All of the images in the first block were in colour. The second block of 40 images
for cropping consisted of a mixture of colour, monochrome, and thresholded versions
of images. Altogether 16 pictures were shown in the three formats (making 48 images
for cropping, 8 of which were shown in their colour versions in block 1). In order to assess
any order effects, 8 of the pictures were shown to participants in the order colour ^
monochrome ^ thresholded, and the other 8 in the order thresholded ^ monochrome ^ colour.
5.1.2 Stimuli. As in study 1, images were mostly obtained from the Internet. Colour
images had a resolution of at least 10246768 pixels and were presented unedited in the
study. Monochrome versions of the images were produced using the `Black and White'
function in the program Paint.NET (www.getpaint.net). Thresholded versions of images
were then produced by blurring the monochrome image by using the `Gaussian blur'
effect, and then the `brightness/contrast' adjustment, first setting the contrast to 100%,
and then adjusting the brightness until the image had large areas of tonal mass, but
the image itself was no longer recognisable to someone who had not seen the original.
Examples are shown in figure 5 (and it should be noted that, for copyright reasons,
examples of only a subset of the images can be provided).
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(b)

(c)

Figure 5. [In colour online] Examples of colour (top), monochrome (middle), and thresholded
(`Mooney images'; bottom) versions of three images. The images in columns (a) and (b) were shown
in the order thresholded ^ monochrome ^ colour, and the image in column (c) in the reverse order.
(a) (`macaw') is the work of Nir Sinay and can be found at www.flickr.com/photos/sinay/3016949901/
; (b) The photo of the pigeon (title: EOS40D 2008 09 14 3285) is also the work of Nir Sinay,
and can be found at www.flickr.com/photos/sinay/2893944775/; Image (c) of Manarola in Italy,
can be found at www.pointernet.pds.hu/touristinfo/free wallpapers italy.html.

5.1.3 Procedure. Instructions to the participants and the procedure were similar to those
in study 1 with the minor exception that there was a brief pause before the second block
to explain to participants that some of the images would be monochrome and others
would be abstract black-and-white images. Participants were not told that the abstract,
thresholded images were related to colour or monochrome images seen previously, or
that they would be seen in the future.
5.1.4 Participants. The participants were the same as those in study 3. For simplicity,
the analysis will primarily consider the forty-one non-expert participants.
5.1.5 Statistical analysis. As in study 1, the cropping points are not normally distributed,
and therefore non-parametric statistics are used wherever possible; the Wilcoxon test is
used for comparing averages, and the Spearman rank-order test for comparing correlations. As with study 1, there is potentially a problem with repeated statistical testing,
and therefore the criterion for statistical significance is set at p 5 0:001, with occasional
exceptions where portmanteau tests are applied and hence no correction is necessary.
5.2 Results
Two separate types of question can be asked of the altered images (monochrome versus
colour, or thresholded versus monochrome): Is the median cropping position altered
by the manipulation, and do participants respond in the same way to the manipulation (that is, do their X and Y cropping positions correlate across the manipulation)?
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A baseline is also required, and that is provided by the test ^ retest data for the 10
images in block 1 which are repeated in the identical form.
5.2.1 Differences in cropping position. Statistical analysis used a Wilcoxon paired-comparison
to assess whether the X or the Y in the cropping position for a particular image was shifted.
For the 10 images in the test ^ retest analysis, none showed a significant difference in
either the X or the Y cropping position at p 5 0:001 (and only one of the 20 tests
was significant with p 5 0:05). Considering the 16 pictures shown as monochrome and
colour versions, 7 of the 32 comparisons reached a p 5 0:05 level, but only 2 reached
the p 5 0:001 level. In contrast, for the 16 pictures shown as thresholded and monochrome versions, 18 of the 32 comparisons reached a p 5 0:05 level, and 10 were
significant with p 5 0:001. An example of the changes is shown in figure 6, for the
image of a macaw, which showed a difference in the X position between the colour
and monochrome versions ( p  0:0001) and differences in both the X and Y positions
between the monochrome and thresholded versions ( p  0:0001 and p  0:0005).

Figure 6. [In colour online] Differences in cropping position of colour, monochrome, and thresholded
versions of the macaw picture by non-experts.

5.2.2 Differences in correlation of participants. Even when participants do not show a
difference in the average location of the cropping window across conditions, it is still
possible that participants have changed their way of cropping because of the change
in the image, in ways that differ between participants. That can be assessed by looking
at the correlations of the cropping positions for each image (separately in the X and Y
directions) in the retest, monochrome, and thresholded conditions. Table 4 summarises
the correlations across the various conditions of study 4. The table is potentially confusing,
and so needs a careful explanation. Table 4c, at the bottom, shows the correlation in
the X and Y positions of a cropping for each of the 10 pictures which were retested
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Table 4. Summary of correlations, separately for X and Y positions of the crop window: (a) for
the colour versus the monochrome version of sixteen pictures, (b) for the monochrome and
thresholded versions of the same sixteen pictures, and (c) for a test ^ retest analysis for a different
ten pictures. Pictures in (a) and (b) are subdivided according to whether the thresholded image
was shown first, followed by the monochrome image and then the colour image, or vice-versa.
Individual correlations are shown in italics, and means and SDs of the correlations in bold.
Order

X

(a) Colour ± monochrome correlation
Threshold ± Monochrome ±
0.454, 0.498, 0.449, 0.494
Colour
ÿ0.011, 0.193, 0.323, 0.266
Mean correlation (SD)
0.333 (0.179)
Colour ± Monochrome ±
0.278, 0.380, 0.124, 0.468
Threshold
0.249, 0.315, 0.462, 0.448
Mean correlation (SD)
0.341 (0.122)
Mean correlation (SD) for all
0.337 (0.148)
sixteen pictures
(b) Monochrome ± threshold correlation
Threshold ± Monochrome ±
0.118, 0.235, 0.015, ÿ0.057
Colour
0.023, 0.182, ÿ0.006, ÿ0.266
Mean correlation (SD)
0.030 (0.156)
Colour ± Monochrome ±
0.138, ÿ0.002, 0.495, ÿ0.042
Threshold
0.634, 0.219, 0.137, 0.272
Mean correlation (SD)
0.231 (0.233)
Mean correlation (SD) for all
0.131 (0.218)
sixteen pictures
(c) Test ± retest correlation
0.548, 0.775, 0.591, 0.705
0.553, 0.688, 0.595, 0.566
0.939, 0.391
Mean correlation (SD)
0.635 (0.149)

Y
0.371, 0.487,
0.359, 0.371,
0.425 (0.114)
0.551, 0.426,
0.467, 0.467,
0.404 (0.130)
0.415 (0.119)

0.556, 0.476,
0.558, 0.225
0.118, 0.374,
0.362, 0.470

0.342, 0.100, 0.033, 0.085,
ÿ0.022, 0.040, 0.058, ÿ0.287
0.044 (0.193)
0.116, 0.179, 0.544, 0.377,
0.224, 0.041, 0.094, ÿ0.036
0.193 (0.189)
0.118 (0.191)
0.441, 0.729, 0.530, 0.557,
0.554, 0.749, 0.546, 0.812
0.894, 0.852
0.666 (0.159)

at the end of block 1. The mean correlations of 0.635 and 0.666 are similar to the
values of 0.614 and 0.562 found in study 1. These values represent a baseline against
which other correlations can be compared. Table 4a shows the correlation of the
cropping position for 16 images cropped as both colour and monochrome images, with
mean X and Y values of 0.337 and 0.415. A paired t-test across images shows these
values are significantly lower than for the test ^ retest correlations (t24  4:98 and 4.61
for X and Y, p 5 0:001 in each case), showing that monochrome images are cropped
somewhat differently from colour images. Table 4b shows the correlation between
cropping position of monochrome and thresholded images, which has a mean of
0.131 for X and 0.118 for Y, and a paired t-test across images comparing those
correlations with the colour ^ monochrome correlations, shows they are significantly
lower (t15  2:86 and 4.76, p  0:012 and p 5 0:001 for X and Y ). Thresholding the
image substantially alters how cropping occurs.
5.2.3 Order of presentation of altered images. In study 4, half of the sixteen images were
presented in their colour version first, whereas the other half were presented first as
thresholded images, where it was intended that participants had little idea of what the
image represented. A close look at table 4 shows that the order of presentation had
little effect on the colour ^ monochrome correlation, whereas for the monochrome ^
thresholded correlation, the correlations were significantly higher when participants
had already seen the colour and monochrome versions (0.231 and 0.193 for X and Y )
than when they saw the thresholded image first (0.030 and 0.044 for X and Y; repeatedmeasures ANOVA across images, effect of order, F1, 15  7:85, p  0:013).
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5.3 Discussion
Study 4 has shown that cropping depends to some extent on the colour of images
and to a large extent on their meaning. Monochrome images are mostly cropped
in the same average way as colour images, with the occasional exception, although
participants do differ to some extent in how they treat colour, as shown in the reduced
correlations when colour images are made monochrome. Thresholding images has a
much more dramatic effect, shifting the average cropping position in more than 50%
of images, and reducing the correlations with colour images to close to zero. The
implication is that tonal mass and balanceöthe distribution of areas of light and
shade in an imageöis of far less importance in cropping decisions for photographs
of objects than is the meaning of the objects portrayed. An interesting detail is that,
once participants have seen a colour version of an image, then their cropping of the
thresholded version of that image retains some features of their cropping of the colour
version. Just as once one knows what a thresholded image represents, it is difficult
to see it purely as an abstract pattern, so the cropping of the thresholded version is
also influenced to a certain extent by that knowledge.
6 Study 5
Studies 1 to 4 have considered almost entirely the croppings produced by non-expert
participants. Study 5 was designed to ask the extent to which experts carry out the
process differently. The analysis concentrates primarily on the colour images shown in
block 1, as well as the retesting of 10 of those images, and also examines the comments
made by the participants during block 3, where participants talked aloud to describe what
they were doing while cropping the 10 images that were now being seen for a third time.
6.1 Method
6.1.1 Task. The cropping task was the same as that carried out in block 1 of study 4,
with the addition of the repeat testing of 10 of the images in block 3, when participants were given a headset and asked to talk aloud while cropping these images which
they had already cropped. The sound was recorded with Matlab, so that sound and
cropping movements could be compared.
6.1.2 Stimuli and procedure. The stimuli and procedure were the same as in block 1 of
study 4.
6.1.3 Participants. The non-expert and expert participants were the same as in study 3.
6.2 Results
The primary interest of this study concerned whether the ten expert participants cropped
images differently from the forty-one non-expert croppers. Since the emphasis is on
the cropping of conventional, colour, images that are representational, the analysis is
restricted to the first 30 images in block 1, along with the repetition of 10 of them in
the last 10 trials of block 1.
6.2.1 Reliability of cropping. The mean Spearman correlation for the X and Y positions of the 10 repeated images for the ten experts was 0.719 (SD  0:296) and
0.643 (SD  0:396) compared with 0.635 (SD  0:149) and 0.666 (SD  0:158) for the
forty-one non-experts. The differences in mean correlation across the images were not
significant (paired t-test, t9  ÿ0:808 and 0.160, p  0:440 and 0.876). The variances
for the experts were somewhat larger than for the non-experts.
6.2.2 Comparison of cropping positions. The median positions of the croppings by experts
and non-experts were compared using a Mann ^ Whitney U-test. Across the 30 images,
the X position croppings showed only two images with significant differences with
0:001 5 p 5 0:05 and none reached the critical level of p 5 0:001. However, for the Y
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Experts

Figure 7. [In colour online] Examples of different vertical positions of croppings by experts and
non-experts. We are grateful to Anthony Santella for providing this image.

positions, 4 of the comparisons showed differences with 0:001 5 p 5 0:05, and 3 achieved
the critical level of p 5 0:001. An example is shown in figure 7.
6.2.3 Variability of cropping positions. Experts showed a greater variance than non-experts
both for the X positions [median SD  106:0 (experts) and 92.0 (non-experts), p  0:010,
Wilcoxon test] and for the Y positions [median SD  68:4 (experts) and 55.2 (non-experts),
p  0:003, Wilcoxon test]. That is also shown by the standardised Euclidean distance from
the group mean being greater for the experts (mean  1:192, SD  0:221, n  10), than
for the non-experts (mean  0:911, SD  0:184, n  41, t49  4:163, p  0:00013).
6.2.4 The dynamics of cropping. The viewing time on the first 30 images did not
differ between experts (mean  2:78 s, SD  1:05 s) and non-experts (mean  3:67 s,
SD  2:61 s, t49  1:053, p  0:298). However, there was a difference between the mean
cropping time of experts (mean  20:19 s, SD  7:69 s) compared with non-experts
(mean  14:71 s, SD  7:07 s, t49  2:163, p  0:035). Experts therefore spend more time
doing the task than non-experts.
The dynamics of the cropping process is most easily looked at by considering the
absolute distance of the crop window from its final position at various times. Since
experts take longer over cropping than non-experts, we have chosen to plot the data in
two ways, in relation to time since the beginning of the task, and in relation to time
until the end of the task. Figure 8 shows that in both the X and Y direction the
experts are initially further from their eventual choice than are the non-experts, but
that at about 5 to 4 s in the X direction they become closer to their final location than
the non-experts.
As well as the crop window moving, it can also be kept still while the cropper
views a possible cropping. As a simple measure of this, the change in position of
the window across successive 0.13 s epochs was calculated, and regarded as still if the
change was one pixel or less. Figure 9 shows the proportion of the time in the X and Y
directions that the window was still for experts and non-experts. At the beginning of
the task the experts are more likely to be still in the X (but not the Y ) direction, and
during the last 2 or 3 s of the task, in both X and Y directions, the experts are more
likely than non-experts to keep the window still.
6.2.5 How croppers talked about what they were doing. The forty-one non-expert participants talked for an average of 16.6 s (SD  9:6 s) about each of the images they were
cropping (range of individual participant means 3.7 to 32.9 s), whereas the ten experts
talked about each image for an average of 42.8 s (SD  22:8 s) (range of individual
participant means 21.2 to 71.2 s). Almost all participants mentioned particular features
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Crop Window from the final position from the beginning of the task and before the end of the task.
Bars show 95% confidence intervals. Experts are shown as open white circles, and non-experts
as solid black circles.
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of the image content, with the non-experts being far more conventional in their approach,
compared with the experts who tried to be unconventional, as was seen in an image
of a sunset, where one expert said: ``sunsets are really overdone''; and another said:
``a lot of my work's about denying these kinds of photographs''.
Our main interest in the comments was on the extent to which mention was made
of particular rules of composition, and all comments were codified according to the
eleven categories described by Hicks (2005) (except that `Format or orientation', was
not applicable to the present study, as the aspect ratio was fixed). Table 5 summarises
the number of times each rule was mentioned by the participants, both as number
of mentions, and number of participants mentioning the rule. Overall, in discussing
the 10 images, the ten experts referred to the rules on 80 occasions (0.80 mentions
per image), compared with 75 mentions by the forty-one non-experts (0.18 mentions per
image). Without the need for formal statistics, it is clear that experts do refer to formal
compositional rules more often.
Table 5. The total number of occasions [and the total number of participants] in which the
commentaries referred to the Rules of Composition described by Hicks (2005) in The Oxford
Companion to the Photograph.
Comments (participants)

Rule of
Composition

Synopsis of rule

Focal point
Rule of thirds
Format (not
applicable here)
Line

``a natural first resting point for the eye'' 11 [6/41; 14.6%]
``focal point ... should be on the thirds''
9 [4/41; 9.8%]
landscape versus portrait
n/a

Tonal mass
Accent
Balance
Pattern or
compositional
shape
Leading the eye
Concentration
of interest
Tonality
Colour

Total

Non-experts
(n  41)

Experts
(n  10)
6 [2/10; 20%]
2 [1/10; 10%]
n/a

dominant horizontal, vertical, diagonal,
9 [7/41; 17.1%]
6 [4/10; 40%]
or curved lines have differing impacts
``principal tonal masses ... should hang
0 [0/41; 0%]
0 [0/10; 0%]
together in coherent shapes''
``small areas ... or very light or very
0 [0/41; 0%]
0 [0/10; 0%]
dark tone can `lift' a photograph''
``where the tonal masses are all to one
7 [4/41; 9.8%] 13 [3/10; 30%]
side of the picture, it will look
unbalanced...''
``the human eye (or rather, brain) tends
0 [0/41; 0%]
5 [3/10; 30%]
to group together the main elements
of each picture''
``anything [road, river, etc] can be used
3 [2/41; 4.9%]
7 [4/10; 40%]
to `lead the eye' to ... a point of
interest
large, bright, in-focus objects attract
15 [11/41; 26.8%] 24 [7/10; 70%]
attention
``flash tonality ... emphasizes broad
0 [0/41; 0%]
1 [1/10; 10%]
tonal masses ... while subtle tonality
... creates quite a different impression''
``harmonious colours are tranquil;
27 [19/41; 46.3%] 11 [6/10; 60%]
contrasting colours ... may attract
attention or add energy ...''
80

75

Additional themes were also listened for while analysing the commentaries. One
of some interest is that five of the ten experts spontaneously mentioned trying to create
a narrative or a story around the image components, whereas none of the non-experts
referred to a narrative.
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6.3 Discussion
Study 5 has found a number of differences in the way that expert photographers crop
pictures in comparison with non-experts. Experts tend to choose somewhat different
cropping positions, particularly in the Y direction, and are more variable in the croppings
they choose, both in the X and Y directions. Experts take longer to carry out their
croppings [in distinction to experts in many areas, who are characterised by carrying
out tasks more quickly (Rhodes and McCabe 2009)], and they explore a wider range
of X and, particularly, Y positions than non-experts. In the early stages of a cropping
they are also more likely to keep the window still in the X direction, and to keep
the cropping window still during the last 2 or 3 s of a cropping, presumably as they
look carefully at their choice. Experts also differed in the ways that they talked about
what they were doing, talking for longer than non-experts, mentioning formal rules of
composition far more often, and also mentioning the need for a narrative or a story.
7 Study 6
Although experts clearly crop images differently from non-experts, it is an open question
whether the images might be seen as better than those by non-expert judges. That was
investigated in study 6.
7.1 Method
7.1.1 Task. A new group of thirty-eight judges, as a part of an entirely separate study
of aspects of cropping and composition, carried out a paired-comparison study in which
one of each pair of images had been produced in study 5 by an expert cropper and the
other by a non-expert cropper. The cropping by the expert was randomly placed to
right or left, using the same software as in study 3, with participants expressing their
preference on the same six-point scale.
7.1.2 Stimuli. The cropped images used in the study were drawn from the set of images
that experts and non-experts had cropped in study 5, each of the 30 original images being
used twice in study 6. On each trial, one image consisted of an image cropped by an
expert (croppings by the ten experts each being used in six pairs), and the paired image
was randomly chosen from the croppings of the same image made by one of the forty-one
non-expert croppers.
7.1.3 Procedure. Participants had previously taken part in a cropping study lasting
about 20 min (not reported here), and then carried out the paired-comparison task
described here.
7.1.4 Participants. The thirty-eight participants were divided into two groups. Twentyeight participants (twenty-three female, five male; mean age  25:9 years, SD  11:1
years; range  18 ^ 62 years) were a convenience sample mainly but not entirely drawn
from the undergraduate population at UCL, and were non-experts, none having attended
art school or had formal training in art beyond school level. The other ten participants were experts (two female, eight male; mean age  25:9 years, SD  11:1 years,
age  23 ^ 30 years), all having attended art school and being professionally involved
in the visual arts.
7.2 Results
Each of the thirty-eight participants stated a preference for 60 pairs of images, making
a total of 2280 judgments. Overall, scoring the six-point scale as 5, 3, 1, for
strong, medium, and weak preferences for the expert cropping, and ÿ5, ÿ3, and ÿ1
for the strong, medium, and weak preferences for the non-expert cropping, the mean
score overall was  0:0053 (SD  3:24, 95% CI  ÿ0:128 to 0:138), which is not
significantly different from zero (t2279  0:077, p  0:938). Converting the data to binary
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judgments (5, 3, and 1 versus ÿ1, ÿ3, and ÿ5), 48.9% of the 2280 judgments
were for the expertly cropped image (w2  1:185, p  0:276). Considering experts and
non-experts separately, there was no overall preference for expertly cropped images by
the expert judges (mean  ÿ0:173, SD  2:96, 95% CI  ÿ0:411 to 0:064) or the
non-expert judges (mean  0:069, SD  3:34, 95% CI  ÿ0:091 to 0:229). A two-way
random-effects ANOVA did, however, show that significant preferences were expressed
within particular pairs of images (F59, 2183  12:996, p 5 0:001) (even though there was
no systematic preference for the expertly cropped member of each pair), and that
there were no significant differences overall between judges (F37, 2183  1:04, p  0:464).
Of course, the pair6viewer interaction could not be tested for significance.
7.3 Discussion
Although the participants in study 6 had clear preferences for certain images over
others, there was no evidence of a systematic preference for images cropped by experts,
nor was there evidence that other experts in particular preferred the images cropped
by the experts. One possibility for explaining the absence of a preference by expert
judges for images cropped by other experts is that to a great extent expertise, and its
associated preference, is idiosyncratic, so that experts differ to a large extent amongst
themselves, both in their professional practice, and also in their aesthetic preferences.
Although at first that might seem paradoxical, one possibility is that the role of experts
in the arts is to produce variation beyond the normal spectrum. Just as variation in
biology, in the form of mutation, is the basis upon which natural selection can work,
so it is possible that a similar process occurs in the arts, experts producing variation
beyond the normal, although only a small proportion of that variation survives, not
necessarily being successful, either in the eyes of non-experts or even, perhaps, in the
(perhaps idiosyncratic) eyes of other experts.
8 General discussion
All art involves decisions, decisions about what to include and what to leave out of an
art object, be it visual (as in painting and photography), auditory (as in music), verbal
(as in literature), or even gustatory or olfactory (as in gastronomy). The general problem of composition ``may best be defined as the art of selection'' (our emphasis), as
Hicks (2005) has put it [and as Santella et al (2006) have said: ``cropping photographs
is an art that consists entirely of leaving out'']. Photographic cropping provides a ready
paradigm for analysing the process of selection, having the particular advantage of
participant and researcher both knowing what could have been in the cropped image
but was instead left out, a luxury that is rarely available in studying, say, finished
paintings, or published photographs. Cropping is also recognised by professional photographers as a legitimate and common place part of their art. As John Hedgecoe (1978)
has said: ``Cropping is an obvious way to improve the balance of a picture ...[for r]etaining
superfluous information will spoil more pictures than it helps''. Despite the ubiquity
of cropping, and its utility to photographers, the nature of cropping as a process is not
at all clear, with photographers themselves talking mainly in vague formulations, rather
than providing any more specific insights into mechanism.
Photography itself is a complex process, with many variables being manipulated,
including technical aspects such as depth of focus, focal length, perspective, zoom,
filtering of colour, and so on, as well as choice of subject matter, timing, and so on.
Without wishing to imply that photography can entirely be reduced to cropping, which
it cannot, as an experimental technique, photographic cropping has the advantage
over photography per se that neither the objects nor the photographer are moving in a
complex three-dimensional space, and technical features of the camera can be strictly
controlled. Additionally, many individuals are familiar with cropping photographs, either
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by hand with a pair of scissors, or using software such as Photoshop. The psychometrics
of cropping has, however, been little examined, and the present studies provide some
basic accounts of a subtle aesthetic process.
A further advantage of cropping as a task is that many ordinary participants
are also practised at photography and find it a natural task of aesthetic production.
Likewise, the intentionally vague instructions, to produce images which `look as nice
as possible' seemed to produce no misunderstandings [and we note that, when asked
what they understand by `aesthetics', subjects typically place `nice' after `beautiful' and
`ugly' (Jacobsen et al 2004); see also Istök et al (2009)]. Additionally it is also useful
that expert art students are willing to carry out the task, in contrast to their discomfort
with the Method of Choice. Previous experience of ourselves and others is that,
although ordinary participants are happy to use Fechner's Method of Choice, saying
that they prefer one stimulus over another, art students are often unwilling to make
such choices, perhaps rightly saying that both images have merit in different ways. In
the present paper, it is noteworthy that in study 3 art students (unlike non-art students)
made choices that were not significantly different from random. In contrast, those
same art students were happy to carry out the cropping task. Of interest also in
study 3 is that, unlike in most studies of expertise, the experts took longer to carry
out the task, suggesting that they were probably thinking harder about it (and indeed
overall, there was probably greater depth of processing in the Production rather than
the Choice task).
The present studies show that cropping is a task that is carried out reliably, both
in the sense that different participants tend to agree with one another on the location
for crops, and also in the sense that, where participants differ, they tend to be consistent in those differences over time. Art is notorious for people differing in their tastes,
and cropping shows precisely that effect. Although originally applied to personality,
there is also much aesthetic truth in the statement of Kluckhohn and Murray (1953),
that: ``Every man is in certain respects (a) like all other men, (b) like some other men,
(c) like no other men''. That certainly applies to cropping.
Our studies also show that not only do people differ in how they choose to crop,
but also suggest that some people are better at cropping than others. That demonstration is central to our claim that cropping is an aesthetic process, and not a matter
of mere individual difference. In both study 2 and study 3 the cropped images of
some participants were generally preferred to images cropped by other participants.
That suggests some generalisability in the process of good cropping.
Insight into the processes driving cropping decisions can be obtained from study 4,
which found that colour had surprisingly little influence on cropping, monochrome
images being cropped in very similar ways to those in full colour. The large differences
between monochrome images and thresholded imagesöwhich share very many lowlevel image properties, such as balance of light and shade, etc, but whose objects differ
dramatically in their recognisability ösuggest at a first reading that cropping to a large
extent is driven top ^ down by the meaning of images, rather than bottom ^ up by
image statistics alone. However, several provisos are necessary. The Mooneyised macaw
in figure 6 may not be cropped in the same way as the original coloured macaw, but
it is nevertheless still cropped with some consistency. It is now a different image, one
that is either seen as totally abstract (and perhaps reminiscent of a Franz Kline painting,
with interlocking areas of white and black which are meaningless forms), or alternatively,
given the human tendency to impose meaning on even the most random of shapes, it
may be that it has acquired a new meaning (and we are struck by how many participants
report seeing the Mooneyised macaw as a bird, but one whose thin spindly legs can be
seen at the bottom of the image). It is also worth remembering that in study 4, when
participants saw the full colour image before the Mooneyised image, their cropping
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was closer to the original than when they saw the Mooneyised image first. Knowing
about a possible meaning alters the way an image is cropped. Perhaps the best interpretation is that meaning often overrides image structure, but that both have their
influence on cropping.
The experts in study 5 did crop images differently from non-experts, choosing different crop locations, sampling more possible locations, spending longer carrying out the
task, and pausing longer to assess the consequences. Although study 6 suggested that
non-expert participants did not prefer the images cropped by experts to those cropped
by non-experts, there are nevertheless substantial differences in relation to expertise,
suggesting that cropping is a learned task, and, once again, that it is mainly driven
top ^ down, rather than bottom ^ up. That is also supported by the qualitative part of
study 5 which found that experts reflected on cropping in different ways from that
of non-experts, mentioning more often the formal properties of cropped images.
The critic of photography, Victor Burgin (1982), has said that ``We [ie photographers
and artists] know very well what good composition is ö art schools know how to
teach it ö but not why it is; `scientific' accounts of pictorial composition tend merely
to reiterate what it is under a variety of differing descriptions (eg those of Gestalt
psychology)''. The present studies, using a scientific approach, mainly provide a baseline description of what cropping is, but hopefully will also provide a springboard
from which more general, formal theories of the nature of cropping, of image selection
and of composition can be developed, in order to answer, ``why it is'.
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