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Abstract

Most people learn to draw casually at an early age, but learning to create accurate observational drawings usually
require extensive practice. Why is accurate drawing so hard? And what distinguishes people skilled at accurate
drawing from those who are not? Empirical research has primarily studied these questions for the task of copying
a source picture. This article argues that the difficulty of copying tasks can be explained by limitations of visual
memory and peripheral vision. In addition, variation in the control of eye movements could explain mixed findings
regarding the relationship between perceptual skill and drawing skill, and regarding the role of prior knowledge in
drawing. We explore the hypothesis that artists aiming to create accurate drawings from observation employ a broad
suite of strategies for coordinating their eye movements with drawing actions, enabling them to transfer information
from the source image to their drawing within the limitations of visual memory and peripheral vision. We advocate
for further study of these strategies in naturalistic scenarios that extend beyond copying tasks.

1 Introduction

“Drawing ... is one of the simplest and yet most endlessly complex of human activities.”
— Catherine Goodman (2019), artist and cofounder of the Royal Drawing School

What are the processes by which people create pictures of what they see, using only a pen, pencil, or brush? People
draw for many reasons, including to explore ideas, to communicate with others, and to make art (Fan et al., 2023).
Drawing is one of our most basic creative pursuits, and often a starting point in fine art, architecture, filmmaking,
engineering, and design. In observational drawing, one draws from an original subject, such as a still life or live model
in the studio, or plein air painting of a landscape or city scene.

A large body of empirical research has investigated two related questions: Why is drawing hard? And, what
distinguishes people skilled at accurate drawing from those who are not? (Chamberlain and Wagemans, 2016;
Chamberlain et al., 2021; Robles et al., 2022). Most of this work studies copying tasks, in which a participant must
draw a copy of an existing picture. These studies have gathered a wealth of data on possible correlates of copying
ability, including susceptibility to visual illusions, eye movement frequency, ability to relate 3D shapes, and ability to
trace over pictures. These findings have been interpreted with respect to various hypotheses in terms of perceptual
skills (“non-artists make more perceptual errors”), attention (“artists have greater attentional flexibility”), perceptual
flexibility (“artists have greater ability to switch between local and global judgments”), and others. However, existing
evidence does not provide compelling support for any of these hypotheses as explanations for either why drawing is
hard or what is distinctive about skilled drawing.

To address the question of Why is it hard to draw a copy of another picture?, we propose that the profound
limitations of peripheral vision and visual memory account for the difficulty of copying. In addition, variation in
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the control of eye movements could explain mixed findings regarding the relationship between perceptual skill and
drawing skill, and regarding the role of prior knowledge in drawing. To address the question of What distinguishes
people skilled at accurate copying from those who are not?, we conjecture that skilled drawing entails employing
effective strategies to compensate for the limitations in human peripheral vision and visual memory, and that gradual
improvements in drawing skill reflect the improved use of these strategies. We survey a range of common drawing
strategies to highlight the importance of these strategies. The explanations that we offer in this paper lead to a variety
of predictions concerning the ways that eye and hand tracking behavior could be used to predict copying accuracy. We
close with a call for studying artists’ drawing strategies, and for the study of ecologically-valid drawing tasks beyond

copying.

2 Limitations of vision and memory make copying hard

In a paper entitled “Why Can’t Most People Draw What They See?”, Cohen and Bennett (1997) summarized skills
necessary for observational drawing: perceiving the subject, deciding which parts of it to draw, translating those parts
to a page through motor commands, and assessing the drawing. They assessed participants’ skills through various
tasks of drawing from a photograph or tracing a photograph, and concluded, by process of elimination, that drawing is
difficult because non-artists misperceive objects.

But follow-up studies have produced mixed conclusions, suggesting that the question is far more complex and
difficult to answer than Cohen and Bennett initially suggested (Chamberlain and Wagemans, 2016; Chamberlain et al.,
2021; Chamberlain and Wagemans, 2015; Perdreau and Cavanagh, 2014, 2015). While the question concerns all forms
of observational drawing, prior work has mostly studied copying tasks, where participants must directly copy a picture
provided to them; typically, the source picture is itself a line drawing to be precisely copied. Taken together, existing
studies have yet to produce strong conclusions concerning why copying is difficult. Here we explore the hypothesis that
accurate copying of line drawings is difficult in large part owing to severe limitations in visual memory and peripheral
vision, inspired in part by recent developments in picture perception (Hertzmann, 2024; Martin et al., 2025).

2.1 Copying as information transfer

Copying a picture can be thought of as an information transfer problem: how best can one transfer information from
the source to the target by freehand copying, given constraints on vision, memory, and visuomotor control?

It could be that people copy pictures by first forming a mental representation of the source picture in its entirety,
and then producing a complete drawing based on this representation. However, that possibility seems unlikely, given
that people frequently move their eyes over the source drawing throughout the copying process (Tchalenko and Miall,
2009) (Figure 1 A). When people attempt to draw without referring back to the source, the results are typically distorted
(Figure 1C), suggesting that something more complex must be at play.

Instead, people seem to transfer picture information piece-by-piece, studying one portion of the source, and then
copying that portion. They might first encode these parts into working memory before planning their next stroke, or
they could begin to plan their strokes while viewing the source. Throughout this process, the person wound need to
actively maintain some mental representation of the copy-in-progress, as well, to know which parts are finished and
which still need work.

Hence, copying a picture requires a coordinated series of eye movements and hand movements, to simultaneously
study portions of the source, to plan and execute strokes, and to update a model of the copy. A person could select eye
fixations and the order in which to draw strokes in many different ways, and some of these approaches might be better
than others at transferring information accurately and efficiently.

2.2 The Vision-Memory Bottleneck

Each step in the copying process is severely constrained by visual limitations that impact the transfer of information
from a source picture to a target drawing. These limitations include constraints on how much information can be
encoded from a single eye fixation and how faithfully information can be maintained in visual memory.
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A Direct copying B Memory copying C Direct Blind copying

Figure 1: Examples of copying drawings under di erent conditions, from Tchalenko and Miall (2009). Source shown

on left and copy on the right, with eye xations and saccades shown with dots and lines, and dot size proportional to
xation duration. A: Direct copying, showing only xations relating to the back of the he&.Memory copying,

in which the subject may not view the source while drawing. Overall proportions and elements are preserved, but
many details are lost or inaccurate, indicating an inability to remember all visual details. Di erent subjects used

di erent strategies to attempt to memorize the sour€&. Direct Blind copying, in which the subject can see the
source, but cannot see their own drawing. Details are accurate, but arrangement on the page is not, nor are the relative
proportions. Localizing the arrangements of objects is di cult without being able to look at the drawing. (All gures
Creative-Commons licensed, CC-BY.)

The rst constraint comes from the limitations of peripheral vision. Foveal vision covers only the central 1-5
degrees of visual angle (depending on the de nition); peripheral vision comprises the rest of the visual eld. Peripheral
vision has lower acuity than foveal vision, and is represented in a more compressed form (Balas et al., 2009; Freeman and
Simoncelli, 2011; Rosenholtz, 2016), so that viewers are unable to discern detailed pictorial information in peripheral
vision. Hence, viewers must move their eyes over a picture to perceive detail in di erent parts of a picture; one function
of peripheral viewing during picture viewing is to identify potential regions of interest for future xations (Ludwig
etal., 2014).

The second constraint comes from the limitations of visual memory, which include limitations on both in the
number of items that can be maintained and the delity with which visual details are preserved (Brady et al., 2024),
as demonstrated by continuous report paradigms (Figure 2A). These limitations operate rapidly and automatically:
prior work has found that spatial memory becomes distorted within 50 msec of removal of the stimulus (Cohen, 2005;
Werner and Diedrichsen, 2002), becoming biased toward the prototype of the category that the stimulus belongs to
(Huttenlocheretal., 1991). As such, these limitations prevent the formation and maintenance of memory representations
for all of the information contained in a visual scene (Hollingworth and Luck, 2008; Zhang and Luck, 2008; Luck and
Vogel, 1997; Brady et al., 2011; van den Berg et al., 2012; Fougnie et al., 2012; Schurgin et al., 2020; Luck and Vogel,
2013; Bays et al., 2024).

Hence, a large body of results from the vision sciences shows that due to limitations in both peripheral vision,
people do not perceive entire pictures at once. Moreover, due to limits of visual memory, people do not store mental
representations equivalent to entire pictures. Change blindness provides a demonstration of both of these limits:
viewers are often unable to detect local changes in images of scenes (Figure 2B), except when xating on the region
that changes, showing that entire pictures are not persistently stored in visual memory (Simons and Rensink, 2005). In
one such study, viewers later reported having seen a picture that was actually a composite of the previously- xated-on
portions of di erent pictures (Martin et al., 2025). The illusion in Figure 2C provides another demonstration: details
in the picture seem di erent when they appear in peripheral vision rather than in foveal vision, and, no matter how
much one studies di erent parts of the picture, the illusion never fades, illustrating that human observers never store a
complete mental representation of the whole picture.

Taken together, we refer to the limitations of peripheral vision and visual memory¥stbr-Memory Bottleneck
a limited information channel through which the artist must transmit scene and picture information to determine how
to draw the next stroke. It is very easy to underestimate the limitations of peripheral and visual memory; indeed, most
of the time people are not even aware of these limitations (Cohen et al., 2016; Rosenholtz, 2020; Linton et al., 2022).
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A Visual Memory Continuous Report B Visual Scene Change Detection C Entanglement illusion

Figure 2:Limitations in peripheral vision and visual memory across timescales. AContinuous report paradigms

provide additional evidence for fundamental limitations in visual memory. In these tasks, observers view an array
of items and after a brief delay must precisely reproduce a probed feature using a continuous response wheel. The
distribution of response errors reveals systematic limitations: precision decreases monotonically as more items are held
in memory (set size increases), and precision further declines with longer delays. These patterns demonstrate that visual
memory representations are inherently noisy rather than all-or-none, with the degree of noise increasing as attentional
and memory resources are taxed. Figure adapted from Brady et al. (B)2€hange blindness demonstrations also

reveal profound limitations in peripheral vision and visual memory. In these displays, two versions of a scene alternate,
di ering in a single prominent detail. Despite repeated viewings, observers often fail to detect even large changes
unless they happen to be xating on the changing region. This striking failure to notice changes indicates that detailed
visual information outside the focus of attention is not gathererd or maintained across successive eye xations, even
when the scene remains visible. Figure adapted from Simons and Rensink (Z30E)e Entanglement illusion

by Kitaoka (2019) demonstrates limitations of peripheral vision and visual memory over even the briefest timescales.
The picture contains two concentric rings. When xating on any part of the gure, the rings in peripheral vision do
not appear distinct. Moreover, no matter how long one views the picture, the illusion never goes away, indicating that
the entire picture is never represented in visual memory.
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Taken together, the existence of the Vision-Memory Bottleneck indicates that vision, memory, and action must be
tightly coordinated during drawing.

2.3 The Vision-Memory Bottleneck necessitates iterative drawing strategies

We suggest that the Vision-Memory Bottleneck can help to explain why copying is hard. At the moment when an
artist- puts pen or pencil to paper, their next stroke must be informed by information from the source and the rest of
their drawing, and the bottleneck limits how much information is available at that moment. An artist cannot simply
memorize the source drawing and then draw it from memory (Figure 3A). Instead, copying a drawing requires complex,
iterative strategies coordinating eye and hand movements, in order to manage and transfer information from source to
target via a very limited information bottleneck. Transferring information from source to copy is a bit like transferring
water between two pots with a leaky teacup: only a bit can be gathered from each dip in the source, and one must move
quickly to the destination with highly-coordinated actions.

Figure 3B shows one possible way of thinking about each step of the drawing process: an artist xates their eyes
on the source, gathers a foveated visual encoding of the picture, and uses it to update a mental representation, which,
together with information from prior experience, is used to plan a stroke and to draw it. This process could be repeated
for each step of the drawing. During the process, the artist might also xate locations on the drawing itself, both to
update their mental representation of the drawing and to help draw the stroke. Information ow from the source to the
drawing is severely limited by the information obtained from each xation (due to limitations of peripheral vision), the
limitations of working memory representations, and di culties in planning and executing strokes. These limitations
in turn make strategies for selecting xations and drawing strokes very important. Sensorimotor skill could also limit
drawing ability, although it is notable that Cohen and Bennett (1997) do nd that novices have no di culty with
accurate tracing.

In order to support these assertions, we imagine various counterfactual scenarios that relax limitations of vision
or memory, and argue why we might expect people to employ much simpler copying strategies in these scenarios. The
fact that people generally cannot employ these simpler copying strategies indicates the importance of each of these
limitations. Each of these counterfactuals generates a prediction, namely, a drawing strategy that ought to be easy
without the corresponding limitation.

No pictorial memory limitation. Suppose that an artist had su cient visual memory to accurately remember the
entire source picture. Then they would have no need to look at the source picture more than once: they could commit
it to memory, and never look at it again. Yet amateurs and professional artists frequently gaze at the source picture
during drawing, and not being allowed to view the source image during drawing leads to the loss of details (Figure 1B
(Tchalenko and Miall, 2009; Bainbridge et al., 2019).

Moreover, pictorial memory limitations a ects an artist's mental representation of their own drawing. If artists
could commit their drawing-in-progress to memory, and update that memory as the drawing changes, then they would
have no need to study their own drawing. Yet, copying without being able to view one's own drawing leads to
mismatched proportions and spatial relationships (Figure 1C). This mismatch could also be explained by di culty in
updating one's mental representation of the drawing from propioception, or mismatch between the drawing plan and
motor execution. Additionally, the fact that people with aphantasia can copy pictures (Bainbridge et al., 2021; Balas,
2024) rules out conscious mental imagery as necessary for copying.

No working memory limitation.  Suppose, on the other hand, that artists had limited visual memory for pictures, but

e ectively unlimited working memory for planning strokes. Then, while viewing the source picture, they could plan

out the entire sequence of strokes in advance, store this sequence to working memory, and then execute on the drawing,
without ever referring back to the source picture, or with only occasional glances to compare proportions. But, as
discussed above, not referring back to the source picture leads to signi cantly degraded drawing accuracy (Tchalenko
etal., 2014).

1we follow the literature in using the term artist to refer to individuals skilled in accurate observational drawing, and non-artist for those who
are not. However, this terminology does not match typical use many kinds of art do not require drawing skill (e.g., sculpture, abstract painting,
conceptual art, music, Im directing and acting, etc.); many people who are not professional artists can draw well.
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Figure 3: A: The process of copying a picture has three parts: perceiving the source, storing the perception in
memory, and performing actions that result in a complete drawing. This process transfers information from the source
to memory, and then to the drawing. But there may not be one single, uni ed mental representation, and it is unlikely
that the contents of the source picture ever reside in visual memory all at Bnagformation is usually transferred
piece-by-piece. During a single eye xation, the limitations of peripheral vision and visual memory, which we refer

to asThe Vision-Memory Bottlenedkmit how much information can be transferred from the source through multiple
processing stages: visual encoding, visual memory, stroke planning, and then drawing. Prior experience can also
impact each of these steps. Accurate drawing of planned strokes might also require eye xations on the drawing,
further degrading visual memory representations of the source.
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