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Drawing is a complex procedure that recruits numer-
ous cognitive, perceptual, and motor processes, ranging 
from those involved in the initial viewing of the stimu-
lus to those involved in the evaluation of one’s rendering 
(D. J. Cohen & Bennett, 1997). A breakdown in one or 
more of these processes can lead to drawing errors, so it 
is not surprising that most people cannot draw what they 
see. Nevertheless, some people succeed at drawing what 
they see. This article attempts to determine what those 
who succeed do differently than those who fail.

Drawing Accuracy and Stimulus Interpretation
In the year 415, Wang Wei hypothesized that adults’ 

drawing errors arise as a result of perceptual transforma-
tions. He stated that young artists should be wary of their 
perceptions of objects because “the form of the object 
must first fuse with the spirit, after which the mind trans-
forms it in many ways” (Sze, 1956, p. 39). In the 19th 
century, John Ruskin popularized this hypothesis and 
proposed that the perceptual transformations that lead 
to drawing errors are the result of learned associations. 
Ruskin coined the term the innocent eye to describe the act 
of viewing stimuli without the contamination of learned 
associations (Ruskin, 1843, cited in Rosenberg, 1963). 
Although Ruskin believed that one could not realistically 
render an object without acquiring an innocent eye, he 
believed that a truly innocent eye is unattainable.

The influence of stimulus interpretation on the drawing 
process is relatively well documented (Blakemore, 1973; 
Blakemore, Carpenter, & Georgeson, 1970; Deregowski, 
1973; Freeman, 1980, 1987; Gregory, 1990; Lee, 1989; 
Reith, 1988; Van Sommers, 1984; Willats, 1997). Van 
Sommers provided a direct demonstration of this influ-

ence by creating simple line drawings that had two vi-
able interpretations (see Figure 1). The author presented 
participants with each line drawing along with one of its 
interpretations and asked them to copy the line drawings. 
Van Sommers videotaped the participants’ executions of 
the drawings. The data revealed that their interpretations 
of the stimuli influenced their stroke direction and posi-
tion. For example, when presented with the stimulus in 
Figure 1, participants who were told that it represented 
crossed swords drew two straight lines that crossed in 
the middle. In contrast, those who were told that it rep-
resented sniffing mice drew angled lines that represented 
each mouse’s nose.

More generally, Lee (1989) has demonstrated that stim-
ulus interpretation will negatively influence the drawing 
process even when the stimulus is unambiguous. Lee pre-
sented black and white outline drawings of parts of tables 
to primary and secondary school children and asked them 
to copy the stimuli exactly as they were presented. In one 
experiment, the children were told that the stimuli repre-
sented parts of a table. In another experiment, they were 
shown the same stimuli, but they were not told what the 
stimuli represented. The data showed that the children 
who interpreted the stimuli as parts of tables made large 
and robust drawing errors. In contrast, those who were 
given no interpretation of the stimuli made few drawing 
errors. Thus, Lee provided a convincing demonstration 
that stimulus interpretation influences drawing accuracy 
even in the absence of ambiguity.

Although stimulus interpretation is one source of draw-
ing errors, many stages in the drawing process may also 
contribute to drawing errors. D. J. Cohen and Bennett 
(1997) assessed the influence of stimulus perception on 
adults’ drawing errors relative to other probable sources. 
The authors divided the drawing process into four broad 
stages and assessed each stage’s contribution to drawing 
errors. The first stage encompasses the perceptual pro-
cesses involved in perceiving the to-be-drawn stimulus 
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(e.g., stimulus interpretation). The second stage encom-
passes the decision processes involved in determining 
what information to represent and how to represent it. The 
third stage encompasses the motor processes involved in 
physically making the mark, and the final stage encom-
passes the perceptual and cognitive processes involved in 
evaluating the accuracy of one’s rendering. In a series of 
experiments, D. J. Cohen and Bennett demonstrated that 
most of adult drawing errors are not the result of motor 
processes, decision processes, or the processes involved 
in evaluating the accuracy of one’s rendering, but had their 
foundation in the initial perceptual stage.1

If the initial perceptual stage is the largest contributor 
to drawing errors, overcoming the difficulties associated 
with that stage would be critical to accurately rendering 
a stimulus. Therefore, those who can accurately render a 
stimulus (e.g., trained artists) should be less susceptible 
to the illusions associated with the perception (or misper-
ception) of stimuli. Thouless (1932) directly tested this 
hypothesis by assessing whether trained artists could over-
come the influence of stimulus interpretation by using a 
test of shape constancy (which Thouless termed phenom-
enal regression). Shape constancy refers to the phenom-
enon that obliquely presented shapes are perceived as less 
skewed than the shape projected on one’s retina. For ex-
ample, an obliquely presented circle projects an ellipse on 
the retina, yet people perceive the ellipse as more circular 
than its retinal projection. The common explanation of 
this phenomenon is that one’s knowledge of the true shape 
of the object influences his or her perceived shape of the 
object. Thouless demonstrated that trained artists are less 
susceptible to the biases induced by shape constancy than 
the average observer.

Recently, Kozbelt (2001) argued that trained artists’ 
superior visual cognition skills are not limited to shape 
constancy. Kozbelt measured nonartists and art students’ 
abilities to accurately draw various stimuli, identify the 
subjects of blurred and incomplete pictures, find visu-
ally camouflaged objects, and complete a mental rotation 
task. The data revealed that art students outperformed 

nonartists on virtually all tasks. Kozbelt’s analysis also 
revealed high correlation between the performance on the 
perception tasks and that on the drawing tasks.

Drawing Accuracy and Gaze Frequency
Although there is substantial evidence that artists are 

better able to accurately analyze visual stimuli than non-
artists, and that this ability is correlated with the ability to 
render more realistic drawings, the process through which 
artists accomplish this feat has not been well studied. The 
present article is an attempt to identify an observable 
behavior that directly contributes to drawing accuracy. I 
present four experiments that explore the relation between 
drawing accuracy and the rate at which artists glance be-
tween their drawing and the stimulus (termed gaze fre-
quency). Here, gaze frequency is measured in hertz and is 
operationally defined as the number of times per second 
that an artist switches his or her gaze from the stimulus to 
the drawing and back again. Thus, a high gaze frequency 
refers to relatively fast alternations between the draw-
ing and the stimulus, and a low gaze frequency refers to 
relatively slow alternations between the drawing and the 
stimulus. I focus on this behavior for two reasons. First, 
there is some evidence that drawing accuracy is related to 
gaze frequency (Miall & Tchalenko, 2001), though this 
evidence is anecdotal and preliminary. Second, this be-
havior is both directly observable and controllable, thus 
lending itself to experimental manipulation.

The anecdotal evidence supporting the influence of gaze 
frequency on drawing accuracy comes from statements by 
artists. For example, Edgar Degas stated that were he to 
start an art school, he would have the model and students 
situated on separate floors (Kendall, 1993). Presumably, 
this would force the students to commit significant aspects 
of the stimulus to memory before drawing them. Jean-
Auguste-Dominque Ingres, one of the most acclaimed 
western realists, agreed with Degas. He extorted artists to 
“Never work from nature. Always from memory…” (Ken-
dall, 1993, p. 210). A strategy of committing significant 
aspects of the stimulus to memory before drawing would 

Figure 1. An example of a stimulus used in Van Sommers’s (1984) re-
search. Participants who were told that the stimulus represented crossed 
swords drew two straight lines that crossed in the middle. Participants 
who were told that the stimulus represented sniffing mice drew angled 
lines that represented each mouse’s nose.
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presumably require long fixation times (i.e., a low gaze 
frequency), thus leading to a negative relation between 
drawing accuracy and gaze frequency.

An extensive case study by Miall and Tchalenko (2001) 
provides some support for the negative relation between 
drawing accuracy and gaze frequency. Miall and Tchal-
enko tracked an accomplished artist’s (Humphrey Ocean) 
eye movements over the course of creating several por-
traits. They found that his average fixation was about 
1 sec (0.5 Hz). They also tracked the eye movements of 
three novice artists drawing a 1-min portrait. The average 
fixation of the novice artists was approximately half that 
of Ocean (0.25 Hz). The authors conclude that

It seems plausible according to this data that a graded 
pattern of eye movements correlates with drawing skills. 
The most fluid and accurate drawing by our three novices 
was made with the most consistent, longest fixations on 
the model, the least accurate, with the least consistent eye 
movements. However, more tests are needed to confirm 
this. (p. 38)

In contrast to the views of these select artists and the 
findings of Miall and Tchalenko (2001), the literature ad-
dressing eye movements in natural tasks suggests that a 
positive relation should exist between drawing accuracy 
and gaze frequency. In particular, Ballard, Hayhoe, and 
Pelz (1995) provide evidence that people naturally use 
frequent shifts in eye fixations to compensate for the lim-
ited capacity of working memory (WM). Ballard et al. 
(1995) state that human memory representations result 
from a deictic system, which stores pointers to the location 
of perceptual information in the visual scene rather than 
storing the perceptual information directly. Such a system 
minimizes the use of WM by postponing the gathering of 
relevant perceptual information until it is required. Bal-
lard et al. (1995) demonstrate that participants’ eye fixa-
tions in a block-pattern copying task are consistent with 
this interpretation.

A deictic system predicts that accomplished artists will 
store small amounts of visual information just prior to 
drawing that information, a strategy that will result in a 
high gaze frequency. A deictic system also predicts that 
reducing gaze frequency will force artists to increase the 
amount of information in WM, which in turn will result in 
poor memory representations and thus poor drawings. If 
a deictic system is an inherent part of the human memory 
system, the drawings of both trained and novice artists 
would be negatively affected by low gaze frequencies.

The present article assesses the relation between gaze 
frequency and drawing accuracy. Experiment 1 assesses 
the correlation between gaze frequency and drawing ac-
curacy. Experiments 2, 3, and 4 assess the causal relation 
between gaze frequency and drawing accuracy.

EXPERIMENT 1

The participants in Experiment 1 were presented, in 
succession, with two color photographs and asked to 
realistically render the images in the photographs. They 

were allowed 10 min to complete each drawing. A video 
camera recorded the participants’ eye and head move-
ments. Because it has been claimed that presenting to-be-
drawn stimuli upside down increases drawing accuracy 
(Edwards, 1999), half of the photographs were presented 
upside down. To ensure a wide range of drawing abilities, 
both art majors and nonart majors were tested. Drawing 
accuracy was rated by 30 nonart major students.

Method
Participants

Artists. Twelve art majors and 12 nonart majors volunteered to 
participate as artists. Here, the term artist refers to those participants 
who draw the stimulus. The term, as used here, implies no training 
or skill level. Throughout the paper, the art majors are referred to 
as trained artists, and the nonart majors are referred to as novice 
artists.

Critics. Thirty-one participants volunteered to participate as crit-
ics. Here, the term critic refers to those participants who rated the 
accuracy of the drawings. The critics had no formal training in the 
visual arts.

Because there is no universal computer algorithm for compar-
ing the accuracy of renderings with that being rendered, one must 
resort to using critics to judge the accuracy of a rendering. Further-
more, although one may be tempted to state that a photograph is the 
epitome of depiction, two prints created from the same negative can 
look very different.

One can choose to recruit either expert or novice critics to judge 
the accuracy of renderings. The difficulty with recruiting experts to 
judge the accuracy of a rendering is fourfold. First, it is unclear on 
what objective basis one defines an expert. Second, even experts 
from the same profession do not have a uniform definition of ac-
curacy. A third problem with experts is that they are very different 
from the participants in this experiment. Thus, their objectives may 
be very different from those of the participants. As such, if the artist 
achieved his or her intent perfectly and the artist’s intent is different 
from that of the expert critic, the critic’s rating of accuracy will be 
in conflict with the artist’s assessment. Finally, expert critics are dif-
ficult to come by. Therefore, one cannot gather a large enough group 
of experts, such that the personal bias of any one expert will have a 
minimal effect on the average rating.

A second option is to recruit novice critics from the same popu-
lation from which the artists are recruited. This option has several 
advantages. First, these critics are numerous, so relatively large 
numbers can be recruited. Second, the large numbers will reduce 
the personal biases of any individual critic. Third, because both art-
ists and critics come from the same population, the probability of 
congruous intents is heightened. The one disadvantage is that these 
critics have no recognized expertise in the area. Despite the lack of 
recognition, several studies have indicated that people in general are 
expert picture perceivers (for a review, see Hochberg, 1996). Finally, 
although artists and critics are affected by the same cognitive biases, 
these biases tend to affect one’s ability to draw the stimulus far more 
than one’s ability to judge the accuracy of the stimulus2 (Cohen & 
Bennett, 1997, Experiment 4).

To reiterate, because there is no universal computer algorithm 
for comparing the accuracy of renderings with that being rendered, 
people must judge the accuracy of the renderings. In addition, there 
is no overriding advantage to using either expert or novice critics. 
Because I believe that large numbers of critics with similar intents 
to those of the artists is important, I made the decision to use novice 
critics.

Materials
Two 20.3 � 25.4 cm color photographs were used as stimuli in the 

rendering task. The two stimuli were photographic portraits of the 
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heads of males seen from the shoulders up. One of the models was 
dark skinned, and the other was light skinned. The photographs were 
placed in a 24.1 � 4.3 cm transparent page protector and clipped to 
a black backboard. The backboard was placed 45º clockwise (rela-
tive to perpendicular to the participant) and approximately 51 cm to 
the right of the participant. The position of the backboard allowed 
an unobstructed view for a video recorder, which was positioned 
122 cm directly in front of the participant.

Faces were chosen as stimuli for several reasons. First, my col-
league and I have shown that participants draw upright color photo-
graphs of faces as accurately as they draw upright color photographs 
of a generator in a variety of experimental procedures (D. J. Cohen 
& Bennett, 1997). Thus, in a rendering task, faces are likely no dif-
ferent from other complex stimuli. Second, there is extensive litera-
ture addressing perception of upside-down faces (e.g., Diamond & 
Carey, 1986; Leder & Bruce, 2000; Murray, Yong, & Rhodes, 2000; 
Tanaka & Sengeo, 1997). Therefore, any differences in drawing ac-
curacy found in the present experiment can be related to that litera-
ture, the likes of which do not exist for other stimuli. Third, because 
Miall and Tchalenko (2001) used faces as stimuli in their study of 
portrait painter Humphrey Ocean, the results of the present experi-
ment will be comparable to those of Miall and Tchalenko’s study. 
Finally, it is common practice for art professors to teach students to 
render portraits (i.e., faces) upside down. Therefore, the assessment 
of drawing that uses these externally valid stimuli carries applied 
implications that using abstract or simplified stimuli (e.g., ellipses) 
would not.

The video recorder was placed in the doorway of an adjoining 
room. A curtain covered the doorway, and a hole was cut in the cen-
ter of the curtain for the camera lens. The participants were told that 
they were being video recorded. The presence of the video recorder 
lens did not seem to affect the participants’ performance.

In the rendering task, the participants used a No. 2 pencil on 
white typing paper. The critics were provided with the original pho-
tographs and the participants’ renderings. These stimuli were placed 
in transparent page protectors to increase durability and arranged in 
a three-ring binder.

Procedure
The artist’s task. All the artists were tested individually. Each 

artist drew both photographs, one of which was presented right-
side up and the other upside down. The order of presentation was 
counterbalanced. The instructions read to the artist were identical 
to those used by D. J. Cohen and Bennett (1997). In short, the artist 
was asked to draw the photograph as visually accurate as possible. 
Visual accuracy was explained as photo realism (given the limits of 
the medium). The artist was further instructed that only the visual 
accuracy of the rendering was important and that aesthetics, style, 
and creativity were not valued. Aesthetic value, style, and creativ-
ity were explained, through the use of verbal examples, as creative 
abstractions similar to those of Picasso or Matisse. All the artists 
indicated that they understood the task.

Each artist was given 10 min to render each photograph. The ex-
perimenter presented the photograph, told the artist to begin, and 
then left the room for exactly 10 min. The artist was told to stop 
drawing when the experimenter reentered the room. The 10-min 
allotment was sufficient, since most artists indicated completion by 
that time (see D. J. Cohen & Bennett, 1997). This procedure was re-
peated for each photograph. At the completion of the task, the artists 
were interviewed about their formal training in the visual arts.

The critic’s task. The renderings of the photographs produced 
by the artist were used in the critic’s task (24 renderings of each pho-
tograph). Each critic was presented with the original photographs 
and a binder containing the 48 renderings produced by the artists. 
The order of the artists’ renderings was randomized among critics. 
All the critics were tested individually.

The critic was told to rate the rendering’s visual accuracy on a 
scale from 1 to 10, with 1 indicating a very poor representation and 

10 indicating a very accurate representation. The critic was given 
the same explanation of visual accuracy as were the participants. 
The critic was permitted to take as much time as he or she needed 
to assess each rendering. All of the critics indicated that they under-
stood the task.

Coding eye movements. I wrote a computer program to help 
code the participants’ eye movements. Three keys were activated on 
the computer keyboard, one to indicate that the artist was viewing 
his or her rendering, one to indicate that the artist was viewing the 
photograph, and one to indicate that the artist was not looking at 
either the drawing or the photograph. The coder watched the video-
tapes of each artist’s performance, pressing the appropriate keys 
as the artist switched his or her eye gaze. The computer recorded 
the key that was pressed and the time in milliseconds between key-
presses. Because the video camera was positioned as a close-up 
head shot of the artist, his or her eye gaze switches were clearly vis-
ible. In addition, because all artists were referred to by an arbitrary 
number, and the artist’s renderings were not visible in the videotape, 
the coder was blind to the artist’s skill level.

Results

Reliability of Coding Eye Movements
The use of manual coding of eye gaze switches, rather 

than an eyetracker, presents two difficulties. First, the 
amount of information obtained from the data is reduced, 
relative to that obtained from an eyetracker. For this rea-
son, my analysis focuses solely on gaze frequency, rather 
than on the precise spatial location of gaze fixations. Sec-
ond, manual coding of eye gaze switches introduces noise 
into the data. In particular, the coder’s reaction time to the 
movement of the switch is variable, and that variability 
cannot be separated from the variability associated with 
the artists’ eye gaze switches. Nevertheless, the coding 
variability should be random (i.e., unrelated to drawing 
accuracy). Therefore, the noise introduced by the coder 
will have the result of simply reducing the power of the 
analysis. For this reason, any effects observed in the data 
are likely underestimated.

To assess the reliability of the data, a random subset 
of the data was selected for recoding by an independent 
coder, and the timing data from the two coders were cor-
related. Because a single spurious point can dramatically 
reduce the correlation between the two data sets, the data 
were examined for spurious points. A spurious point is 
indicated by (1) more eye gaze switches recorded by one 
of the coders than the other, and (2) the double coding of 
a gaze location (e.g., two successive codings of the art-
ist gazing at the drawing). A maximum of three points 
were removed in each data set, approximately 0.7% of 
the data (or about 3 out of 400 data points). The correla-
tion between the data from the two coders averaged r � 
.98 (SD � .001). Furthermore, the average gaze duration 
recorded by the two coders differed on average by only 
10 msec (SD � 11 msec). Thus, the manually coded data 
were reliable.

Reliability of Critics’ Ratings
Novice critics were selected, in part, because a large 

enough sample could be gathered so any individual critic 
would not have too much influence on the data. Neverthe-
less, it is important to assess the reliability of the critics’ 
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ratings. Cronbach’s alpha (α � .97) showed that, although 
novice critics were selected, their ratings were remarkably 
reliable, given the subjective nature of the task (a value 
greater than .7 is considered good reliability; Nunnaly, 
1978). The high reliability is, in part, a function of the 
range of drawing accuracy exhibited by the artists (see 
Figure 2).

Analysis of Eye Movements
The critics’ mean rating for each rendering was calcu-

lated and used as the dependent variable. To assess the 
effect of photograph (Face A vs. Face B), position (up-
side down vs. rightside up), and artist training (novice vs. 
trained) on drawing accuracy, a 2 � 2 � 2 mixed ANOVA 
was calculated. As expected, there was a significant ef-
fect of artist training [F(1,22) � 110, p � .01], in which 
the renderings of trained artists (M � 5.58, SD � 0.87) 
were rated as more accurate than those of the novice art-
ists (M � 2.74, SD � 0.61). There were no other signifi-
cant effects (all Fs � 1.0). Because there was no effect of 
photograph or position, the data were collapsed over these 
variables for all other analyses.

To assess the relation between eye movements and 
drawing accuracy, a hierarchical regression was calcu-
lated using total drawing time, photo/drawing ratio, and 
gaze frequency as predictor variables and critics’ mean 
rating for each rendering as the criterion variable. Total 
drawing time was time in milliseconds that the artist spent 
drawing each photograph. Although the artists were told 
to participate for 10 min, the videotapes revealed some 
variation in participation times (M � 10.2 min, SD � 
0.27 min). This variable was entered first into the regres-
sion to remove any effect of participation time, presuming 
that an effect existed. Photo/drawing ratio was the time 
spent viewing the photograph divided by the time spent 
viewing his or her drawing (Tphoto/Tdrawing). This variable, 
which indicates how the artist divided up his or her time 
during the session, was included to assess whether those 
who draw accurately divide up their time differently than 

those who do not. If the artist viewed the photo and the 
drawing equally, this variable would equal one. A value 
greater than one indicates that the artist viewed the photo 
more often than the drawing, and a value less than one 
indicates that the artist viewed the photo less often than 
the drawing (M � 0.45, SD � 0.18). This variable was en-
tered second into the regression. To provide a strong test 
of the hypothesis that gaze frequency is related to drawing 
accuracy, gaze frequency was entered last into the regres-
sion. Gaze frequency is measured in hertz and therefore 
indicates the average number of times the artist switched 
his or her gaze from the photo to the drawing and back 
again per second [M � 0.33 (1.5-sec fixations), SD � 
0.11]. Although all of these variables are theoretically in-
dependent, photo/drawing ratio and gaze frequency are 
correlated (r � .66; see Table 1 for a full correlation ma-
trix). This indicates that these two variables share about 
43.5% of their variance. Because gaze frequency is en-
tered into the regression last, it is mathematically handi-
capped when predicting drawing accuracy.

The hierarchical regression was significant [F(3,44) � 
7.2, p � .01, r2 � .33]. The only significant predictor 
was gaze frequency.3 Specifically, there was a positive 
relation between drawing accuracy and gaze frequency 
(slope � 9.86, t � 4.03, p � .01; see Figure 3). Neither 
the intercept nor the remaining two predictors were sig-
nificant (all ts � 1.2). Because photo/drawing ratio was 
(1) highly correlated with gaze frequency, (2) entered into 
the regression before gaze frequency, and (3) found to be 

Figure 2. Examples of a low- and a high-rated rendering from Experiment 1.

Table 1
Correlations (r) Among Drawing Accuracy, Total Drawing Time, 

Photo/Drawing Ratio, and Gaze Frequency

  
Drawing
Accuracy

Gaze
Frequency

Photo/Drawing 
Ratio

Total drawing time .17 .21 .21
Photo/drawing ratio .26 .66
Gaze frequency .55 r � .55 r � .55

Gaze frequency 0.23 Hz
Novice Artist

Gaze frequency 0.5 Hz
Trained Artist
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Figure 3. The relation between drawing accuracy and gaze frequency. Gaze frequency accounted 
for 33% of the variance associated with drawing accuracy.

a nonsignificant predictor, the present analysis reveals 
that the variance in drawing accuracy accounted for by 
gaze frequency was independent of photo/drawing ratio.

In accord with the results of the regression, there was no 
significant effect of artist training on photo/drawing ratio 
[t(46) � 0.61, n.s.], and there was a significant effect of 
artist training on gaze frequency [t(46)  � 3.9, p � .01], in 
which the gaze frequencies of trained artists [M � 0.38 
(1.3-sec fixations), SD � 0.1] were greater than those of the 
novice artists [M � 0.27 (1.85-sec fixations), SD � 0.09].

Both trained and novice artists were included in the 
present experiment to ensure a range of accuracy ratings 
large enough to detect an effect of gaze frequency, if one 
existed. Nevertheless, when a regression is calculated on 
two groups that differ on a variable of interest, a spurious 
correlation can result. To test for this, I calculated separate 
correlations on each group. Unfortunately, this procedure 
results in a truncated range of accuracy ratings within 
each group, thus unavoidably reducing the expected cor-
relation (J. Cohen & P. Cohen, 1983). As expected, the 
correlation between drawing accuracy and gaze frequency 
declined from r � .55 in the entire data set to nonsignifi-
cant, though positive, values of r � .24 for novice artists 
and r � .25 for trained artists. The nonsignificant values 
were likely a result of a single artist whose data appear 
as an outlier when the data are split into two groups. This 
participant’s data are not an outlier in either the overall 
or trained artists’ data sets, suggesting that he or she per-
formed more like the trained artists than the novice artists 
(his or her mean accuracy was 4.0). When this participant 
is shifted from the novice artists group to the trained art-
ists group, the correlations for both groups raise consid-
erably to r � .63 ( p � .01) for novice artists and r � .46 
( p � .01) for trained artists (see Figure 4). Thus, although 
trained artists in general drew more accurately than novice 
artists, a positive relation between drawing accuracy and 
gaze frequency exists for both groups.

Discussion

The data demonstrate that a relation exists between 
drawing accuracy and gaze frequency. In particular, the 

higher the artist’s gaze frequency, the greater his or her 
drawing accuracy. This result is particularly informative 
because gaze frequency accounted for 33% of the vari-
ance in drawing accuracy, which suggests that gaze fre-
quency is an important contributor to drawing accuracy. 
In addition, neither cumulative drawing time nor how the 
artists distributed their gaze time between the photograph 
and the drawing were related to drawing accuracy.

A surprising finding that I do not pursue in the pres-
ent article is that the position of the photograph (upside 
down vs. rightside up) does not influence drawing accu-
racy. This result is surprising because positioning a pho-
tograph upside down is a relatively common practice in 
art schools. Professors of art will turn photographs upside 
down with the intention of inhibiting stimulus interpreta-
tion, which in turn is intended to increase the accuracy of 
the students’ drawing. The result of the present experiment 
suggests that any benefit of turning a photograph upside 
down may have more to do with expectations than per-
ceptual changes. Nevertheless, because faces were used 
as stimuli and the literature demonstrates a robust face-
inversion effect, further research must be completed to 
determine whether this result generalizes to other stimuli. 
Because there was no effect of photograph position, this 
variable was not manipulated in Experiments 2–4 (i.e., 
the photographs were only presented rightside up in the 
remaining experiments).

The result that a positive relation exists between draw-
ing accuracy and gaze frequency appears to disconfirm 
Degas’s proposed training technique of positioning the 
model and student on different floors. However, because 
this experiment only assessed the relation between draw-
ing accuracy and gaze frequency, no causal conclusions 
can be reached. In Experiment 2, I assess whether ma-
nipulating gaze frequency will influence drawing ability.

EXPERIMENT 2

Experiment 2 was designed to assess whether gaze 
frequency influences drawing ability. An apparatus was 
created in which participants could alternately see their 
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Figure 4. The relation between drawing accuracy and gaze frequency for trained and novice artists.

Figure 5. The apparatus used in Experiments 2–4.

drawings or the to-be-drawn photograph. The speed of 
alternation between the drawing and photograph was ex-
perimentally manipulated.

Method
Participants

Ten art majors (i.e., trained artists) and 24 nonart majors (i.e., 
novice artists) volunteered to participate as artists. Thirty nonart 
majors volunteered to participate as critics. The critics had no formal 
training in the visual arts.

Apparatus
Three photographs were used as stimuli in the rendering task. 

They included the two photographs used in Experiment 1 and an 
additional photograph of a light-skinned female.

An apparatus was created to alternately reveal the photograph 
and the drawing. It consisted of two boxes: one to house the pho-
tograph and one to house the drawing (see Figure 5). The dimen-
sions of the box housing the photograph were 60 � 60 � 30.5 cm 
(height � width � depth). In the center of one large face of the box 
was a 22 � 28 cm hole, which was covered by tightly woven insect 
screen mesh. The photograph was placed 30.5 cm behind the mesh. 
A 40-W light bulb was wired inside the box. The mesh provided an 

effective visual screen, such that the photograph was visible only 
when the light inside the box was turned on. When the light was 
turned off, nothing behind the mesh was visible.

The dimensions of the box housing the drawing were 25.5 � 
60 � 60 cm. A 22 � 28 cm hole, cut 2.5 cm from the leading edge 
of the large face of the box, was covered by tightly woven insect 
screen mesh. The paper for the drawing was placed 25.5 cm behind 
the mesh (i.e., resting on the table). A second hole measuring 10 � 
27 cm was cut from the leading face of the box to allow the artist’s 
hand and arm access to the paper that was contained within the box. 
A 40-W lightbulb was wired inside the box. The mesh provided an 
effective visual screen, such that the drawing was visible only when 
the light inside the box was turned on. When the light was turned off, 
nothing behind the mesh was visible.

The box housing the drawing was placed so that the large face of 
the box was parallel to the table. The box housing the photograph 
was placed so that the large face of the box was perpendicular to the 
table and 165 cm directly in front of the box housing the drawing. 
A timing box, which linked the lights in the two boxes, alternately 
switched on and off the lights in the two boxes, so only one light was 
on at any one time. The box was wired so that the alternation time 
could be varied.

The room was illuminated by a single 60-W lightbulb. This 
provided an ambient light level that ensured the invisibility of the 
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stimuli when the lights in the boxes were off and the visibility of the 
stimuli when the lights in the boxes were on. A video recorder, which 
was placed to the side of the box housing the photograph, recorded 
the eye and head movements of the artists.

In the rendering task, the artists used a No. 2 pencil on white typ-
ing paper. Their renderings were placed in transparent page protec-
tors to increase durability and arranged in a three-ring binder along 
with the original photographs. The critics were given the three-ring 
binder when they were rating the accuracy of the photographs.

Procedure
The artist’s task. Gaze frequency was manipulated by varying 

the timing of the light switches within the boxes. The lights in the 
boxes alternated every 1, 5, or 15 sec (frequencies of 0.5, 0.1, and 
0.034 Hz, respectively, where 1 Hz equals one full cycle, photo light 
on followed by drawing light on, per second). These speeds were 
chosen for several reasons. First, the 0.5-Hz frequency was chosen 
because it was one of the highest average gaze frequencies that an 
artist exhibited in Experiment 1 (see Figure 1). Second, the 0.1-Hz 
frequency was the lowest average gaze frequency of Experiment 1. 
Finally, the 0.034-Hz frequency is the lowest gaze frequency that 
kept an entire cycle within the approximate limits of short-term WM 
(i.e., 30 sec; for a review, see Nairne, 1996). It is important to note 
that the only difference between conditions was the speed at which 
the lights alternated (i.e., the total time that the drawing and pho-
tograph were visible was constant across all three gaze frequency 
conditions).4 Gaze frequency was manipulated within artists. Each 
artist rendered each of the three photographs at a different gaze fre-
quency. The photograph � gaze frequency combination was coun-
terbalanced, as was the order of presentation.

All the artists were tested individually. Before drawing each pho-
tograph, the artist was given a 2-min practice period in which a blank 
piece of paper was substituted for the photograph. The artist was 
instructed to practice switching his or her eye gaze with the lights. 
After the practice period, the artist was given the same instructions 
as in Experiment 1. All artists indicated that they understood the 
task. After placing the photograph in the box used to house the pho-
tograph, the experimenter reset the timing box and left the room 
for exactly 10 min. At the end of the 10-min period, the timing box 
switched off the lights in both boxes. This procedure was repeated 
for each photograph. After completion of the task, the artist was 
interviewed about his or her formal training in the visual arts.

The critic’s task. The renderings of the photographs produced 
in the artist’s task were used in the critic’s task. The critic’s task was 
identical to that used in Experiment 1, except that the critics were 
presented with a binder containing 102 renderings, along with the 
original photographs. The order of the artists’ renderings was ran-
domized between the critics.

Results

The critics’ mean rating for each rendering was cal-
culated and used as the dependent variable (Cronbach’s 

alpha, α � .97; see Table 2). A 3 � 2 mixed-model re-
peated measures ANOVA was calculated on the accuracy 
ratings. In this analysis, artist was treated as a random ef-
fect. In accord with the proposed hypothesis, a contrast 
analysis assessed whether a linear relation exists between 
gaze frequency and drawing accuracy. The lambda weight 
for each gaze frequency condition equaled gaze frequency 
minus average gaze frequency (λi � GFi – μGF, where GF 
is gaze frequency). There was a significant linear effect 
of gaze frequency [F(1,64) � 6.65, p � .01] and also a 
significant effect of artist training [F(1,32) � 30.37, p � 
.01], in which the drawings of trained artists were rated as 
more accurate than those of novice artists. Finally, there 
was a significant interaction between artist training and 
gaze frequency [F(2,64) � 3.19, p � .05; see Figure 5]. 
To clarify this interaction, contrast analyses that assessed 
whether a linear relation exists between gaze frequency 
and drawing accuracy were calculated on trained and nov-
ice artists separately. The analysis showed that trained art-
ists displayed a significant linear effect of gaze frequency 
[F(1,18) � 6.37, p � .05]. In contrast, novice artists dis-
played no effect of gaze frequency [F(1,46) � 0.02, n.s.].

Discussion

The data demonstrate that gaze frequency influences 
drawing accuracy only for trained artists. Specifically, de-
creasing trained artists’ gaze frequencies decreased their 
drawing accuracy. In contrast, gaze frequency had no ef-
fect on the drawing accuracy of novice artists. There are 
two likely reasons why there was no effect of gaze fre-
quency for novice artists. First, after reviewing the video 
recordings of the artists, it became clear that the novice 
artists had trouble with the 0.5-Hz frequency condition. 
The trained artists had no difficulty with this condition. 
Thus, it is possible that 1-sec alternations were too quick 
for the novice artists for follow. Second, any bounded scale 
will likely produce floor or ceiling effects if the average 
of the group is near one of the bounds. These effects are 
often evident in the data as a skew in the direction oppo-
site of the bound. The critics’ ratings of the novice artists’ 
drawing accuracy were very near the floor of the scale and 
exhibited a positive skew.5 This suggests a floor effect. In 
contrast, the trained artists’ mean accuracy rating was near 
the center of the scale and exhibited no skew. The floor 
effect exhibited in the novice artists’ data may have been 
realized because the critics rated the novice and trained 
artists’ drawings together. It is possible that the trained 
artists’ drawings absorbed most of the scale, whereas the 
novice artists’ drawings were relegated to the extreme low 
values. Experiment 3 addresses both of these issues.

EXPERIMENT 3

Experiment 3 addresses the shortcomings of Experi-
ment 2. In particular, it replicates Experiment 2, with two 
exceptions. First, the gaze frequencies were lowered to 0.167, 
0.0625, and 0.034 Hz (i.e., the lights in the boxes alternated 
every 3, 8, and 15 sec, respectively). Second, the critics rated 
the trained and novice artists’ drawings separately.

Table 2
Means and Standard Deviations of Drawing Accuracy

Ratings By Artist Training and Gaze Frequency Condition 
From Experiment 2

Artist Training

Gaze Trained Novice Average

Frequency (Hz) M SD M SD M SD

0.034 5.07 1.53 3.29 1.05 3.81 1.45
0.1 5.67 0.92 3.49 1.26 4.13 1.53
0.5 6.18 1.36 3.39 1.36 4.21 1.86

Average 5.64 1.21 3.38 1.32 1.32   
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Figure 6. Drawing accuracy as a function of gaze frequency (double labeled with light 
alternation duration) for novice and trained artists in Experiment 2. Higher ratings indicate 
more accurate drawings.

Method

Participants
Sixteen nonart majors were recruited to participate as novice art-

ists, and 12 local artists were paid $10 each to participate as trained 
artists. Sixty-six nonart majors volunteered to participate as critics; 
33 of them rated the accuracy of the novice artists’ drawings and 33 
rated the accuracy of the trained artists’ drawings. The critics had no 
formal training in the visual arts.

Apparatus
The same photographs and apparatus used in Experiment 2 were 

used in Experiment 3.

Procedure
The artist’s task. The artist’s task was identical to that of Ex-

periment 2, except that the gaze frequencies were 0.167, 0.0625, 
and 0.034 Hz (i.e., the lights in the boxes alternated every 3, 8, and 
15 sec, respectively).

The critic’s task. The critic’s task was identical to that of Experi-
ment 2, except that two spiral binders were created, one containing 
drawings by novice artists and one containing drawings by trained 
artists. The order of the artists’ renderings was randomized between 
critics. To reduce floor effects in the novice condition, different crit-
ics rated the trained and novice artists. In this way, one could be 
confident that the trained artists’ drawings would not influence the 
critics’ ratings of the novice artists’ drawings.

Results
To assess the effect of gaze frequency on drawing ac-

curacy across artist training, drawing accuracy ratings 
were subjected to a 3 � 2 mixed model repeated mea-
sures ANOVA where artist was treated as a random effect 
(Cronbach’s alpha, α � .95). Because the trained and nov-
ice artists were rated separately, one cannot meaningfully 
compare the critics’ mean ratings of the trained artists to 
those of the novice artists. Therefore, the main effect of 
artist training was not tested.

In accord with the proposed hypothesis, a contrast anal-
ysis assessed whether a linear relation exists between gaze 
frequency and drawing accuracy. The lambda weight for 
each gaze frequency condition equaled the gaze frequency 
minus the average gaze frequency (λi � GFi – μGF, where 

GF is gaze frequency). There was a significant linear effect 
of gaze frequency [F(1,52) � 5.88, p � .01; see Figure 6], 
such that the drawings rendered in the 0.167-Hz condition 
(M � 4.38, SD � 1.04) were rated as more accurate than 
those rendered in the 0.0625-Hz condition (M � 4.08, 
SD � 1.26), which in turn were rated as more accurate 
than those rendered in the 0.034-Hz condition (M � 3.93, 
SD � 1.67). There was no significant interaction between 
artist training and gaze frequency (F � 1).

Discussion

The results of Experiment 3 replicate those of Experi-
ment 2, except that the effect of gaze frequency is constant 
across artistic training level. The effect of gaze frequency 
likely emerged for the novice artists because the gaze fre-
quencies were lower, thus allowing the novice artists to 
follow the light more accurately, and the floor effect as-
sociated with the drawing accuracy for novice artists was 
mitigated by having separate critics rate the accuracy of 
trained and novice artists’ drawings.

Although Experiments 2 and 3 demonstrated that gaze 
frequency influences drawing accuracy, it was unclear 
whether this influence is facilitatory or inhibitory. In other 
words, the effect may have been found for one of two rea-
sons: (1) High gaze frequencies increased drawing accu-
racy above the artists’ baseline accuracy, or (2) low gaze 
frequencies decreased drawing accuracy below the artists’ 
baseline accuracy. Because Experiment 1 demonstrated 
that artists’ average gaze frequency was about 0.33 Hz, and 
the highest successfully manipulated gaze frequency in Ex-
periments 2 and 3 was 0.167 Hz, it is likely that the effect 
of gaze frequency demonstrated in those two experiments 
was the result of inhibiting artists’ drawing accuracy. Ex-
periment 4 tests this hypothesis.

EXPERIMENT 4

Experiment 4 assesses whether gaze frequency facili-
tates or inhibits drawing accuracy as compared with the 
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artist’s baseline accuracy. Experiment 4 was identical to 
Experiment 3, except that there were only two gaze fre-
quency conditions: unregulated and 0.167 Hz. The un-
regulated condition assessed the artist’s baseline drawing 
accuracy. In the unregulated condition, the lights in both 
boxes remained on for the entire 10 min, which allowed 
the artist to switch his or her gaze at will. The 0.167-Hz 
frequency condition was used as the experimental condi-
tion because it was the highest gaze frequency in which 
both trained and novice artists could accurately follow the 
3-sec light alternations. Because the 0.167-Hz frequency 
condition is lower than the gaze frequencies of most artists 
in Experiment 1, artists were predicted to draw less accu-
rately in this condition than in the unregulated condition.

Method

Participants
Thirty-three nonart majors were recruited to participate as nov-

ice artists, and sixteen local artists were paid $10 to participate as 
trained artists. Sixty nonart majors volunteered to participate as crit-
ics; 30 critics rated the accuracy of the novice artists’ drawings, and 
30 rated the accuracy of the trained artists’ drawings. The critics had 
no formal training in the visual arts.

Apparatus
The two photographs of males used in Experiments 1, 2, and 3 

and the apparatus used in Experiments 2 and 3 were used in Experi-
ment 4.

Procedure
The artist’s task. The artist’s task was identical to that of Experi-

ments 2 and 3, except that the gaze frequencies were 0.167 Hz and 
unregulated. The photograph � gaze frequency combination was 
counterbalanced, as was the order of presentation.

The critic’s task. The critic’s task was identical to that of Experi-
ment 3.

Results

To assess the effect of gaze frequency on drawing accu-
racy across artist training, accuracy ratings were subjected 
to a 2 � 2 mixed-model repeated measures ANOVA where 
artist was treated as a random effect (Cronbach’s alpha; 
α � .93). Because the trained and novice artists were rated 

separately, one cannot meaningfully compare the critics’ 
mean rating of the trained artists with that of the novice 
artists. Therefore, the main effect of artist training was not 
tested. There was a significant effect of gaze frequency 
[F(1,48) � 9.71, p � .01], such that the drawings ren-
dered in the 0.167-Hz condition (M � 3.79, SD � 1.11) 
were rated as less accurate than those rendered in which 
gaze frequency was not regulated (M � 4.27, SD � 1.01). 
There was no significant interaction between artist train-
ing and gaze frequency (F � 1).

An analysis of the artists’ gaze frequency in the unregu-
lated condition indicates that trained artists switched their 
gaze more often (M � 0.32, SD � 0.08) than novice art-
ists [M � 0.24, SD � 0.10; t(47) � 2.92, p � .01]. Impor-
tantly, both trained and novice artists’ average unregulated 
gaze frequency was higher than 0.167 Hz.

Discussion

The results of Experiment 4 confirm the hypothesis 
that the effect of gaze frequency demonstrated in Experi-
ments 2 and 3 was the result of inhibiting artists’ drawing 
accuracy. This result is consistent with the general finding 
of a positive relation between drawing accuracy and gaze 
frequency, because the 0.167-Hz condition was lower than 
most artists’ natural gaze frequency rates.

GENERAL DISCUSSION

The experiments in the present article assessed the rela-
tion between drawing accuracy and the rate at which artists 
glance between their drawing and the stimulus. Experi-
ment 1 revealed a positive relation between drawing ac-
curacy and gaze frequency. Experiments 2 and 3 demon-
strated that gaze frequency influences drawing accuracy. 
Finally, Experiment 4 demonstrated that the effect of gaze 
frequency revealed in Experiments 2 and 3 was the result 
of inhibiting artists’ drawing accuracy. In all four experi-
ments, higher gaze frequencies were associated with more 
accurate drawings. Thus, the present experiments demon-
strate that gaze frequency is an important contributor to 
drawing accuracy.

Figure 7. Drawing accuracy as a function of gaze frequency (double labeled with light alter-
nation duration) in Experiment 3. Higher ratings indicate more accurate drawings.
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The results of the present experiments contradict the 
conclusions of Miall and Tchalenko (2001). Recall that 
Miall and Tchalenko proposed a negative relation between 
drawing accuracy and gaze frequency. Several factors may 
account this for discrepancy. First, Miall and Tchalenko 
did not test enough participants to assess a reliable rela-
tion. They compared one trained artist’s eye movements 
with those of three novice artists, whereas the present ex-
periment assessed over 130 artists in four experiments. 
Second, Miall and Tchalenko’s participants had only 1 min 
to draw the portrait, whereas my participants had 10 min to 
draw the portrait. The 1-min time limit may have appeared 
short for the novice artists, and thus they may have hurried 
their drawings, accelerating all aspects of drawing, includ-
ing their gaze frequency. In contrast, the trained artist had 
no time limit. One can only assume that Humphrey Ocean 
drew his portraits at a rate with which he was comfortable. 
In sum, although Miall and Tchalenko’s intense case study 
of Ocean provides interesting insights into how he created 
portraits, their study cannot confidently make conclusions 
that address trends across artistic abilities.

Ballard et al.’s (1995) deictic system hypothesis predicts 
that high gaze frequencies lead to more accurate drawings. 
Recall that the deictic system hypothesis proposes that a 
system that is limited in WM capacity (e.g., humans) will 
compensate for this limitation by storing pointers to the lo-
cation of perceptual information in the visual scene rather 
than storing the information directly. Such a system mini-
mizes the use of WM by postponing the gathering of rele-
vant perceptual information until it is required. Thus, a de-
ictic system will break down if it is blocked from frequently 
gathering perceptual information.

When applied to the drawing process, a deictic system 
would frequently shift eye fixations from the to-be-drawn 
stimulus to the drawing. During each fixation, the system 
would gather only a small amount of perceptual information 
to be transferred to the drawing. Reducing the frequency of 
eye fixations would require the system to store more per-
ceptual information in WM during each fixation. When this 
information exceeds the capacity of WM, the system would 
break down, and the accuracy of the drawings would be re-
duced. Indeed, Ballard and colleagues provide evidence for 
a performance decrease in a block-copying task when eye 
fixations are restricted and more than four blocks must be 
copied (Ballard, Hayhoe, Li, & Whitehead, 1992).

Although the deictic system hypothesis predicts the 
positive relation between gaze frequency and drawing 
accuracy, it does not explain how drawing inaccuracies 
arise. If stimulus interpretation is a major influence on 
drawing accuracy, as the data suggest, gaze frequency 
likely modulates that influence. There are several possible 
mechanisms by which gaze frequency can modulate the 
influence of stimulus interpretation, none of which my 
data speak to directly. Indeed, it may be that the mecha-
nisms by which gaze frequency influences the drawings 
of novice and trained artists are different. Nevertheless, 
in an effort to inspire future research, I present three of 
these mechanisms.

The first mechanism by which gaze frequency can 
modulate the influence of stimulus interpretation is 
through the use of ineffective mnemonic strategies. In ac-
cord with the deictic system hypothesis, gaze frequency 
may be negatively related to the amount of perceptual 
information one attempts to hold in WM. That is, artists 
with low gaze frequencies may attempt to hold more per-
ceptual information in WM than artists with high gaze 
frequencies. Because WM’s capacity is small, its limit is 
likely exceeded rather quickly. An artist with a low gaze 
frequency may therefore use a mnemonic strategy in an at-
tempt to increase the amount of perceptual information he 
or she can store in WM. Ineffective mnemonic strategies 
will result in distorted memories. For example, one likely 
mnemonic strategy is to assimilate the to-be-drawn stimu-
lus with prior knowledge of a prototype.6 Such a strategy 
will increase the effect of stimulus interpretation directly 
by merging the to-be-drawn stimulus with the prototype 
during encoding and/or indirectly through memory drift 
toward the prototype (e.g., Huttenlocher, Hedges, & Dun-
can, 1991). In either case, the artist’s knowledge of the 
prototype will unquestionably influence his or her render-
ing. In contrast, artists with high gaze frequencies likely 
store very little perceptual information on each fixation. 
Therefore, WM limits would not be exceeded, and mne-
monic strategies would not be necessary.

A second mechanism by which gaze frequency can mod-
ulate the influence of stimulus interpretation is through 
the reduction of memory distortion. Werner and Diedrich-
sen (2002) provide evidence that spatial memory begins 
to distort within 50 msec of the removal of the stimulus, 
and that this distortion increases as the time between the 
target and test stimulus increases. Furthermore, Hutten-
locher et al. (1991) show that memory bias is a function 
of stimulus interpretation. In particular, the memory be-
comes biased toward the prototype of one’s classification 
of the stimulus. Together, these findings suggest that the 
longer one holds spatial information in memory, the more 
that memory will become distorted toward the prototype. 
Artists with high gaze frequencies may take advantage of 
the graded effect of memory distortion by reducing the 
amount of time in which perceptual information must be 
stored. Thus, the faster the artist alternates his or her gaze 
between the stimulus and the drawing, the less time he or 
she will hold spatial information in memory, and therefore 
the less that spatial information will distort.

Although memory effects likely account for some of the 
variance associated with drawing accuracy, they probably 
do not account for all of it. There is abundant evidence that 
cognition influences perception even when the stimulus 
remains visible (e.g., Epstein, 1977; Rock, 1983, 1996). It 
is therefore likely that high gaze frequencies are evidence 
of a strategy to actively reduce the effect of stimulus inter-
pretation at the time of encoding.

One strategy for reducing the effect of stimulus inter-
pretation at the time of encoding is through the creation 
of a void viewing condition (Zeki, 1993, p. 229), in which 
only a very small portion of the stimulus is visible, thus 
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minimizing context effects. For example, were one to look 
through a very small tube at a corner of a table, the gestalt 
“table” would have minimal influence on one’s percep-
tion, whereas the retinal projection of the corner’s angle 
would have maximal influence on one’s perception. As a 
result, the effect of shape constancy would be reduced.

A third possible mechanism by which gaze frequency 
can modulate the influence of stimulus interpretation is 
through the creation of a virtual void viewing condition. 
Mack and Rock (1998) demonstrated that observers who 
focus their attention on part of a stimulus will not fully 
process stimuli that are away from their attentional focus. 
This finding is termed inattentional blindness because it 
describes a phenomenon whereby observers are “blind” to 
stimuli to which they do not devote attentional resources. 
Mack and Rock found that inattentional blindness is most 
influential when the stimulus is present for a fraction of 
a second. Longer presentation times result in more influ-
ence of the unattended stimuli. Thus, accomplished artists 
may actively inhibit context effects by creating a virtual 
void viewing condition through inattentional blindness.7 
Artists with high gaze frequencies may successfully in-
hibit context effects, because short exposure times facili-
tate inattentional blindness. In contrast, artists with low 
gaze frequencies may not successfully inhibit context ef-
fects, because long exposure times inhibit inattentional 
blindness.

The present experiments beg the question, “Will forc-
ing artists to increase their natural gaze frequency lead 
to more accurate drawings?” Although the data suggest 
that this may be the case, the present experiments can-
not unequivocally answer this question. That is, Experi-
ment 1 demonstrated that artists with high unregulated 
gaze frequencies drew more accurately than those with 
low unregulated gaze frequencies. Experiments 2, 3, and 
4 demonstrated that gaze frequency influences drawing 
accuracy, but only for frequencies lower than the artists’ 
unregulated gaze frequencies. To test the hypothesis that 
increasing an artist’s natural gaze frequency will lead to 
more accurate drawings, one would have to develop a 
method to increase gaze frequencies to about 1 Hz. One 
possibility is that over the course of training, artists learn 
(perhaps implicitly) to hasten their gaze frequencies. The 
present data provide some support for this hypothesis by 
revealing that trained artists’ gaze frequencies are higher 
than those of novice artists. If one can train people to in-
crease their gaze frequencies, research centering on this 
sort of training may be one method of successfully ad-
dressing this question.
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NOTES

1. D. J. Cohen and Bennett (1997) make a distinction between two 
types of misperceptions: illusions and delusions. Illusions cannot be 
overcome through careful observation alone, and therefore everyone is 
vulnerable to them. Because illusions are relatively rare, they likely are 
not the cause of the majority of drawing errors. Delusions, on the other 
hand, are false beliefs that are held despite invalidating evidence, and 
which, therefore, can be overcome with careful observation. Delusions 
arise from stimulus interpretation. For example, when drawing a face, 
one may draw an ellipse for the head because he or she “knows” that 
heads are elliptical. Unlike illusions, one would not want to claim that the 
artist cannot tell the difference between an ellipse and a face. The errors 
present in Lee’s (1989) experiment were likely the result of delusions.

2. If stimulus interpretation is the major source of drawing errors, and 
it had an equal impact on the critique and rendering processes, artists 
would be unable to recognize that their drawings are inaccurate. Ex-
periment 4 of D. J. Cohen and Bennett (1997) demonstrated that artists 
recognized that their drawings were not accurate, yet they were unable to 
correct the errors. This suggests that stimulus interpretation has a greater 
impact on the rendering process than on the critique process.

3. Two of the variables, critics’ rating and photo/drawing ratio, signifi-
cantly deviated from normality (Kolmogorov–Smirnov test; p � .05). 
To assess whether distributional skew affected the results, I transformed 
these variables into normality and reran all tests. The pattern of results 
was identical.

4. Because photo/drawing ratio had no effect on drawing accuracy in 
Experiment 1, I decided to make the switch rate constant. Although it is 
conceivable that a different ratio may influence drawing accuracy, it is 
unlikely that it would influence the direction of the effect. That is, artists 
may draw a bit more or less accurately with a different photo/drawing 

ratio, but it is highly unlikely that gaze frequency will become irrelevant 
or that the effect would be reversed.

5. The critics’ ratings of the novice artists were positively skewed 
(Kolmogorov–Smirnov, p � .05). To assess whether the lack of normal-
ity accounted for the results of the novice artists, I normalized their 
data and reran the simple effects on their data. The pattern of results is 
identical to that of the raw data.

6. I do not provide an exact description of the prototype, because art-
ists may assimilate the to-be-drawn stimulus with one of many possible 
prototypes (e.g., a prototypical semantic representation of the to-be-
drawn stimulus, prototypical graphical tokens that represent features 
of the to-be-drawn stimulus, a prototypical drawing of the to-be-drawn 
stimulus). For example, novice artists may assimilate the to-be-drawn 
stimulus with prototypical graphical tokens that represent features of 
that stimulus. In contrast, trained artists may assimilate the to-be-drawn 
stimulus with a prototypical drawing of that stimulus. In both cases, as 
gaze frequencies decrease, the influence of the prototype will increase 
(perhaps during encoding and/or through memory drift toward the pro-
totype). Nevertheless, the renderings created by the trained and novice 
artists would appear quite different because of the different prototypes 
employed.

7. Although the deictic system provides a pointer to the visual infor-
mation, the artist still must view and render the stimulus. The virtual 
void viewing ability will help the artist view the visual information 
(to which the deictic system points) while simultaneously inhibiting 
interpretation.
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